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Acta morphologica et anthropologica, 13 
Sofia • 2008

Institute o f Experimental Morphology and Anthropology with Museum
Bulgarian Anatomical Society

EDITORIAL

The 2nd Koprivshtitsa Morphological Days and the 6th National Conference of An
thropology, both with international participation, was held on June 2-4 2006 in 
Koprivshtitsa town. Organizers of the scientific forum were the Institute of Experi
mental Morphology and Anthropology at the Bulgarian Academy of Sciences, the 
Bulgarian Anthropological Society, and the Bulgarian Anatomical Society, and ac
tively supported by the Koprivshtitsa municipality.

The scientific meeting was devoted to the 130th Anniversary of the April Rebel
lion in 1876 and was led under the patronage of Acad. Ivan Yuhnovski - President of 
the Bulgarian Academy of Sciences.

More than 130 scientists from Bulgaria, Germany, Russia, Holland and Turkey 
participated in the conference, 55 reports and 76 posters were presented in the halls 
of the Koprivshtitsa municipality building.

The conference was opened by the corresponding member Prof. Dr. Yordan 
Yardanov, Head of the Institute of Experimental Morphology and Anthropology at 
the Bulgarian Academy of Sciences, President of the Bulgarian Anthropological So
ciety and Bulgarian Anatomical Society.

A welcome address to the participants was delivered by the Mayor of 
Koprivshtitsa - Mr. Nikola Kamenarov, who honored Prof. Dr. Yassil Vassilev - the 
Honorary President of the Bulgarian Anatomical Society and Prof. Dr. Yardan 
Yordanov with Koprivshtitsa Badge of Honour.

On the behalf of the foreign scientists were delivered welcoming speeches by 
Prof. R. Mesut, Prof. R. Leiser and Prof. E. Godina.

In pursuance of the scientific program had taken part colleagues from the De
partments of Anatomy, Histology and Embryology in the Medical Universities, from 
the Departments, named identically, in the Medical and Veterinary Faculties, Insti
tutes at the Bulgarian Academy of Sciences, the Departments of Biology in the Medi
cal Universities, as well as colleagues from related Departments in Sofia University 
“St. Kliment Ohridski” and Plovdiv University “Paisii Hilendarski”.

The scientific debates and discussions of the reports and posters, as well as, the 
ideas concerning national scientific projects and such ones with international partici
pation were hold out following the academician and collegial style.
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The Role of Gonadal Steroids in 
Determining Sexual Differences in Expression 
of C-Fos-Related Antigens in the Rat Striatum
A. Bozhilova-Pastirova, B. Landzhov, L. Malinova, A. Ilieva, W  Ovtscharoff

Department o f Anatomy and Histology, Medical University, Sofia

Expression the the proto-oncogene product, c-fos protein was studied in the dorsal striatum of male and 
female rats during postnatal development at 20 and 60 days of age. Morphometric analysis revealed 
sexual dimorphism in the density of c-fos-immunoreactive neurons in 20-day-old prepubertal and 60- 
day-old pubertal rats. Females showed higher amounts of c-fos-positive neurons than males. The 
present results suggest that sex differences in the number of c-fos-positive neurons in the rat dorsal 
striatum may be related to epigenetic effects of gonadal hormones in pre- and pubertal periods of post
natal development.

Key words-, c-fos, dorsal striatum, prepubertal and pubertal age, sex differences, rat.

Introduction

Both age and gender were recognized as factors influencing CNS structure and func
tion [10]. Puberty is the attainment of fertility, a process encompassing morphologi
cal, physiological and behavioural development [2]. This dynamic period is charac
terized by marked changes in the activity and connectivity of the brain [9]. On the 
other hand, the ability of the variety of physiological [3] and pharmacological stimuli 
to increase neuronal expression of protooncogene c-fos has led to the suggestion that 
it might serve as a marker of neuronal reactivity [6]. In the light of the above data, the 
purpose of the present study was to examine the density of c-fos-immunoreactive neu
rons in dorsal striatum during the postnatal development in male and female rats.

Material and Methods

We used 6 female and 6 male Sprague-Dawley rats to study the c-fos immunoreac- 
tivity in the striatum. Male and female rats were sampled over two nested periods, 20 
and 60 days of age, representing prepubertal and pubertal age groups, respectively. 
Animals were anaesthetized with Thiopental (40 mg/kg b. w.). Transcardial perfusion 
was done with 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.2. Coronal
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sections were cut on a freezing microtome (Reichert-Jung) at 40 pm. Sections were 
incubated in polyclonal primary antibody to c-fos (1:1000 in PBS with 0.3% Triton 
X-100; Santa Cruz Biotechnology, Santa Cruz, CA) for 24 hs. The sections were then 
incubated for lh  at room temperature in biotinylated anti-rabbit IgG secondary anti
body (1:400 in 0.4% TX-PBS; Vector ), washed in PBS, and incubated in ABC solution 
(1:100 in 0.4% TX-PBS; Vectastain Elite, Vector) for lh. The sections were finally 
washed in Tris buffer 0.05 M, pH 7.6, and then immersed in 0.03% 3,3'- 
diaminobenzidine tetrahydrochloride and 0.003% H20 2 to visualize the reaction 
product.

Morphometric analysis was performed using a microanalysis system (primary 
magnification 40 ' objective). Data of the entire drawings were entered in the com
puter program (Olympus CUE-2), recorded automatically and calculated. Data 
from males and females were compared by Student’s t-test. All values are presented 
as means ± standard error of the mean (S.E.M.).

Results and Discussion

The principal findings in the present study were as follows. First, c-fos-immunohis- 
tochemistry allowed us to determine the specific distribution pattern of reactive neu
rons (positive cells were identified as those expressing a black nuclear reaction prod
uct). The outlines of measures for the density of c-fos-immunoreactive neurons and 
contours were performing using the computer-assisted program. The average num
ber of c-fos-immunoreactive neurons of 20 days old male and female rats was mea
sured and compared with the same measures of the 60 day old rats (Fig. 1).

Second, our data provide the evidence that there are sex differences in the den
sity of c-fos-immunoreactive neurons of the rat striatum at 20 and 60 days of age. 
Females have greater density of c-fos-immunoreactive neurons than males in all 
parts in the dorsal striatum (Fig. 1). There is the greater but not significant expres
sion of c-fos protein in the striatum of pubertal female and male than of that of pre
pubertal males and female (Fig. 1).

Male Female

Fig. 1. The number of c-fos-immunoreactive neurons in the dorsal striatum of 20 days and 60 days old 
male and female rats, p<0.01. Values are presented as means ± S.E.M.
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These results suggest that sex differences in the density of c-fos-immunoreactive 
neurons in the dorsal striatum can be related to the epigenetic action of gonadal hor
mones during the pre-pubertal and pubertal stages of the development. This conclu
sion corresponds to results that reported such correlation between androgens and ex
pression of different neuroactive substances in various brain regions [1, 2, 4, 5, 7, 8]. 
However, the exact mechanism, by which sex differences in c-fos-immunoreactivity are 
settled during the pre- and pubertal development, remains an intriguing question. Our 
new data emphasize the need to examine the c-fos-immunoreactivity in sectors of the 
striatum at different days of ages and after experimental manipulations of the hor
monal environment.
Acknowledgments. This work was supported by the Council for Science, Medical University, Sofia project 
(project 46/2005). The authors are grateful to Mrs. D. Brazitsova for her help with computer-assisted 
measures.
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The free radical nitric oxide (NO) is involved in neuromodulation and present in many species. NO has 
a short life and a high diffusion coefficient, and is generated by NO synthase (NOS). It is interesting 
when in the ontogenesis NO first appears. We set it as a goal to investigate NO in embryonic neurons in 
vitro. We established cortical cultures from seventeen-day-old (E-17) mouse brains. On the sixth day the 
cultures were processed for investigating the NOS marker, nicotinamide adenine dinucleotide phos
phate diaphorase (NADPH-d). Our results demonstrated that NADPH-d reactivity is present in many 
embryonic cortical neurons and is distributed in the perikarya and neurites. A background reaction in 
the neuroglial cells is also observed. It can be inferred that NO begins its action early in the ontogenesis 
by its own synthesis. Further investigation is to find out when NO appears in the mouse cortex and what 
factors activate NOS.

Key words: cortical culture, diaphorase, histochemistry, mouse embryo, nitric oxide synthase.

Introduction

The free radical nitric oxide (NO) is a neural messenger involved in neuromo
dulation, and present across a large number of animal phyla. Its significance as an 
important chemical mediator has become apparent only since 1980, when it was first 
described by Furchgott, and demands a considerable readjustment of our views 
about neurotransmission and neuromodulation [5]. NO has an important modula
tory role on the processing of sensory signals in vertebrates and invertebrates. It has 
been implicated in the control of neuronal development and of synaptic plasticity in 
the central nervous system, as well as in appetite and nociception [1, 3, 4].

NO is a molecule with a short life span and a very high diffusion coefficient that 
readily traverses cell membranes, and thus spreads rapidly around its site of origin. 
It is generated by the enzyme NO synthase (NOS) from L-arginine, and neurons con
taining NOS have been found to exist in both vertebrates and invertebrates.

It is still a matter of considerable interest when and where in the ontogenesis 
NO comes into the group of an already large cast of neurotransmitters and/or modu
lators. Therefore, in order to answer at least partly this question, we set it as a goal of

10



this study to investigate the presence of NO in embryonic neurons in a nerve cell 
culture. To do so, we applied NADPH-diaphorase (NADPH-d) histochemistry, with 
NADPH-d acting as a marker for NOS. It is very well known now that NADPH-d 
activity is often used as a marker of NOS localization and this activity has been 
shown to correspond with the distribution of NOS in nervous systems of both verte
brates and invertebrates.

Materials and Methods

For the present study we used eight seventeen-day-old embryonic (El 7) mouse 
brains, from which were established primary dissociated cortical neuronal cultures. 
All the procedures described were performed in a laminar flow hood. After a routine 
dissection of the cortexes, they were thoroughly minced and trypsinized in a 10 ml 
solution of 2x trypsin-EDTA (Gibco BRL) for exactly 15 min at 37°C in a water bath. 
The trypsinization process was discontinued by adding 3 ml fetal calf serum (FCS) 
(Gibco BRL) in 17 ml PBS. The cell preparation was then passed through a fine 
meshwork (50 pm large pores) to obtain mostly separate cells and further centri
fuged at 1.500 rt. for 9 min. The pellets were then gathered in Fischer’s medium (for 
reference cf. 6) containing 5% FCS, re-stirred, and the cell numbers and viability 
prior to establishing the cultures were assessed using 0.4% Trypan Blue stain (Gibco 
BRL) and standard hemocytometer counting [6]. The cultures were seeded in ten 
four-well manufacturer’s dishes, preliminarily coated with poly-L-lysine (Sigma 
Chemicals Co, St. Louis, Mo., USA) and after a starvation period of 24 h, the whole 
medium was changed and the cultures were then fed on Fischer’s modified medium 
containing 5% FCS on an “every other day” routine. All the cultures were grown in 
an incubator supplied with 95% air and 5% COr

On the sixth day the cultures were processed for investigating the NOS his- 
tochemical marker, NADPH-d. In brief, the cultures were fixed in refrigerated 4% 
paraformaldehyde, permeabilized in TBS containing 0.3% Triton X-100, and then 
incubated in a staining solution containing fl-NADPH, nitroblue tetrazolium (NBT) 
and 0.3% Triton X-100 in TBS for 30-60 min at 37°C until the reaction had devel
oped satisfactorily. The cultures were observed under an inverted microscope, pho
tographed with a digital camera, and the images were further processed with the 
Photoshop software computer program

Results

Our results clearly demonstrated that NADPH-d reactivity is present in a large 
population of embryonic cortical neurons, with no intracellular preference. 
NADPH-d reactivity is well distributed in both the perikarya and the neuritis (Fig. 
1). We also observed a steady background histochemical reaction in the neuroglial 
cells, although in a somewhat weaker manner (Fig. 2).

Discussion

This study focuses on the expression of NOS and its histochemical marker, NADPH- 
d, in primary dissociated cell cultures from mouse embryonic brains. Our results 
comply with these obtained by other authors, who also investigated diaphorase ac-
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Fig. 1. NADPH-d histochemical reaction in a 
solitary cortical neuron. The perikaryon and 
the neuritis are well marked, x 100

Fig. 2. In the photomicrograph, a steady 
backdround reaction can be observed 
against a definitely marked neuron, x 100

tivity in cell culture models [2]. First and foremost, we were able adequately to apply 
the method of diaphorase histochemistry to neuronal culture models to demonstrate 
such an expression. From the obtained results it can be inferred that NO begins ex
erting its neuromodulatory action early in the ontogenesis, at that not through 
diaplacentar diffusion but via its own proper synthesis in the investigated cells in an 
in vitro situation. NO has been implicated in the control of neuronal development 
and of synaptic plasticity in the central nervous system, as well as in appetite and 
nociception, and it is very much possible that it starts exerting its functional impacts 
rather early in the ontogenesis and facilitates the synaptic development and intercel
lular communication both in the living embryo and the in vitro models. It is still a 
matter of further investigation to find out at what point precisely NO and its synthe
sizing enzymes first appear in the mouse cortex in utero and what factor activates 
the genes encoding the expression of NOS.
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The afferent projections of the mesencephalic trigeminal nucleus (MTN), which is a unique structure 
in the CNS and composed of primary sensory neurons, are well known although the efferent projec
tions still remain unclarified and controversial. Descending projections from the MTN were studied 
using biotinylated dextran amine as an anterograde tracer. The tracer was injected under pressure uni
laterally into the pontine part of the nucleus. The anterograde tracing experiments show the presence 
of direct projections from mesencephalic trigeminal neurons, located in the caudal part of the MTN, 
to the motor trigeminal nucleus and to interneurons of the supratrigeminal, intertrigeminal and 
juxtatrigeminal areas. Our results show that through all these projections the mandibular movement 
is facilitated.

Key words: mesencephalic trigeminal nucleus, trigeminal motoneurons, anterograde tracing, 
biotinylated dextran amine, rat.

Introduction

The mesencephalic trigeminal nucleus (MTN) is a unique structure in the CNS, 
composed of primary sensory neurons. At the pontine level, MTN neurons are situa
ted in the triangle between the locus coeruleus and the medial parabrachial nucleus. 
At the level of the mesencephalon they border laterally the central periaqeductal 
gray. Mesencephalic trigeminal neurons innervate the jaw-closing muscles, perio
dontal ligament and a subset of the extraocular muscles [1]. While the MTN afferent 
projections in the rat are well studied, little is known about the afferent connections 
of the nucleus with other brain regions. The presence of direct projections from the 
MTN to the motoneurons, located in the motor trigeminal nucleus (MoTN) has been 
studied by different researchers using various tracing techniques [3, 5]. It has been 
demonstrated that projecting fibers reach the supratigeminal nucleus [2], and also 
the intertrigeminal and juxtatrigeminal areas [6].

The aim of this study is to describe the efferent projections of mesencephalic 
trigeminal neurons to the trigeminal motoneurons and interneurons in the rat. After
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injecting biotinylated dextran amine (BDA) into the caudal part of the MTN it is 
possible to follow intensely marked axons from the MTN neuronal perykaria to their 
peripheral target areas.

Material and Methods

Ten adult Wistar rats of both sexes weighing 280-350 g were used for this study. The 
animals were anesthetized with Thiopental (Biochemie, GmbH, Kundl, Austria; 
25mg/kg b.w.) and then mounted in a stereotaxic frame. Under aseptic conditions 
small craniotomies were performed. The location of the injection site was precised 
to the following coordinates according to the rat brain stereotaxic atlas of P a x i n o s 
and W a t s o n  [4]: 0.68 mm posterior to the interaural line and 1.4 mm lateral to 
the midline. A 10% solution of BDA (m.w. 10,000; Molecular Probes Europe BV, 
Leiden, The Netherlands) dissolved in phosphate buffer (PB; 0,1 M, pH 7.2) was 
injected under pressure unilaterally with a Hamilton microsyringe (Hamilton Co, 
Reno, Nevada, USA), while the contralateral side remained intact to serve as a 
control. At the end of injecting, the microsyringe was held in place for 2 min to in
sure that the injected BDA had been absorbed into the tissue. Following 6-8 days 
of survival, the animals were perfused transcardially, first with 100 ml of 0.9 % 
saline, followed by 400 ml of 4% paraformaldehyde in PB (Merck, Darmstadt, 
Germany).

The brains were quickly removed and then placed into the same fixative at 4°C 
for 4 hours. Frozen sections (40 pm of thickness) were prepared on a freezing micro
tome Cryocut E (Reichert — Jung, Austria) and collected in PB in a free-floating 
state. The sections were reacted by using the avidin-biotin complex (Vectastain ABC 
Kit, Vector Laboratories Inc., Burlingame, USA) in PB and then the peroxidase ac
tivity was developed in 0,05 M Tris-HCl buffer, pH 7,6 containing 0,012% 3,3 
diaminobenzidine tetrahydrochloride (DAB; Sigma) and 0,01% H20 2 for up to 15 
min. All the sections were mounted onto gelatin-coated glass slides, air-dried and 
counterstained with Cresylviolet. The slides were viewed with a Zeiss Axioplan 2 light 
microscope and photographed with an Axiocam MRc digital camera.

Results

After leaving the MTN a bundle of well-marked fibers goes ventrolaterally to the 
region, situated above the MoTN, called supratrigeminal nucleus, where intensely 
labeled axons are clearly observed. The fibers pass in the vicinity of the somata of 
trigeminal interneurons located here (Fig. 1). In the MoTN well marked fibers are 
seen, spread in its dorsolateral portion, whose collaterals are in direct contacts 
with the perikarya of large-sized trigeminal motoneurons (Fig. 2). Intensely la
belled fibers and terminals are also found in the ipsilateral juxtatrigeminal area, 
situated below the ventral pole of the MoTN. Furthermore, marked fibers reach 
the intertrigeminal region, located between the MoTN and the principal trigemi
nal nucleus.

To verify these projections, we injected BDA in the MoTN and were able to see 
that all mesencephalic trigeminal neurons along the whole rostrocaudal length of the 
MTN were labeled. This projection is invariably unilateral (Fig. 3).
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Fig. 1. Microphotograph illustrating the labeled projection fibers (arrows), pass
ing through the supratrigeminal nucleus (STN). x 160

Fig. 2. Anterogradely BDA-labeled fibers (arrows) traveling toward large-sized 
perikarya in the motor trigeminal nucleus (MoTN). x 400

Discussion

Our results clearly show the presence of a direct projection from the MTN to the 
MoTN, especially to its dorsolateral part. This portion of the latter is known to contain 
the cell bodies of motor neurons innervating masticatory and suprahyioid muscles.
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Fig. 3. Retrogradely labeled cell bodies (large arrows) and fibers (small arrows) 
in the MTN after injecting BDA into the motor trigeminal nucleus, x 400

The masticatory muscle spindle afferents send, via the central axons of the mes
encephalic trigeminal neurons, their projections to jaw-closing motoneurons located 
in the MoTN. In this study we were able to observe numerous intensely labelled pro
jection fibers to the dorsolateral part of the MoTN, where the majority of jaw-clos
ing motoneurons are located. These data correlate well with previous studies, which 
confirm the presence of labelled fibers also in the supratrigeminal nucleus [3, 5]. It 
can be inferred from our findings that mesencephalic trigeminal neurons, supplying 
the jaw-closing muscles, may during mastication activate supratrigeminal neurons, 
which in turn inhibit trigeminal motoneurons innervating the masticatory muscles.
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In order to investigate the cellular basis of gliosis accompanying prion pathology we have selected four 
zones in mammalian CNS (cortex, thalamus, hippocampus and cerebellum) providing a relatively 
simple access to the most affected by degeneration brain areas. The intensification of the cellular reac
tivity of brain cells is an important pathomorphological feature in situ contributing for prion disease 
diagnosis as neuronal loss and spongiosis. Immunohistochemical approaches using specific monoclonal 
antibodies V9 and 5D4 was performed. The examination of hamster brains affected by experimental 
scrapie (263K agent strain) was accomplished to determine the extent of the astrocytosis and 
microgliosis during degeneration. New noil-conventional methods for visualizing of the glial reaction in 
CNS were applied.

Key words: central nervous system (CNS), prion neurodegeneration, astrocytosis, microgliosis.

Introduction

Prion neurodegeneration is result of transmissible, sporadic or hereditary conditions 
characterized by progressive nervous system dysfunction. Fatal prion diseases or 
transmissible spongiform encephalopaties (TSE) affect humans (Creutzfeldt-Jacob 
disease variants, fatal familial insomnia, Gerstmann-Straussler-Scheinker syndrome) 
and numerous other mammalian species (“mad cow” disease, scrapie, chronic wast
ing disease, spongiform encephalopathies in cat family etc.). In the course of prion dis
eases a long incubation period is followed by histopathological changes restricted in 
CNS. General histopathological signs in CNS during prion degeneration are spongiosis, 
gliosis or reaction of resident glia, neuronal death, appearance and concentration of 
pathologic isoform of prion protein (PrPres), and specific amyloid plaque formation.

The cellular reactivity in degenerating brain is registered by morphological 
methods as a decreasing (for neuronal population) or an increasing (for astroglia and 
microglia) in the number and density of the brain cells. Glial reaction during prion 
neurodegeneration has two different basic components: astrocytosis and microg
liosis, united in the com m on neurom orphological phenomenon — gliosis.
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Recently introduced in prion biology the vimentin immunoreactivity for astro
cytes [5, 8] and keratan sulfate immunohistochemistry for ramified microglia [3] were 
used in this study for evaluation of the extent of gliosis and glial cell density in four 
brain levels during development of the experimental prion disease.

Material and Methods

Infection of animals'. Adult 45-week-old female outbred golden Syrian hamsters were 
injected intracerebrally into the right hemisphere with 50 pi of 1% w/v brain homo
genate from 263K scrapie strain (2.2 Ч 011 50% lethal dose/g). Anaesthetized ham
sters (injected and controls) were sacrificed at 30th, 70th and 87th days after agent in
oculation (incubation period, florid and terminal stages of the prion encephalopa
thy). The brains were fixed in Carnoy’s solution at room temperature overnight. Se
rial transversal sections 5-7 microns thick were obtained from selected levels using 
Leica paraffin microtome after embedding in paraffin.
Immunohistochemical localization of the astroglial reaction in CNS: Slides with trans
versal brain sections from selected regions (5-7 microns thick) were blocked for 
endogenous peroxidase (H20 2/methanol 1:60) and for non-specific IgG tissue bind
ing (20% normal horse serum). Incubation with anti-vimentin monoclonal antibod
ies (Dako) clone V9 diluted 1:5000 for 24 hours at 4°C was performed the first day. 
As secondary antibody was used biotinilated anti mouse IgG (1:500 diluted) followed 
by application of ABC (Vector) kit and diaminobenzidine (DAB) substrate. Controls: 
whole immunostaining procedure without anti-vimentin antibodies and whole pro
cedure using nonspecific second antibodies.
Visualization of the microglial reaction in CNS by keratan sulfate immunohistochem
istry: Commercially available anti-keratan sulfate monoclonal antibodies 5D4 
(Calbiochem-San Diego CA), clone5-D-4, isotype IgGl, k, were used for immuno
histochemical procedure. Optimal working dilution of monoclonal antibodies was 
precised as 1:1000 for overnight incubation at 4°C. The next day a procedure, using 
PicTure Polymer Detection System — a horseradish peroxidase/Fab fragment poly
mer conjugate (ZYMED), was applied for 45 min at room temperature. DAB sub
strate kit for peroxidase (VECTOR) was used as diaminobenzidine chromogen 
source for 5-10 min. Controls: Whole immunostaining procedure without 5D4 mAb 
and whole procedure with diluted 1:1000 5D4 mAb in PBS containing 100 mg/ml 
type I and II keratan sulfate in the solution.
Studied CNS regions: cerebral cortex, hippocampus, cerebellum and thalamus.

Results

Immunodensitometric assay for vimentin immunoreactivity was made in the 4 se
lected regions of the affected by the prion neurodegeneration hamster CNS. In gene
ral, astrogliosis demonstrated by the vimentin re-expression during prion pathology 
is easier to estimate because vim (+) astroglia lacks in adult healthy brain (absolutely 
negative control!). During the earlier periods of development of prion degenerative 
disease (florid stage) astrogliosis estimated by the appearance of vim (+) cells is less 
intensive. It’s important to note that during the florid stage of the prion disease 
scrapie 263K there is regional distribution of the groups of vim (+) astroglia in small 
foci of gliosis (Fig.l). The distribution of the vim (+) astrocytes in this period could
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Fig. 1. Astrocytosis - regional distribution of the 
concentrated in small foci vim (+ ) astroglia. Tha
lamic area of affected by scrapie 263K hamster 
brain. Vimentin immunohistochemistry with mAb 
V9. x 100

Fig. 2. Large areas of confluent vimentin posi
tive cells during terminal stage of the prion 
neurodegeneration in hamster brain, x 480

be registered in thalamus, hippocampus and cortex. At 70th day post inoculation 
(dpi) of the scrapie agent many vim (+) cells were located in deep cortex layers but 
they were at the same time less prominent in medium layers. Astrocytic morphology 
of these cells is most evident especially in the cortex ant thalamus. There they had 
morphological traits of mature hypertrophic astrocytes. Between 70th and 87th dpi 
vimentin immunoreactivity in thalamus and hippocampus demonstrates 3-5-fold in
crease forming large areas of positive cells (Fig. 2). Starting from lacking of vim (+) 
cells in pre-clinic incubation stage (30th day after infection) a progressive increase of 
astrocytic reaction measured by vimentin immunoreactivity was demonstrated in 
studied brain areas.

Keratan sulfate immunohistochemical (KS-IHC) visualization of microglial 
reaction during prion degeneration is more demonstrative in comparison with con
ventionally used till now lectin methods. 5D4 (+) cells in hamster brain are abun
dant in cerebral cortex, hippocampus, thalamus and cerebellum of the scrapie-in
fected hamster brain. The course of the prion neurodegeneration checked by this 
microglial reactivity in 30th, 70th and 87th dpi changes microglial density in these 
regions (Fig. 3). A non-essential decrease of the cell density is registered during 
incubation stage (30th dpi). In the florid (70th day) and terminal (86th day after in
fection) disease stages we found an essential increase of the density of ramified 
type 5D4 (+) microglia in the cortex, thalamus, hippocampus and granular layer 
of the cerebellum. The most of the 5D4 (+) cells have big cell shapes respectively 
its branching morphology, numerous cytoplasmatic processes and ramified struc
ture. The nuclei are prolonged and relatively small. The cytoplasm is moderately 
marked by the reaction product in contrast of the strongly positive to keratin sul
fate nucleus. Microgliosis during degenerative changes in CNS (estimated by KS- 
IHC) is co-localized with another histhopathological sign of degeneration — spon
giosis (Fig. 4).
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Fig. 3. Profiles of the 5D4(+) microglial reac
tivity during the course of prion neurodege
neration

Fig. 4. Parallelism of the cellular reactivity (mic
rogliosis) and spongiosis in the periventricular area 
of the hamster brain. Terminal stage of experimen
tal scrapie 263Kin hamster. Keratan-sulfate immu- 
nohistochemistry. x 80

Discussion

Astrogliosis, registered as re-expression de novo of vimentin marker in mature CNS 
during prion neurodegeneration is an additional biological marker of the pathogen
esis of transmissible spongiform encephalopathies. This marker is useful not only for 
diagnostics but for the studies onto neurodegenerative changes. In morphological 
diagnostics of the prion degenerative diseases now currently is in use simple immu- 
nohistochemical detection of GFAP (+) astroglia. We propose and use in this work 
vimentin as additional marker for demonstration of the gliosis in prion infected brains. 
Vimentin immunohistochemistry possesses different characteristics and advantages re
vealing astrogliosis as one of the more important histopathological sign of prion degen
eration. The appearance of vim (+) cells does not result from the insult made by intrace
rebral trauma during agent inoculation suggested earlier [4]. In the prove of this is the 
fact that in control animals injected with non infected brain vim (+) cells were observed 
rarely only in the right side of brain around the needle tract.

Microglial reaction, or microgliosis as a regional or local increasing of the mi
croglial concentration, is described in parallel with degenerative changes in prion 
diseases. A correlation between prion deposition, spongiform degeneration and pro
liferation of the reactive microglia (microgliosis) is found in some CNS regions — 
thalamus, pons, cortex etc. [9, 10]. Our present results show a stable correlation be
tween the morphological signs of spongiform degeneration and the relative increas
ing of reactivity of the 5D4 (+) subgroup of the microglia. Studies by J a n d e r et al.
[7] confirm at minimum a large preservation of the 5D4 expression in degenerative 
lesions in contrast of the lacking of the T-cell-mediated autoimmune inflammation. 
Microglial activation results brain damage and triggering of the neurodegenerative 
process in [6]. According to В e r t o 1 o 11 o et al. [2] there is no correlation between 
cellular activation and expression of the keratan-sulfate epitope from the 5D4 (+) 
microglia. A possible explanation of the microglial reaction during prion neu
rodegeneration could be the presumption that microglia can participate in the prion 
agent clearance and at the same time they act as reservoir [1].
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In this study the wider distribution as well as higher density of 5D4(+) micro
glia and vim(+) astrocytes have been demonstrated with two newly introduced pro
cedures. Immunohistochemistry for keratan sulfate and vimentin epitopes in 
scrapie-affected CNS is useful additional tool in diagnostics and for morphological 
approaches of the prion neurodegeneration.
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Effect of Radiation with Low Doses Fast Neutrons
and High Energy Oxygen Ions
on the Rat Choroid Plexus Blood Vessels
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In the present study the morphometric analysis has been used to investigate the changes of the rat 
choroid plexus blood vessels. The applied irradiation provoked statistically significant changes in the 
rat choroid plexus blood vessels. These data provided evidence that the effect on the blood vessels in 
the delay period after irradiation can be induced in the rat choroid plexus by single doses of 1.0 Gy 
fast neutrons and oxygen ions. We suggest that these changes may be related with alteration o f cere
brospinal fluid secretion and transcellular and absorbtion-transport functions of the rat choroid 
plexus.

Key words: rat choroid plexus blood vessels, morphometry, low doses of fast neutrons and oxygen 
ions irradiation.

Introduction

The choroid plexuses are specialized highly vascular anatomycal structures which 
protrude into the lateral ventricle, as well as in the third ventricle and fourth ven
tricle. The surface of the choroid plexus consist of numerous villi each covered with 
single layer of epithelial cells surrounded by vascular connective tissue cells [7]. As a 
secretory source of vitamins, peptides and hormones for neurons, the choroid plexus 
provides substances for brain homeostasis [4]. Most blood vessels in the plexus 
choroideus are wide-calibre (approximately 15 pm) fenestrated capillaries [6]. Irra
diation with therapeutic doses may result in the development of early and late effects 
in normal tissues. Extensive experimental studies have shown a clearly defined asso
ciation between vascular damage and the development of late radiation effects, how
ever, the exact role played by vascular lesions remains uncertain [3]. The aim of the 
present study is to investigate the morphometrical changes of the blood vessels of the 
rat choroid plexus after exposure to low doses of fast neutrons and high-energy oxy
gen ions irradiation.
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Materials and Methods

Three months aged female Wistar rats were exposed to fast neutrons (n=3) to 1.5 MeV 
at the dose of 1.0 Gy and single dose of 104 particles/cm2 of oxygen ions (n=3). Experi
ments were performed in the impulsive reactor and the synchrophasotron of the Joint 
Institute of Nuclear Research in Dubna, Russia. Three months after whole-body irra
diation experimental animals and 6 months aged control rats (n=4) were perfused intra- 
cardially with 2.5% glutaraldehyde and 2% paraformaldehyde in 0.1 M cacodilate buffer
[5]. Extracted choroid plexuses were postfixed in 1% 0s04  and embedded in Durcupan. 
The semithin sections (lpm) were stained with 1% toluidine blue for morphometric 
measurment and examined under Light microscope Carl Zeiss Jena.

Morphometric analysis

We obtained morphometric data from the light microscope at 1000 x magnification 
using a square grid system [9] calibrated for linear measurment in pm and area 
measurment in pm2 (625 grid points). We measured the relative number of blood ves
sels and luminal diameter and area of the blood vessels divided in four subgroups. 
The luminal diameter was measured as perpendicular distance across the maximum 
chord axis of each vessels.

Statistical analysis
Results are reported as mean values ± SEM and as relative part in percentage. We 
evaluated data from control rats and irradiated rats by using the Student’s t-test for 
independent comparisons.

Results

Changes in the relative number of all blood vessels and vessels divided in four sub
groups were determined after irradiation with a single dose of 1.0 Gy fast neutrons 
and oxygen ions in comparison to control rats. These findings are shown in Figures 
1 and 2 and Tables 1 and 2. The significant changes three months after fast neutrons 
irradiation were approximately 13% reduction (p<0.001) in the number of vessels of 
5-7 pm in diameter and 33% reduction (p<0.001) in vessels of 7-16 pm in diameter. 
A significant increase of 32% was seen in the number of large vessels of 16-30 pm
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Fig. 1. Comparison of morphometric data of choroid 
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(p<0.001) and 3% in vessels >30 jam in diameter. Similar changes were determinated 
after irradiation with a single dose of high energy oxygen ions in comparison to con
trol rats: approximately 12% reduction (p<0.001) in the number of vessels of 5-7 pm 
in diameter and 2% reduction in vessels of 7-16 pm in diameter. A significant in
crease of 7% was seen in the number of large vessels of 16-30 pm (p<0.01) and >30 
pm (<0.01) in diameter after irradiation with oxygen ions.

Significant changes were not seen in luminal diameter (mean luminal diameter 
of neutrons irradiated rats — 18.80 ± 0.93 pm and oxygen irradiated rats — 18.87 ±
0.93 pm and mean luminal diameter of control rats — 18.50 ± 0.94 pm) and luminal

T a b l e t .  Morphometric data of choroid plexus blood vessels o f control rats 
and fast neutrons irradiated rats (luminal diameter in pm, luminal area in pm2)

Blood Control rats Irradiated rats

vessels Luminal Luminal Luminal Luminal
diameter ± SEM area ± SEM diameter ± SEM area *  SEM

5-7 pm 7.37±0.24 100.92±2.84 7.50±0.20 87.50*12.50
7-16 pm 11.16±0.41 174.13±10.52 12.64±0.74 168.75±17.10

16-30 pm 21.56±1.26 401.28±30.59 20.56±1.04 369.53±36.45
>30 pm 33.87±1.87 731.25±40.49 34.37±1.76 791.66*40.82

Number o f
242 242 159 159measurments

T a b 1 e 2. Morphometric data of choroid plexus blood vessels 
of control rats and high-energy oxygen ions irradiated rats 
(luminal diameter in pm, luminal area in pm2)

Blood vessels

Control rats Irradiated rats

Luminal diameter *  SEM

5-7  pm 7.37*0.24 7.05*0.23

7-16 pm 11.16*0.41 11.55*0.59

16-30 pm 21.56*1.26 21.73*1.62

>30 pm 33.87*1.87 34.73*1.59
Luminal area *  SEM

5-30 pm 199.08*17.51 212.22*18.13
Number o f 

measurements
242 148
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area (mean luminal area of neutrons irradiated rats — 354.36 ± 26.71 pm2 and mean 
luminal area of control rats — 351.89 ± 20.52 pm2) of all bloodvessels.

Discussion and Conclusion

In the present study it was estimated that the relative part of the capillaries, i.e. ves
sels <16 pm in diameter were 70.66% in control rats, and 34.86% in fast neutrons 
and 56.34% in oxygen ions irradiated rats. The initial loss of capillaries and the in
crease in number of larger vessels in plexus choroideus three months after irradia
tion were consistent with the effects attributed to regeneration in the choroid plexus. 
Ultrastructural and morphometrical changes were reported previously in the cyto
plasm of endothelial cells of fenestrated capillaries and epithelial cells of this experi
mental model [1, 8]. Most of the choroid plexus epithelial cells exhibited ultrastruc
tural signs of increased absorbing and transport activity. The augmented transport 
activity was evident from a large number of micropinocytotic vesicles in cytoplasm 
of the endothelial cells of fenestrated capillaries. This increased intensity of the cel
lular transport relates, probably, with early post-exposure edema or subserves elimi
nation of toxic substances consequent to radiation exposure. From the morphomet
ric investigation in the previously our study it was established that the nuclear, cyto
plasmic and cell area of the light and dark epithelial cells diminished after exposure 
to fast neutrons. These changes may be indicative of compensatory reactions in the 
organism following radiation exposure. Experimental study have shown a significant 
reduction in the number of blood vessels >16 pm in diameter and atrophy of the 
choroid plexus epithelial cells only after 25 Gy of X-rays [2, 3].

In conclusion, it can be pointed out that the applied irradiations provoked sig
nificant changes in rat choroid plexus blood vessels. These results clearly demon
strate that the effect on blood vessels after irradiation can be induced in the choroid 
plexus by single dose of 1.0 Gy fast neutrons and oxygen ions. We suggest a hypoth
esis that the vascular damage is predominant factor leading to development of late 
effects in irradiated normal tissues.
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from Principal Mechanism to Therapeutic Application
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Besides the role of classical neurotransmitter, histamine plays a key role in the immune/inflammatory 
processes in the gastrointestinal tract. Specific transport proteins pack the amine neurotransmitters into 
vesicles so that their release can be regulated by neural activity. Recently, two vesicular amine trans
porters (VMAT1 and VMAT2), essential components of monoaminergic neurons and endocrine cells 
were identified. In our study we investigated VMAT2 distribution in rat small intestine using immunocy- 
tochemical techniques. VMAT2-immunreactivity was found in neurons o f the submucosal plexus. Nerve 
fibres containing VMAT2 were numerous in the submucosal and myenteric plexuses, in the circular 
muscle layer and around the blood vessels. Some fibres were observed beneath the epithelial cells.

This data provide important information about the amine-handling structures in the gut wall, and 
neuroendocrine and immune/inflammatory cell functions. Moreover, it raises the possibility for devel
opment of new pharmacotherapeutic approach to inflammatory bowel diseases.

Key words-, gut innervation, histamine transporters, immunohistochemistry, rat.

Introduction

Besides the function of classical neurotransmitter in the nervous system, the biogenic 
amine histamine (HIS) also plays a key role in the endocrine and immune/inflamma
tory system. In the gastrointestinal tract (GIT) HIS is a crucial mediator, and during 
the last two decades it was discovered to be responsible also for diarrhoea in inflam
matory bowel diseases (IBD) and food allergy [1].

HIS-handling cells, like the other amine-handling cells, are characterized by 
synthesis, accumulation and secretion of the amine, which require amine-synthesiz
ing enzymes, plasma membrane transporters for amine intake, and intracellular 
transporters, named vesicular amine transporters (VATs), for amine loading from the 
cytoplasm into secretory or synaptic vesicles [2]. Two structurally related but phar
macologically distinct monoamine transporters are known: VMAT1 and VMAT2 [3]. 
They act as an electogenic exchanger of protons and monoamines, using a proton 
electrochemical gradient. Functional analysis showed that the two VATs differ in 
substrate recognition and inhibition by drugs. [4]. In addition, VMAT1 and VMAT2 
differ in their tissue distribution. While in the rat VMAT1 is a principal amine trans
porter of the PNS and of the neuroendocrine and mast cells, VMAT2 is expressed
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predominantly in the neuronal amine-handling cells: serotoninergic, noradrenergic, 
dopaminergic, histaminergic and adrenergic neurons of the CNS [5].

In both rodent and human, most of the VMAT2 positive nerve fibres are found at 
the blood vessels’ wall and around the enteric ganglia. These fibres represent projections 
of postganglionic sympathetic neurons, and in the muscle and mucosal layer they are 
rare. VMAT2 positive neuronal perikarya are very rare or absent in the rodent gut [5].

Despite the fact that the biogenic amine-containing neuronal structures in the 
enteric nervous system (ENS) were extensively studied, there are still several unan
swered questions about their distributional pattern, chemical coding and function. 
Therefore, we aimed this study to demonstrate the VMAT2-positive elements in the 
intestinal wall of the rat, and to assess their potential therapeutic implication.

Material and Methods

Specimens from the distal ileum of five rats were investigated with immunocy- 
tochemical techniques for detection of VMAT2. The staining was performed using 
the avidin-biotin method on free-floating sections with primary antibody rabbit anti- 
VMAT2, for 24 h at room temperature. After rinsing in PBS, sections were incubated 
with the secondary antibody, biotinylated goat anti-rabbit IgG. After washing the 
sections, the ABC complex was applied. Following rinsing, peroxidase activity was 
visualized with the SG chromogen as gray staining of the immunoreactive structures. 
Finally, sections were dehydrated in a graded series of alcohol and xylene, and em
bedded in Entellan.

Results

Immunostaining of VMAT2 in specimens of rat distal ileum showed abundant vari
cose neuronal fibres in all layers of the gut wall. As shown in Fig. 1, VMAT2- 
immunreactivity was found in single neurons of the submucosal and myenteric plex
uses. The immunoreactive fibres clearly marked by the SG were numerous in both 
plexuses, and they surrounded VMAT2-positive neuronalal perikarya. In addition, 
we observed a high frequency of VMAT2-positive varicosities in the circular muscle 
layer and around the blood vessels. In the mucosa there was well expressed VMAT2- 
immunoreactivity. Some immunolabelled nerve fibres were observed distributed 
throughout lamina propria. As can be seen in Fig. 2, a large number of VMAT2-con- 
taining neuronal processes and terminals were in a close apposition to the intestinal 
glands, and delineated the glandular epithelial cells.

Discussion

In the present study, we show that the intestinal wall of the rat is well innervated by 
VMAT2 expressing intrinsing neurons and neuronal fibres. Moreover, it clearly dem
onstrates abundance of VMAT2-positive neuronal projections into the intestinal 
musculature and mucosa layers; hence, their function is under monoamine-ergic 
control.

These data provide important information about the amine-handling neuronal 
structures in the gut. VATs-staining will enable co-transmitters to be identified, par
ticularly in subtypes of intestinal amine-handling cells. The visualization of the
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Fig. 1. Photomicrograph of the distal ileum 
showing VMAT2-positive neuron in the submu
cosal plexus (arrow). Note the numerous 
VMAT2-immunoreactive neuronal fibres in both 
the myenteric and submucosal plexus (double ar
rows). x 400

Fig. 2. Numerous neuronal projections, stained for 
VMAT2 in the circular muscle layer and in the 
submucosis (thick arrows). The glandular epithe
lium is delineated by VMAT2-containing varicosi
ties (thin arrows), x 400

VMAT2-positive elements of the gut wall provides a potential for their imaging in the 
clinical context of disorders, related to them. This immunocytochemical method al
lows an in situ exploration of plasticity, regulation, and degeneration of specific sets 
of amine-handling neurons, and the function of amine-handling inflammatory and 
immune cells.

The abundance of VMAT2-positive nerve fibres in the intestinal wall and the 
fact that HIS transporter VMAT2 can be inhibited by substances like ketanserin, 
reserpin or dicyclohexylcarbodiimide (DCCD), which clock various H+-translocat- 
ing enzymes [6], suggest that HIS or VMAT2 antagonists may be used for pharma
cological targeting of IBD. Moreover, it raises the possibility for development of new 
pharmacotherapeutic approach to inflammatory bowel diseases.
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The relative distribution of ganglioside GTlb was determined in the serum of 52 patients with relapsing- 
remitting multiple sclerosis (RRMS) during the different stages of the disease and of 30 healthy sub
jects. There was statistically significant decrease of serum GTlb during the first attack of RRMS when 
axonal damage and demyelination are present in the central nervous system (CNS). In remission with a 
long duration, characterized by the occurrence of remyelination, serum GTlb increases twice in com
parison to healthy individuals. These findings further support the concept concerning the role of GTlb 
in mediating the interactions between axons and oligodendrocytes needful for the formation of the my
elin sheath and the maintenance of its integrity. Therefore, serum GTlb could be monitored as markers 
of demyelination and remyelination in the CNS of MS patients.

Key words', ganglioside GTlb, multiple sclerosis, serum, axon-oligodendrocytes interactions.

Introduction

Gangliosides, the most abundant sialyted glycoconjugates in the nervous system, are 
major cell surface determinants. The brains of higher vertebrates contain at least 
four major gangliosides: GM1, GDla, GDlb and GTlb. They occur most promi
nently in the neuron where they comprise the major type of sialoconjugate in the 
plasma membrane. Gangliosides are present also in non-cell-associated form in 
blood, lymph, saliva and other body fluids. The main gangliosides in human blood 
serum are GM3, GM1, GDla, GDlb and GTlb.

Gangliosides have been proposed to regulate cellular function including neu
ronal cell adhesion, transmembrane signalling and cell growth and differentiation. 
Perhaps the most dramatic interactions between neurons and glia in the central ner
vous system (CNS) occurs during myelination when oligodendroglial processes must 
recognize, adhere to, and ensheathe axons. A binding protein specific for neuronal 
ganglioside GTlb was detected on rat oligodendroglial membrane and it was sug
gested that GTlb play a role in mediating the interactions between axons and oligo-
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dendroglia needful for myelination and maintenance the integrity of myelin sheath 
[11]. We recently first reported a significant increase of relative portion of GTlb in 
the brain and in the serum of Lewis rats during myelination [6]. There was an appar
ent correlation between the GTlb levels in the brain and in the serum during the dif
ferent periods of myelination.

The disturbance of axon-oligodendroglial interrelationship occurs during de- 
myelination and destruction of neuronal perikaryon, axons and oligodendrocytes. 
Multiple sclerosis (MS) is a demyelinating disease of the CNS with a considerable 
social impact. It is the major cause of non-traumatic disability in young adults. Tra
ditionally, it was belived that MS was a primary demyelinating disorder and that neu
ronal and axonal damage occurred in chronic lesions. However, recent imaging and 
morphological studies indicate that neuronal loss and axonal injury are hallmarks of 
early MS [2,10,13, 15]. Considerable changes of serum gangliosides in pathological 
conditions [3, 16] were observed. We demonstrated a significant changes of GM1, 
G D la and GM3 gangliosides in the serum of patients with early MS [16].

There is no data concerning serum GTlb variations in MS patients. In this 
study, the relative distribution of GTlb was determined in the serum of patients with 
relapsing-remitting multiple sclerosis (RRMS) during their first MS attack and in re
mission with a long duration.

Materials and Methods

Sera were obtained from 52 patients hospitalized at the Specialized Hospital for Ac
tive Treatment in Neurology and Psychiatry St. Naum, Sofia, with clinically definite 
MS according to Poser’s criteria [9] and from 30 healthy subjects. Seven patients 
were evaluated during their first attack of the disease of what later was definitely di
agnosed as RRMS, forty five patients were in remission with a long duration.

Isolation of serum gangliosides was performed by the method of 1 1 i n o v et al. 
[5]. It includes the following stages: a) dehydration of the sample by azeotropic dis
tillation of the mixture of serum water/n-propanol =1:10 (v/v); b) total lipid triple 
extraction with cyclohexane (I), chloroform : methanol =1:1 (v/v) (II), and chloro
form: methanol = 1:2 (v/v) (III); c) non-polar lipids removal by preparative TLC with 
a mobile phase: chloroform : methanol: 0,3 % CaC12= 30:18:4 (v/v/v); d) elimination 
of the blood sugar by Sep Pak technique according to W i 11 i a m s and M c C 1 u e r 
[14]; e) HPTLC of the ganglioside fractions with a mobile phase: chloroform: metha
nol : 0,1 M sodium lactate = 55:40: 10 (v/v/v).

The spots were visualized by spraying with orcinol reagent followed by local 
heating at 110°C and the gangliosides were quantified densitometrically. Bovine brain 
gangliosides (Calbiochem) were used as a test mixture for identification. The 
Student’s test was used to determine statistical differences between the groups using 
P<0.05 as the level of confidence.

Results

The relative percentage of the five major serum gangliosides (GM3, GM1, GDla, 
GDlb and GTlb) during different stages of MS and in healthy subjects was recalcu
lated on the basis of the densitograms (Fig. 1). The relative proportion of GTlb de
creases from 6.19 % in the healthy subjects to 5.10 % during the first attack of MS. In 
remission with a long duration ganglioside GTlb content increases twice in compari-

30



St
an

da
rt

 l
ev

el
, 

m
V

10 20  30  • 40  50 60 70  80  9 0  10 nm

Wavelength: 530 nm

Fig. 1, Densitogram of serum gangliosides of a RRMS patient with a first attack 
of the disease

GT1b

Fig. 2. Diagram of serum ganglioside GTlb of RRMS patients with a first attack of 
the disease (1), RRMS patients in remission with a long duration (2) and in healthy 
subjects (3)
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T a b 1 е 1. Relative Percentage of Major Serum Gangliosides 
in Patients during Different Stages of Relapsing- 
Remitting MS and in Healthy Subjects

I group II group III group
(«=7) (//=45) («=30)

Gangliosides M + SEM M ± SEM M ± SEM

GTlb 5.10 ± 1.84 11.33 ±2.04 6.19 ± 1.08
M — mean value; SEM — standard error o f mean; I group — RRMS patients with first attack 
of the disease; II group — RRMS patients in remission with a long duration; III group — 
healthy subjects;

son to its content in healthy subjects (Fig. 2). The relative portion of GTlb content 
during different stages of MS and in healthy subjects was statistically significant 
(P<0.05) (Table 1).

Discussion

In this study the content of ganglioside GTlb was analyzed in the serum of patients 
with RRMS during different stages of the disease. The results demonstrated in com
parison to healthy individuals a statistically significant decrease of serum GTlb dur
ing the first attack of RRMS and a twice increase in remission with a long duration.

We could suggest that the decrease of serum GTlb in patients with early MS is 
connected with the disturbance of axon-oligodendroglia relationships due to axonal 
damage and demyelination, well demonstrated by the imaging and morphological stud
ies of recent years [1, 2, 4, 7, 12]. In remission with a long duration remyelination may 
occur in MS [8]. The interactions between axon and oligodendrocytes had to be re
stored. Since ganglioside GTlb plays a role in mediating these interactions the twice 
increase of GTlb in the serum of RRMS patients does not seem to be surprising. This 
finding corresponds well with our previous studies concerning GTlb changes in the 
brain of Lewis rats with chronic relapsing experimental allergic encephalomyelitis 
(CREAE) during the early stages of the disease [17]. A significant decrease of rela
tive portion of GTlb was revealed in the brain during the first clinical episode of 
CREAE, an animal model of RRMS.

In conclusion, the results of this study provide for the first time evidence that 
serum ganglioside GTlb undergoes statistically significant changes in RRMS pa
tients during their first MS attack and in remission with a long duration. This finding 
further support the concept concerning the role of GTlb in mediating the interac
tions between axon and oligodendrocytes, needful for the formation of the myelin 
sheath and the maintenance of its integrity. Therefore, serum GTlb ganglioside 
could be monitored as markers of demyelination and remyelination in the CNS of 
patients with multiple sclerosis.
Acknowledgments: We thank Ginka Zaharieva for exellent technical assistance.
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Somatostatin and its stable analogue Sandostatin® were tested for their capability to protect the intrinsic 
nerves in an in vitro model of guinea-pig whole urinary bladder subjected to ischemia and reperfusion in
jury. Sandostatin® (1 to 300 nM) and somatostatin (300 nM) improved significantly the response of the blad
der to electrical field stimulation (EFS) during reperfusion as compared to untreated control bladders. Both 
Sandostatin® and somatostatin exhibited significant antiperoxidant activity with a p IC50 M values of 7.0 ± 0.6 
and 6.7 ± 0.3, respectively, which could eventually underlie their neuroprotective action during reperfusion.

Key words-, somatostatin, sandostatin, bladder, ischemia, reperfusion.

Introduction

It is generally accepted that the partial bladder obstruction represents one of the major 
pathologies of the urinary bladder that leads to chronic post-void residual urine or acute 
urinary retention followed by progressive contractile failure. A current hypothesis is that 
bladder decompensation following partial bladder obstruction is directly related to de
creased tissue perfusion, resulting in periods of hypoxia and ischemia [3]. It is impor
tant to look for substances which could decrease the ischemia-reperfusion induced neu
ronal damage in detrusor muscle and in such a way to ameliorate the functional disor
ders of urinary bladder. Somatostatin-14 and particularly its stable analogue, the cyclic 
octapeptide Sandostatin®, are known to exert cytoprotective activities in peripheral tis
sues and in neuronal cells. The somatostatin peptides were also shown to afford protec
tion against neuronal damage caused by experimentally induced cerebral ischemia in 
rats [8]. However, their effect on detrusor nerves subjected to ischemia-reperfusion, has 
not been established so far. The aim of this study, therefore, is to examine the efficacy of 
somatostatin and its stable analogue Sandostatin® to counteract the damage suffered by 
neurons in an in vitro model of whole urinary bladder subjected to ischemia and 
reperfusion.
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Materials and Methods

Male Charles River guinea-pigs (350-500 g) were anesthetized with Ketavet and sacri
ficed by cervical dislocation. The animals were treated in accordance with the European 
Committee standards concerning the care and use of laboratory animals. The 
neuroprotective effects of somatostatin and Sandostatin® were studied in an in vitro 
model of whole urinary bladder subjected to ischemia and reperfusion injury as it has 
been previously described [7].

Results

The response to electrical field stimulation (EFS) declined rapidly in the combined ab
sence of oxygen and substrate (ischemia-like condition), and was abolished within an 
hour. After reintroduction of normal conditions, the recovery of the response to electri
cal field stimulation (neurogenic response) in control bladders was poor, reaching in 2 
hours a maximum of about 25 % of the initial response (Fig. 1A and IB). At this time, 
however, the response of the muscle to carbachol had fully recovered (data not shown). To 
see if somatostatin and Sandostatin® could partially reduce the nerve damage described 
above, the peptides have been perfused during ischemia and the first 30 min of reperfusion, 
as it is supposed that the major damage to the tissue develops not only during ischemia, but 
also at the beginning of reperfusion when free radicals are being formed intensively. 
Sandostatin® at 1, 100 and 300 nM improved significantly the EFS-induced contractile 
response in reperfusion phase, reaching 67.45 ± 5.10 % at 180 min for a concentration 
of 300 nM, as compared to 54.15 ± 6.85 % in control bladders (n = 6, P < 0.01) (Fig. 
IB). Somatostatin at concentrations of 1 and 100 nM did not exert any effect (Fig. 1A),
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Fig. 1. Electrical field stimulation-induced contractile responses of guinea-pig whole urinary bladder sub
jected to 60 min of ischemia and subsequent 120 min of reperfusion. Experiments were carried out in the 
absence or presence of somatostatin (A) or Sandostatin® (B), applied for the first 90 min of the experiment. 
Results are expressed as mean ± SEM of six experiments in each group
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Fig. 2. Electrical field stimulation-induced contractile responses of guinea-pig whole urinary bladder sub
jected to 60 min of ischemia (A) and subsequent 120 min of reperfusion (B). Experiments were carried out 
in the absence or presence of somatostatin or Sandostatin®. Results are expressed as mean of area under curve 
(AUC) ± SEM of six experiments in each group. Differences among groups were evaluated by one-way 
ANOVA followed by Dunnett’s post hoc comparison test (’P < 0.05 and "P < 0.01 versus controls; *P < 0.05 
and "P < 0.01 versus somatostatin-treated group)

while at 300 nM it increased the recovery of contractile response during reperfusion 
(Fig. 2B). The antioxidant activity of the peptides was assessed for their capability to 
prevent linoleic acid peroxidation. Both somatostatin and Sandostatin® exhibited re
markable antiperoxidant activity with а pIC50 M values of 6.7 ± 0.3 and 7.0 ± 0.6, re
spectively (Table 1).

Discussion

Bladder outlet obstruction generally due to prostatic hyperplasia, a common problem 
in men over 60 years of age, is a major urologic problem that has been the subject of 
many clinical and experimental studies. The hyperplasia of prostate leads to obstructed 
micturition, during which occurs periodic bladder ischemia. The latter has been sug
gested to result in the partial denervation of the detrusor smooth muscle through is
chemia and reperfusion injury to the post-ganglionic parasympathetic neurons within 
the bladder wall [1]. Previous investigations showed that in vitro ischemia-like condi-

T a b 1 е 1. Inhibition of lipid peroxidation

A n t i o x i d a n t ICso OnM) ± SEM pICsu (mM) ± SEM
DTBHA 0.088 ±0.006 7.1 ±0.5
Sandostatin® 0.097 ±0.011 7.0 ±0.6
Somatostatin 0.164 ± 0.019 6.7 ±0.3
Vasoactive intestinal peptide 0.380 ±0.008 6.4 ±0.1
BHA 0.428 ± 0.005 6.3 ± 0.4
P-TAG 1.040 ±0.330 6.0 ± 0.4
Propofol 3.100 ± 0.380 5.5 ±0.3
P-GLU 9.910 ±2.480 5.0 ± 0.4
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tions were more damaging to the nervous tissue than to the detrusor muscle [6]. Soma
tostatin-14 and its stable analogue Sandostatin® were shown to ameliorate pancreatic 
microcirculatory injury and enzyme release after ischemia-reperfusion of the pancreas 
[4] and to reduce liver and intestinal injury induced by hypoxia/ischemia in rats [5]. In 
this study we showed for the first time that Sandostatin® counteracts neuronal damage 
of the whole urinary bladder during reperfusion. The mechanisms by which 
Sandostatin® protects bladder nerves from reperfusion injury is only a matter of specu
lation, though a reduction in the amount of somatostatin among loss of other sensory 
neuropeptides in the obstructed human bladder has been previously described [2]. In the 
present study, a remarkable antioxidant activity of Sandostatin® has been found, which 
could underlie its neuroprotective action during reperfusion, when a significant amount 
of free radicals has been formed. In summary, the pharmacological action of drug 
Sandostatin® (Novartis), outlined in the present study, may represent a new therapeutic 
option for the control of functional disorders of the urinary bladder.
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The aim of the present experiments was to measure the release of acetylcholine directly from the circu
lar muscle strips of rat jejunum and to investigate a 2-adrenoceptor agonists and antagonists involvement 
in this release. The selective oc2-adrenoceptor agonist UK-14,304 (1 pM) significantly inhibited electri
cally evoked release of [3H]-acetylcholine. This effect was prevented by the a 2-adrenoceptor antagonist 
rauwolscine (2 pM), suggesting that presynaptic a 2-adrenoceptors are present on cholinergic neurons 
of the rat jejunum. Both basal and electrically-evoked release of acetylcholine were not affected signifi
cantly in the presence of rauwolscine or guanethidine, suggesting that in the rat jejunum sympathetic 
nerves do not modulate acetylcholine release via the inhibitory a 2-adrenoceptors.

K ey words: Acetylcholine release, a 2-adrenoceptors, ileum, jejunum.

Introduction

The small intestine belongs to the affected area in human postoperative ileus [4], 
and rodent models are used to understand the pathogenesis of the disturbed motili
ty in postoperative ileus. In order to study the influence of operative procedures 
on gastrointestinal motility, it is important to know its exact regulation under nor
mal conditions. The majority of noradrenergic fibres, innervating the gastrointesti
nal tract, end on intrinsic enteric neurons rather than on smooth muscle cells, and 
exert their effect by modulating the activity of intrinsic neurons. In general, nora
drenergic activity inhibits non-sphincteric gastrointestinal smooth muscle by inhi
bition of acetylcholine release from intrinsic excitatory cholinergic motor neurons 
via a 2-adrenoceptors [7]. This has also been shown at the level of the stomach: a 2- 
or a 2-like adrenoceptors have been shown to be present on postganglionic cholin
ergic neurons in the dog gastric fundus [6]. The aim of this study, therefore, was to 
measure acetylcholine release directly and to investigate the influence of a 2-ago- 
nists and antagonists on the electrically induced acetylcholine release in the rat 
jejunum.
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Materials and Methods

Male Wistar rats (250-350 g) were used in the experiments. All animals had free ac
cess to water and commercially available rat chow. Rats were sacrificed by stunning 
and subsequent decapitation. The circular muscle preparations of jejunum were pre
pared as described before [8]. The release of acetylcholine from jejunum smooth 
muscle strips was measured directly according to the method described before [5].

Results

The results from 13 experiments with control animals are summarized in Fig. 1. Ninety 
minutes after starting the superfusion, the spontaneous efflux of [3H]-acetylcholine from 
the strips, preloaded with [3H]-choline-chloride, reached a steady state. The strips were 
stimulated twice (S, and S2) for 2 min by application of electrical field stimulation (5 Hz, 
40 Y 1 ms). The first stimulation started at 5th sample, while the second stimulation 
started at 27th sample (Fig. 1). The electrical stimulation (S, and S2) significantly in
creased the release of [3H]-acetylcholine from the smooth muscle strips (Fig. 1). Pre
treatment with 3 pM tetrodotoxin prevented the electrically-stimulated release of [3H]- 
acetylcholine (Fig. 2), suggesting that [3H]-acetylcholine was released from neuronal ele
ments of the intestine. The selective a 2-adrenoceptor agonist UK-14,304 (1 pM), added 
7 min before the second stimulation period, did not alter the basal efflux of [3H]-acetyl- 
choline (data not shown). However, UK-14,304 significantly decreased the amount of 
[3H]-acetylcholine released upon electrical stimulation (Fig. 3). The a 2-adrenoceptor 
antagonist rauwolscine (2 pM) prevented the inhibition of the electrically evoked release 
of [3H]-acetylcholine by UK-14,304 (Fig. 3). Since UK-14,304 was dissolved in 100 %

Sample number

Fig. 1. Spontaneous and electrically-induced release of [3H]-acetylcholine 
in circular smooth muscle strips from rat jejunum. The strips were stimu
lated twice (S, and S ) for 2 min by application of electrical field stimula
tion (5 Hz, 40 У 1 ms). The first stimulation started at 5lh sample (13th min), 
while the second stimulation started at 27lh sample (79th min). Results are 
expressed as disintegrations per minute (dpm), and normalized to the 
gram weight of the tissue. The means ±  SEM of 13 experiments in the con
trol rats are presented
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Fig. 2. Effect of tetrodotoxin (TTX) on [3H]-acetylcholine release from cir
cular smooth muscle strips of rat jejunum. The strips were stimulated twice 
(S, and S2) for 2 min by application of electrical field stimulation (5 Hz, 40 V, 
1 ms). Tetrodotoxin (3 pM) was added 10 min (24lh sample) before Sr Re
sults are expressed as disintegrations per minute (dpm), and normalized to 
the gram weight of the tissue. The means ±  SEM of 5 experiments are pre
sented

ПЗ Control + EtOH 
US! UK 1 pM
E 3  Rauw 2 pM + UK 1 pM

Fig. 3. Effects of UK-14,304 (UK), rauwolscine (rauw), and UK-14,304 in the 
presence of rauwolscine, on the [3H]-acetylcholine release from circular 
smooth muscle strips of rat jejunum. The strips were stimulated twice (S, and 
S2) for 2 min by application of electrical field stimulation (5 Hz, 40 У 1 ms). 
The electrically evoked [3H]-acetylcholine efflux is expressed as S /S, ratio for 
each muscle strip. Rauwolscine (2 pM, dissolved in distilled water) was added 
37 min before S2, while ethanol (4 pi) or UK-14,304 (1 pM, dissolved in 100 % 
warm ethanol) were added 7 min before S2. Each column represents the mean 
± SEM (n = 6), *P < 0.05 versus control group; #P < 0.01 versus rauwolscine 
+ UK-14,3 04 group



warm (37 °C) ethanol, the same amount of ethanol (4 ml) was added 7 min before the 
second stimulation to both control and rauwolscine-treated strips.

Discussion

Several investigators have reported that presynaptic inhibitory a 2-adrenoceptors are 
presented on cholinergic nerves in various gastrointestinal tissues and in other tis
sues [2]. In this study, the a 2-adrenoceptor agonist UK-14,304 significantly decreased 
the electrically-induced efflux of [3H]-acetylcholine in the rat jejunum. This inhibi
tory action of UK-14,304 was completely antagonized by rauwolscine, a selective a 2- 
adrenoceptor antagonist, indicating that cholinergic nerves of the rat jejunum are 
also endowed with a 2-adrenoceptors, causing inhibition of transmitter acetylcholine 
release. To study whether endogenous noradrenaline is able to inhibit acetylcholine 
release via the presynaptic a 2-adrenoceptors on the cholinergic neurons, we per
formed experiments also in the absence of guanethidine. Both basal and electrically- 
evoked release were not lower compared to the release in the presence of guanethi
dine, suggesting that in rat jejunum sympathetic nerves do not modulate the release 
of acetylcholine via the inhibitory a 2-adrenoceptors within the experimental condi
tions and/or that electrical field stimulation does not lead to the release of norad
renaline. This was confirmed when rauwolscine was added between S, and S2: it was 
without effect on the electrically-evoked release of [3H]-acetylcholine. Also in the 
guinea-pig ileum and rat trachea [1, 3] no evidence to suggest that endogenous nora
drenaline influences acetylcholine release was obtained. In conclusion, our results 
suggest: i) The presence of presynaptic muscarinic and a 2-adrenoceptors on the cho
linergic neurons in the rat jejunum; ii) Endogenous noradrenaline is not inhibiting 
acetylcholine release via the presynaptic a 2-adrenoceptors.
Acknowledgements-. T h is  stu d y  w as su p p o r te d  by G ra n t L -1305/03 fro m  th e  N a tio n a l S cience  F u n d , 
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Transduction Cascade is Affected by Interleukin-ip
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P-amyloid plaque-mediated glial up regulation of the pro-inflammatory cytokine interleukine-ip (IL-ip) 
has been assumed to contribute to the impairments of cortical cholinergic neurotransmission observed in 
Alzheimer’s disease (AD). To test for this hypothesis two neuroblastoma cell lines, a murine cholinergic 
septal cell line SN56 and the human SH-SY5Y cell line, were exposed to IL-ip followed by agonist stimu
lation of muscarinic acetylcholine receptors. By detecting key molecules of both signal transduction cas
cades (phosphatidyl inositol breakdown, protein kinases, transduction factors, cholinergic enzyme expres
sion) the downstream levels of interaction of both signal cascades should be revealed.

K ey words-, interleukine-ip, cholinergic signal transduction, Alzheimer’s disease.

Introduction

In AD there is increasing evidence that neurotoxicity is mediated also through in
flammatory processes. These processes involve activation of microglia by amyloid-(3 
peptide leading to release of pro-inflammatory cytokines including IL-lfi among 
others. Neurotoxic processes mediated by these cytokines may include direct neu
ronal death by enhancement of apoptosis, decreased synaptic function, and inhibi
tion of hippocampal neurogenesis.

One of the currently held hypothesis is that an inflammatory cycle drives AD 
pathology [1, 2]. Feedback and feed forward effects of cytokines on glial cells and 
neurons amplify initial stimuli into rampant runaway responses.

In this study we show that IL-lfi affects the cholinergic transduction cascade.

Materials and Methods

Cell culture. Human neuroblastoma SH-SY5Y cells were cultured in Dubelco’s 
modified Eagle’s medium. One day after transfer to culture dishes (I05 cells/dish) the 
cells were incubated for 8 days with 10 pM trans-retinoic acid.
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Culturing of murine. SN56.B5.G4 cells was performed in the same medium and 
under similar conditions as described for SH-SY5Y cells (for details, see [3]).
Stimulation experiments. Cultured differentiated cells were incubated with varying 
concentrations of IL-ip for 1 to 24 h as indicated, followed by stimulation of the 
cholinergic receptors by varying concentrations of the agonist carbachol for 1 h.

Results and Discussion

Effect of IL-ip on the muscarinic acetylcholine receptor (mAChR)-mediated cas
cade. Preexposure of SN56 cells to IL-ip for one hour did not affect the carbachol- 
stimulated formation of inositol phosphates (IP; Table 1), but significantly induced 
the expression of acetylcholinesterase (AChE) activity (Table 2), while cholineace- 
tyltransferase (ChAT) activity was not affected by IL-ip. Interestingly, stimulation 
of IL-ip-preexposed cells with 1 mM carbachol resulted also in upregulation of 
AChE activity but to a lower extent as compared to incubations in the absence of 
carbachol (Tabe 2), indicating interactive mechanisms.

T a b l e  1. Pre-exposure of SN56 and SH-SY5Y cells to TL-lp affects 
the mAChR-stimulated formation of IP3

Treatment Percentage changes of IP3 level over basal level

SN56 SH-SY5Y
100 mM carbachol 328±47 n.d.
1 mM carbachol 187 ±12 280±48
1 ng/ml IL-lp n.d. 150+40
1 ng/ml IL-ip + 100 mM carbachol 294±28 n.d.
1 ng/ml IL-ip + 1000 mM carbachol n.d. 340±49

n.d. — not determined.

T a b 1 e 2. Pre-exposure of SN56 and SH-SY5Y cells to IL-lb affects 
the mAChR-mediated up-regulation of activities of AChE and ChAT

Treatment Percentage changes over basal level

1 ng/ml IL-ip for 1 h 
100 ng/ml IL-ip for 1 h 
100 mM carbachol 
1 mM carbachol
1 ng/ml IL-ip + 1 mM carbachol

SN56
AChE ChAT

SH-SY5Y 
AChE ChAT

42±5 -4+5  
n.d. n.d. 
n.d. n.d.
18±3 - 1+4  
21±2 19+10

19± 10 23+33 
18±9 n.d. 

-39± 2  n.d. 
8±1 13 ±41 

- 1 ± 4  27 ±13

Effects o f mAChR stimulation. Stimulation of SN56 cells with the non-subtype-se- 
lective mAChR agonist carbachol resulted in dose-dependent increases in the level 
of IP3 (Table 3), as well as in translocation of protein kinase Ca to the membrane 
fraction (Table 4).

The activities of AChE and ChAT of SN56 cells were increased after stimula
tion with carbachol, while with increasing concentrations of carbachol the choline
rgic enzyme activities in SH-SY5Y cells approached the control levels (Table 5).

The carbachol-mediated effect on cholinergic enzyme activities could not be 
prevented by blocking the Ml-mAChR subtype with pirenzepine. However, the non
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selective mAChR antagonist atropine alleviated them (Table 6) suggesting an effect 
through the M2-mAChR signaling cascade.

T a b l e  3. Formation of IP3 following stimulation of SN56 or SH-SY5Y cells 
with carbachol for 30 min

Carbachol Percentage increase of IP3over basal level

SN56 SH-SY5Y
100 mM 330+80 n.d.
1000 mM 186+26 280±51

T a b l e  4. Translocation of proteinkinase Cot to the membrane fraction following stimulation of SN56 
or SH-SY5Y cells with carbachol for 30 min

Carbachol Percentage of translocated protein kinase C a over basal level

SN56 SH-SY5Y

1 mM 5±4 n.d.
10 mM 34±14 n.d.
100 mM 70±10 n.d.
1000 mM 48±4 300+40

T a b l e  5. Changes in the activities of AChE and ChAT following stimulation of SN56 
and SH-SY5Y cells with increasing concentrations of mAChR agonists for 60 min

Treatment Percentage changes over basal level

SN56 SH-SY5Y
Carbachol AChE ChAT AChE ChAT

1 mM 116±6 80+8 n.d. n.d.
10 mM 79 + 16 40±12 n.d. n.d.
100 mM 78+4 30 + 10 -31 ±6 n.d.
1000 mM 32+4 6 + 3 8±1 13±5
Talsaclidine 50 mM n.d. -6+ 4 19±10 n.d.

T a b l e  6. Changes of the activities of AChE and ChAT following stimulation of SN56 cells 
with carbachol for 60 min in the presence of various antagonists of mAChR

mAChR drug Percentage changes of enzyme activity over basal level

AChE ChAT
10 mM carbachol 80+8 n.d.
+25 mM pirenzepine 110+14 51 ±7
+50 mM atropine 5±4 4±5
+ 100 mM atropine 142 + 15 9±8
+25 mM pirenzepine 58±7 -22±14
+50 mM atropine -18+11 —27 ±16

Conclusions. Cholinergic enzyme activities are controlled through both Ml - and M2- 
mAChR activation but in opposite directions: induction of enzyme activity is medi
ated through M2-mAChR, while stimulation of Ml-mAChR inhibits or does not af-
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feet activity as compared to the control level (Table 5). This was proved by the 
stimulation of cells with the Ml-mAChR-specific agonist talsaclidine, which kept 
the cholinergic enzyme activities suppressed (Table 5).

These presented data strongly support the suggestion that chronic IL-ip expo
sure interferes with the muscarinic cholinergic receptor-mediated signaling cascade 
which may contribute to the cholinergic deficits in AD.
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The aim of this work was to collect data regarding in vivo effects of vasoactive intestinal peptide (VIP), 
administered locally through the microdialysis probe, on catecholamines release from the cortex and 
hippocampus. Studies were performed in awake, male Wistar rats by means of transversal microdialysis 
technique and high-performance liquid chromatography (HPLC). VIP (0.1 to 10 nM) decreased in a 
dose-dependent manner the release of endogenous dopamine in cortex, while in hippocampus its effect 
on catecholamines release was stimulatory. Our results suggest that VIP affects dopaminergic neu
rotransmission both in hippocampus and cortex, probably via two different mechanisms.

K ey words'. VIP , dopamine, cortex, hippocampus, microdialysis.

Introduction

Vasoactive intestinal peptide (VIP) is a 28-amino acid peptide. It is widely distributed in 
the central and peripheral nervous system, showing rich profile of biological activities - 
from neurotransmission to neuromodulation and neurotrophic properties. The cerebral 
cortex and hippocampus have the highest ratio of VIP immunoreactive neurons and VIP 
receptors. VIP has potential to be used in therapy of Parkinson’s disease (PD) because 
of its potent antioxidant, antiinflammatory and neuroprotective activity [4, 2]. However, 
there are not enough data regarding effects of VIP on dopaminergic neurotransmission 
in normal and PD animal models. In order to study the action of VIP in Parkinson’s dis
ease model, it is important to know its effect under normal conditions. The aim of this study, 
therefore, was to investigate the effect of VIP in vivo on catecholamines (dopamine, norepi
nephrine and epinephrine) release in hippocampus of freely moving rats. In additional experi
ments effect of VIP on dopamine release in rat cortex has been investigated.

Materials and Methods

Adult male Wistar rats (250-300 g) were housed on a 12 h/12 h light/dark cycle at a 
constant temperature and free access to food and water. The rats were anaesthetized
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with chloral hydrate (400 mg/kg i.p.) and placed in stereotaxic apparatus. Micro
dialysis tubes (molecular weight cut-off 15 000 Da) were inserted transversally into 
hippocampus (AP — 3.3 mm posterior from the bregma and H +3.3 mm) or cortex 
(AP — 1.0 mm posterior from the bregma and H +2.0 mm). One day after surgery, 
the inlet of the microdialysis probe was connected to a microperfusion pump and 
perfused with Ringer solution at a constant rate of 2 pl/min. After 1 h stabilization 
period, during which the animals were perfused without collecting the dialysate, 
samples were collected at 40-min intervals. After collecting the first four samples to 
measure the basal outflow, drugs (dissolved in Ringer solution) were administered 
locally through the dialysis membrane for 80 min. Dialysates, derived from hippo
campus, were analyzed for dopamine, norepinephrine and epinephrine using high- 
performance liquid chromatography apparatus with fluorescent detector. Separation 
was achieved on a column Hypersil Cl 8 bonded phase, 5 pM particle size (Hewlett- 
Packard). Data acquisition and processing were carried out with program DataApex 
(Czech Republic). The peak area of the external standard was used to quantify the 
sample peak. At the end of experiment the rats were anaesthetized with chloral hy
drate (800 mg/kg, i.p.) and sacrificed by decapitation. The brain was rapidly removed 
and placed in a vial containing 10 ml of 9 % formaldehyde solution in phosphate 
buffer. Three days later thin hippocampal or cortical slices were cut to verify the 
position of the dialysis membrane. Data obtained from rats in which the dialysis 
membrane was positioned outside of the cortical or hippocampal brain structure 
were discarded (< 5 %).

Results and Discussion

After 60 min recovery period basal extracellular levels of dopamine, norepinephrine 
and epinephrine in microdialysis perfusate from hippocampus were 6.68 pmol/40 
min, 5.90 pmol/40 min and 15.84 pmol/40 min, respectively. Basal level of dopamine 
in cortex was 2.98 pmol/40 min. Catecholamine levels remained relatively constant 
from one collection period to the next through each experiment (up to 6th hour for 
hippocampus, and up to 8th hour for cortex). In cortex YIP (0.1, 1 and 10 nM) was 
applied for 80 min locally through microdialysis probe. The neuropeptide induced 
dose-dependent decrease in extracellular dopamine levels, the most effective con
centration being 0.1 nM VIP (Fig. 1). The maximum decrease by 65.59 % was ob
served about 80 min after VIP administration (Fig. 1A). On the contrary, applied 
locally through microdialysis membrane in hippocampus, VIP (0.1, 1 and 100 nM) 
induced an increase of extracellular dopamine, norepinephrine and epinephrine lev
els (Fig. 2). The maximum increase of 59.61 % and 38.19 % for dopamine and epi
nephrine, respectively, was observed at concentration of 1 nM VIP (Figs. 2A, 2B). 
VIP (100 nM) enhanced the norepinephrine release by 108.04 %, while after 1 nM 
VIP the increase was only 26.11 % as compared to the controls (Fig. 2C). There are 
not enough data in the literature regarding interaction between dopaminergic and 
VIPergic neurotransmitter systems, but a suggestion that VIP facilitates the dopam
ine metabolism in the brain has been made [3]. Our results suggest that VIP can 
modulate dopamine neurotransmitter system in hippocampus and cortex. We ob
served different effects of VIP on dopamine release in those structures: in hippoc
ampus VIP provoked an increase in extracellular catecholamine levels, including 
dopamine, while in cortex the peptide decreased the release of dopamine. In the cor
tex VIP exhibits over 70 % co-localization with acetylcholine and 30 % co-localiza
tion with y-aminobutyric acid (GABA) [1], while in hippocampus one third to one
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Fig. 1. Effect of vasoactive intestinal peptide (VIP) on dopamine (DA) release from cortex 
of freely moving rats. Dialysate samples were collected every 40 min. The release of DA 
was expressed as per cent change over the mean of the first three basal samples. VIP (0.1, 
1 and 10 nM) was administered for a period of 120 min after collection of the first three 
basal samples (A); Bars in Fig. IB represent mean percent change of area under the curve 
in Fig. 1A, calculated from time 160 min to time 360 min. Results are expressed as mean 
± SEM of at least four experiments in each group. Differences among groups were evalu
ated by Student’s t-test, *P < 0.05 versus control
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Fig. 2. Effect of vasoactive intestinal peptide (VIP) on dopamine (A), epinephrine (B) and norepineph
rine (C) release from hippocampus of freely moving rats. Dialysate samples were collected every 20 min. 
The release of catecholamines was expressed as per cent change over the mean of the first four basal 
samples. VIP (1 and 100 nM) was administered for a period of 40 min after collection of the first four 
basal samples. Results are expressed as mean ±  SEM of at least four experiments in each group. Differ
ences among groups were evaluated by Student’s t-test, *P < 0.05 versus control
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half of the VIP-ergic neurons contain only GABA and/or cholecystokinin [5]. Taken 
together, the above-mentioned data and our results suggest that probably two differ
ent mechanisms underlie the effect of VIP on dopamine release in rat hippocampus 
and cortex.
Acknowledgements: This study was supported by National Science Fund, Sofia, Bulgaria (Grants MU-L- 
1502/05 and L-1305/03).
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In this study, we report lipid changes in brain mitochondria in a rat model of cerebral ischemia. We 
found an increase of total phospholipids, cholesterol, glycolipids and free fatty acids (FFAs) with the 
largest increase of the cholesterol and glycolipids — 14 and 6 times the control values, respectively. 
These changes indicate a disturbance of lipid metabolism and may be interpreted as a physiological 
adaptive response to ischemia.

Key words: lipids, cerebral ischemia, mitochondria, rat brain.

Introduction

It has been established that alterations in lipid metabolism are key event that con
tributes to neuronal death in cerebral ischemia [4]. The studying of pathogenic 
mechanisms on brain subcellular level is of great interest because membranes and 
membrane-associated enzymes have a crucial role in energy metabolism. The rela
tionship between the membrane lipid environment and its intrinsic enzymes is well 
documented in mitochondrial membranes [2]. It is known that mitochondria are re
sponsible for the energy state of the cell. The reduced supply of oxygen during is
chemia results in ATP depletion in brain, loss of ion homeostasis, changes in calcium 
metabolism and release of free radicals [9, 11].

The aim of the present investigation is to evaluate the level of phospholipids, 
cholesterol, glycolipids and free fatty acids in mitochondrial membrane in rat model 
of cerebral ischemia.

Materials and Methods

Three-month-old male Wistar rats were used in the experiment. Animals were sub
jected to cerebral ischemia according to the model of S m i t h et al. [12] with minor 
modifications. Mitochondrial subcellular fraction was isolated according to the 
method described by Venkov [13]. Lipids were extracted according to the technique
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described by K a t e s [14]. The content of cholesterol and FFAs was determined by gas 
chromatography as we previously described [6, 7]. The content of total glycolipids was 
determined according to H a m i 11 o n et al. [3]. Total phospholipids were determined 
by the method of B a r t l e t t  [1]. Glycolipid and phospholipid classes were separated 
by thin-layer chromatography. The Perkin-Elmer scanning spectrophotometer was 
used to estimate the concentration of migrated spots.

The data were analyzed with Student’s t-test.

Results and Discussion

In our study we examined the ischemia-induced changes of four lipid classes in rat 
brain mitochondria. The total phospholipid content was increased by 6% (from 
36.6+0.05 to 38.75+0.16 mg/g/ml, /><0.001). The total cholesterol increased 14-fold 
(from 0.54+0.07 to 7.4+0.17 mg/g/ml,/><0.001). Ischemia caused a 41% increase in 
the content of total FFAs (from 35.67+0.2 to 50.25+0.1 mg/g/ml,/><0.001). The con
tent of total glycolipids rose 6-fold (from 0.48+0.05 to 2.88+0.09 mg/g/ml, /><0.001). 
The changes in the percentage of individual phospholipids, sterols, glycolipids and 
FFAs are given in Fig. 1, 2, 3 and 4, respectively.
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Fig. 1. Changes of the phospholipid content in brain mito
chondria after cerebral ischemia. PA — phosphatidic acid, 
SM — sphingomyelin

Free Choi. Esterified Lano-
Chol. cholesterol

Fig. 2. Changes of the cholesterol content in brain mito
chondria after cerebral ischemia
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G angliosides Cerebrosides

Fig. 3. Changes of the glycolipid content in brain mi
tochondria after cerebral ischemia

Fig. 4. Changes of the free fatty acid content in brain mi
tochondria after cerebral ischemia

The content of phosphatidylserine (PS), phosphatidylcholine (PC) and 
lysophospholipids (LysP) was increased which was most pronounced in LysP — 
more than 8-fold. The concentration of phosphatidylethanolamine (PE) and 
phosphatidylinositol (PI) was decreased by 23% and 70%, respectively. Probably 
the mitochondrial Ca2+-dependent phospholipase A2 is responsible for the mito
chondrial membrane damage, because there are data about its involvement in the 
turnover of membrane phospholipids and in the process of Ca2+ release from mi
tochondria [8]. PE and PC accounted for 72% of the total phospholipids and it can 
be suggested that the high amount of unsaturated molecular species in their com
position make them appropriate substrates for mitochondrial phospholipase A2.

The concentration of the free and esterified cholesterol was increased 17-fold 
and 5-fold, respectively. Probably the hydrolysis of phospholipids disturbs the in
tegrity of the membrane which leads to the release of active cholesterol that can 
easily be esterified with fatty acid. The high concentration of sterol esters can ap
parently be explained with a role of the ester to serve as a carrier and storage site 
for the otherwise toxic free fatty acids [10].

The content of gangliosides and cerebrosides increased 9-fold and 4-fold, respec
tively. Gangliosides are considered neuroprotectors [5] and the high content may be in
terpreted as a defensive and compensatory mechanism against the ischemic shock.

52



The concentration of C16.0 and C18.0 was increased by 5% and 18%, respectively. 
The content of C and C20.4 was decreased by 80% and 18%, respectively. A notable 
observation was the accumulation of C16., and C]8.r We found C22.6 too, which ap
pears to be a neuroprotector.

In conclusion, our results reveal that the ischemic process disrupts to a great 
extent the lipid metabolism in brain mitochondria. These changes are probably asso
ciated with impaired energy metabolism and may indicate the disturbances in lipid 
biosynthesis.
Acknowledgment: This study was supported by the National Science Fund of Bulgaria (NSFB) under 
Contract MU-L-1512/05.
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We reviewed the histopathological findings of skin lesions of 18 patients with Antiphospholipid syn
drome. The cutaneous manifestations were as follows: livedo reticularis, pseudovasculitis lesions, 
livedoid vasculitis-like ulcers, thrombophlebitis, cutaneous gangrene and necrosis. Investigating these 
different skin markers of the disease we were searching for a specific finding, which could be typical for 
the disease. However, a constant and characteristic feature was occlusive vasculopathy, leading to vas
cular thrombosis of dermal and subcutaneous vessels. It was demonstrated in all specimens from these 
quite different skin lesions.

Key words: Antiphospholipid syndrome, Livedo reticularis, Livedo vasculitis, morphology, histo- 
pathology.

Introduction

Antiphospholipid syndrome (APS) is a relatively “young” syndrome and a multisystem 
disease. Clinically it is characterized by venous and arterial thromboses, recurrent fetal 
losses, accompanied by moderate thrombocytopenia in the presence of positive lupus 
anticoagulant (LA), elevated anticardiolipin antibodies (aCL), or both of them. Patients 
suffering from this syndrome have to undergo one clinical test plus one laboratory test 
during the course of the disease. Laboratory findings produced by two consecutive blood 
analyses at 3 month intervals should confirm the clinical picture.

APS may arise as a primary disease in patients who have no clinical or laboratory 
evidence of another pathologic condition: primary APS, or may be associated with 
other diseases: secondary APS. Secondary APS is often associated with systemic lupus 
erythematosus. However, APS may develop in the context of autoimmune diseases, 
malignancies, drug induced and infectious diseases. LA recognize lipid-bound (hu
man) prothrombin [1]. In this way they inhibit the phospholipid-dependent coagula
tion reactions [2]. ACL are directed towards (32-Glycoprotein I ((32-GPI) bound to an 
anionic lipid surface [3]. They are detected by solid phase ELISA or by radioimmu
noassay systems employing cardiolipine as coated antigen.

The skin lesions of APS are quite heterogenous. The most characteristic clinical 
sign is a persistent cyanotic mottling of the skin, affecting the extremities and the
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trunk which is known as livedo reticularis. Vasculitic lesions, skin infarcts, ulcer
ations of different types, thrombophlebities, peripheral gangrene and widespread 
necrosis are other dermatological aspects of the disease [4].

We reviewed the histopathological findings of different skin lesions in 18 pa
tients with APS, hoping to find a specific morphological feature.

Materials and Methods

We have studied the histopathological findings in 18 patients with APS, diagnosed 
according to clinical and laboratory criteria. Patients with the skin manifestation of 
livedo reticularis were four. Their skin biopsies were performed on either the “holes” 
of the netlike pattern (i.e., the clinically apparent normal skin in the center of the 
circle segments) or on the “net” itself (i.e., the discolored red or bluish peripherial 
border segments). Five patients presented pseudovasculitis lesions: macules, nodules 
and purpura. Edema and erythema were the signs of thrombophlebitis in two cases. 
The biopsies from these seven patients were performed from the lesions. Five speci
mens were taken from the edge of the livedoid vasculitis-like ulcers located on the 
lower portion of the legs, from the edge of gangrenous lesions located on the finger 
and on a toe in two other cases. All the histological findings were studied of hema- 
toxylin-eosin staining.

Results

On the peripheral discoloured segments only dermal vessels hyperplasia was present. 
The biopsies from the centers of the circles were normal or show signs of occlusion- 
microthrombus in dermal capillaries without vasculitis (Fig. 1). Biopsy from vasculi- 
tis-like lesions (subcutaneous nodule) demonstrated thrombosed medium-size vessel 
surrounded by many small vessels (Fig. 2). Histopathological findings of macula on 
fingers that clinically were in early stages of development showed hemorrhage and 
prominent dermal edema. Thromboses were seen in both arteries and veins through-

Fig. 1. Microthrombus in dermal vessel, x  300
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Fig. 2. Mediumsized vessel with thrombosis surrounded by many 
small vessels, x 150

Fig. 3. Prominent dermal edema with disruption of the epidermis 
from derma. Extensive hemorrhage in papillary derma with 
thrombosis in vessel, x 15

out the dermis and into the subcutaneous fat (Fig. 3). Lesions that have been present 
for days showing vascular thrombosis with reactive vascular proliferation and a mild 
inflammatory infiltrate (Fig. 4). Histological findings from less acute lesions were 
with thrombosis and fibrinoid deposits in vessels lumens. There were erythrocyte 
extravasations in fresh lesions and prominent lymphoplasmocytic infiltrate in whole 
derma (Fig. 5). The specimens from skin gangrene showed non-inflammatory throm-
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Fig. 4. Thrombosis in the vessels with reactive endothelial prolif
eration and edema of the endothelial cells. Extensive erythrocyte 
extravasation, x  150

Fig. 5. Thrombosis and fibrin deposits in vessel lumens, erythro
cyte extravasation, lymphocytic infiltrate, x 150

bosis of small dermal vessels surrounded by collagen necrosis. In one of the 
thrombophlebitic biopsy thrombosis was associated with vascular lymphocytic in
flammation. Hyalinizing segmental vasculitis with fibrinoid deposits around vessels 
and thrombosis within were seen in biopsies performed from livedoid vasculitis-like 
ulcers (Fig. 6). There were no evidence of leucocytoclasia in all five cases.
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Fig. 6. Hyper and parakeratosis, acantosis, swollen endotel and hy- 
alinization of the vessels, fibrinoid deposits in the lumen vessels and 
thrombosis within, x 150

Discussion

The main clinical manifestation associated with APS is thrombosis. It occurs in 
venous and in arterial blood vessels. Leg vein thrombosis and pulmonary emboli 
are the most frequent events of venous APS related thromboses. Transient is
chemic attacks and cerebral infarction are the most frequent arterial damage in 
arterial APS related thromboses. However, thrombosis has been recorded in al
most every vessel of the human body. It was initially thought that only large and 
medium vessels were affected. It has recently become evident that small vessels 
might also be involved. Therefore, many diverse clinical manifestations resulting 
from vascular occlusions in the liver, adrenal glands, lungs, heart, kidney, eyes may 
be present in APS.

Cutaneous manifestations of APS are extremely diverse and heterogeneous, 
ranging from minor symptoms to life threatening conditions [5]. We could summa
rize that the process thrombosis is a constant and characteristic feature in all these 
skin lesions which were minimal and non traumatic like livedo reticularis, and seri
ous and dangerous, like cutaneous gangrene and necrosis. Discrete lesion on the skin 
as erythema, edema and purpura could be very important sign and the first clinical 
sign of a thrombotic disease, leading to extensive skin manifestations. Hyalinizing 
vasculitis, which is typical for livedo vasculitis must be included in the spectrum of 
vasoocclusive vasculopathy and could be a marker for underlying thrombooclusive 
process, such as APS.

In conclusion, we have demonstrated that in very different skin lesions, vascu
lar thrombosis could be found and this should alert the physicians to think for this 
rare and in some cases catastrophic disease—APS.
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The aim of our study was to present in detail that the meniscus is a heterogeneous, whose structure is 
depending on the different functional demands from the different zones. The investigations were per
formed upon menisci of the knee joints of Wistar rats. A light microscopy and transmission electronic 
microscopic observation were used. We made a new division of the zones of the meniscus: 1. A Superfi
cial sliding zone (SSZ). 2. A Transitional sliding zone (TSZ). 3. A Superficial pressure zone (SPZ). 4. A 
Transitional pressure zone (TPZ). 5. A Central zone (CZ), 6. A Zone of fusion (ZF). 7. A Parameniscal 
zone (PZ). We pay attention to the SSZ and the CZ because these zones were more energetic than the 
others.

Key words', meniscus, proteoglycans, collagen, chondroblasts, fibroblasts.

Introduction

The menisci are different depending on the type of cells and the intercellular matrix. 
The menisci are built on following zones: a sliding zone (upper and lower), a pres
sure zone (in the middle), a tense zone (in the periphery) [8] and a parameniscal zone 
[11]. These zones have heterogeneous structure especially as far as the intercellular 
matrix is concerned. The pressure zone is built on a hyaline cartilage; the sliding zone 
is built on a fibrocartilage. The tense zone has a fibrous connective tissue [4]. This 
structure is formed in connection with the mechanical functions of the meniscus. 
These functions depend on the meniscus’ viscoelastic properties and the interaction be
tween the macromolecules of the tissue (collagen, proteoglycans) and water [6, 7, 3]. 
There are contradictory investigations about cytoarchitectonics, the collagen and the 
proteoglycans in the different zones of the meniscus. Some authors claim, the re
gions that are subjected to tense forces are fibrous and contain fibroblasts. The re
gions subjected to pressure forces are more “hyalinizates” and contain chondroblasts 
[2, 5, 6, 10].

Transmission electron microscopy shows, that on the surface of the meniscus 
there is an amorphous layer covering it [1]. The question of the precise division of 
the meniscus is not completely resolved. A full ultrastructural characterization of the 
cells in the different zones of the normal meniscus has not done.
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Material and Methods

The materials of the investigation were menisci of the knee joints of 20 Wistar rats. 
The fixation was carried out by glutaraldehyde and formalin. The samples were in
vestigated by routine light microscopy after staining in Mason, Azan, alcian blue, 
hematoxylin-eosin and microscopy and Van Gieson. Routine transmission electron 
microscopy was used.

Results

We made a new division of the zones of the meniscus: 1. A Superficial sliding zone 
(SSZ). 2. A Transitional sliding zone (TSZ). 3. A Superficial pressure zone (SPZ). 4. 
A Transitional pressure zone (TPZ). 5. A Central zone (CZ). 6. A Zone of fusion 
(ZF). 7. A Parameniscal zone (PZ). We pay attention to the SSZ and the CZ, because 
these zones were more energetic than the others.

The light microscopic examination of the meniscus showed, that SSZ was nar
rowly stripe, which lateral passed to the PZ, medial to the ZF; downwards to the TSZ. 
The articulations surface above the zone is completely smoothly. The relief of the 
SSZ depends of the prolongated bodies of the cells of the superficial layer and the 
bundles of thick collagen fibers situated between them. The cells from this zone were 
fibroblasts. They were prolonged and were situated parallel to the articulation sur
face. These cells had developed granular endoplasmic reticulum, which sometimes 
was approximately 2/3 of the cells’ volume. At the same time they had developed 
Golgi complex and lysosomes (Fig. 1). The lysosomes of the chondroblasts of the ar
ticular cartilage were observed comparatively rarely. The examination with Safranin 
O showed comparatively few proteoglycan complexes situated uniformly in the in
tercellular matrix. The CZ was built on rare situated large, light, blistered cells. These

Fig. 1. Cells from the superficial sliding zone, x  10 000
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Fig. 2. Cells from the central zone. There is a big concentration of proteoglycans in 
the territorial matrix, x  10 000

cells had cytoplasm with few organelles (mainly separately cisterns GER). The inter
cellular space was filled with fine collagen network type II and proteoglycan com
plexes. They were more in the territorial matrix than the teritorial matrix (Fig. 2). 
There were matrix vesicles in the matrix of the CZ without clear marks of calcifica
tion. These vesicles were single or filled considerable part of the intercellular space.

Discussion

The meniscus is a heterogeneous, whose structure is depending on the different func
tional demands from the different zones. SSZ has ultrastructural characterization 
that resembles the tangential layer of the articular cartilage [9]. The fact that the cells 
are fibroblasts shows us the presence of intensive collagen synthesis, which depends on 
the considerable tense forces in this zone. The evidence for the above-mentioned is the 
electron microscopic characterization of the collagen type I. The distribution of the 
proteoglycan complexes, however, shows for severe friction forces at the same time. 
The conclusion is that SSZ is metabolic the most actively in response to the increased 
functional requirements. A CZ manifests reinforced processes of degeneration and 
calcification. A cause for the above-mentioned is the necessity of opposition to the in
creased pressure forces at the time of growth.

Further investigation of the ultrastructural organization ought to be done in 
connection with the important role of the menisci for the biomechanics of the knee 
joint. It is known that the injuries of the menisci are the most frequent injuries of the 
soft tissues of the knee.
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Despite the universality of the axonemal structure, exceptions of the 9+2 pattern are normal for some 
eukaryotes and are often found in pathology. We studied the ultrastructure of thymic epithelial cilia of 
the snake Coluber jugularis and compared their axonemes to the diversity found in human tera- 
tozoospermic ejaculates. In the Coluber epithelial cilia, one or more peripheral doublets were sometimes 
replaced by single microtubules in the absence of other structural peculiarities. In the human pa
thological flagella, missing single peripheral microtubules were rarely seen and were always associated 
with other axonemal defects. We conclude that the single peripheral microtubules observed in some 
snake cilia could be a normal variation of axonemal structure in lower amniotes.

Key words: axoneme, ultrastructure, single peripheral microtubules.

Introduction

The axoneme consisting of 9 peripheral doublets and 2 central microtubules (9+2) is 
almost universal for eukaryotic cilia and flagella. However, exceptions are found to 
be normal for some organisms [1], and a diversity of axoneme peculiarities can be 
found in pathological cases [2]. We performed an electron microscopic study of 
snake thymic epithelial cilia and the variations found in their ultrastructure were 
compared to the diversity of abnormal human sperm axonemes.

Materials and Methods

The snake species studied by us was Coluber jugularis Laur, found in the region of 
Zlatni Pyassatsi. Thymus specimens were obtained by dissection. For comparison, 
teratozoospermic human ejaculates were used as a source of very diverse axonemal va
riants. Thymus samples and washed sperm cells were processed for routine tran
smission electron microscopy as described in [3]. Briefly, they were fixed with gluta- 
raldehyde, postfixed with Os04, dehydrated, embedded in resin and sectioned.
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Results

Most axonemes of thymic epithelial cells of C. jugularis were standard 9+2. Ho
wever, one or more peripheral doublets were sometimes replaced by single mi
crotubules (Fig. 1). No other peculiarities in the axonemal structure were observed.

In the pathological human spermatozoa, one or more missing whole peripheral 
doublets were often found. However, missing single peripheral microtubules were 
rarely seen and were always associated with other axonemal defects, such as 
displaced, partially disintegrated or entirely missing peripheral doublets (Fig. 2).

Fig. 1. Coluber jugularis thymic epithelial cilia in cross-section 
(x 15 000). Examples of axonemes with single peripheral 
doublets are indicated and shown as magnified insets (x 30 000)
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Fig. 2. Serial cross-sections of an abnormal bent or double sperm tail 
from a patient with teratozoospermia (x 26 000). One of the peri
pheral doublets is replaced by a single microtubule (arrowheads). 
Another peripheral doublet seems to disintegrate along the tail 
(arrows)
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Discussion

Although the 9+2 pattern is strikingly universal among eukaryotes, variations are 
sometimes found in specific ciliary or flagellar structures. Single peripheral 
microtubules are normal for the cilia of some flatworm larvae, where the axoneme 
begins with the typical 9+2 structure but only single microtubules extend to the 
medial and distal regions [5]. We observed single peripheral microtubules in some 
thymic epithelial cilia of the snake Coluber, for which we found no literature reports 
concerning axonemal structure. Single peripheral microtubules, among other more 
common defects, were reported in cilia of human endometrial neoplastic cells [2]. 
However, we did not observe them in abnormal cilia of mouse thymic epithelial cells 
with oncornaviruses, although supernumerary central microtubules and peripheral 
triplets instead of doublets were common in the ciliary axonemes [4]. Even in the very 
diverse human teratozoospermic sperm axonemes, single peripheral microtubules 
were found rarely and always in the presence of other anomalies. In conclusion, 
missing single peripheral microtubules in the absence of other structural 
peculiarities are not typical for human axonemal pathology. This makes it probable 
that the single peripheral microtubules observed in some snake cilia are a normal 
variation of axonemal structure in lower amniotes.

Acknowledgements. We thank Dr. Krasimir Kosev for providing the snake specimens.
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The investigations cover the operative material taken from 60 patients aged between 18 and 62 years dur
ing the surgical interventions. The electron microscopic data demonstrate that in the valves during the 
initial stage of valvular cusps’ reduction the first and most common alterations in the smooth muscle cells 
(SMCs) of the valvular sinus wall are established in the mitochondria. They present with a congestion of 
the mitochondrial matrix, disorganization of the crests and loss of the crest-like structure of the mitochon
dria. In the morphologically inferior valves presenting with advanced valvular cusps’ reduction there exist 
not only alterations in the mitochondrial complex but also changes related to the degeneration and de
struction of the cells.

Key words: vein, valves, varicosis, TEM, smooth muscle cells.

Introducton

Valvular dysfunction is a fundamental reason for venous hypertension and stasis in 
the superficial venous system of the lower extremities. In case of venous hyperten
sion, the blood pressure that is exerted on the valvular cusp during the valve closure 
is transmitted not only to the little valvular axle but also to the wall of the valvular 
sinus. It seems logically to assume that the venous hypertension and the hypoxia 
would induce early changes in the morphology of SMCs of the valvular sinus wall.

The objective of the present work is to study the morphological changes of the 
SMCs of the valvular sinus wall of the great saphenous vein (VSM) during the deve
lopment of the essential varicosis by using of the methods of transmission electron 
microscopy (TEM).

Material and Methods

The investigations of the venous valvular complex during the development of the 
essential varicosis of the VSM were performed on an operative material taken from
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60 patients age between 18 and 62 years during the surgical interventions. The mate
rial was put into a fixer such as 3% or 4% solution of glutaraldehyde in 0,1 M phos
phate buffer at pH 7,4. The selected regions were processed after a routine proce
dure for TEM examination. After a careful inspection of the semi-thin sections some 
representative areas were chosen from which ultra-thin sections were prepared. The 
sections were observed by using JEM 7A and OPTON transmission electron micro
scopes.

Results

The electron microscopic data show that in the valves during the initial stage of val
vular cusps’ reduction, the first and most common changes in the SMCs of the val
vular sinus wall are established in the mitochondria. They possess the shape typical 
of them and are surrounded by an internal and an external membrane that lose their 
contours at certain places as the spaces limited by them fuse with the intracellular 
matrix (Fig. 1). The inner space limited by the internal membrane is filled-up with a 
non-homogenous matrix that, at certain places, demonstrates a high electron micro
scopic density. The crests typical of this space that are formed by their inner mem
brane strongly decrease. The greater part of the mitochondria loses their crest-like 
structure as a few disorganized crests can be established in single mitochondria only. 
Along with the changes in the ultrastructure of the mitochondria in the SMCs of the 
valvular sinus wall described above some multivesicular bodies as well as events of 
alteration of the type of myelin degeneration can be found out (Fig. 2).

Fig. 1. Valvular sinus wall of a morphologically inferior valve. 
TEM, x 30 000
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Fig. 2. SMC in the sinus wall of a morphologi
cally inferior valve. TEM, x 30 000

Fig. 3. Morphologically inferior valve presenting 
with advanced valvular cusps’ reduction. Valvular 
sinus wall. TEM, x 30 000. SMC and vacuoles of 
different size and content

Along with the progression of the varicose process in the morphologically infe
rior valves presenting with advanced reduction of the valvular cusps, the SMCs ap
pear to be predominantly alone among an abundant fibrous mass and are united in 
bundles in rare cases only. In them, one can establish not only alterations in the mi
tochondrial complex but also changes related to the degeneration and destruction 
of the cells. One observes vacuoles of different size and content (Fig. 3) as well as 
sequestration of the regions of SMC destruction.
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The changes established in the mitochondria of the SMCs of the valvuar sinus wall 
resemble the analogous findings in the extravalvular regions of the varicose veins al
ready reported by M a r i n o v and V a n k o v [1]. That is why we accept that the 
mechanisms of origin of the morphological changes in the SMCs of the valvular si
nus wall are, in principle, similar to those that cause varicose changes in the 
extravalvular areas. In the mitochondria, the metabolism of a series of amino acids, 
fatty acids and other substances is accomplished in addition to the oxidative 
phosphorization [7]. The variety of the functional opportunities makes the mitochon
dria sensitive to the hypoxia of the venous wall.

The enhancement of the tissue compression on the intramural vessels in the 
venous wall with the valves in advanced stage of valvular cusps’ reduction will block 
the blood circulation in them that, on its part, will increase the hypoxia and the 
manifestations of degeneration and destruction related to it. M i c h e l s  et al. [2, 3, 
4, 5] and M i c h e l s  [6] argue that the influence of venotropic drugs on the mito
chondrial respiratory chain provides a rational explanation of the therapeutic effects 
of the drugs of this class. They are capable of increasing the vascular tone and to re
duce the capillary permeability. In fact, their targets are the complexes of the mito
chondrial respiratory chain, and they preserve the production of ATP during hy
poxia.

Discussion
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Adrenal gland of white Wistar rats was studied by transmission electron microcopy (TEM). The 
pericapillary space was manifested at single places only along the sinusoid capillaries and contained 
extraendothelial cell elements of connective tissue nature, reticulin fibrils and bundles of elastic mi- 
crofibrils. As a rule, a continuous basal membrane on the surface of the vascular pole of the parenchy
matous cells in the adrenal cortex could be observed. This could be related with the presence of mi
crovilli and processi. In the adrenal medulla, the basal membrane strictly followed the cellular surface 
facing the sinusoid capillary that was smooth and with small invaginations. A basic qualitative differ
ence between the capillaries of both adrenal parts was established. Microvilli and processi of parenchy
matous cells in the pericapillary space and the wall of the sinusoid capillaries in the cortex were ob
served while such relationships were lacking in the medulla.

Key words: adrenal gland, sinusoid capillaries, pericapillary space, TEM.

Introduction

Transcapillary exchange within the adrenal gland includes not only the movement of 
substances related to the trophies of the glandular parenchyma but also a series of 
hormones related to the specific functions of the gland. This exchange depends on 
the structure of the sinusoid capillaries as well as on the relations of the glandular 
cells towards the capillary wall that includes the structural peculiarities of the 
pericapillary space, too. Literature data about the structure of the pericapillary 
space are scanty and contradictory [1-4, 6].

Material and Methods

We studied the adrenal gland of white rats of Wistar breed. We made use of a con
ventional electron microscopic technique: glutaraldehyde, osmium tetraoxide, 
durcopan, uranyl acetate, lead citrate. Microscope JEM 7A.
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Results

The pericapillary space of the sinusoid capillaries of the adrenal gland is located 
between the endothelial basal membrane and the surface of the parenchymatous 
cells or their basal membrane in case of its existence. Our observations show that 
when the parenchymatous cell is firmly attached to the capillaries by a smooth 
surface there is one basal membrane only situated between both cells with a thick
ness of about 30 nm (Fig. la). It is separated from the surface of the endothelial 
cell by a narrow subendothelial space with a width of 30-40 nm. As it can be ob
served the thickness of the only basal membrane common for both cells corre
sponds to the thickness of the endothelial basal membrane. When the surface of 
the parenchymatous cell moves away from the endothelium the basal membrane 
remains in unchanged relationships with the latter; sometimes but not always, a 
basal membrane can occur on the distant surface of the parenchymatous cell. The 
absence of a parenchymatous basal membrane could be related to the presence of 
processi and microvilli of the glandular cell. In the dilatations of the pericapillary 
space, there are fibrillary elements, pericapillary cells, processi and microvilli of 
the parenchymatous cells (Fig. 2). Here, as a comparatively rare component, the 
basal processi of the endothelial cells are also located. The fibrillary elements oc
cur at a restricted stretch. In most cases, it deals with small bundles of reticulin 
fibrils. More significant accumulations are established in the neighbourhood to the 
pericapillary cells rich in filamentous material. Elastic elements can be very rarely 
observed. No typical elastic fibres presenting with a shaped elastin component of 
amorphous appearance can be found out. The pericapillary cellular elements repre-

Fig. 1. Electron micrograph of rat adrenal gland 
a — adrenal cortex, x 20 000; b — adrenal medulla, x 20 000
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Fig. 2. Adrenal cortex, x 20 000

sent multipotent cells of connective tissue nature with a secretory, motor, and 
phagocytary function. (Their detailed cytological characteristics have been described in 
another paper of ours [5]). The main part of the content of the pericapillary space is rep
resented by the microvilli and processi of the parenchymatous cells, some of them pen
etrate into the lumen of the vessel.

The pericapillary space of the sinusoid capillaries in the m edulla is located be
tween the endothelial basal membrane and the basal membrane of the parenchyma
tous cells; which is permanent and strictly follows the surface of the cell (Fig. lb). 
The pericapillary space is absent comparatively often and at a considerable stretch. 
In these regions, the parenchymatous cells closely attach to the capillary wall being 
separated from the endothelial cells by a common basal membrane thus it deals with 
a different degree of fusion of both membranes, i.e., of the endothelial and the par
enchymatous one. The surface of the medullary cells facing the sinusoid capillary is 
smooth and with small invaginations of the cytolemma. In the pericapillary space, 
there are fibrillary and cellular elements which, in principle, do not differ from these 
in the cortical part of the gland.

Discussion

The results disprove the general validity of some additional signs incorporated into 
the classification characteristics of the capillaries of the endocrine organs, namely, 
the uninterrupted layer of periendothelial elements, parenchymatous basal mem
brane as an obligatory external borderline of the pericapillary space, and microvilli 
of the parenchymatous cells [3, 4, 6].
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Our data demonstrate that in the cortical part of the gland, the parenchyma
tous basal membrane occurs as an exception and there are no microvilli in the 
pericapillary space of the medulla.

We establish a basic qualitative difference between the capillaries of both parts 
of the gland. It concerns the interrelationships of the sinusoid capillaries with the 
parenchymatous cells. We observe microvilli and processi of the parenchymatous 
cells in the pericapillary space and the wall of the sinusoid capillaries in the cortical 
part and absence of such relationships in the medullar one.
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The follicules of the thyroid gland are surrounded by connective tissue stroma, which is not well inves
tigated. To fulfill our aim we studied ultrastructurally the operative tissue from Struma nodosa patients. 
We compared fibroblasts next to active thyrocytes and those near epithelial cells with low activity. Our 
results point out in stages of thyroid activity the follicular cells show hypertrophy endocytosis complex 
lysosome activities. The fine basal lamina can be seen. In the fibroblasts from the septum larger and de
formed GER, bigger Goldgy apparatus, and number of primary lysosomes can be seen. In the extracel
lular matrix we found an increased amount of collagen bundles type I as well as proteoglycans. The 
connective tissue of II group was larger in the septums and in the interlobular space. The number of 
hypertrophical cells enlargement. The fibroblast from these group were activated with large GER, 
inormaly large Goldgy complex and lysosomes.

Key words-, stroma, thyroid gland, ultrastructure.

The follicules of the thyroid gland are surrounded by connective tissue stroma in 
which blood and lymphatic vessels are situated. There are many investigations con
cerned the thyrocytes of the thyroid gland [1, 2, 3, 9, 10], but there are no investiga
tions about connective tissue elements in the gland.

Purpose

Our purpose is to follow the electron microscopical alterations in the connective tis
sue stroma between the thyroid follicules. To fulfill our aim we studied ultrastructur
ally the operative tissue from Struma nodosa patients. We compared fibroblasts next 
to active thyrocytes and those near epithelial cells with low activity.

Material and Methods

In order to do so we used material from 23 patients surgically operated for Struma 
nodosa (I group) and 4 patients operated for Hashimoto disease [II group]. The
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Fig. 1. Cells of I group. A larger and deformed GER and number of primary lysosomes can 
be seen in them, x 12 000

Fig. 2. Cells from II group. The fibroblast from these group were activated with 
large GER, large Goldgy complex and many complex lysosome. x  8400
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materials were used for light microscopical investigations staining with hematoxilin- 
eosin and by Masson. Electron microscopical investigations was made by standard 
electron microscopy as well as Safranin O staining [8].

Results

The follicules of the thyroid gland from the I group were with very different size. The 
connective tissue stroma was a thin layer in the septa of the follicules and as a group 
of cells in the interlobular space. Our results point out in stages of thyroid activity 
the follicular cells show hypertrophy endocytosis complex lysosome activities. The 
fine basal lamina can be seen. In the fibroblasts from the septum larger and deformed 
GER, bigger Goldgy apparatus, and number of primary lysosomes can be seen 
(Fig.l). In the extracellular matrix we found an increased amount of collagen bund
les type I as well as proteoglycans. The connective tissue of II group was larger in 
the septums and in the interlobular space. The number of hypertrophical cells en
largement. The fibroblast from these group were activated with large GER, abnor
mally large Goldgy complex and lysosomes (Fig. 2).

Conclusion

The results from the ultrastructural findings have to be considered in regard to the 
participation of the connective tissue in the gland metabolic changes (5, 6, 7) and in 
the alterations of the epithelial cells [4].
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Diabetic retinopathy (PDR) and Proliferative vitreoretinopathy (PVR) are characterized by the forma
tion of fibrous epiretinal membranes (ERMs) at the vitreoretinal interface that are due to the excessive 
proliferation, migration and differentiation of several cell types and they are causes of blindness. Much 
investigated PVR is still poorly understood. Its pathological mechanisms are not yet very clear. Similar 
pathological changes occur at the end stage of Proliferative diabetic retinopathy.
The purpose of our study was to compare the ultrastructure of the epiretinal membranes in PVR with 
those of the proliferations in PDR patients. The results from our investigations showed that in the mem
branes of the patients with PVR mainly two types of cells prevailed: the elongated fusiform-shaped, fi
broblasts and the retinal pigment epithelial cells. Occasionally transitional forms with mesenchymal 
origin, glial cells and macrophages were seen in the membranes. In the proliferations of PDR patients 
we found significant differences. The main cell types comprising these membranes unlike PVR were: 
macrophages, fibroblasts, glial cells and other elements of the blood. In contrast to the previous group 
pigment epithelial cells were very rare to find. In these fibrovascular proliferations different types of 
capillaries were seen embedded in the fibrous tissue.

Key words', ultrastructure, PVR, PDR.

Introduction

One of the most common causes for ablations retinae are Diabetic retinopathy (PDR) 
and Proliferative vitreoretinopathy (PVR). PVR is characterized by the formation of 
fibrous epiretinal membranes (ERMs) at the vitreoretinal interface that are due to the 
excessive proliferation, migration and differentiation of several cell types [1, 5, 6, 8]. 
They usually tend to contract and provoke tractional retinal detachments, leading to 
impairment of the visual acuity and often blindness. Much investigated PVR is still 
poorly understood. Its pathological mechanisms and risk factors are not yet very clear.

Similar pathological changes occur at the end stage of Proliferative diabetic ret
inopathy, which is one of the major causes of blindness all over the world [10, 11]. It 
usually affects young people with type I diabetes and its hallmarks are the neovascular 
proliferations in the posterior pole, often related with bleeding, retinal tractions and 
visual loss.
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Purpose

The purpose of our study was to compare the ultrastructure of the epiretinal mem
branes in PVR with that of the proliferations in PDR patients.

Material and Methods

In our prospective study 32 patients, 21 with PVR CP 1-4 and 11 with PDR were 
included. All of them after undertaking a precise ophthalmologic examination were 
operated with pars plana vitrectomy. During the operation proliferative tissue was 
collected and used for transmission and scanning electron microscopy according to 
the routine techniques.

Results

The results from our investigations showed that in the membranes of the patients 
with PVR (CP 1-4) mainly two types of cells prevailed: the elongated fusiform
shaped, fibroblasts and the retinal pigment epithelial cells. Occasionally transitional 
forms with mesenchymal origin, glial cells and macrophages were seen in the mem
branes. The cells were usually situated close to one another and the connections be
tween them were strong, the so called “tight junction” type. The retinal pigment epi
thelial cells (RPE) were either among the fibroblast-like or in clusters. They were 
more or less cubuoid or oval in shape. Various amounts of electron microscopically 
dense granules, with average size — melanin granules were seen in the cell cytoplasm. 
In the extracellular matrix we observed collagen bundles with different length —

Fig. 1. Macrophages from PVR-membranes. There are many complex lysosomes and 
phagosomes, x 10 000
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Fig. 2. Cells from PDR membranes. Degenerated fibroblasts and pigment cells can be seen, 
x 10 000

mainly type II collagen. In the proliferations of PDR patients we found significant 
differences. The main cell types comprising these membranes unlike PVR were: 
macrophages, fibroblasts, glial cells and other elements of the blood. In contrast to 
the previous group pigment epithelial cells were very rare to find. In these fibrovas- 
cular proliferations different types of capillaries were seen embedded in the fibrous 
tissue. They were generally two types: young — with a small lumen, no basal lamina, 
thin layer of fenestrated endothelial cells, and the mature capillaries with a medium 
size lumen — comprised of thin layer endothelial cells, developed basal membrane, 
containing formal elements of the blood.

Discussion

Our results point out that the proliferative tissues in PVR and PDR differ consider
ably in their cellular and extracellular content. This to a certain extent is expected as 
the pathogenesis of the two illnesses differs considerably. While in PVR mainly pro
cesses of cell migration, cell dedifferentiation and proliferation are having a key role 
in the pathogenesis, in PDR the triggering mechanism is the formation of the new 
vessels (2, 3, 4). That is why PVR membranes in their cytoarchitecture are richer of 
fibrous elements, migrated RPE cells and cells undergoing transdifferentiation (5, 7, 9). 
On the other hand, in PDR membranes fibrous tissue follows the developing new 
vessels and is richer of elements typical for the blood: macrophages, segment 
nuclear leucocytes etc.
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The present study aimed to investigate dynamic of the changes in rat aging testis using specific immuno- 
histochemical markers. Aging of the testis is manifested by germ cells (GCs) loss, reduced responsive
ness of Sertoli cells (SCs) to androgens and suppression of steroidogenesis in Leydig cells (LCs). Thick
ened basal lamina and vessel wall proved by immunohistochemistry for a-smooth muscle actin are in
dicative for disturbed communication between seminiferous epithelium (SE) and interstitium as well as 
altered testicular trophic during ading.

Key words: Sertoli cells, Leydig cells, spermatogenesis, aging testis.

In troduction

The functions and histology of the testis during development and in the adults are well 
described but the effects of aging on the testis have not been as intensively studied. 
Aging of the testis is accompanied by loss of germ cells (GCs) leading to a decline 
sperm production [3]. Studies by C h e n  et al. [1] have shown that the production of 
testosterone (T) per Leydig cells (LCs) is reduced with aging, but the numbers of 
LCs per testis do not change, suggesting that changes to individual cells account for 
reduced serum T levels. The abnormalities and loss of SCs seen in aging testis are 
probably involved in disruption of Sertoli cells—germ cells communications. Aging 
of seminiferous epithelium (SE) is associated with thickening of basal lamina that 
created an additional barrier for nutrient and regulatory factors form the interstitium [4]. 
The precise mechanisms underlain the alterations in aging testis remain unknown yet. 
In this respect the objective of the present study was to investigate dynamic of the 
changes in rat testis using specific immunohistochemical markers and to characterize 
relationships between different testicular cell types during aging.
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Materials and Methods

Testes from Lewis rats were sampled at different ages (2, 7, 12, 15, 18 and 21 
months), fixed in Bouin’s, embedded in paraffin and cult into 5 p. Immunohis- 
tochemistry was performed for: 1) a-smooth muscle actin using mouse Mo Ab 
(Sigma, UK) in dilution 1:5000); 2) зр-hydroxy steroid dehydrogenase (3|3-HSD) using 
rabbit Poly Ab (1:1000) kindly provided by Professor I. Mason, Edinburgh University; 3) 
Androgen receptor (AR) using rabbit Poly Ab (Santa Cruz Biotechnology, USA) diluted 
1:200. Measurement of seminiferous tubule (ST) diameter was carried out.

Results

The seminiferous epithelium of the rats of 2 to 12 months of age exhibited intact 
spermatogenesis with all the steps of germ cell development. By 18 months of age, 
both normal and altered tubules were observed (not shown). At 21 months tubules 
with regression of SE were predominantly present. Some germ cells sloughed off into 
the lumen. The altered tubules were smaller in size, with a thickened basement mem
brane and a disrupted spermatogenesis. Quantitative analysis of ST diameter demon
strated significant and progressive age-related reduction by 15-30% (Fig. 1).

Between 2-6 months, the basal lamina of the ST was visualized as a thin layer. 
At the age of 12-18 months, the basal lamina is thicker, with irregular contour. Im- 
munohistochemical study showed positive reaction for p-smooth muscle actin in 
basal membrane of the ST and peritubular myofibroblasts, as well (Fig. 2A). Strong

350 n

Control 7 15 18 21
Month

Fig. 1. Progressive age-related reduction in mean diameter of seminiferous tubules 
(pm). Data represent mean value ±  SE. All data are significant compared to control
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2-month-old control testis 21-month-old testis

Fig. 2. Immunohistochemical visualization of a-smooth muscle actin (A, B); Androgen receptor 
(C, D); 3P-HSD (E, F) o f 2-month-old control and 21-month-old aging rat testis, x 400

immunoreactivity was found in the testis of 21 months of age (Fig. 2B). Intense reac
tion was seen in the thickened wall of small blood vessels in the interstitium.

Normally, Androgen receptor (AR) is localized in the nuclei of Sertoli cells, 
Leydig cells, peritubular cells but not in germ cells. There was a stage specific pattern of 
immunoexpression of AR in SCs with maximal staining in stages VII-VIII of the sper- 
matogenic cycle and lowest intensity in late (IX-XIV) stages (Fig. 2C). During aging we 
observed decrease in immunoreactivity of AR in the testicular cell types and there 
was lack of stage specificity in SCs at age of 21 months (Fig. 2D).

The interstitium of aging testes appeared to increase in size without any evi
dence for LCs hyperplasia. This appearance was simply a consequence of age-re

84



lated tubular regression, Immunoexpression of 3(3—HSD (marker for steroidogenic 
activity of LCs) was greatly reduced at age of 21 months compared to 2-month-old 
control (Fig. 2 E, F).

Discussion

In present study we investigated the influence of aging on the main cell types in rat 
testis. Our findings of a reduction of tubular diameter confirmed results b y W a n g  
et al. [9] reporting significant age-related decrease in tubular volume, diameter and 
length and luminal volume. It is known that lamina propria displays pronounced 
changes in the period of aging that involved peritubular cells and intercellular ma
trix. [5, 6]. The thickening of the basement membrane in aging rats and humans 
was coincidental with changes in the blood-testis barrier and germ cells depletion 
[3, 6]. Our results for intense reaction in thickened basal lamina and vessel wall are 
indicative for disturbed communication between SE and interstititum as well as 
altered testicular trophic during aging. Androgens are especially important for 
maintenance of spermatogenesis in adulthood [2, 7] and their effects on GCs are 
mediated via androgen receptor localized in Sertoli cells. In our study we observed 
that the reduced AR immunoreactivity in SCs first occurred in androgen depen
dent stage (VII-VIII) and loss of stage specificity probably is associated with the 
functional alterations (decreased responsiveness to androgens) in SCs [8]. It is 
likely that SCs from aging testis are unable to provide adequate support for germ 
cells and to respond to selective signal from them. The abnormalities and loss of 
SCs seen in the adding testis might be responsible for disruption of the blood-testis 
barrier [3, 5] and germ cell depletion.

Our findings of reduced immunoexpression of 3|3-HSD are indicative for sup
pressed steroidogenic activity of aging LCs that correlate with data for reduced se
rum T levels. According to Z i r k i n and C h e n  [10] the reduced ability of aging 
LCs to produce T might be caused by events occurring outside or inside these cells 
that impinge upon them involving accumulation of free radicals. In rats, aging is as
sociated with a decline in serum LH levels, suggesting that the reduced T production 
probably is due to chronic understimulation of LCs by LH [1]. The mechanism by 
which suppression of steroidogenesis results in a delay or prevention of age-related 
reductions of LCs ability to produce T remains uncertain [10].

In conclusion, our data suggest that altered trophic of seminiferous epithelium 
that occurred with aging is associated with decreased LC steroidogenesis and re
duced androgen signalling in SCs.
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Mast cell intercellular interactions are presented in the present article as well as their significance in infan
tile hemagioma (IH) involution. The influence of mast cells (M) upon endothelial cells, fibroblasts and 
myofibroblasts and the processes associated with endothelial thrombosis, microthrombosis, together with 
stromal hyalinosis and fibrosis recognizes the leading role of mast cells in tumor regression phenomenon.
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Introduction

Infantile hemangiomas (IH) are the most common tumors in early childhood, whose 
molecular pathogenesis still remains unclear [1]. Recent hypothesis [2] suggest block 
of endothelial development in early development, hence suppressed proliferation 
and initiation of regression.

Many reports show presence of mast cells M in vascular proliferations. The in
teraction of M from one side and endothelium with fibroblasts from the other is a com
plex and reciprocal process [10], which leads to involutive changes in IH presented with 
hyalinosis and fibrosis. Mediators of M play certain role in this process too [6].

Piling up data for IH, together with the investigations on M, related to angiogen
esis, tissue remodelling and fibrosis, evoke further questions still waiting to be answered.

Material and Methods

Ten IH are fixed in 10 % neutral formalin and embedded in paraffin. Tissue cuts (5 
pm) are stained with hematoxyline and eosin and toluidine blue.
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Tissue from 3 of the IH has been selected for ultrasrtucture and samples 
achieved by routine tissue processing (each 0,05 pm in thickness) have been in
spected on electron transmission microscope “Phillips” CM 12 /STEM.

Results

Stained with hematoxyline and eosin MC present with centrally placed nuclei and evenly 
distributed chromatin. The cytoplasm is intensively pinkish, appreciating well its com
position from bright granules. The toluidine blue staining provides a better vision of M 
and particularly of their granules in the cytoplasm, as well as in the stroma after cellular 
degranulation and in close proximity with stromal cells and blood vessels.

Most of the mast cells are located close to capillaries and stromal cells. The endothe
lium of the capillaries demonstrates apoptotic change — pyknosis of the nuclei (Fig. 1). 
On ultrastructure nuclear debris and lipofuscin granules are readily seen (Fig. 2). Some

Fig. 1. Endothelial apoptosis (arrow) and mast 
cells (arrowhead). HE, x 200

Fig. 3. Microthrombosis (arrow) and mast 
cells (arrowhead). HE, x 400

Fig. 2. Nuclear endothelial apoptotic debris. 
Electron microscopy, x  8000

Fig. 4. Two types mast cells — oval (arrowhead) and 
elongated (arrow). HE, x 200
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Fig. 5. Mast cell rich in granules in immediate proximity Fig. 6. Mast cells (arrowhead) and stro- 
to stromal cell and finger-like cytoplasmatic protrusions mal cells and perivasal hyalinosis (ar- 
between two cell types. Electron microscopy, x 18 000 row). HE, x 400

of the capillaries close to the Ms display thrombotic aggregates and microthrombosis 
(Fig. 3). Expressed hyalinosis surrounds many of the blood vessels (Fig. 4).

Electron microscopy demonstrates the abundance of secretory granules in the 
cytoplasm of the mastocytes neighboring stromal cells. In cells intercellular regions, 
in between the cellular membrane of closely opposed cells, a finger-like cytoplasmic 
projections are seen (Fig. 5).

The stroma shows fibrosis, inflammatory cells, fibroblasts, myofibroblasts — the 
cytoplasm of the latter being rich in profiles of rough endoplasmic reticulum and 
myofilaments. Pinocytic vesicles are also present.

The observed mast cells display two morphological varieties— the classical 
“oval” and elongated (Fig. 6).

The underneath tissue shows inflammatory reaction.

Discussion

Phases of IH development (evolution) are dependent on changes in stroma and en
dothelium. Important role in the vascular changes has been attributed to apoptois. 
Nuclear pyknosis of endothelium is its earlier change. On ultrastructure nuclear de
bris and lipofuscin granules are readily seen (direct and indirect apoptotic features), 
as were shown in some of our previous works [4, 5].

Some of the capillaries in involuting IH display thrombotic aggregates and 
microthrombosis close to apoptotic endothelium, which suggests their relation with 
programmed cell death.

Next to endothelium in apoptosis, multiple mast cells are found which further 
puts their role in the above mechanism, a phenomenon already described by H a - 
s a n et al. [7].

The interaction between endothelium and M is a complex and reciprocal pro
cess, not solely dependent on apoptosis. In view of this, large numbers of M are seen 
close to capillaries, even corresponding with the endothelium. Such a proximity is
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not by chance—M survive lacking exogenous factors in an endothelium medium 
which suggests that endothelium compensates these factors in their “lifetime” [9].

Significant numbers of M are found in late stages of IH when fibrosis and hyali- 
nosis prevail, which suggests M influence on these two processes as well. In proof of 
that are the ultrastructural cytoplasmic outpouching of M and neighboring stromal 
cells in involuting IH, similar to those depicted by D e t h 1 e f s e n et al. [3]. They 
can be accepted as contact expression, activating collagen synthesis of the stroma.

Other morphological expression of such functional influencing is probably the 
M changed appearance. Some of the M are different from the common oval shape. 
These elongated M are found alongside the classical M situated to stromal cells. 
The first description of the two M forms in both proliferative and involuting phases 
of IH belongs to P a s y k et al. [11]. It has been suggested that this change explains 
different functional capacities: M a k l o u f  and I s h a k [8].

In conclusion — the present study demonstrates the morphological changes in IH. 
They are mainly related to M and M-cellular interactions which supports the thesis 
for the great importance of these multifunctional cells in IH regression.
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IFN-y stimulated in vitro hematopoietic (erylhroid and myeloid) colony formation by cultured human 
CD34+ hematopoietic progenitor cells, as well as their neopterin production and tryptophan degrada
tion. Elevated neopterin (NP) concentrations in the liquid layer of the semi-solid agar cultures corre
sponded to enhanced hematopoietic colony formation, decreased amounts of tryptophan (Try) and in
creased kynurenine concentrations. When the quantitative changes o f both substances — neopterin and 
tryptophan, were compared, they showed linear statistical relation. Neopterin concentrations — com
pared to kynurenine/tryptophan ratio, gave exponential relation.

Key words: human CD34+ hematopoietic progenitor cells, semi-solid agar cultures, IFN-y, neop
terin production, tryptophan degradation.

Introduction

IFN-y stimulates in vitro not only hematopoiesis but also the production and/or deg
radation of some biologically-active substances such as neopterin, kynurenine, tryp
tophan, etc. [1-3, 8]. Recent data [6, 7] suggested a correlation between tryptophan 
degradation and neopterin synthesis in cases of different neurodegenerative diseases. 
Positive correlation between NP and K/T is found in cases of anemia, HIV infection 
and some autoimmune diseases [4].

The aim of the study was to determine the in vitro colony-stimulating activity of 
IFN-y on human CD34+ hematopoietic progenitor cells and the statistical relation 
between the concentrations of neopterin and tryptophan in the liquid layer of the 
semi-solid agar cultures.

Material and Methods

Human purified and enriched CD34+ hematopoietic progenitor cells (isolated from 
mobilized peripheral blood of myeloma patient) were cultured in semi-solid agar
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cultures in IMDM — supplemented with SCI; IL-3, erythropoietin /Еро/ (called re
combinant cocktail — RC) or with 20% Agar-stimulated leukocyte conditioned me
dium (Agar-LCM). IFN-y was added to both experimental systems at a single dose 
— 5000 U/ml or at doses 200 and 400 U/ml, applied every second day. CD34+ he
matopoietic cell cultures were incubated for 14 days at 37°C in humidified air of 5% 
COr  After incubation cell colonies and clusters were stained with May-Griinwald- 
Giemsa and observed by light microscope. The liquid overlayers of agar cultures 
were used for measuring neopterin and tryptophan concentrations. NP concentrations 
were determined by ELISA (ELItest®Neopterin Screening — BRAHMS Diagnostica, 
Berlin, Germany). In vitro tryptophan concentrations and kynurenine amounts respec
tively, were measured by HPLC [5]. Regression analysis was applied for determining the 
statistical relation between neopterin and trytophan concentrations in both experimen
tal systems (hematopoietic cells cultured in RC and/or Agar-LCM).

Results

The addition of different doses IFN-y to the semi-solid agar cultures stimulated he
matopoietic (erythroid and myeloid) colony and cluster formation by purified and 
enriched human CD34+ progenitor cells growing in RC and Agar-LCM (Tables 1, 2).

T a b l e t .  Total number of hematopoietic colonies formed by purified CD34+ 
human progenitor cells

Culturing
conditions

Controls 5000 U/ml IFN-y - 
once

400 U/ml/ 
IFN-y 2d

200 U/ml/ 
IFN-y 2d

Agar-LCM 75 106 93 92.5

RC 89 100.5 122.75 118.5

T a b 1 e 2. Total number of hematopoietic colonies formed by enriched CD34+ 
human progenitor cells

Culturing
conditions

Controls 5000 U/ml IFN-y - 
once

400 U/ml/ 
IFN-y 2d

200 U/ml/ 
IFN-y 2d

Agar-LCM 60.2 85 100.75 99.75

RC 120 177 174.75 169.25
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Fig. 1. Relation between neopterin production 
and tryptophan degradation by cultured in vitro 
purified CD34+ hematopoietic progenitor cells

♦  Agar-LCM 

» RC

Neopterin

Fig. 2. Relation between neopterin production and 
tryptophan degradation by cultured in vitro enriched 
CD34+ hematopoietic progenitor cells
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Fig. 3. Relation between neopterin produc
tion and kynurenine/tryptophan (K/T) ratio 
by cultured in vitro purified CD34+ hemato
poietic progenitor cells

Fig. 4. Relation between neopterin production 
and kynurenine/tryptophan (K/T) ratio by cul
tured in vitro enriched CD34+ hematopoietic pro
genitor cells

When compared the concentrations of both biologically-active substances — NP and 
Try, a linear statistical relation was determined (Figs. 1, 2). The relation was expo
nential, when the logarithmic values of tryptophan/kynurenine (K/T) ratio and NP 
concentrations was compared (Fig. 3, 4). The enhanced colony formation under the 
in vitro influence of IFN-y, corresponded to lower Try concentrations and elevated 
amounts of NP in the liquid layers of cultures.

Discussion

IFN-y stimulated the in vitro formation of erythroid and myeloid colonies in both 
agar culture systems used — RC and Agar-LCM. The effects of the cytokine are bet
ter expressed when the CD34+ hematopoietic progenitor cells were cultured in RC 
where more erythroid colonies were obtained. The culture medium Agar-LCM en
hanced myeloid (granulocyte/macrophage) cell proliferation, differentiation and 
colony formation. IFN-y stimulated hematopoietic cell NP production and Try deg
radation in both culture systems. Our results are in agreement with those o f Wi r -  
1 e i t n e r et al. [7], showing in liquid cultures that increased NP concentrations cor
respond to decreased amounts of Try. The statistical correlation between the con
centrations of both biologically-active substances — NP and Try is possibly due to 
simultaneous enzyme activation of GTP cyclohydrolase I (for neopterin production) 
and IDO (for tryptophan degradation) by IFN-y, as is shown by T а у 1 o r et al. [3] 
for macrophages.

Conclusions

IFN-y stimulates in vitro human CD34+ hematopoietic progenitor cell prolifera
tion, differentiation and colony formation in semi-solid agar cultures. The cytokine 
activates the in vitro production of biologically-active substances — neopterin and 
kynurenine, used as biochemical markers for cellular activation. The quantitative 
relations determined between cellular NP synthesis and Try degradation may be used 
to predict the in vitro concentrations of either one of these substances.
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The effect of different TGF|3-family members, namely TGFfi 1, activin, inhibin, Mullerian inhibitory 
substance (MIS) — holo MIS, N- and C-terminal domains, on the onset of mouse spermatogenesis in 
presence of FGF2 was studied. 2-day-old mouse testes were cultured 24 hours in vitro in DMEM supple
mented with maximally stimulating dose of FGF2 and different TGFfi family members. DNA synthesis 
in quiescent mouse spermatogonia was detected by means of immunocytochemistry using Cell prolif
eration kit (Amersham). It was registered that TGFpi, inhibin, holo MIS and C-terminal domain of MIS 
down-regulate FGF2-stimulated germ cell proliferation while activin and N-terminal domain of MIS 
were not effective. The obtained results show that interactions between FGF2 and TGFfi family mem
bers play a key role in controlling the onset of mouse spermatogenesis.

Key words', growth factors, mouse spermatogenesis.

Introduction

Factors regulating the proliferation of spermatogonial stem cells and thereby provid
ing the lineage of germ cells required to generate enormous number of sperm, are 
the object of intensive studies lately. In adult testes the progenitor stem cells are the 
source for mitotically proliferating spermatogonia and in turn the differentiating 
spermatocytes and spermatids [1]. It is suggested that FSH together with local 
growth factors are involved in the renewal of male germ cell proliferation. In imma
ture testis few days before and after birth prospermatogonial cells enter nonmitotic 
quiescent phase. About day 3-4 after birth in mouse testis quiescent spermatogonia 
undergo nearly coordinately a series of cell divisions and this event marks the onset 
of spermatogenesis. Previously we showed that FGF2, LIF and TGF(3 family mem
bers are involved in regulation of the onset of rat spermatogenesis [3, 4]. In the 
present paper we present a data about the interactions between FGF2 and TGFp 
family members, namely inhibin, activin, TGFfi 1, MIS (holo MIS, N- and C-termi- 
nal domains) in control of the onset of mouse spermatogenesis.
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Material and Methods

2-day-old mice testes were cut into 2 segments, placed on permeable celloidine 
membranes and cultured in organ culture dishes, containing DMEM, supplemented 
with 2% BSA and 5-bromo-2-deoxyuridine (BrdU) (negative control). In positive 
controls the medium was supplemented additionally with FGF2: maximal effective 
dose of 1 ng/ml. In experimental groups in addition to FGF2, the medium was 
supplemented with different doses inhibin, activin, TGF|31, holo MIS, N- or C-ter- 
minal domains of MIS. The explants were cultured 24 h, immersed in OCT com
pound, snap-frozen and cryosectioned at 5 pm. Detection of BrdU incorporation 
was achieved immunocytochemically by using Cell proliferation kit (Amersham). 
Labelled germ cell nuclei were counted and dose-response curves were prepared.

Results

In the testis of immature mouse spermatogonial cells are situated centrally in the se
miniferous cords. After culturing of 2-day-old mouse testes 24 hrs in presence of 
maximally stimulating dose of 1 ng/ml FGF2, the percentage of proliferating sper
matogonial cells increases up to 50% (Fig 1A). The effect of different doses of 
TGFb family members (inhibin, activin, TGF(31, MIS) applied in combination with 
1 ng/ml FGF2 showed that inhibin, TGFfH, holo MIS and C-terminal domain of MIS

Fig.l. Light micrographs of stained frozen sec
tions prepared from 2-day-old mouse testes after 
incubation 24 hrs with BrdU in presence of 1 ng/ 
ml FGF2 (A) — positive control, or in presence 
of 1 ng/ml FGF2 and lOOng/ml inhibin (В), x  100
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down-regulate FGF2-stimulated spermatogonial proliferation. According to pre
pared dose-response curves (not shown), the percentage of labelled germ cells de
creases up to negative controls — about 10% (Fig. IB).

Discussion

We have shown previously that activin, together with FGF2 and LIF may positively 
regulate spermatogonial proliferation in mammalian testis [3]. These data support 
the finding about the expression of activin IIB receptors on type A spermatogonia in 
prepubertal testes [2]. The suppressive effect of holo MIS and C-terminal domain on 
FGF2-stimulated spermatogonial proliferation confirm the suggestion that C-termi
nal domain is the active one but not N-terminal. It is known that MIS concentration 
decreases during puberty and coincides with rapid germ cell proliferation stimulated 
by other growth factors including FGF2. In addition FGF2 stimulates Leydig cell 
steroidogenesis which positively regulate germ cell proliferation. In addition to MIS, 
an opposite relationship exists between TGFfil and Inhibin on one side and FGF2 
from the other side. Thus interactions between TGF(3 family members and FGF2 
participate actively in control of the onset of mouse spermatogenesis.
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Previously we have produced Mab 4B12 which recognized a surface membrane-associated protein lo
cated in the acrosome portion of the boar capacitated spermatozoa with role in a primary sperm-zona 
pellucida binding. The objective of the present study is to determine the tissue specificity of Mab 4B12 
cognate antigen. The reaction of Mab 4B12 against saline extracts of boar reproductive and somatic or
gans was examined by indirect ELISA and immunoperoxidase technique. The ELISA results showed a 
dose-depended reaction of the antibody with testis as well as with caput, corpus and cauda epididymis, 
but not with somatic extracts used. Immunocytochemical analysis of paraffin-embedded somatic and 
reproductive boar tissue showed positive reaction on Leydig cell cytoplasm as well as on elongated sper
matids. In the epididymis positive reaction was observed on the apical epithelium cells and on the sper
matozoa in the lumen. Somatic tissue sections studied as well as HEP-2 cells were negative in 
immunoperoxidase test. The results showed tissue specificity of the 4B12 protein with possible doublet 
secretion in the testis and epididymis, proposing its significance in the fertilization.

K ey words-, sperm-egg interaction, monoclonal antibody, sperm antigens.

Introduction

Fertilization in mammals involves a series of specific interactions between ligand and 
receptor molecules on complementary gametes [6,7]. In the majority of species these 
molecules are located on the limiting surfaces of spermatozoa and egg; in the case of 
spermatozoa, specifically on the plasma membrane overlying the acrosomal domain 
and in the case of eggs, on the zona pellucida (ZP) [5]. The identification of sperm 
receptors and the complementary molecules to which they bind in the zona pellu
cida is of a great importance for studying mechanisms of gamete recognition and 
initial binding processes during the first steps of fertilization.

Previously we produced a series of monoclonal antibodies (Mabs) against boar 
capacitated sperm [2] and we found Mab 4B12 to recognize a surface membrane-as
sociated protein localized on the acrosomal portion of capacitated sperm, shared by
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different animal species. In addition we showed protein 4B12 is not connected with 
sperm motility and secondary sperm-ZP binding as well as with acrosome reaction of 
spermatozoa, either spontaneous or induced [4]. The results from biological experiments 
demonstrated that protein 4B12 participates in the primary binding of sperm to ZP [3]. 
The present study was aimed on tissue specificity of Mab 4B12 cognate antigen.

Material and Methods

Tissue specificity of the 4B12 protein was studied by means of enzyme linked 
immunosorbent assay (ELISA) and immunocytochemistry. The reactivity of Mab 
4B12 against boar reproductive and somatic organs as well as against somatic cell 
line HEP-2 was examined. Boar capacitated spermatozoa (1-5 Ч06) as positive con
trol, boar seminal plasma as negative control (diluted 1:1 in bicarbonate coating 
buffer pH 9.6) or saline extracts (lmg/ml protein) of boar reproductive (testis and epi
didymis-caput, corpus and cauda) and somatic (spleen, stomach, kidney, muscle, lung, 
intestines, colon, liver, lymph node, heart) organs in PBS were coated onto PVC 96- 
well U-bottomed microtitre plates (Costar Ltd., USA) and the procedure for ELISA 
reported earlier [1] was applied. The optical density was read at Titertek ELISA reader 
at 492 nm. Pieces of the same tissues were fixed and embedded in paraffin. Tissue sec
tions (5 pm) after deparaffinization and dehydratation as well as smears of HEP-2 so
matic cell line were stained by immunoperoxidase technique. Endogenous peroxidase 
activity was blocked by incubation in 1.2% H20 2 in medium for 10 min. The non-spe
cific binding was blocked by 5% normal goat serum. The tissues and smears were incu
bated with Mab 4B12 (culture supernatant) overnight at 4°C and with HRP- conjugated 
goat anti- mouse IgG at dilution 1:80 for 60 min. The reaction was developed with 0.1% 
DAB in the presence of 0.02% H20 2 The sections were counterstained with Harris’s 
hematoxilyn and observed on Zetopan microscope (Reichert, Vienna, Austria). Con
trol probes were examined using supernatant of nonspecific monoclonal antibody — 
Mab 3G2 against melanoma associated antigens.

Results and Discussion

ELISA of Mab 4B12 with saline extracts of boar somatic organs showed negative re
action. Strong concentration-dependent reaction of Mab 4B12 with positive control 
(boar capacitated spermatozoa) and no reaction with negative control (boar seminal 
plasma) was observed. A weak positive reaction with an antigen from stomach only 
was registered (Fig. 1). The ELISA results with saline extracts of reproductive organs 
showed a dose-depended reaction of the antibody with testis as well as with caput, 
corpus and cauda epididymis, the reaction being weakly exposed in comparison with 
control capacitated spermatozoa (Fig. 2). The tissue specificity of 4B12 protein was 
further confirmed by immunocytochemical analysis of paraffin-embedded sections of 
the boar somatic and reproductive tissues. In the testis weak staining of the Leydig 
cell cytoplasm as well as of elongated spermatids was detected (Fig. 3). In the epidi
dymis weak positive reaction was observed on the apical epithelium cells as well as 
on the spermatozoa in the lumen (Fig. 4). Somatic tissue sections used were negative. 
The data that Mab 4B12 did not stain HEP-2 cells in immunoperoxidase test con
firmed the lack of appreciable cross reactivity of antibody with antigenic determi
nants on somatic tissues.
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-♦-stom ach
-•-spleen
—  kidney 

node 
muscle

—  lung 
colon

—  heart
—  liver
—  intestine
—  capacitated sperm
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Fig.l. Negative reaction of Mab 4B12 with saline extracts of somatic tissues in ELISA is registered. 
Strong dose-depended reaction with positive control (capacitated spermatozoa) and weak positive re
action with an antigen from stomach only was observed

-• epid.caput
—  epid.corpus 

epid. cauda
—  testis
—  capacitated sperm
—  seminal plasma

D ilu t io n

Fig.2. Dose-depended positive reaction of Mab 4B12 with saline extracts o f boar reproductive tissues 
(testis and caput, corpus and cauda epididymis) is seen, the reaction being weakly exposed in compari
son with positive control (capacitated spermatozoa)
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Fig. 3. Immunocytochemical analysis of boar re
productive tissues (testis) with Mab 4B12: labelling 
of the Leydig cell cytoplasm (arrow) as well as of 
the elongated spermatids was detected (arrow
head). x  480

Fig. 4. Immunocytochemical analysis of boar re
productive tissues (cauda epididymis) with Mab 
4B12: labelling of the apical epithelium cells (ar
rows) as well as of the caudal spermatozoa in the 
lumen was observed (arrowhead), x  320

The results on the positive, although weak reaction of Mab 4B12 with the testis and 
the epididymis but not with somatic tissues, obtained after the application of two differ
ent methods, suggest that the corresponding antigen seemed to be an intrinsic cell mem
brane protein secreted by Leydig and epididymal cells and connected with sperm matu
ration. Positive reaction of Mab 4B12 with both reproductive tissues and capacitated 
sperm may result from an unmasking and/or transformation of ligand (s) that is already 
present in the sperm and becomes accessible to antibody after plasma membrane modi
fications accompanying sperm capacitation. It is possible that 4B12 corresponding anti
gen is secreted by Leydig cells, transported to the Sertoli cell cytoplasm and bound to 
the sperm cell membrane during their terminal differentiation stage. The immunocy
tochemical staining of Leydig cells as well as of epididymal epithelial cells together with 
positive reaction of Mab 4B12 with an antigen from extracts of the reproductive organs 
tested in ELISA gives ground to assume doublet secretion of the antigen in the testis and 
epididymis, proposing its significance in the fertilization process.
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One of the enumerate reasons for sexual insecurency in a man and in a couple as a whole is the erectile 
dysfunction.We have the idea to examine ejaculates to determine the main characteristics of sperm and 
morphologically to investigate the biopsies of men with vascular disturbances such as idiopathic varico
cele and testicular torsio.Material was received from testicular biopsies of 18 men in reproductive age 
and the applying of new modern apparatus-y-chamber scintigraphy and echography in men with erec
tile dysfunction as idiopathic varicocele, trauma and torsio testis enrich the diagnostic possibilitites in 
andrologic practice.The different ethiological factors lead to one type morphological alterations in both 
testes, that are expressed with:trsansitional changes — hypospermatogenesis, desorganisation of germ 
cells, intratubular cessation of maturation. Peritubular matrix reacts to pathogenic factors with increas
ing amount of fibrous elements of matrix components.

K ey words: erectile dysfunction, idiopathic varicocele, torsio.

Introduction

The reproduction of the population is a basic demographic index for each nation. 
Exsisting in Bulgaria and in many European countries unfavourable tendencies on 
basic demographic indexes as bearing, lethality, growth of the population, put the 
problem of human reproduction of a social significance. According to our data and 
findings, searching the facts for structural and functional changes characterizing the 
man in different ages in ontogenic aspect, show different characteristical specifici
ties, that give us the reason to limit and differ corresponding age groups: early child
hood, childhood, puberty, postpuberty, reproductive and sexual period of mature 
man, adult men — this period goes with partial androgenic deficiency (PADAM) and 
period of “aging man” — in this period andropause is in fact.

Aim of the study

We aimed to study morphological changes in testicular tissue that occur in patho
logical process such as erectile dysfunction in patients with vascular alterations: vari
cocele, torsio and trauma testis.
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Material and Methods

Material was received from testicular biopsies of 18 men with varicocele, torsio and 
trauma testis. Methods — examination of local status of the patients:examining the ex
ternal genitals in standing position; examining the external genitals in laying position.

Sperm analysis — including all sperm indexes: — volume of the ejacula- 
tesjnumber of the spermatozoa in 1 ml; speed of the sperm; motility; vitality test of 
spermatozoa; PH of the ejaculates; fructose in ejaculates; cells in ejaculates; light 
microscopy examination of ejaculates.

Special methods — noninvasive: testicular echographysemiinvasive [9]; testicu
lar scintigraphy (conventional and y-chamber scintigraphy); invasive: Dopler‘s an
giography of the penis, testicular biopsy.

We used classical histological technique for examination of testicular biopsies. 
Material was fixed in Bouen and then paraffine sections were prepared. Haema- 
toxyline- eosine staining was applied, as other stainings as well — according to 
Masson, Azan, Gommory, etc. To distinguish the changes that occur in testicular 
peritubular matrix we used classical immunohistochemistry and slides were incu
bated with monoclonal antibodies against collagen type IY desmin, a-SMA.

Results

In men with idiopathic varicocele are affected testicular veins “plexus pam- 
piniformis”. The reason for varicocele is genetic weakness of the vein’s vessel wall. 
The idiopathic varicocele is a reason for surgical intervention after diagnosis because 
the main effect is to prevent break of spermatogenesis and sexual depression with 
following hormonal treatment. Scrotal hypothrophy and disturbed spermatogenesis 
are observed (Fig. 1). Proliferation of collagen fibres affected the elements of funicu
lus spermaticus, mainly musculus cremaster is in fact.

The torsion and trauma testis are the critical sitiations of so called acute scro
tum and need an emergency surgical intervention-detrocvation to 4th hour of tor
sion to 180 degrees. If the surgical treatment comes late a difinative morphological 
alterations even of contralateral testis are observed as a reason of autoimmune pro
cesses and this aqired orhidopexy. The degree of testicular lesions correspond to the 
time and duration of the pathogenic factors. Pathohistological findings show ad
equate alterations in both testes. Hypospermatogenesis, dezorganization of germ 
cells are observed (Fig. 2, 4). Sertoli cells are enlarged prominating in the lumen of 
seminiferous tubules and tubules are with diminished lumen (Fig. 1). Around Leydig 
cells proliferation of connectiove tissue elements is observed (Fig. 3, 6, 7).Torsion or 
trauma testis is the situation of acute scrotum needing emergency surgical interven
tion. Affected circulation and irreversible changes lead soon to disappearance of 
seminiferous epithelium (germ cells) (Fig. 3).Germinal aplazia is in fact (Fig. 3). 
Changes are observed in Sertoli cells, the lumen is abnormally enlarged and the rea
son is changes in normal development of germ cells. The reason for destractive al
terations in basal membrane is the fact that myofibroblasts are dislocated, degener
ate and we can not observe them (Fig. 3, 4, 5, 7). In the interstitum we found local 
increasing of the number of Leydig cells (Fig. 7). The relationships between the basic 
elements of haematotesticular barrier are affected and changes of Leydig cells cause 
influence on autocrine and paracrine regulation of spermatogenesis.
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Fig. 1. Testicular biopsy. Idiopathic varico- 
cele.Hypoispermatogenesis. Dezorganization 
of germ epithelium. Peritubular fibrosis. 
Haematoxyline-Eosine staining, x  200

Fig. 2. Testicular biopsy. Torsio testis. Hy- 
pospermatogenesis. Oligosoospermia II-III 
degree. Proliferation of collagen fibres in tes
ticular peritubular matrix.Haematoxyline- 
Eosine staining, x 300

Fig. 3. Testicular biopsy. Azoospermia. Im- 
munohistochemistry. Monoclonal anti-col
lagen type IV antibody. Possitive immune 
staining, x 400

Fig. 4. Testicular biopsy. Oligozoospermia 
III dg. Possitive immunostaining for alpha 
smooth muscle actine. Anti-alpha smooth 
muscle actine antibody, x  250

Fig. 5. Testicular biopsy. Oligoastenozoo- 
spermia III dg. Possitive immunostaibning 
for desmine and strong immune reaction in 
basal membrane and in the wall of blood ves
sels in testicular interstitium. x 300

Fig. 6. Testicular biopsy. Strong immune re
action for alpha smooth muscle actine in 
peritubular tissue, around blood vessels and 
in testicular interstitium. Direct immuno
fluorescence. x  250



Fig. 7. Testicular biopsy. Testicular torsion 
(12th hour). Diminished lumen of seminiferous 
tubules, fractured basal membrane,dislocation 
of myofibroblasts, local proliferation of Leydig 
cells. Haematoxyline-Eozine staining, x 250

Discussion

Deseases leading to haematodynamic alterations affected male gonads related to 
male infertility and sexual problems take a real important place in androgenic and 
sexologic practice. Usually affected men are young (20-50 years old, in reproductive 
age). Testicular microvasculature is still not enough examined mainly in men with 
fertile problems. The most common diseases with vascular changes leading to erec
tile dysfunction are: idiopathic varicocele, priapismus, torsio testis, induratio penis 
plastica.

According to data in literature stress and intensification of life as some congeni
tal alterations in male reproductive system cause troubles in human fertility [3,5]. 
M ainly in standing for a long period of time, walking, physical training or sexual ex
citement, patients with idiopathic varicocele have some troubles. Echography shows 
increasing the size of left testicular vein, the scrotum, does not show any assimetry. 
Enlarging of the veins are not observed. During the last stages of the disease clinical 
changes lead to pathohistological once of testicular tissue-hypospermatogenesis, dis
organization of germ cells and intratubular cessation of maturation on the level of 
late spermatids, and the changes affect both testes. Some authors find changes in 
ultrastructure such as affected spermatogenesis-cessation of the maturation is in fact 
and they observed late spermatids [1, 4, 5]. Because of the defect of condensation of 
the chromatin a nuclear vacuole is formed and it takes place more than the half of 
the nuclear volume of the spermatid. This, on the one hand, will lead to damage of 
other stages of the cell differentiation and, on the other, will cause changes in the 
structure of the spermatozoa (so called teratozoospermia), [5, 6]. We comment this 
as a result of metabolic changes in spermatogenesis.

In men with torsio and trauma testis we have in mind cases with open and 
closed trauma, acute haemodynamic testicular changes and complications after 
herniotomy. The basic pathogenic mechanisms are direct testicular trauma, or acute 
disturbances in haemodynamics as a reason of affected circulation.While testicular 
torsion is incidently occurred as a disturbance of haemodynamics. In most patients 
schurgical intervention (detorquation) was done after 48th hour of torsion. This late 
surgical intervention we can explain with taking not seriously and critically the situ
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ation and the need of emergency surgical treatment. In all cases even in such when 
detorquation was done after 12 hour of torsion pathohistological findings show 
changes in both testes- germinal aplasia, Sertoli cell syndrome [6, 7, 8]. Peritubular 
tissue shows increasing of the fibrous elements of peritubular matrix,dislocation of 
myofibroblasts and in some places they cannot be observed [7]. On some places of 
testicular interstitium a local proliferation of Leydig cells is observed [2, 5]. Some au
thors [2, 4, 7, 8] give us information for ultrastructural changes — deformation and 
folding and thiked basal membrane. [5, 8] discussed about affected haematotesticular 
barrier and we support this facts with our data for dislocated myofibroblasts that we 
observed in our cases. Something more paralelly with morphological studies we provide 
examination of sperm and sperm analysis shows in severe cases aspermia. All this we 
can comment with severe irreversible changes in ipsilateral testes (morphological and 
functional alterations) followed by adequate changes in contralateral testes as an au
toimmune answer. Changes in testicular interstitum — in number of Leydig cells lead to 
paracrine and endocrine changes in spermatogenesis.

Conclusions

Idiopathic varicocele in all ways need surgical treatment after correct diagnosis, be
cause leads to disturbed spermatogenesis, sexual problems and depression, testicu
lar torsion and trauma as situations of “acute scrotum” needing adequate surgical 
treatment as soon as possible (till 4th hour of torsion), as well.
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The present study aimed to characterize the estrogen effect on different stages of germ cell development 
in tandem with Sertoli cell support to defined germ cell types. Neonatal treatment with 
diethilstilboestrol (DES) or GnRH-antagonist (GnRHa) exerted similar negative effects on spermatogo
nia (Sg), whereas spermatocytes (Sc) were more affected by DES compared to GnRHa. Among the sper
matogonia, more differentiated types intermediate (In) and B-Sg underwent more pronounced changes 
than A-Sg. In the population of spermatocytes, leptotene and zygotene stages were most sensitive to 
hormonal manipulation and the effect of DES was more severe than that of GnRHa. DES caused retar
dation of testis development at puberty and suppressed spermatogenesis acting on differentiation of Sg, 
initiation and proceeding of meiosis via direct and indirect mechanisms. Differential effect of DES and 
GnRHa on Sg and Sc and their subtypes demonstrated differential sensitivity of mitotic and more ad
vanced meiotic stages of spermatogoenesis to neonatal hormonal disbalance.

K ey words: estrogens, androgens, spermatogenesis, Sertoli cells, testis.

Introduction

Exposure to estrogens during neonatal life is reported to cause delayed development 
of the testis and permanent impairment of spermatogenesis in adulthood that ad
versely affects total germ cell (GC) and Sertoli cell (SC) populations [2]. Neonatal 
administrations of estrogens suppressed FSH production at the time when this hor
mone is essential for initiation of spermatogenesis at puberty. For that reason the 
negative effect of estrogens were attributed to suppression of gonadotropin secretion 
during the treatment that results in inhibition of testosterone (T) production by 
Leydig cells, as well [1].

The effect of estrogens, in particular DES, on different steps of germ cell diffe
rentiation was not investigated. In this respect the aim of the present study was to 
characterize the estrogen effect on different stages of germ cell development in tan
dem with Sertoli cell support to defined germ cell types that would reveal their diffe
rential sensitivity to DES. These data would elucidate our understanding about the 
mechanisms via which estrogens regulate particular phases of spermatogenesis and 
to evaluate the importance of estrogens, androgens and gonadotrophins.
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Material and Methods

We used experimental model for manipulation of neonatal hormonal environment 
by treatment with DES-10 pg or DES-0.1 pg (2-12 day); GnRH antagonist -lOmg/kg 
(2 and 6 day); co-administration of 10 pg DES and 200 pg T-propionate. In situ detec
tion of germ cell apoptosis by TUNEL method [5] and subsequent 121-point counting 
using clock-face sampling of 25 fields (3025 p) [2] were applied. We estimated absolute 
nuclear volume (ANV) of SC, total GC (TGC), spermatogonia (A-Sg, In and B-Sg) and 
spermatocytes including preleptotene (PI), leptotene and zygotene (L+Z) and pa
chytene (Ph), as well as the ratios of GC/SC. Comparison of the different parameters of 
the various treatment groups was made using Student’s t- test.

Results and Discussion

On day 18 in the control group GC development proceeds to the late pachytene 
stage of meiotic prophase-I. The lumen was observed in most seminiferous tubules. 
There were seen single apoptotic cells.

Both the neonatal administration of DES-10 or GnRHa induced pronounced 
structural changes involving elevation of GC apoptosis and retardation of lumen 
formation (Figs. 1, 2). Quantitative analysis revealed that both treatments caused 3- 
fold reduction of spermatogonial ANV than control whereas ANV of Sc was de
creased 10 times by DES-10 and 6 times by GnRHa (Fig. 3). Differences between 
mean values of DES-10 and GnRHa were significant that implied the direct estrogen 
action on meiotic germ cells. Co-administration of DES-10 with T partially pre
vented negative estrogen effects on Sg and Sc. There was a milder effect of 100-fold 
lower dose of DES-0.1 on the investigated parameters of spermatogenesis. The simi
larities in the action of high levels of estrogen and those induced by GnRHa (both 
treatments inhibit T-production by Leydig cells; [4]) indicate that gonadotrophin 
suppression is involved in indirect mechanism of action of DES.

The function of SCs to support GCs, known as efficiency of spermatogenesis, 
was evaluated by estimation of ANV of GCs per unit SC ANV (Fig. 4). The ratio of 
TGC/ SC decreased in larger extent in DES-10 (50 % reduction than control) com
pared to GnRHa group (30%). The differences between mean values of DES-10 and 
GnRHa were significant. The SC supporting capacity to Sg and Sc was affected by 
treatment with DES-10 or GnRHa. The direct estrogen action is evident at ratio Sc/ 
SC but not Sg/SC, similarly to ANV of Sc and Sg. Spermatogenic efficiency remained 
in a normal range in experimental group of DES-0.1 and DES-10+T. The ratio Sg/SC is 
unaffected and that of Sc/SC is lower by 25-35% but not significantly different compared 
to control. These data suggest direct action of low estrogen levels on GCs (Sg and Sc) 
rather than indirect mechanism via SCs and their supporting function. Sertoli and germ 
cells were reported to express ER-(3 [3] and the direct adverse effect of high estrogen lev
els on functional maturation of SCs was demonstrated by Sharpe et al. [5].

The differential sensitivity of different types Sg and Sc to neonatal hormonal 
manipulation was shown in Fig. 5 and 6. Exposure to DES-10 or GnRHa caused 
more pronounced changes in advanced types of spermatogonia — ANV of types 
In+B-Sg were reduced by 80% than control whereas that of A-Sg decreased non sig
nificantly by 35%. Among the Sc, L-Z stages were most sensitive to different hor
monal treatments and the effect of DES was significantly more severe than those of 
GnRHa (13-fold and 8-fold decrease of ANV respectively). In support of this sug-
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Figs. 1-4. Quantification of spermatogenesis on day 18 of 
control and neonatally treated rats with GnRHa, DES- 
10 pg, DES-0.1 pg or co-administration of DES-10 pg 
and 200 pg T including Lumenal per cent volume (Fig. 
1); Apoptotic index (Fig. 2); Absolute Nuclear Volume 
(mm3) o f GC types (Fig. 3); Absolute Nuclear Volume of 
GC types per unit SC nuclear volume (Fig. 4). Data rep
resent mean value ± SE (* p<  0.05; ** p<  0.01; *** p<
0.001). TGC- Total Germ cells
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Figs. 1-4. Quantification of spermatogenesis on day 18 of 
control and neonatally treated rats with GnRHa, DES-10 
pg, DES-0.1 pg or co-administration of DES-10 pg and 
200 pg T including Lumenal percent volume (Fig. 1); 
Apoptotic index (Fig. 2); Absolute Nuclear Volume 
(mm3) of GC types (Fig. 3); Absolute Nuclear Volume of 
GC types per unit SC nuclear volume (Fig. 4). Data rep
resent mean value ±  SE (* p<  0.05; ** p<  0.01; *** p<
0.001).
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Figs. 5-6. Quantification of Absolute Nuclear Volume (mm3) o f subtypes of spermatogonia (Fig. 5) and 
spermatocytes (Fig. 6) on day 18 of control and neonatally treated rats with GnRHa, DES-10 pg, DES-
0.1 pgor co-administration of DES-10 pg and 200 pgT. Data represent mean value ±  SE (*p< 0.05;** 
p<  0.01; *** p<  0.001)

gestion are the data for combined treatment of DES-10+T. There was a lesser resto
ration effect of T-therapy toward L-Z stages (40% of control value) compared to that 
of Pl-Sc (60% of control value).

Conclusion

DES and GnRHa exerted similar negative effects on Sg, whereas Sc were more ef
fected by DES compared to GnRHa. Among the Sg, more differentiated types In+B- 
Sg underwent more pronounced changes than A-Sg. In the population of Sc, L-Z 
stages were most sensitive to hormonal disbalance and the effect of DES was more 
severe than those of GnRHa. DES caused retardation of testis development at pu
berty and suppressed spermatogenesis acting on differentiation of Sg, initiation and 
proceeding of meiosis via direct and indirect mechanisms. Differential effect of DES 
and GnRHa on Sg and Sc and their subtypes demonstrated differential sensitivity of 
mitotic and meiotic stages of spermatogoenesis to neonatal hormonal manipulation.
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The primitive gut tube — archenteron is composed of tissues coming from both embryonal layers — en- 
doblast and mesoblast. Endoblastic epithelium taping of the foregut lumen is surrounded by a layer of 
mesenchyme cells coming from the splanchnopleura of the mesoblast. Cell signalling between both 
embryonal sources plays a critical role in the coordinating processes and organogenesis of the foregut 
and its elements [4]. The aim of the present work was to follow beta-actin immunohistochemical expres
sion in the differentiating endoblast and mesoblast derivatives in the developing rat gastrointestinal tract 
during late embryogenesis and in newborns. Material from 20 rat embryos (18lh gestation day) and frag
ment from the gastrointestinal tract of 10 newborn rats were investigated immunohistochemically (beta- 
actin). There were dynamic changes in the beta-actin expression in the differentiating small intes- 
tine..These dynamic changes suggest probable interaction of induction between consistent differentiat
ing mesoblast and endoblast during both studied periods.

K ey words: beta-actin, small intestine, endoblast, mesoblast.

Introduction

The primitive gut tube — archenteron is composed of tissues coming from both em
bryonal layers — endoblast and mesoblast. Endoblastic epithelium taping of the fo
regut lumen is surrounded by a layer of mesenchyme cells coming from the splan
chnopleura of the mesoblast. Cell signalization plays a crucial part in the processes 
of coordination and organogenesis of the primitive gut tube and its derivatives [4]. 
Beta-actin is one of the three isoforms of the globular G actin that composes the 
actin microfilaments in the eucariotic cells. Despite the presence of slight differences 
in the sequence and properties of the three isoforms all G-actin isoforms — alfa, beta 
and gamma are assembled into microfilaments and are essentially identical in the 
majority if tests performed in vitro [1]. The double localization of beta-actin: in the 
contractile and cytoskeletal structures gives us a reason to search for its expression 
in the both types of differentiating cells — epithelial and smooth muscle. The aim of 
the present study is to follow beta-actin immunochistochemical expression in the dif
ferentiating endoblast and mesoblast derivatives in the developing rat small intestine 
during late embryogenesis and in newborns.
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Material and Methods

The study is carried out on material from 20 rat embryos in the 18th gestation day 
and fragments of small intestine of 10 newborn rats. The material for 
immunochistochemical study of beta-actin is fixed in Buen’s solution for 24 hours. 
Paraffin sections are investigated by the ABC method with primary antibody for 
beta-actin (rabbit polyclonal antibody Actin H — 196 Santa Cruz Biotechnology 
USA) dilution 1:500 at 4°C for 12 hours. Beta-actin is visualized as brown-colored 
granules.

The lumen of the small intestine of the 18-day-old rats is coated with pseudostratified 
columnar endoblast epithelium situated on top of a thick mesenchyme layer. Pro
longed endoblast cells are observed in the periphery of the mesenchyme. They are 
arranged in a circular fashion — in 2 or 3 lines. The expression of beta-actin is loca
lized predominantly in the periphery of the mesenchyme. The cytoplasm of the myo
blast cells is filled with brown coloured fine granulation. The expression of beta-ac
tin in the epithelium cells is weaker while the weakest expression is in the undifferen
tiated mesenchyme cells (Fig. 1). The intestinal villi of the newborn are parallel and 
close to each other. They have a thin basal part and a widening central part. The 
covering epithelium is columnar and single-layer. In between the villi there is a small 
number of shallow crypts. The muscular coat is composed of spindle shaped smooth 
muscle cells arranged in thick layers in different directions. The immunohistochemi- 
cal expression of beta-actin is dynamic. The reaction in the smooth muscle layers is 
positive but it is stronger in the covering epithelium. Unlike the embryonal small in
testine the apical surface of the epithelium cells of the newborns is filled with a well 
expressed layer of fine brown granules (Fig. 2).

Results

Fig. 1. Small intestine of an 18-day-old embryo of a rat. 
Positive immunohistochemical expression of beta-actin 
in the myoblast cells. Weaker expression in the covering 
endoblast. x 20
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Fig. 2. Small intestine of a newborn. Immunohis- 
tochemical expression of beta-actin in the apical part of 
the cells of the columnar absorptive epithelium, x 20

Discussion

Smooth muscle cells contain both isoforms of actin — smooth muscle alfa-actin and 
cytoskeletal beta-actin. D r e w et al. (1991) determine that those isoforms are 
present proportionately in every actin microfilament of the smooth muscle cells 
from swine stomach [2]. The mesenchyme cells from the small intestine of rat em
bryos in the 18th gestation that we study are in a process of differentiation into con
tractile cells. The expression of beta-actin suggests that contractile actin filaments 
are being formed in the mesenchyme that is differentiating in smooth muscle cells. 
During its development we confirm that the endoblast of the 18-day-old embryos is 
pseudostratified while the epithelium of the newborns is single-layered and colum
nar. The expression of beta-actin in the embryo epithelium is weak while in newborns 
it is clearly manifested. A thick layer of brown granules are formed in the apical sur
face of the epithelium cells. That suggests that the epithelium cells already have well 
shaped microvilli that are filled with actin filaments. This is confirmed b y Ma u n o u r e t  
al. (1988) who trace the villin expression in the forming microvillus surface of the 
absorptive cells in the developing small intestine of the rat [3]. The study of beta-ac
tin in two different types of developing tissues in two successive stages enables us to 
confirm that there are dynamic changes in its expression in time as well as in local
ization. The expression in mesenchyme is leading in the 18-day-old embryos while it 
is weaker in the endoblast. The expression of beta-actin in newborns is already 
weaker in the smooth muscle cells while in the covering epithelium it is well mani
fested. This dynamics suggests inducing reactions between successively differentiat
ing endoblast and mesenchyme. T h e o d o s i o u et al. (2003) has confirmed that in 
tissue cultivation of early gut endoblast with non-gut mesoblast induces smooth 
muscle cell differentiation. Intestinal mesoblast is cultivated with stomach endoblast 
which induces the formation of microvilli that are specific of intestinal absorptive 
epithelium [5].
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Conclusion

Beta-actin can be used as a marker for the differentiation of the endoblast and 
splanchnic mesoblast of the small intestine. Beta-actin in the mesenchyme that de
rives from the splanchnic mesoblast gives information for the formation of contrac
tile structures in the differentiating smooth muscle cells. In the epithelium that de
rives from the endoblast beta-actin shows the differentiation of the covering absorp
tive cells. Dynamic changes are present in the expression of beta-actin in time as well 
as in localization. This dynamics is probably a reflection of the successive inducing 
reactions between the differentiating tissues of mesoblast and endoblast.
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In Vitro Manipulation Influence on Embryogenesis

E. Sapundzhiev

Faculty of Veterinary Medicine, University o f Forestry, Sofia

This review summarizes the consequences of biotechnological used methods for farm animal reproduc
tion such as multiple ovulation and embryo transfer (MOET), in vitro embryo production (IVEP) after 
oocyte and zygote collection and culture, cloning by nuclear transfer (NT) and transgenesis (TG) such 
as freezing of sperms (SF), oocytes (OF) and embryos (EF).

There is evidence that MOET and IVEP can result in a recipient of deleterious side-effect com
monly known as the large offspring syndrome (LOS). On the other hand, NT may lead to incompletely 
reprogramming of the transferred genome. Also TG may constitute an additional set of factors that may 
negatively affect the expression of the transgene and the concomitant synthesis and release of a protein. 
The freezing programmes for SE OF and EF harmful cell membranes and viability after thawing has 
specific tolerance depending on animal species.

It is suggested that the introduction of biotechnology methods into farm animal husbandry should 
be carefully used and monitored animals used in experiments or routinely treated must be accompanied 
with a comprehensive analyzing protocol.

Key words: biotechnology, in vitro manipulation, embryogenesis.

Introduction

The aim of this study is to provide further information on the consequences of 
biotechniques employed in farm animal breeding. Biotechnological experiments on 
animals have been considerably expanded. That has produced a positive effect on the 
development of scientific findings, but it has also recorded some negative conse
quences on the animal’s ontogenesis (2, 24, 29, 30). In Bulgaria biotechnological 
approaches and in vitro manipulations involved are applied in limited mainly for 
experimental needs [22].

Materials and Methods

In the animal reproduction the following biotechnologies have been routinely ap
plied — multiple ovulation (MO), oestrus cycle synchronisation (OCS), oocyte col
lection (OC), in vitro embryo production (IVEP), and the subsequent embryo trans
fer (ET) to suitable recipients. Simultaneously like an extra niche cloning approaches 
using nuclear transfer (NT) and transgenesis (TG) are being developed but they are
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still in process of development and are being applied largely for experiments. Fur
thermore cryogenic techniques for a long-term preservation of gametae, zygotae and 
preimplantation embryos are used for sperm freezing (SF), oocyte freezing (OF) and 
embryo freezing (EF) in liquid nitrogen at a temperature of — 196°C.

Results and Discussion

Biotechnologies IVEP and ET have been broadly adapted in the breeding programmes 
of advanced countries. However, the existing data suggest that biotechnologies in use 
lead to asynchronisation of folliculogenesis [10], chromosome aberration [11], oogenesis 
and hormonal disfunction [12], asynchronisation of the uterus cycle and embryogenesis 
[13], prolonged pregnancy with signs of uterus distonya [24]. According to researchers 
after induced MO a total of 27 - 45 % of the embryos have abnormal karyotype and are 
expected to be eliminated before, during or after implantation [11].

Recently a convincingly evidence has been collected and showed that a newborn 
weight of IVEP obtained calves is on 30% over 50 kg in comparison with in vivo con
trols at birth [29, 30]. Besides offspring cows and sheep by IVEP are less active and 
avital at the same time. Also increasing the percentage of anomalies of hydroalantois 
and congenital malformations including abnormal limbs and vertebral column are 
detected [12]. The observed anomalies were summarized as a large offspring syn
drome (LOS) of these animals [30]. Furthermore in calves obtained by IVEP signs of 
embryogenetic disorders in various organs — heart, liver, kidneys, and adrenal glands 
have been reported, as well as usual postnatal deviations [7, 25]. Anomalies related 
to overweight body at birth are explained with the demetilation of the recombinant 
gene IGF2 [15[. For the LOS escape the evaluation criteria and effective reliable 
morphological control of foliculogenesis, gametes and embryos must be strictly ob
served. It also seems that the added at in vitro culture serum, hormones and inhibi
tors are impact factors on the genome or cellular mitochondria that visibly change 
the intracellular metabolism which needs constant parameters [4].

Manifestation of LOS symptoms after NT can be connected with common ma
nipulations by objects but also with factors specifically dependent on NT [3]. First 
the nucleus of the donor somatic cell must past through the process of genetic re
programming which is connected to transforming the origins of the gene expression 
characteristic of the donor cell to one specific of early embryo development. This 
process may be incomplete and leads to unsuitable origins of gene expression. Sec
ondly NT involves exposure to reconstructed oocytes of different oblique stimula
tions aiming to facilitate the fusion between the nucleus and the recipient cytoplasm 
as electric shock or treating with various protein inhibitors [5]. These stimulants can 
lacerate the epigenetic modifications or transcripted genes. Theoretically in any pro
cedure or in any stage of the subsequent processes when carrying out manipulations 
embryo development, fetus features and the newborn can be affected [27].

A transgenic animal contains genome in which DNA from exogenous source 
has been introduced by experimental manipulation. In the beginning the application 
of this technique was focused on studying the genetic factors related to human dis
ease development [8]. Lately TG focused on animals because it aimed at improving 
farm animal productivity [6, 28]. Congenital malformations and a high rate of pre
natal mortality have been reported in transgenic experiments carried out on cows 
using microinjection [26]. Readings of transgenic lambs and calves obtained through 
NT also show high rates of prenatal mortality and distinct prenatal and neonatal 
pathology and immunity disorders [19].
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The cryobiological approaches of gametes, zygotes and preimplantation em
bryo freezing have a selective effect on the viability of the thawed objects [18]. Con
siderable and more fundamental research has been conducted for freezing male ga
metes of different kinds of animals. It permits to introduce the technologies on a 
massive scale mainly in cattle and sheep breeding [1, 9]. It was established that fe
male gametae in different stages of the gametogenesis are more frost-tender and suf
fer relatively a lower percentage (15%) undergoing freezing and thawing procedures 
[20, 23]. The claims that meiotic maturing oocytes are more susceptible to the dam
aging effect of the cryogenic factors forced researchers to focus their efforts on ob
jects with reconstructed diploid genome and the cells are divided by mitosis [7]. Our 
results of embryo freezing show that the crystal structure of the frozen water 
damage not only the membrane components in the cell but also biopolymers 
with protein, lipid and carbonhydrate content (Fig. 1). Under deep frozen con
dition to -196°C in liquid nitrogen only some physician-chemical reactions are go
ing on and it is considered that they have no practical impact on the cell genome [21]. 
Whether this is also true of the long-term storage is an issue still to be proved by the 
future when the objects stored in the cryobanks will be used [22]. Over the last few 
years contrary to the conventional freezing methods vitrification of the biological 
object is being employed more convincingly [9, 14, 16]. But in this method they are 
still looking for the optimal ratio between the concentration of the cryoprotectant 
used and the time present in the cell. The high cryoprotectant concentration inhibits 
metabolism and creates conditions for membrane lesion [17].

Conclution

The current research presents convincing evidence according to which after particu
lar interference in ontogenesis of farm animals different anomalies occur in embryo- 
genesis being reflected in the postnatal development as well. Therefore it must be

Fig. 1. Damaged frozen-thawed sheep embryos after long-term storage. Native, x  400
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concluded that employed reproductive biotechnologies on farm animals should be 
carefully introduced by monitoring of their condition. The data including the total 
number of animals and treated groups, their observed normal and pathological sta
tus as well as some paraclinic and clinic prenatal and neonatal parameters of the 
development should be summarised in comprehensive protocol. The obtained results 
should be systematically analyzed so that it could be scientifically used for experi
ments and routine biotechnical approaches employed in animal reproduction.
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A study has been made of the morphological alterations in the skin of guinea pigs, intracutaneously 
injected with dialyzable lymphocytic extracts with molecular weight of 20 kDa and 10 kDa. It has been 
found out that the application of the extracts causes various alterations, involving enhancement of vas
cular permeability in the skin. The morphological basis of alterations is mononuclear infiltration in the 
dermis. The extracts, obtained from peripheral lymphoid organs, cause more strongly expressed 
erythrodiapedesis, and the extracts, obtained from blood leucocytes, cause stronger exudation. The sub
stances, causing the skin alterations are with molecular mass £10 kDA.

Key words-, leucocytes, ultrafiltration, skin, lymphoid organs.

Leucocytes contain over 200 low-molecular substances of various physico
chemical and biological properties [2]. With a view to the prospects of using these 
substances in immuno- and chemotherapy, the tests on the composition of leuco
cytic populations of animals and human continue. In 1980 G o t t l i e b  et al. [3] 
demonstrated the ability of a dialyzable extract of leucocytes from peripheral human 
blood, after being intracutaneously injected, to cause local inflammatory reaction, 
morphologically similar to allergic skin reaction of protracted type. Using chromato
graphic equipment, the authors managed to isolate substances, causing the effects 
above — substances with molecular weight under 3500 Da.

An interesting question from a theoretical point of view is whether such sub
stances as above are also contained in the leucocytes of other species and in the 
leucocytes of the lymphoid tissue.

The goal of the present study is to determine whether the extracts of leucocytes 
from various animal species also contain low-molecular substances with similar effect.

Material and Methods

Test animals. For the obtaining of leucocytic extracts we used rabbits, bred in labo
ratory conditions.
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Cells. We prepared cellular suspensions in apyrogenic distilled water from leu
cocytes of peripheral blood, splenocytes and cells of lymph nodes with concentra
tion of 7.5 4 0 s cells/ml.

Obtaining of low-molecular extracts of leucocytes
We obtained the extracts, using the Lawrence's method via cryolisis of the leu

cocytic suspensions [6]. We put the extracts to ultrafiltration, using the method de
scribed earlier by us [1]. Membrane filters with permeability of 20 kDa and 10 kDa 
respectively were used.

We determined the protein content in the ultrafiltrates via Hartree’s method, 
using beef serum albumin as standard [4].

Test on the effect of leucocytic extracts on the skin morphology at intracutane- 
ous application

We injected strictly intracutaneously a dose of 0.1 ml, equivalent to 7.5'107 cells 
of the obtained extracts to a depilated area on guinea pigs. At the 3rd and 24th hour 
following the injection we recorded the skin reaction:
A. Macroscopically

— erythema (degree of hyperemia and intensity);
— skin induration (difference in the thickness of the skin flap compared to a 

symmetric area).
B. Microscopically — we determined the type of the tissue reaction, using skin 
samples, obtained via biopsy at the 3rd and 24l1’ hour following the application. The 
biopsic tissue pieces were treated according to the classical histological methods, 
described by R o m i e s  [7].

Results and Discussion

The protein content in the obtained extracts is shown in Table 1.

T a b l e  1. Protein contents (mg/ml) in the rabbit’s lymphoid cell extracts
Origin of the leucocytes 20 k Da ultrafiltrate 10 k Da ultrafiltrate
Peripheral blood 0.82 0.66
Lymph nodes 2.43 1.09
Spleen 5.10 1.32

As you can see, the extracts are with low protein content, due to which, when 
injected, they do not cause reactions, related to their species specificity.

Skin macroscopic alterations, caused by the injected leucocytic extracts — skin 
induration and erythema, are shown in Table 2.

T a b l e  2. Skin alteration in guinea pigs caused by injecting ofleucocytes and lymph cells extracts

O rig in  o f  th e  leu co cy tes A lte ra tio n s  a f te r  3 h o u rs A lte ra tio n s  a f te r2 4  h o u rs

20  k Da u ltrafiltrate 10 k Da ultrafiltrate 2 0  k  Da u ltrafiltrate 10 k D a u ltrafiltrate

P eripheral b lood 10.3/2.1 * 10.3/1.8 10.0/2.0 10.1/1.6

L ym ph nodes 10.8/2.2 10.5/2.2 10.5/2.0 10 .3 /1.9

Spleen 10.7/2.2 10.5/2.1 10.5/2.1 10.4/1.8

10.5/2. l=diameter of the erythema (mm)/induration of the skin (mm)
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It is evident from the results obtained that the intracutaneous application of leu
cocytic extracts, obtained both from peripheral blood and from peripheral lymphoid 
organs, cause macroscopic alterations of the skin in the form of erythema with size 
of more than 1 cm and skin induration of the order of 1.6 - 2.2 cm. The obtained 
values of these alterations are the highest for the 3rd hour after the injection. They 
remained up to the 24th hour, although the values recorded then were lower for all 
types of extracts. The extracts obtained from spleen and lymph nodes cause more 
distinct alterations in comparison with the extracts obtained from peripheral blood. 
There were not found reliable differences in the results, obtained via 20 kDa and 10 
kDa ultrafiltrates, on the basis of which we can conclude that the active substances, 
causing the skin alterations, have molecular mass <10 kDa. The availability of these 
substances in leucocytes of circulating blood as well as in leucocytes of peripheral 
lymphoid organs proves that they can be found in these cells during different stages 
of their development. Histological testing of skin samples taken from the place of 
extracts injection showed various alterations, which resemble the morphological 
finding, observed at allergic reaction of protracted type:

• Hyperplasia and vacuolar dystrophy of epidermis;
• Edema in papillary layer of the dermis;
• Erythrodiapedesis and mononuclear infiltration as well as swelling of the col- 

lagenic fibres were found in the reticular layer of the dermis.

Fig. 1. Edema, mononuclear infiltrations end 
erythrodiapedesis in the dermis. HE, x 40

Fig. 2. Erythrodiapedesis, lymphoid cell infiltra
tion. Swelling of the collagen fibres in stratum 
reticulare in the dermis. HE, x 40

These alterations were caused by all three types of extracts. A mononuclear infil
tration in the dermis was observed with all three extracts (independently of the origin 
and molecular mass of the cells), while the other alterations manifested themselves in 
a different degree, depending on the origin of the lymphocytes: The extracts obtained 
from peripheral blood cause alterations, in which the edema and hyperplasia of the 
epidermis are more strongly expressed. The extracts obtained from spleen and lymph 
nodes cause more expressed erythrodiapedesis in the dermis. Obviously, the leucocytes 
of circulating blood contain substances, causing stronger exudative processes, whereas 
the cells of peripheral lymphoid organs produce substances, causing more expressed 
diapedesis. In contrast to the results, obtained from G o t t l i e b  et al. (3), who had 
found out mainly mononuclear infiltration in the dermis, we showed that the extracts, 
obtained from the rabbit, when injected intracutaneously, caused other skin alterations 
as well. Therefore, depending on their species origin, the different leucocytic extracts 
contain substances of different activity.
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The obtained various finding (alterations in the epidermis as well as in both lay
ers of the dermis) calls for further tests, which to differentiate the effect of the indi
vidual types of leucocytes on the formation of the determined morphological alter
ations. To a great extent this will answer the question whether these effects are a 
pharmacological or immunological phenomenon (passive transfer of anaphylaxis of 
protracted type, discovered b y L a n d s t e i n e r  e t  C h a s e  [5].

Conclusions

1. 3 hours later, the leucocytic dialysates (ultrafiltrates) of the rabbit induce alter
ations in the skin, owing to the enhanced vascular permeability for blood cells and 
fluids. These alterations remain up to the 24th hour.
2. Morphological basis of the skin alterations is the mononuclear infiltration in the 
dermis. The ultrafiltrates, obtained from spleen and lymph nodes cause more ex
pressed erythrodiapedesis, whereas the extracts, obtained from peripheral blood 
cause alterations with more expressed exudation.
3. The substances, causing these alterations have molecular mass < 10 kDa. They are 
found in leucocytes with different degree of differentiation.
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Veratrum species are well known for their pharmacological properties. Some of them reduce high blood pres
sure, inhibit Sonic hedgehog (Shh) signaling during the gastrulation-stage of embryonic development and 
provoke malformations in several animal species. We tested zygacine isolated from Veratrum nigrum on 
murine bone marrow colony formation and two tumor lines K-562 and LSCC-SF(Mc29) It was found that 
zygacine activated bone marrow precursor cells and had different dose dependent effect on tumor lines.

Key words-, zygacine, lymphocyte proliferation, bone marrow cells, tumor lines.

Introduction

Veratrum species are well known for their pharmacological properties. Extracts of sev
eral Veratrum plants have been used for treatment of various health disorders as tooth
ache, herpes and hypertension. The steroidal alkaloids cyclopamine and jervine are 
shown to be primarily responsible for the malformations in several animal species. They 
are potent teratogens that inhibit Sonic hedgehog (Shh) signaling during gastrulation 
stage of embryonic development [1]. The steroidal alkaloid cyclopamin acts as inhibitor 
of P-gp-mediated drug transport and multi drug resistance [2]. Rubijervine possesses an
timicrobial and antifungal activity [3]. Here we report for isolation of zygacine from Ve
ratrum nigrum and first examine its immunomodulatory activity in mouse.

The aim of the present study was to explore the in vitro influence of this steroi
dal alkaloid on the formation of bone-marrow cells cultures and its activity on cells 
of two tumor line K-562 and LSCC-SF(Mc29).

Material and Methods

Plant material
Roots and rootage of Veratrum nigrum L. (Liliaceae) were collected in September 
2005 from the Vratsa mountain, Bulgaria. Zygacine was isolated according the meth-
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ods proposed of Atta - Ur - Rahman and preparative thin layer chromatography. The 
structure of alkaloid was elucidationed on the basis of NMR assay.

Bone-marrow agar cultures

Bone-marrow was isolated from femur bone by washing the internal bone cavity 
with RPMI 1640 containing 10% fetal calf serum. Cells were adjusted to 5xl05 cells/ 
ml and were distributed to plastic Petri dishes. The alkaloid was added in 
concentrtations 8, 16 and 33 pg/ml. After 7 days of incubation 37°C, 5% C 0 2, 98% 
humidity the samples were dried and stained with Giemsa. The number of the colo
nies were observed under light microscope. Supernatant from fibroblast cell line 3T3 
served as a positive control.

Proliferation of K-562 and LSCC-SF(Mc29) cell lines.
Veratrum alkaloid was added at concentrations 25, 12.5, 6.25, 3.125, 1.56, 0.78,

0.39 and 0.19 pg/ml to lxlO4 cells. The samples were incubated for 24 h at 37°C, 5% 
CO„ 98% humidity. For the last 16-18h of the culture 1 pCi [3FI]-thymidine was 
added to each culture. The cells were harvested with cell harvester. The cells were 
count in scintillation counter (Beckman). The [3H]-thymidine incorporation was ex
pressed as counts per minute (cpm). All samples were in triplicates and the results 
are shown as average value for each triplicates.

Results and Discussion

Until now the alkaloid zygacyne was not reported about Veratrum nigrum. Its 
immunomodulatory activity was not investigated.

In Figs. 1 and 2 bone marrow agar cultures from mice treated with zygacine and 
a positive control / supernatant from fibroblast cell line ЗТЗ/ are presented.

They show that the alkaloid have a stimulatory effect on bone-marrow 
progenitory cells and stimulate formation of bone-marrow colony compared with 
the control /supernatatant from fibroblast cell line ЗТЗ/.

Some Veratrum alkaloids have been identified for their anticancer effect. We 
tested zygacine’s effect toward two tumor lines K-562 and LSCC-SF(Mc29)

The results are presented in Figures 3 and 4.

Fig. 1 Fig. 2
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They show that the zygacine with the exception of concentration 0.19 mg/ml 
was toxic toward the cells of K-562. It decreased thymidine incorporation into tu
mor cells in all used concentration. In the case of LSCC-SF(Mc29) the alkaloid’s 
activity is dose-depended. In high concentration zygacine stimulated proliferation of 
tumor cells but in low concentration it suppress cells proliferation.
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and Science, Bulgaria.
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The presence and distribution of insulin-like growth factor I (IGF-I) immunoreactivity in the aged hu
man thymus were investigated both at light and electron microscopic levels. IGF-I immunoreactive cells 
were observed in the structurally preserved regions of the chronic involuted thymus. Presenting novel 
data for presence of IGF-I immunopositive epithelial cells and macrophages, we conclude that the aged 
human thymus is still capable to govern some “beneficial” microenvironment events, including IGF-I 
signalling mechanisms. The latter might be involved in the local regulation of T cell development and 
plasticity of thymocytes-epithelial cells interactions during aging.

Key words: IGF-I immunoreactivity, human thymus, chronic involution.

Introduction

Accumulating evidence shows that adult mammalian thymic cells express insulin
like growth factor I (IGF-I) immunoreactivity [1, 2]. Astonishingly, despite the gen
erally acknowledged roles of IGF-I in the ontogeny [1, 7, 8], generation and survival 
of T-cells [3,6,10], little is known about the exact time course of IGF-I occurrence dur
ing the age-related thymic involution and the decline of immunoreactivity [4, 5, 9].

This is why, in the present study we concentrated our efforts to perform a de
tailed temporo-spatial analysis of IGF-I expression in the aged human thymus.

Material and Methods

Specimens from thymuses of old (aged 66-82 years) (и=14) and young (aged 2-27 
years) (я=10) individuals were obtained from autopsy and thoracic surgery cases, 
and examined immunocytochemically at light and transmission electron micro
scopic level. The thymuses collected have had no pathological disorders. Three kinds
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of antibodies (Ab), namely: Anti-human monoclonal IGF-I Ab (UBI/Biomol, Ham
burg, Cat. Nr. 05-172); Anti-Pan cytokeratin monoclonal Ab (C 1801, Sigma Chemical 
Co.) and Anti-CD 14 monoclonal Ab (UCH-M1, sc-1182, Santa Cruz Biotechnology) 
were used. The immunoreactivity of IGF-I, cytokeratin and CD14 was studied.

Indirect immunoperoxidase staining, immunogold transmission electron mi
croscopy and immunogold-silver staining procedures were applied [9, 11]. To define 
the nature of the thymic cell types which expressed IGF-I we stained serial tissue 
sections with Anti-cytokeratin Ab and Anti-CD14 Ab which reacted with epithelial 
cells and monocyte/macrophages, respectively (according to the manufacturer’s in
structions). Control experiments (negative and positive controls) were carried out in 
parallel. Labomikroscop Axioskop 20 (Fb Carl Zeiss Opton) and electron micro
scope Hitachi H500 were used.

Results

Thymuses from young individuals showed lobulated structure, distinct corticomedullary 
junction and prominent Hassall’s corpuscles in the medulla. Aged thymuses displayed a 
large mass of adipose tissue containing scattered islands composed of epithelial cells, 
lymphocytes and reticular connective tissue. Most of the epithelial cells were organized 
into a framework that provided support for lymphoid cells.

Young thymus. All types of medullary epithelial cells, some subcapsular epithe
lial cells and macrophages displayed strong IGF-I immunoreactivity. Especially 
those medullary epithelial cells that were located in close proximity to the Hassall’s 
corpuscles were very strongly positive (Fig. 1). They possessed IGF-I immunoreac
tivity with granular appearance diffusely distributed within the cytoplasm.

Aged thymus. IGF-I immunoreactivity was also present in the adult thymus. 
However, the immunocytochemical data showed a decreased amount of immu- 
nopositive epithelial cells and macrophages an attenuated IGF-I expression (Figs. 2, 
3, 4). The cytoplasm of epithelial cells was only moderately immunopositive. The

Fig. 1. Young human thymus (21 years old male) — strong IGF I- 
immunopositive medullary epithelial cells, immunoperoxidase staining, 
Mayer’s hemalaun counterstaining). x 1000
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Fig. 2. Aged human thymus (69 years old male)-attenuated IGF I immu- 
noreactivity of medullary epithelial cells around to Hassall’s corpuscle; 
immunoperoxidase staining; Mayer’s hemalaun counterstaining. x  1000

Fig. 3. Aged human thymus (69 years old male) — IGF I-gold granule 
complexes with cytoplasm localization in part of immunopositive 
medullary epithelial cell; immunogold transmission electron micros
copy. x 26 000
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Fig. 4. Senile human thymus (77 years old male) — single IGF I- 
immunopositive medullary epithelial cells and Hassall’s corpuscle with 
central immunopositive part; immunoperoxidase staining; Mayer’s 
hemalaun counterstaining. x 1000

labelling intensity of the Hassall’s corpuscles was heterogeneous. The detailed analy
sis by electron microscopy showed cytoplasm localization of the IGF I-gold gran
ules complexes in the thymic epithelial cells and macrophages.

Discussion

The present study is the first attempt to investigate the presence and distribution of 
IGF-I immunopositive epithelial cells and macrophages at both light and electron 
microscopic levels during the chronic involution of human thymus. Our results are 
in good correlation with literature data about the immunocytochemical characteris
tics of animal thymic cells [1, 3, 10].

We found that the age-involuted human thymus retains IGF-I immunoreactiv- 
ity in its structurally preserved regions. Most probably, the aged human thymus is 
still capable to govern some “beneficial” microenvironment events, including IGF-I 
signalling pathways [2, 7] that might be involved in the local regulation of T cell de
velopment and in the plasticity of thymocytes-epithelial cells interactions during 
aging.
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Although ABH histo-blood group antigens (HBGA) have a wide tissue distribution, their role in patho
logical conditions is still disputable. The present work examines the expression pattern of ABH HBGA 
in the process of aging of human thymus. Glands from senile and young individuals were studied by 
routine histology and immunohistochemistry. Involuted thymus exhibited scattered epithelial cells (EC), 
positive for HBGA. Endothelial cells o f blood vessels and erythrocytes were always immunopositive. 
Only single lymphocytes possessed HBGA. The epithelial framework reorganization during senile thy
mus involution involves differential expression of ABH antigens. In the gland of young individuals, in 
contrast with senile thymus, all lymphocyte populations and the Hassall’s corpuscules expressed HBGA. 
The reduced reactivity for ABH antigens in the lymphocytes of the senile gland might reflect the dam
aged communication between these two cell types. New evidence for differential expression of HBGA in 
thymic ontogeny is presented.

K ey words: h is to -b lo o d  g ro u p  an tigens, th y m u s, in v o lu tio n , aging.

Introduction

ABH histo-blood group antigens (HBGA) are glycoproteins present in different cell 
types apart from red blood cells [3]. It is believed that they participate in cell differentia
tion [8], cellular adhesion [11], cancer metastasis and angiogenesis [5]. The epithelial 
cells (EC) comprising the thymocyte microenvironment play an important role in the 
ontogeny of the thymus [9]. The thymus undergoes age-related, physiological involution 
during normal human development [1,4]. We present a new outlook on the expression 
pattern of ABH HBGA in senile thymus related to the process of aging.

Material and Methods

Normal thymus glands with no pathological alterations were taken from autopsy 
samples of senile (aged 65-80 years; я=10) and young (aged 2-16 years, n=8) indi
viduals (Department of General and Clinical Pathology, Medical University, Sofia,
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Bulgaria). The blood group phenotype was determined by direct agglutination. The 
study was approved by the Ethics Committee of the hospital. Routine microscopy 
was performed prior to the immunohistochemical study. The indirect immuno- 
peroxidase technique with the universal LSAB-2 kit (DAKO) with chromogen AEC 
was carried out on paraffin sections according to previously described protocols (12). 
As primary antibodies were used monoclonal antibodies with defined specificity to 
human HBGA A and B (BulBio; Cat. N: 780001, 780002). Negative and positive con
trols were examined in parallel. Specific reactivity for EC in positive controls was 
evaluated on serial sections by anti-pancytokeratin antibody (Sigma Chemical Co; 
Cat. N: Cl 801). Immunoreactivity was assessed by a semiquantitative scale ranging 
from (3+) to (—).

Results

A complete match between blood group phenotype and tissue immunoreactivity for 
HBGA was detected. Senile thymus exhibited large areas of adipose tissue contain
ing scattered EC and lymphocytes. Stromal EC, positive for HBGA, revealed differ
ent size, morphology and intrathymic localization. Endothelial cells of blood vessels 
and red blood cells were intensely stained for HBGA (Fig. 1). Almost no Hassall’s 
corpuscules (HC) were detected in the medullar part of the involuted gland. Only 
single scattered lymphocytes possessed HBGA.

In control normal thymus from young individuals the lobulated structure of the 
gland was preserved. EC were organized as a supporting framework for lymphoid 
cells. HBGA were discovered in endothelial cells and erythrocytes. EC were also 
positive for ABH antigens. In contrast with senile thymus, most lymphocyte popula-

Fig. 1. Expression of HBGA B in erythrocytes and endothelial cells of thy
mic capillaries in senile human thymus (78-year-old male). Single stromal 
EC positive for HBGA B. Biotin-streptavidin-peroxidase technique, x 400
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Fig. 2. Expression of HBGA A in HassalFs bodies, single lymphocytes and 
EC in young normal human thymus (6-year-old boy). Biotin-streptavidin- 
peroxidase technique, x 630

tions in the gland of young individuals expressed HBGA but with varying intensity. Lym
phocytes in close proximity to hyperexpressing HC were strongly positive, while those 
near to the scattered immunoreactive EC revealed low staining intensity (Fig. 2).

Discussion

Our study indicates that in both aged and young thymus glands a permanent reactiv
ity for HBGA was detected in endothelial cells of blood vessels and in red blood cells. 
That immunostaining pattern served as a positive internal control, as these cell types 
are known to be constantly positive in normal human tissues [6, 7].

It has been suggested that the blood group related antigen Le-Y may be associ
ated with intercellular adhesion between lymphocytes and high endothelial venules 
in lymphoid organs [10]. Interestingly, our observations reveal that ABH HBGA are 
preserved in aged human thymus, although demonstrating a different pattern of re
activity compared to young individuals. We have detected previously HBGA A in 
desmosomal contacts between cortical EC and in zones of close contacts between 
thymic EC and lymphocytes [8]. It is quite possible that these glycoproteins serve as 
adhesion molecules in human thymus. Although the number of EC diminish in the 
course of involution, those which are still present in the senile thymus preserve their 
HBGA. The epithelial framework reorganization in aged human thymus possibly in
volves a differential expression of ABH antigens as shown in the present study. Prob
ably these molecules are required by thymic EC to maintain the reduced but impor
tant crosstalk with lymphocytes during involution. Alternatively, lymphocytes also 
need HBGA, as most of them express ABH molecules in the young thymus. The di
minished reactivity for ABH antigens in the lymphocytes of aged thymus might re
flect the impaired communication between these two cell types.

The number of HC in the senile thymus was quite reduced because of the invo
lution process. Almost none of them was immunopositive in contrast with the in
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tensely stained НС in the young gland. As these structures are regarded as compo
nents providing developing thymocytes with signals to ensure their proper functional 
maturation (2), HBGA might be part of these signalling molecules.

Our study presents new immunohistochemical evidence for differential expres
sion of ABH antigens during age-related human thymus involution in reorganized 
EC and in single lymphocytes. These glycoproteins might be implicated in the com
plex cellular interactions during the ontogeny of the thymus gland.
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The aim of this study was to evaluate cytotoxic and antiproliferative activities in vitro o f a newly synthe
sized mixed ligand Co(II) complex Co,(BAMP)py,Cl4 (BAMP =  N,N'-bis(4-antipyrylmethyl)-pipera- 
zine, py =  pyridine). The permanent cell lines LSCC-SF(Mc29) (transplantable chicken hepatoma in
duced by the myelocytomatosis virus Mc29) as well as 8 MG-BA (human glioblastoma multiforme) were 
used in the experiments. The effects of the compound on cell viability and proliferation were studied by 
neutral red uptake cytotoxicity test, colony-forming assay and autoradiography.

Key words: cobalt, Mannich bases, pyrazolone, cytotoxic/antiproliferative activity, tumor cell lines.

Introduction

Cobalt is one of the most important trace elements in the world of animals and humans. 
In the form of vitamin B12 (cobalamin) this metal plays a number of crucial roles in 
many biological functions. Thus, cobalamin is necessary for DNA synthesis, formation 
of red blood cells, maintenance of the nervous system, growth and development of chil
dren. There is evidence to support the role of cobalt in immune processes. A variety of 
cobalt containing compounds have been proved to possess antineoplastic activity [1,2]. 
It was found in our previous investigations that some Cu(I, II), Co(II), Fe(II, III) and 
Ni(II) complexes with Mannich type ligands - N,N'-bis(4-antipyrylmethyl)-piperazine 
(BAMP) and N,N'-tetra-(antipyryl-1 -methyl)-1, 2-diaminoethane (TAMEN), exhibited 
cytotoxic and antiproliferative effects on several human and animal tumor cell lines [3,4, 
5]. In order to continue the investigations in this field the aim of the study presented here 
was to evaluate the antitumor activity in vitro of a newly synthesized mixed ligand cobalt 
(II) complex - Co2(BAMP)py2Cl4, containing the above-mentioned Mannich base BAMP 
as well as pyridine as a coligand.
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Material and Methods

The mixed ligand cobalt (II) complex Co2(BAMP)py2Cl4was dissolved in dimethyl- 
sulfoxide (DMSO, Serva) and then diluted in culture medium. The final concentra
tion of DMSO in the stock solution of the compound (10 mg/ml) is 10%. The per
manent cell lines LSCC-SF(Mc29) (transplantable chicken hepatoma induced by the 
myelocytomatosis virus Mc29) and 8 MG BA (human glioblastoma multiforme), 
were used in the experiments. Cells were grown as monolayer cultures in a combina
tion (1: 1,  vol. : vol.) of medium H-199 and Minimum Essential Medium (Appli- 
Chem, Germany), supplemented with 5-10% fetal bovine serum (Cambrex, Bel
gium), 100 U/ml penicillin and 100 mg/ml streptomycin. The cytotoxic and antip- 
rolifetative effects of the compound were studied by neutral red uptake cytotoxicity 
test, colony-forming assay and autoradiography as it was previously reported [4, 5]. 
Statistical differences between control and treated groups were assesses using one
way analysis of variance (ANOVA) followed by Dunnett post-hoc test.

Results and Discussion

The data obtained about antitumor activity of Co2(BAMP)py2Cl4 in vitro are summa
rized in Table 1. LSCC-SF(Mc29) chicken hepatoma cells were found to be more 
sensitive to cytotoxic and antiproliferative effects of the compound tested than 8 MG 
BA human glioblastoma cells. Applied at concentrations ranging from 1 to 200 pg/ 
ml the BAMP ligand did not reduce significantly the viability and proliferation of 
tumor cells examined.

Independently tested, DMSO (administered at the same concentrations as in 
the solutions of the compound examined) had no significant cytotoxic effect the vi
ability of the treated cells was > 94% (P > 0.05) as compared to the control.

The antitumor [1, 2, 5] and antimicrobial [7, 8] activities of different cobalt com
pounds have been reported. It was found in our previous investigations that cobalt 
(II) complexes with N,N'-bis(4-antipyrylmethyl)-piperazine (BAMP) - Co(BAMP)- 
(NCS)4 and Co2(BAMP)C14, possessed more pronounced cytotoxic and antiprolife
rative properties than the complexes of the same metal with N,N/-tetra-(antipyryl- 
1-methyl)-1,2-diaminoethane (TAMEN) — Co2(TAMEN)C14 and Co2(TAMEN)- 
(NCS)2 [8]. In this study we report for the first time data about antitumor potential 
in vitro of a newly synthesized mixed ligand Co(II) complex Co2(BAMP)py2Cl4, con
taining not only Mannich base BAMP but also pyridine as a coligand. The results

T a b 1 е 1. Effect of Co2(BAMP)py2Cl4 on viability and proliferation of tumor cells
LSCC-SF(Mc29) 8 MG BA

Inhibitory concentration 50“ (IC50, ftg/ml) established 
by Neutral red uptake cytotoxicity assay, determined 
after 48 h cell treatment with the complex examined

45 100

Concentrations (pg/ml) that inhibit colony-forming 
ability of tumor cells, determined after 14 day cell cultivation 
in the presence of of Со2(ВАМР)ру2СЦ

>50 >75

Per cent of JH thymidine-labelled cells as compared 
to the control after 48 h cell treatment with the 
compound tested

60.23 ± 3.54** 70.53 ±4.28*

“ The concentrations producing 50% reduction of neutral red uptake; data represent mean 
± SEM (' P  < 0.05; ” .P< 0.01)
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obtained revealed that this complex expressed time- and concentration-dependent 
cytotoxic and antiproliferative effects on chicken and human tumor cells used as 
model systems in the experiments. Co2(BAMP)py2Cl4 was found to be much more 
active as a cytotoxic agent as compared to the previously tested Co(II) complexes 
with BAMP and TAMEN. Thus, inhibitory concentration 50 (IC50, the concentration 
producing 50% reduction of neutral red uptake) of Co2(BAMP)py2Cl4 for LSCC- 
SF(Mc29) was calculated to be 45 pg/ml after 48 h treatment whereas IC50 for 
Co(BAMP)(NCS)4, Co,(BAMP)C14 and Co2(TAMEN)C14 were 87, 100 and 98 pg/ml, 
respectively. Cobalt (II) complexes examined in the study presented here as well as 
in our previous experiments differ from each other in ligand (BAMP TAMEN or 
BAMP + pyridine) and anion (NCS', Cl ). Each of these components (ligands and 
anions) influences in different way physico-chemical and biological properties of the 
complexes obtained which could explain the differences in their antitumor effects.
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The stimulation of enterocytes with growth factors in organ culture have great importance for the struc
tural and functional study of the gut mucosa and could ensure understanding of the basic aspects of 
intestinal epithelium cells differentiation in early stages of postnatal development. We studied enzyme 
activity of lactase and alkaline phosphatase and carried out electron microscopy studies o f enterocytes 
of newborn mice. We established that EGF promotes morphological and functional development of the 
murine small intestine and affects the growth and development of gastrointestinal tract.

Key words', small intestine, SEM, EGF, enzymes.

Introduction

Human and mammals colostrums contain bioactive substances called “growth 
modulators” [1]. The last include growth factors, some of which can directly influ
ence the newborn metabolism after gut absorption and promote the growth and dif
ferentiation of different tissues [2].

One of the most prominent growth factors in colostrum, by means of quantity is 
EGE It is considered in the literature as the main activator in human milk, which 
stimulates cell division and migration, induces gene expression of mucus enzymes 
and different peptides, stimulates gut regeneration at necrotizing entherocolitis and 
mucus inflammation, regulates enzyme activity.

The aim of the presence study was to determine the influence of the EGF on 
small intestinal development in murine organ culture by means of enterocytes mor
phology and alkaline phosphatase and lactase enzyme activity.

Materials and Methods

Organ culture. The newborn mice Balb/c were used to isolate the small intestine. The 
explants were cultivated from 24h to 96h in culture medium RPM I1640 containing 10% 
fetal bovine serum at 37°C, 5% C 02 and 100% humidity. We added 50 ng/ml EGF per 
well, except for the control specimen, which were cultivated without growth factor.
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Scanning electron microscopy. The specimen were fixed in 2.5% glutaraldehyde con
taining 0.4M Na-caccodylate. The explants were post-fixed in 1% osmium tetraoxide. 
The specimens were prepared for observation with scanning electron microscope 
(JEOL JSM 35).
Enzyme histochemistry. The specimen were embedded in tissue freezing medium and 
were cryo cut to obtain 10 pm thin sections. We prepared substrate media for two 
enzymes:
Alkaline phosphatase activity. The substrate medium consisted of 0.5mM menadiol 
diphosphate disodium salt (substrate), 1 pg/ml NBT (nitroblue tetrazolium) and
0.005mM methoxyphenazine methasulfate in 0.1M Tris/HCl, pH 9.2. The incubation 
lasted 15 min at 37°C.
Lactase activity. The substrate medium consisted 0.5mM 5-bromo-4-chloro-l-indoline- 
(3-D-galaktopyranoside (substrate), lmg/ml NBT, 0.005mM methoxyphenazine metha
sulfate in 0.1M Citrate buffer, pH 6.0. The incubation lasted 2 h at 37°C.

Results

Scanning electron microscopy. Characteristic for the early stage of the morphogen
esis of intestinal villi is their finger-like shape, upright to the gut lumen. The cells are 
typically polygonal like hive facets (Fig.l), they are arranged tightly to each other 
like pavement, and only in some spots loose cell junctions could be observed. The 
microvilli are well shaped and cover entire striated apical cell surface.

In control samples the enterocytes are not well distinguished, their polygonal 
shaped is not well structured and cell junctions cannot be well observed (Fig. 2).
Enzyme activity examination'. Alkaline phosphatase is a marker for differentiated intesti
nal villous cells and usually is localized at the apical membrane of the cells in vivo.

We have observed that in duodenum explants cultivated for 96h have 
enterocytes, which gave reaction for presence of alkaline phosphatase (Fig. 3). In the 
figure it makes an impression that the enzyme is localized predominantly on the top 
of the villi and the cells are more poorly stained in the crypt direction. This effect is 
connected with cell differentiation stage.

Fig. 1. Explants from duodenum, cultivated 
with EGF for 72h. Originally x  3900

Fig. 2. Explants from duodenum, cultivated 
without EGF for 72h. Originally x 3900
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Fig. 3. Alkaline phosphatase: duodenum culti
vated with colostrum for 96h. Originally x 100

Fig. 4. Alkaline phosphatase: duodenum cultivated 
without colostrum for 96h. Originally x 100

Fig. 5. Lactase: Jejunum cultivated and stimu
lated with EGF for 72h. Originally x  400

Fig. 6. Lactase: Jejunum cultivated and stimu
lated without EGF for 72h. Originally x  400

The control samples are slightly stained which is distinctive feature for lower 
enzyme activity. This trend is also observed in the explants from jejunum and ileum 
cultivated 48-72 h respectively. In control samples only separate cells display pres
ence of enzyme (Fig. 4).
Lactase: in explants from duodenum and jejunum, cultivated for 48-72 h respectively 
(Fig. 5), reveal well expressed enzyme activity in contrast to controls (Fig. 6), in 
which single cells show enzyme presence.

The maturation stage in newborn gut is related to changes in lactase activities 
and the latest is determined solely by gut mucosal growth and differentiation 
changes. The diminishing in lactase absorption could play a crucial role in develop
ment of food intolerance, effect that occurs frequently in premature infants.
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Discussion

The results of the present study indicate that EGFR-signalling has an important 
function in regulating the newborn gut crypt/villous axis and goblet cell maturation 
during the organ culture. The newborn mouse gut in organ culture showed many de
velopmental similarities to those grown in vivo. Early intestinal villous development 
in vitro indicates an anterior-posterior pattern of regionally specific epithelial differ
entiation. Moreover the clustering of proliferative epithelial cells to intervillous crypt 
region in the proximal small intestine during organ culture stimulates normal gut 
maturation in which the intestinal epithelium organizes into proliferative crypt re
gion and terminal differentiated villi with characteristic for them enzymes.

We have shown that exogenous EGF produces a complex pattern of in vitro 
growth effect on newborn mouse gut. The effects are regionally distinct as EGF 50 
ng/ml affect small intestinal growth. Although we have not directly demonstrated 
how exogenous EGF has access to its cognate receptor on the intestinal epithelium, 
the observed biologic effects of exogenous EGF on newborn mouse gut growth and 
development indicate that significant receptor-ligand interaction had occurred [3].

The EGFR-signalling system regulate the growth and maturation of the em
bryonal and newborn small intestine to crypt-villous axis. This mechanism has po
tential application in necrotizing entherocolitis therapy that affect severely prema
ture infant [4].
Acknowledgements. This work was financially supported by grant TICL-1609/06 of Ministry of Education 
and Science, Bulgaria.
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The effect of probiotics Biostim LBS (Biomilk) and LBB of pure culture on ulcerogenesis in Indometha- 
cin-induced oxidative stress by means of a model of Indomethacin-induced ulcer in white male rats was 
studied. Indomethacin was subcutaneously injected in a dose of 20 mg/kg bw 4 hours prior to taking for 
examination the biopsy material such as blood, liver and brain. Both probiotics Biostim LBS and LBB 
were introduced per sondam in a dose of 1600 mg/kg bw for 30 consecutive days prior to modelling the 
Indomethacin-induced ulcers. Malonyldialdehyde (MDA) as a marker of lipid peroxidation was exam
ined in plasma, liver and brain homogenate. The results from the morphometric study of gastric lesions 
were presented as index of lesions. Indomethacin caused the formation of numerous lesions and hae
morrhages and enhanced MDA level in plasma and tissues. Both probiotics Biostim LBS and LBB intro
duced for 30 days restrict the lipid peroxidation and protect the gastric mucosa from Indomethacin ul
cerogenic action.

Key words: Biostim LBS, Indomethacin, gastric ulcer, index of lesions.

Introduction

Indomethacin is a NSAID widely used in the treatment of rheumatoid arthritis, col- 
lagenoses etc. and possesses a manifested ulcerogenic effect [9]. It has been proved 
that it suppresses prostaglandins’ synthesis and thus their antiacid and gas- 
troprotective properties. This is accompanied by the occurrence of mucosal lesions, 
haemorrhagic erosions and delay of reparation processes [3]. There exist data about 
the involvement of free-radical processes in indomethacin-induced ulcers [10].

Probiotics stimulate the growth and development of bifidum and lactobacilli
[2]. There are data about the antioxidant activity of lactic acid bacteria [1, 4, 5]. A 
protective effect of probiotics containing such bacteria has been established in ex
perimental stress- and alcohol-induced ulcerogenesis as well as in patients with 
ulcer disease [7].

144



The objective of the present study is to establish the effect of the probiotic 
BiostimLBS (Biomilk) containing livecells of Lactobacillus bulgaricus, proteins, fats, 
carbohydrates, minerals and vitamins as well as the effect of LBB-pure culture of 
Lactobacillus bulgaricus on ulcerogenesis in Indomethacin-induced oxidative stress.

Materials and Methods

The study covered white male Wistar rats weighing 180-200 g who were maintained 
at free access to standard food and water. The animals were divided into 6 groups 
with 7 animals each: group I — controls, distilled water for 30 days; group II — In- 
domethacin on the last day of experiment; group III — Biostim LBS for 30 days; 
group IV — LBB for 30 days; group V — Biostim LBS for 30 days + Indomethacin 
on the last day of experiment and group VI — LBB for 30 days + Indomethacin on 
the last day of experiment.

Indomethacin (Fluka Chemie, Switzerland) in the shape of suspension in dis
tilled water and Tween-80 was chosen as an ulcerogenic agent with pro-oxidative 
action and subcutaneously injected in a dose of 20 mg/kg bw. Stomachs were taken 
for examination 4 hours after Indomethacin administration under ethereal narcosis. 
A morphometric investigation of gastric lesions was performed and the results were 
presented as indez of lesions. Malonyldialdehyde (MDA) as a marker of lipid 
peroxidation after the method of P o r t e r [8] was estimated in blood plasma, liver 
and brain homogenates.

Results and Discussion

Indomethacin treatment induced the formation of numerous lesions and hae
morrhages. The index of lesions in this group was highest (Fig. 1). Independent

Mean index of gastric lesions

surface x

Fig. 1. Mean index of gastric lesions in Indomethacin-treated rats in a 
model o f Indomethacin-induced ulcerogenesis
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Fig. 2. Plasma MDA values

chronic treatment with Biostim LBS and LBB did not cause any ulcer formation at 
all. The probiotics Biostim LBS and LBB introduced for 30 days strongly protect the 
gastric mucosa against the ulcerogenic action of Indomethacin.
MDA in plasma

In the animals treated Biostim LBS or LBB only MDA values did not differ significantly from 
these of the controls (p>0,05). Indomethacin treatment caused a significant (p<0,001) MDA 
increase in plasma as compared with that of the controls. MDA in plasma reduced in the 
groups with Biostim LBS+Indomethacin and LBB+Indomethacin in comparison with the 
group with Indomethacin only (p<0,01) (Fig. 2).
MDA in liver homogenate

In the animals treated with Biostim LBS or LBB only MDA values in liver tissue did 
not differ significantly from these of the controls (p>0,05). Indomethacin treatment 
caused a significant (p<0,01) MDA increase in liver homogenate as compared with that 
of the controls. In the liver homogenate, MDA values reduced significantly (p<0,01) in 
the animals of the groups with Biostim LBS+Indomethacin and LBB+Indomethacin 
when compared with these with Indomethacin only (Fig. 3).
MDA brain homogenate

In the animals treated with Biostim LBS or LBB only MDA values in a homogenate 
from brain tissue did not differ significantly from these of the controls (p>0,05). In
domethacin treatment caused a significant (p<0,001) MDA increase in brain homo
genate as compared with that of the controls. In the brain homogenate, MDA values 
reduced significantly (p<0,01) in the animals of the groups with Biostim 
LBS+Indomethacin and LBB+Indomethacin when compared with these with In
domethacin only (Fig. 4).
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Fig. 3. Liver MDA values
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Fig. 4. Brain MDA values

Indomethacin causes MDA elevation in plasma along with that in liver and 
brain homogenate that allows the assumption of oxidative stress involvement. In the 
groups with Biostim LBS (Biomilk)+ Indomethacin and LBB+Indomethacin these
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parameters were favourably influenced upon. It is known that lactic acid bacteria 
possess an antioxidant activity [5, 6]. It is possible that the protective action of the 
probiotics Biostim LBS and LBB on the gastric mucosa is due to the restriction of 
lipid peroxidation. It stresses that MDA as a marker of this peroxidation in liver and 
brain decreases to a greater extent in the group of LBB+Indomethacin than in that 
of Biostim LBS + Indomethacin. LBB representing a pure culture with a greater 
amount of live cells of Lactobacillus bulgaricus proved to exert a stronger effect in 
the examined organs than Biostim LBS. Probably, the antioxidant activity is deter
mined by the number of live cells of Lactobacillus bulgaricus. The resent results have 
shown that there exists a parallelism between the degree of the antioxidative effect 
and the number of live cells of Lactobacillus bulgaricus.

In stress-induced gastric ulcers a protective effect of alpha-lactalbumin has 
been established. The authors assume that this antiulcerogenic activity is due to the 
stimulated prostaglandin synthesis [9, 10, 11].

Based on the aforementioned data we could draw the conclusion about the 
clionical significance of the chronic application of both Biostim LBS (Biomilk) and 
LBB in Indomethacin-provoked pathology of the gastric mucosa that corresponds 
with the data of other authors about the protective properties of these probiotics 
against stress- and ethanol-induced ulcer.

R e f e r e n c e s

1 . B a y ,  В. H., Y. K. L e e ,  В. K. T a n ,  E. A. L i n g. Lipid peroxidative stress and antioxidative
enzymes in brains of milk-supplemented rats. — Neurosci. Lett., 277, 1999, 127-130.

2. H a v e n a a r, R., J. H. J. H u i s i n’ t V e l d .  Probiotics: a general view. The lactic acid bacteria.
— In: The Lactic Acid Bacteria in Health and Disease (Ed. B. J. B. Wood). London, Elsevier Ap
plied Science, 1992, 1, 71-151.

3. H a w k е у, C. J. Nonsteroidal anti-inflammatory drug gastropathy. — Gastroenterology, 1 1 9 ,2000,
521-535.

4. K a i z u, H., M. S a s a k i, H. N a k a j i m a, Y. S u z u k i .  Effect of antioxidative lactic acid
bacteria on rats fed a diet deficient in vitamin E. — J. Dairy Sci., 76, 1993, 2493-2499.

5. Li n ,  M. Y., C. L. Y e n. Antioxidative ability oflactic acid bacteria. — J. Agric. Food Chem., 47,
1999, 1460-1466.

6. M a d s е n, K. L. The use of probiotics in gastrointestinal disease. — Can. J. Gastroenterol, 115,
2001, 817-822.

7. M a t s u m o t o, H., Y., S h i m o k a w a ,  Y., U r h i d a, T., T o i d a, H., H a y a s a w a. New
biological function of bovine alpha-lactalbumin: protective effect against ethanol — and stress- 
induced gastric mucosal injury in rats. — Biosci. Biotechnol. Biochem., 65, 2001, 1104-1111.

8. P o r t e r, N. A., J. N i x o n ,  R. I s a a c .  Cyclic peroxides and the thiobarbituric assay. — Biochim.
Biophys. Acta, 441, 1976, 506-512.

9. R o s t o m, A.,. C. D u b e, G. W e l l s ,  R T u g w е 11, V. W e l c h ,  E, J o 1 i c o e u r, J. M c 
G o w a n .  Prevention of NSAID-induced gastroduodenal ulcers (Review). — Cochrane Database 
Syst. Rev., 4, 2000, CD 002296.

10. S u g i m o t o, N., N. Y o s h i d a, T. Y o s h i k a w a, et al. Effect of vitamin E on aspirin-induced
gastric mucosal injury in rats. — Dig. Dis. Sci., 45, 2000, 599-605.

11. V i 1 a i c h o n e, R. K., V. M a h a c h a i ,  S. T u m w a s o r n .  Inhibitory effect of Lactobacillus
acidophilus on Helicobacter pylori in peptic ulcer patients: in vitro study. — J. Med. Assoc. Thai., 
85, 2002, S79-S84.

148



Acta morphologica et anthropologica, 13 
Sofia • 2008

Institute of Experimental Morphology and Anthropology with Museum
Bulgarian Anatomical Society

Influence of the “Biostim LBS” Probiotic 
on Morphological Liver Changes 
in Experimentally Induced Hepatotoxicity

M. Georgieva, E. Softova*, M. Gcibrovska**, N. Alexandrov***, N. Manolov****

Department o f Preclinical and Clinical Pharmacology and Biochemistry, University o f Varna 
’ Department o f General and Clinical Pathology, University o f Varna 
"Department of Anatomy, Histology and Embryology,
University o f Varna, Prof. Parasker Stoyanov Medical 

Department o f Toxicology and Allergology, Military Medical Academy of Sofia 
'***Clinic of Vascular Surgery, St. Anna University Hospital o f Varna

The effect of chronic treatment with probiotic Biostim LBS containing the original Lactobacillus bulgaricus 
on morphological hepatic changes in an experimental model of carbon tetrachloride (CC1J induced hepa
totoxicity was studied. Male white Wistar rats were treated with Biostim LBS in doses of 800 and 1600 mg/ 
kg once daily for 30 consecutive days. CC1, was administered during the two last days in a dose of 0,2 mL/ 
kg. On the 31th day material from the liver was taken for histological examination. The application of Biostim 
LBS favorably influences upon the necrotic changes in the liver induced by the hepatotoxic agent CC14.

Key words: Biostim LBS, carbon tetrachloride, liver morphology, hepatoprotection.

Introduction

Probiotics are immunomodulatory bacteria in the gastrointestinal tract that protect 
their host [4, 6]. The probiotic Biostim LBS (Biomilk) combines live cells of Lactoba
cillus bulgaricus, milk proteins, fats, carbohydrates, natural vitamins, minerals and 
pectin. The milk products containing lactobacilli proved to exert favourable effects 
in liver and biliary tract diseases of toxic, bacterial and viral nature [3, 5, 9].

The purpose of this study is to establish the effect of chronic treatment with the 
probiotic Biostim LBS in different dosages on the morphological liver changes in an 
experimental model of carbon tetrachloride (CC14) induced hepatotoxicity.

Materials and Methods

Male Wistar rats weighing at an average of 250± 10 g were used to examine the influ
ence of Biostim LBS. Biostim LBS was administered dissolved ex tempore in distilled 
water in doses of 800 and 1600 mg/kg bw rat, per sondam, once daily for 30 consecu-
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tive days. CCl4was applied two days long per sondam in a dose of 0,2 mL/kg bw as 
10% solution in sunflower oil.

According to the kind of treatment, the animals were divided into 6 groups with 
7 animals each: I group — Biostim LBS 800 mg/kg; II group — Biostim LBS 1600 mg/ 
kg; III group — CC14; IV group — Biostim LBS 800 mg/kg and CC14; V group — 
Biostim LBS 1600 mg/kg and CC14; VI group — untreated controls.

The animals from groups four and five were initially treated for 30 days with 
Biostim similarly to those of groups one and two as during the last two days of ex
periment they were given CC14. The animals were anaesthesized and decapitated 24 
hours after the last CC14 administration.

Material from the liver was taken for histopathological examination, fixed in 5% 
neutral formaline and Carnoy’s solution. Five paraffin sections were stained with 
hematoxylin eosin (HE), impregnated with silver, after Gomori for reticular fibres’ 
proof and with PAS reaction under and without control of alpha-amylase after 
McManus for glycogen proof.

Results

Morphological liver changes in animals treated with 
the probiotic Biostim LBS in doses of 800 mg/kg 
and 1600 mg/kg (groups I and II)

The examination of the liver revealed a completely preserved histological structure 
of the organ and no differences in comparison with the controls (Fig. 1).

Morphological liver changes 
in animals treated with CC14 (group III)

There were large areas of coagulation necrosis affecting the hepatocytes from the 
central and intermediary parts of the hepatic lobules. At numerous places, the ne-
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Fig. 1. Liver of an animal treated with 
Biostim LBS in doses of 800 mg/kg and 
1600 mg/kg. x 160



Fig. 2. Liver of an animal treated with CC14. 
Large areas of coagulation necrosis beginning 
from the central parts of the lobules and tend
ing to merging of the necrotic zones. Lympho
cytes and single leukocytes around necrotic 
hepatocytes. HE, x 200

Fig. 3. Liver of an animal treated with CC14. 
Kunselmann’s bodies in foci of necrosis. In the 
periphery there are preserved hepatocytes with 
hydropic and fatty degeneration. HE, x 400

erotic zones merged and thus the so-called ‘bridge necroses’ were formed (Fig. 2). In 
some lobures there were hepatocytes with still preserved cellular membrane but with 
swallen or picnotic nuclei along with absence of glycogen in the cytoplasm. At this 
place, amidst the necrotic masses, “free Kunselmann’s bodies” could be observed 
(Fig. 3). Reticular fibres were destroyed.
Morphological liver changes in animals treated with 
the probiotic Biostim LBS in a dose of 800 mg/kg bw 
and CCL4 (group IV)

Only in one animal of this group there was a coagulation necrosis in the central parts 
of the hepatic lobules and of a smaller size of the affected regions. In all the rest 
animals there was no coagulation necrosis at all. The alterations being considerably 
less expressed in comparison with those of the animals treated with CCL4 only were 
characterized with a hydropic degeneration manifested to a different extent but in 
some lobules only — of balloon degeneration (Fig. 4). There were hepatocytes with 
microvesicular steatosis in the cytoplasm, too.
Morphological liver changes in animals treated with 
the probiotic Biostim LBS in a dose of 1600 mg/kg bw 
and CCL4 (group V)

The application of the preparation in this dosage exerted a manifested hepa- 
toprotective effect in CCL4 treated animals. On the one hand, there was a considerable 
reduction of the surface of affection in the hepatic lobules. On the other hand, the 
comparison with the animals pre-treated with the probiotic Biostim LBS in a dose of 
800 mg/kg impressed through the less outlined lesion of the liver parenchyma. It was
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Fig. 4. Liver of an animal treated with Biostim 
LBS (800 mg/kg bw) and CC14. In the hepato- 
cytes o f some lobules there is hydropic up to 
balloon degeneration. There is no coagulation 
necrosis, bafatty droplets. HE, x 200

Fig. 5. Liver of an animal treated with Biostim 
LBS (1600 mg/kg bw) and CC14. Hydropic de
generation in the hepatocytes from the central 
and, partially, from the intermediary area of 
the lobule. In the periphery there are hepato
cytes with small-droplet fatty degeneration. 
HE, X 200

manifested by the development of a vacuolar, partially, up to hydropic degeneration 
of the hepatocytes from the central and, partially, from the intermediary areas of the 
lobules (Fig. 5). Around these parts, at places, hepatocytes with small-droplet fatty 
degeneration could be observed. Necrotic changes and balloon degeneration in the 
hepatocytes that were observed in other groups were missing. The amount of the gly
cogen granules was comparatively regularly distributed in the cytoplasm of the cells. 
The kind of the reticular fibres did not differ from that of the control, untreated ani
mals.

Discussion

In toxicology, acute poisoning with CCL4 are a concrete example of a dramatic dis
turbance of the balance between the free radical peroxidation of the lipids and the 
antioxidant capacity of the organism [2,10].

The biotransformation of CCL4 in the liver generates free radicals. The formed 
free radicals CCL3+ act on the organism in two main directions: first, they immedi
ately damage the different enzymatic systems and first of all the oxygenases CYP 450 
and second, that deserves the greatest attention the free radicals CCL3+ unlock the 
processes of free radical peroxidatioon of unsaturated faty acids. New radicals ROz+ 
and hydrogen peroxides ROON formed from the aforementioned fatty acids lead to 
structural and functional changes in different biological membranes. Next follows a 
displacement of the oxidative links, disturbace of the integrity of the cellular mem
branes, exudation of intracellular proteolytic enzymes and apoptosis [2, 10].
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The probiotic Biostim LBS containing L. bulgaricus protects the liver from the 
damaging action of CCL4. This is, most probably, a result from the inhibition of lipid 
peroxidation and stimulation of the cellular antioxidant system [1, 7, 8].

There are literature data about the antioxidant effect of probiotics containing 
lactobacilli. The authors establish that lactic acid bacteria clean the eractive oxygen 
radicals, possess helating capacity for metal ions, realize enzyme inhibition and pos
sess a reduction activity. Milk proteins containing in the lactic acid products en
hance the concentrations of glutathione in the liver. The glutathione is important for 
the detoxication of endogenic and exogenic carcinogens and free radicals as well as 
it regulated the immune function [11, 12].

Conclusion

The data from the present investigation demonstrate that the probiotic Biostim LBS 
administered in definite dosages exterts a hepatoprotective effect in acute hepatic 
toxicity in rats induced by CCL4. Preliminary treatment with this probiotic leads to 
reduction of the severity of the degenerative and necrotic changes in the liver caused 
by CCL4 and of the size of the area of the necrotic alterations as well. Our data con
firm the clinical significance of the chronic application of Biostim LBS in hepatic 
diseases such as viral hepatitis, in ethanol-induced liver damage and in experimental 
hepatotoxicity as well.
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The effect o f chronic treatment with probiotic Biostim LBS containing the original Lactobacillus 
bulgaricus on liver morphology in hyperlipidemia was studied. Biostim LBS (800 mg/kg bw and 
1600 mg/kg bw), Biostim LBS-1 (1600 mg/kg bw) and cholesterol (0,7 mL/100 g) were adminis
tered once daily for 30 consecutive days in male Wistar rats. Liver specimens were taken on the 
31st day for histological analysis. Steatogenic diet induced fatty degeneration in the hepatocytes 
that underwent involution after Biostim LBS treatment in a dose of 800 mg/kg bw without com
plete normalization. The application of Biostim LBS and Biostim LBS-1 in a dose of 1600 mg/kg 
bw completely restored the hepatocytes. These probiotics possess regenerative and protective 
properties concerning lipid degeneration. There is no reliable statistical difference between the 
effects o f both probiotics.

Key words: Biostim LBS, cholesterol, fatty degeneration, hepatocytes.

Introduction

There is evidence that Lactobacilli, including Lactobacillus bulgaricus, exert 
favourable effects concerning the prevention and treatment of various gastrointesti
nal diseases, including colon cancer. They reduce the risk of cardiovascular diseases, 
possess an immunomodulatory, antiallergic and X-ray protective action at absent 
teratogenic effect [1, 4, 6, 7, 11].

Probiotic Biostim LBS is a low-lactose, moderately fatty and dry milk product 
while probiotic Biostim LBS-1 is a low-lactose, fat-free and dry milk product. Both 
probiotics are obtained through lactic-acid fermentation from ecologically pure cow 
milk. They contain live cells of Lactobacillus bulgaricus, milk proteins, fats, carbo
hydrates, natural vitamins, minerals, and pectin. They do not contain, however, pre
servatives and genetically manipulated microorganisms at all.
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The purpose of the present study is to establish the effect of a chronic treatment 
with the probiotic Biostim LBS containing the original Lactobacillus bulgaricus on 
the morphological liver alterations in experimentally induced hyperlipidemia.

Materials and Methods

The study covered 42 white male Wistar rats weighing initially 250±10 g bw. They 
were maintained under conditions of room temperature and free access to standard 
food and water.

According to the treatment module, the animals were divided into 8 groups of 6 
animals each as the substances were introduced per sondam.

Group I — Biostim LBS 800 mg/kg bw; Group II — Biostim LBS 1600 mg/kg 
bw; Group III — Biostim LBS-1 1600 mg/kg bw; Group IV — cholesterol 0,7 ml/100 
g; Group V — Biostim LBS 800 mg/kg bw and cholesterol; Group VI — Biostim LBS 
1600 mg/kg bw and cholesterol; Group VII — Biostim LBS-1 1600 mg/kg bw and 
cholesterol; Group VIII — pure controls, not treated at all.

Two types of Biostim LBS were used. The animals were given Biostim LBS (800 
mg/kg bw and 1600 mg/kg bw) and Biostim LBS-1 (1600 mg/kg bw) once daily for 30 
consecutive days. These doses were selected to match the recommended doses in 
humans. The control animals were given physiological saline. Both probiotics were 
solved ex tempore in distilled water. Cholesterol was administered into the stomach 
by a soft tube in a dose of 0,7 ml/100 g (1,5% cholesterol dissolved in sunflower oil) 
for 30 consecutive days.

On the 31st day, material was taken from rat liver and processed after a stan
dard paraffin method. Some livers were cut by cryostat to prove the fats. Eight-mkm 
thick sections were stained with hematoxylin-eosin, oil-red (for fats), PAS reaction 
with Schiff s reagent for glycogen and Gomori for reticular fibres.

Results

The application of an steatogenic diet resulted in a fatty degeneration in the hepato- 
cytes from central and intermediary areas of the hepatic lobules (Fig. 1, 2). These al
teration underwent an involution to a great extent after the application of Biostim 
LBS in a dose of 800 mg/kg bw (Fig. 3) without any complete restoration. However, 
the administration of both Biostim LBS and of Biostim LBS-1 (Fig. 4) in a dose of 
1600 mg/kg bw led to a complete fading away of the changes as the appearance of 
the hepatocytes could not be distinguished from that of the controls (Fig. 5).

Discussion

The lipid lowering effect of the sour milk (yoghourt) is related to the increased con
tent of lactic-acid bacteria in the gastrointestinal tract. These bacteria ferment the 
carbohydrates from the food that are difficult to digest. Such a fermentation results 
in an increased production of short-chain fatty acids that reduce the concentration 
of circulating cholesterol either through inhibition of liver cholesterol synthesis, or 
through cholesterol redistribution from plasma to the liver. Besides the increased 
bacterial activity in the intestines leads to enhanced bile acid deconjugation. These 
deconjugated bile acids cannot be well absorbed by the gastrointestinal mucosa and
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Fig. 1. Liver of an animal on steatogenic diet. 
Small and merging fatty droplets in the hepa- 
tocytes of the hepatic lobule. HE, x 250

Fig. 2. Liver of an animal on steatogenic diet. 
Staining with oil-red for fats, x  400

Fig. 3. Liver of an animal on steatogenic diet 
given Biostim LBS (800 mg/kg bw). In some 
hepatocytes there are scattered fatty droplets. 
HE, x 400

Fig. 4. Liver of an animal on steatogenic diet given 
Biostim LBS and Biostim LBS-1 (1600 mg/kg bw). 
Complete restoration of the changes after probiotic 
application. In the cytoplasm of the hepatocytes 
there are no fatty droplets at all. HE, x 250



Fig. 5. Liver of a control animal. Preserved his
tological structure. HE, x 160

are liberated [9]. Therefore, the cholesterol as a bile acid precursor is used to a 
greater extent for de novo synthesis of the bile acids. Other authors report that the 
investigations on animals and humans show a moderate hypocholesterolemic action 
of lactic acid products containing strains of Lactobacillus and Bifidobacteria [8]. Be
sides the inhibition of the absorption of exogenous cholesterol by the small intestine 
either through bile acid deconjugation and influencing upon cholesterol metabolism, 
or through direct cholesterol assimilation by the bacterial cells has been supposed. 
The mechanisms for serum lipid lowering have been suggested in other in-vitro and 
in-vivo investigations. In-vitro experiments by some authors [2, 5, 10] demonstrate 
that intestinal lactic acid bacteria are capable of assimilate and bind both cholesterol 
and bile acids. It is known that serum cholesterol values decrease when the 
probiotics suppress the intestinal bile acid resorption as cholesterol catabolism is 
stimulated in the liver [3].

Conclusion

The probiotics Biostim LBS and Biostim LBS-1 possess regenerative properties con
cerning hepatocytes and protect the liver from lipid degeneration caused by the 
steatogenic diet. There is no reliable statistical difference between the effects of both 
probiotics.
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The influence of diacetylmorphine (heroin) on white blood cell morphological/functional characteristics 
and some hematometric indices — leukocyte count (WBC), differential leukocyte count, granulocyte/lym- 
phocyte ratio, whole blood viscosity (WBV) as well as some cytological/cytochemical changes of polymor- 
phonuclears (granulocytes) from the peripheral blood of chronic heroin addicts has been investigated, 
comparing data to those of healthy individuals. The role of WBC and some morphological/cytochemical 
changes in granulocytes of chronic heroin abusers has been discussed as factors for the elevated WB\( the 
acute allergic states and the high sensitivity of heroin addicts to bacterial and viral infections.

Key words: chronic opiate (heroin) addicts, hematometric indices, whole blood viscosity, leuko
cyte count, leukocyte cytology/cytochemistry.

Introduction

Narcotics such as morphine, diacetylmorphine (heroin) etc., influence white blood 
cells changing morphological and functional characterisctics of leukocytes, as well 
as blood viscosity and hematometric indices of drug abusers [4, 5, 7, 9, 14, 15, 19]. 
Recent studies [14] show an increase in monocyte, neutrophil and eosinophil counts 
in drug abusers compared to healthy individuals. C h a r u v a s t r a  and E h r m a n n
[3] find positive correlation between elevated number of eosinophils and intravenous 
drug use. The aim of the study is to investigate leukocyte hematometric indices — 
white blood cell count (WBC — g/1) and differentiation count (%), granulocyte/lym- 
phocyte ratio (Gr/Ly), mean whole blood viscosity (WBV) as well as some cytologi
cal/cytochemical characteristics of polymorphonuclears (granulocytes) in chronic 
opiate users, comparing data to those of healthy individuals.

Material and Methods

Whole blood heparinized samples from 15 chronic heroin addicts (3 female and 12 
male - mean age 26.53 ± 7.34 years, HIV-seronegative, under methadone mainte-
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nance therapy), obtained from the Bulgarian National Center for Addictions, were 
studied. Blood samples were collected in heparinized tubes and rheological measure
ments were completed within 3 hours after blood preparation. Whole blood visco
sity (WBV) was measured at 37°C using a rotational viscometer Contraves Low 
Shear 30 (Switzerland) with the standard measuring system MS1/1, at a steady flow 
over a shear rate range of 0.0237 s'1 to 128.5 s'1. The results were compared with a 
control group of 19 healthy individuals (9 female and 10 male; mean age — 34.84 ± 
4.06 years). White blood cell hematometric indices — white blood cell count (WBC) 
and granulocyte/lymphocyte ratio were analyzed by automated cell counter. Cyto- 
logical characteristics of granulocytes were examined by May-Griinwald-Giemsa 
technique and by the cytochemical method for cytoplasmic cationic proteins [23]. 
Student’s t-test for determining differences in the mean values of the parameters ex
amined at level of significance p<0.05 was used. Relationships between leukocyte 
parameters and WBV were evaluated using simple correlation coefficient r. Statisti
cal analysis was done on MATLAB 6.5.

Results

The results from total white blood cell count (g/1) showed differences in leukocyte 
number of chronic heroin addicts (6.89 ± 1.86) and healthy individuals (7 ± 1.2). 
Based on the total WBC, the granulocyte/lymphocyte ratio (Gr/Ly) is 1.8 for the drug 
users, versus 1.7 — for healthy donors (Fig. 1). Differential leukocyte count (%) also 
showed changes in the granulocyte/lymphocyte ratio of drug users compared to that 
of healthy donors: increased ratios (1.8) were determined in cases of drug abuse, ver
sus 1.6 — in healthy individuals (Fig. 2). Mean whole blood viscosity (WBV) values 
of the investigated group of heroin abusers were elevated compared to these of 
healthy persons and the elevation was statistically significant at higher shear rates 
(y=20.4 s'1, p=0.1; y= 94.5 s ', p=0.05). Statistical correlation between granulocyte 
differential count (%) and WBV at low shear rates was also determined. Our cyto- 
logical/cytochemical data showed changes in the condensation and distribution of 
the nuclear chromatin in granulocytes: unevenly dispersed and distributed nuclear 
DNP - containing irregularly condensed spots of chromatin, were obtained in neutro-

Number o f drug users
Examined groups

Figs. 1, 2. Granulocyte/lymphocyte ratios in heroin abusers and healthy donors
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Figs. 3, 4. Neutrophils (Neu) and one basophil (Ba) from the peripheral blood smears of 
chronic heroin addicts. Changes in the condensation and distribution of DNP in the nuclear 
chromatin and reduced quantity of cytoplasmic granules, containing cationic proteins could 
be seen in neutrophils; the cytoplasmic granules of basophil were partially degranulated. x 450

phils and eosinophils of chronic heroin addicts (Figs. 3—6). Low quantity of cytoplas
mic granules and diffusely stained cationic proteins are visible in the neutrophils from 
peripheral blood of heroin abusers (Figs. 3, 4). Abundant fast-green positive granules, 
containing large amount of cationic proteins, could be seen only in the cytoplasm of 
eosinophils as well as in a population of eosinophil-like neutrophils (Figs. 5,6). The per
centage of partially degranulated basophils (Fig. 4) is often higher in the peripheral 
blood of chronic heroin abusers, compared to data of the control group.

Discussion

The reduced total number of leukocytes, increased granulocyte/lymphocyte ratio as 
well as decreased quantity of cationic protein-containing granules in neutrophils 
correlate with data [6, 14] for the high sensitivity of heroin addicts to bacterial and 
viral infections. It is well known fact [9, 16, 22] that narcotics lead to a significant 
decrease in the phagocytic index and chemotaxis of granulocytes, as well as to the 
reduced production of superoxide anions (0 3, H20 2, NO) which is independent of the 
co-existance of HIV-infection in drug addicts. On the other hand, the abundant 
amount of cationic protein-containing cytoplasmic granules in the eosinophilic 
granulocytes may contribute to the acute allergic states as eosinophilic aseptic arach
noiditis, acute eosinophilic pneumonia, pulmonary edema, urticaria, asthma, etc., often
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Figs. 5, 6. Eosinophil (Eo) and eosinophil-like neutrophil (Eo-like Neu) containing abundant 
cytoplasmic granules with large amount of basic cationic proteins in peripheral blood smears 
of chronic heroin abusers, x 450

observed in heroin addicts [2, 8, 12, 13, 17, 19]. Our data that partially degranulated 
basophils are frequently seen in blood smears of drug abusers are in agreement with 
those of other researchers [1, 10, 18] about the increased number of tissue mast cells 
leading to anaphylactoid reactions, typical for drug addiction. There are specula
tions about the relationship between white blood cell count (WBC) and blood vis
cosity: prevails the opinion that not only the hematocrit, hemoglobin and RBC, but 
also WBC and platelet count could affect WBV [11]. In our previous experimental 
studies [21] we hypothesized that changes in RBC (macrocytic anemia) are main fac
tors for elevated WBY, but the role of WBC and morphological/cytochemical 
changes in granulocytes of chronic heroin addicts should be also considered and 
evaluated. In this regard the statistical correlation obtained between granulocyte dif
ferential count (%) and WBV at low shear rates is important. The influence of 
chronic heroin use on the proliferation and differentiation of early myeloid precur
sor cells in bone marrow has been studied [20], but the effect should be further 
examined.
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The enzyme lipoprotein lipase (LPL) is synthesized and secreted by adipocytes, myocytes, mam
mary gland epithelium etc. and is transported to the endothelium o f capillaries. LPL is the main 
lipolytic enzyme participating in the intravascular metabolism o f lipoproteins. In the present 
study, two groups of dogs were used — experimental (obese) and control (non-obese). Immedi
ately after euthanasia, specimens from the renal blood vessels were obtained from both groups. 
The enzyme histochemical reaction (according to Gomori, 1952) was performed on fresh cryostat 
sections and by the Tween method, positive expression o f LPL in the wall o f  renal blood vessels in 
dogs fed a high-calorie diet, was evidenced. In the three vascular layers in control animals, no 
LPL expression was observed.

Key words', lipoprotein lipase, obesity, high-calorie diet, dogs.

Introduction

Lipoprotein lipase (LPL) is an enzyme that is synthesized and secreted by 
adipocytes, myocytes (especially cardiomyocytes), the epithelium of lactating mam
mary gland and other cells. It is transported to the endothelial surface of blood ves
sels where it exerts its effect. The function of LPL is to hydrolyze triacylglycerols 
(TAG) from chylomicrons, very low and intermediate density lipoproteins from the 
luminal side of capillary endothelium [5, 6].

P e n t i k a i n e n et al. [6] detected LPL in the endothelial cells of capillaries 
and arteries. K o j a m a et al. [4] reported about endothelial lipase (EL) that is syn
thesized and secreted mainly by vascular epithelium as a new member of the lipase 
gene family. Genetically, endothelial lipase is 44% identical to lipoprotein lipase and 
41% identical to hepatic lipase according to H i r a t a et al. [1].

LPL expression is immunohistochemically evidenced in the intima, suben
dothelium, smooth muscle cells and the adventitia of arterial wall [2, 4, 8]. This
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shows that subendothelially secreted LPL is not stored in stromal cells where it ex
erts its functions. In the ischaemic zone of the myocardium throughout sudden death 
of geriatric dogs, LPL reduction is observed [11, 12].

Mutations in LDL receptors result in a dominant autosomal disease — family 
hypercholesterolaemia [13, 14]. Mice with severe LPL deficiency die 24 hours after 
birth. LPL deficiency is also reported in cats and minks. The genetic lack of LPL 
causes a significant hyperchylomicronaemia, increased plasma TAG concentrations, 
acute pancreatitis that could be life-threatening [3]. In men such deficiency is en
countered in 3-7% of the population [9].

S u s a n n e et al. [10] show that LPL has either a pro- or anti-atherogenic effect 
depending on its localization. Arterial LPL has a considerable proatherogenic func
tion as it increases the accumulation of intra- and extracellular lipids into the intima
[6]. On the contrary, the capillary endothelial LPL is clearly antiatherogenic via its 
antidyslipidaemic effect [9]. In dogs with moderate and severe atherosclerotic le
sions of the aorta, coronary and renal arteries, a significant immunohistochemical 
expression of the enzyme in endothelial cells, the media, smooth muscle cells and 
macrophages has been observed. Positive signals for the enzyme were not detected 
in normal arteries [8]. J o n a s s o n et al. [2] observed the highest LPL amount in 
smooth muscle cells of blood vessels in vessels affected by atherosclerotic lesions as 
well as in unaffected arteries. Therefore the authors assumed that vascular smooth 
muscle cells were the biggest source of LPL.

The aim of the present study was to follow out the enzyme histochemical ex
pression of LPL in renal blood vessels in dogs, fed a high-calorie diet.

Material and Methods

Two groups of dogs — experimental and control were used. The experimental dogs 
(n=3) had an initial body weight of 12.8667 ± 1.4305 kg. For 90 days, each dog re
ceived a daily ration of 400 g canine dry food “Jambo Dog” (Gallisman S. A., Bul
garia) supplemented with lOg/kg b.w. lard, in order to induce experimental obesity. 
By the end of the high-calorie diet intake, the dogs weighed 16.5417±1.6734 kg. The 
control group (n=2) weighed 13.654±3.315 kg. Their daily ration consisted of 310 g 
canine dry food “Jambo Dog” (Gallisman S. A., Bulgaria).

Immediately after the euthanasia of the dogs from both groups, specimens from 
renal blood vessels (arteries and veins) were obtained. The enzyme histochemical 
reaction was performed on fresh cryostat sections for detection of positive expres
sion of lipoprotein lipase in vascular walls according to Gomori (1952). The reaction 
was based upon the Tween method consisting in the deposition of insoluble calcium 
soaps at the sites of enzyme activity that are further converted to lead soaps and fi
nally, in lead sulfide precipitates. On ready preparations, these precipitates appeared 
as clusters of dark-brown granules [7].

Results and Discussion

The performed enzyme histochemical studies showed a strong positive expression of 
LPL in renal blood vessel wall in dogs fed the high-calorie diet. The reaction was 
detected as presence of dark brown granules — lead sulfide precipitates.

A positive LPL enzyme histochemical expression was observed in the wall of all 
renal blood vessels in dogs from the experimental group. Positive LPL reaction was
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Fig. 1. LPL expression in Tunica intima (la, x 40) and in smooth muscle cells in Tunica media 
(lb, x 100) o f dog’s renal arteries (arrows)

Fig. 2. LPL expression in the wall of the dog’s 
renal veins (arrows), x  20

detected in the Tunica intima of arteries (Fig. 1) and veins (Fig. 3). It was strongly 
expressed in vascular endothelium.

A similar reaction was observed in connective tissue cells of the subendothelium 
as well as in sebaceous cells, whose counts were higher as a result of obesity.

In the Tunica media, a positive LPL expression was also observed. It was how
ever, the most strongly expressed in smooth muscle cells of arteries (Fig. 2).

Single cells of the adventitia also exhibited a positive LPL reaction. The obser
vations on control dogs revealed no expression of the enzyme in all three blood ves
sel layers.

As a result of performed studies, it was found out that the high-calorie diet pro
voked a strong enzyme histochemical expression of LPL in the renal blood vessels of 
dogs. These data of ours correlate to a certain extent to the results of S a k o et al. [8] 
for a considerable immunohistochemical LPL expression in the cytoplasm of endot
helial cells, smooth muscle cells, of macrophages in the subendothelium, the intima 
and the media in dogs with lesions of the aorta, the coronary and renal arteries.

We stated that the enzyme histochemical LPL reaction was the strongest in the 
smooth muscle cells of renal vascular Tunica media in the dog. J o n a s s o n et al. [2] 
had also observed the biggest LPL amount in smooth muscle cells of blood vessels,
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both with atherosclerotic lesions and unaffected. This allowed assuming that the 
greatest source of LPL in blood vessels were vascular smooth muscle cells.

Taking into consideration the proved proatherogenic function of LPL as an en
zyme, participating directly or indirectly in the intimal lipoprotein metabolism, aug
menting the accumulation of intra- and extracellular lipids into the intima [10], we 
consider that most probably, the observed enhanced LPL reaction in canine renal 
blood vessels due to the high-calorie diet, was one of morphological features, per
haps early and prognostic, of atherosclerotic alterations in the wall of these vessels, 
occurring with obesity.
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There have been no data for the application ofleft-rotating circularly polarized light as a therapeutical 
method in the medical literature until nowadays. We have designed a device that uses the method of 
Frennel for obtaining circularly polarized light and have tested it through implementing it clinically. 
We found that the therapeutic method with left-rotating circular polarized light can be applied widely 
and successfully in the medical practice for the treatment of diseases of the locomotory apparatus, the 
respiratory, digestive and cardiovascular systems as well as for disorders of psycho-emotional nature. 
The method is an excellent mode for the treatment of stress. It includes local application ofleft-rotating 
circularly polarized light and projecting regular geometric figures on the palm skin or back side of the 
hand with a certain color. These figures have a differing harmonious impact on the human organism.

Key words: left-rotating circularly polarized light, light therapy, bio-information.

Introduction

The shaft of light contains a huge number of elementary rays and in any of them the 
vector of the electric field oscillates in its own plane. If the particular plane of oscil
lation is different, we obtain ordinary and unpolarized light. If the rays are situated 
in near vicinity, we obtain partly polarized light, and if they coincide completely in 
the same plane only there is linearly-polarized light. There is another type of polar
ization when this vector rotates in a definite direction around the axis of light distri
bution with a frequency that is equal to the frequency of the light wave. If during this 
rotation the vector of the electric field does not change its magnitude, there is circu
larly polarized light. If the vector changes its magnitude, there is elliptic polarized 
light. Depending on the rotating direction of this vector, we can differentiate left and 
right rotating polarized light.

The light, especially plane-polarized, has medicinal effect on skin diseases, 
wounds, etc. [3]. In medicine the visible and ultraviolet rays are used for photo
therapy and photo-dynamic therapy to initiate reactions of synthesis and polymer
ization [1]. The infrared rays have a calorific affect on the tissues. They penetrate
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only a few centimeters into the tissues and heat them up and this way set into motion 
the system for thermoregulation [2].

The plane-polarized light is used for the examination of optical active sub
stances, in polarizing microscopes, in television sets with a flat screen for localizing 
the lines of internal pressure, etc. [5].

Materials and Methods

Most of the light sources (lamps, the flame and the sun) radiate unpolarized light. 
Plane-polarized light is obtained in: a/ reflection and refraction of ordinary light on 
the borderline between two transparent dielectrics - for example air/ water. The level 
of polarization of the reflected light depends on the angle of incidence and at the 
angle of Bruster it becomes 100%; b/ refraction of ordinary light from special, 
double- refracting crystals (calcite, tourmaline and gerapatit). At the moment of re
fraction, the falling ray is divided into two plane-polarized rays. These are the crys
tals used for polirizers (the Nikol’s prism, polaroids) — the optical elements for ob
taining plane-polarized light through double refraction. A classical way for obtain
ing circularly polarized light is via the so-called “polar meter of Stocks” that consists 
of a light filter, a polarizer and a quarter- wave lamella, all of them consecutively 
positioned [6]. The light filter must be interferential to obtain a very narrow passage 
range. The quarter-wave lamella has the thickness equal to one fourth of the nanom
eter (nm) and is made of mica. The disadvantage of this device is that for any wave 
length (for any used filter) an appropriate quarter-wave lamella that is very hard 
must be used, so we use an achromatic quarter-wave compensator designed for the 
first time by F r е n n е 1 [6].

Operating mechanism

The method of electromagnetic-resonance impact of the circularly polarized light on 
the human organism uses visible rays with a wavelength from 380 nm to 760 nm. It is 
known that the skin is a big receptor field and the human organism is built up of pro
teins. It is also known that protein molecules have a spiral form. The ray of circu
larly polarized light spreads in the form of a spiral. All the types of proteins, without 
any exception, are optically active as they rotate the plane of polarized light to the 
left at definite angle [4]. This is a universal property and therefore we choose the use 
of left-rotating circularly polarized light as a therapy method. On affecting a definite 
skin region with the above-described radiation, the protein structures acquire an 
electromagnetic resonance. Membrane proteins, free nerve endings, potential depen
dent Na+, Ka+, C a++ canals that are built of proteins and can absorb a few alter
native conformations react. These limited conformational changes in the proteins 
lead to alterations in their functional activity. A specific action potential is created 
that corresponds to the .wavelength. It reaches the central nervous system (CNS) 
along the afferents where it provokes a reaction in some of its structures: the motor 
neurons, sustantia lateralis intemedia, the reticular formation and the limbic system. 
Effectors responses are developed and along the efferents they reach the skeletal, the 
smooth and the cardiac muscular tissues, the internal organs, the glands and blood 
vessels. Thus information is passed to the CNS as we create a differing harmony cor
responding to the various systems. This can be achieved when we project the electro
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magnetic resonance radiation with a definite wavelength on a certain skin region in 
combination with regular geometric figures. The period of time of exposure is from 
10 to 12 minutes which is enough for the healthy harmonic effects to develop.

Results

Observed healthy effects

1. Impact on the physical activity-positive effect on the skeletal muscles- increase or 
decrease in the muscular tone, depression and elimination of myalgia, contrac
ture, or muscule fatigue.

2. Impact on the smooth muscular tissue: spasmolytic or tonic effect;
3. Stabilizing of cardiac activity
4. Effective results in: astheno-vegetative conditions, state of agitation, insomnia, 

seasonal disorders, depression, and emotional breakdowns.
5. Analgetic effect
6. Anti-inflammatory effect in processes of non-infectious nature (for example: of 

traumatic origin). Resolution of oedemas.
Results from successfully accomplished treatment

Arthrosis of lumbar vertebrae accompanied with monolateral or bilateral radiculitis 
-12 cases; Discal hernia (L4, L5) - 10 cases; Arthrosis of cervical vertebrae accom
panied with radiculitis - 10 cases; Osteophytes - 8 cases; Coxarthrosis - 12 cases; 
Gonarthritis - 8 cases; Periarthritis - 6 cases; Epycondylitis - 8 cases; Tendinitis - 13 
cases; Plexitis - 9 cases; Inflammation of the paranasal sinuses (chronic suppurative 
inflamed) - 18 cases; Migraine - 8 cases; peptic ulcer disease - 8 cases; Chronic coli
tis - 5 cases; Chronic Cholecystitis - 8 cases; Hypertension - 14 cases; Astheno-vege
tative conditions - 12 cases; Depression - 2 cases.

Using this method no undesirable side effects such as erythema, irritation, 
edema, or nociceptia are developed since the harmful impact of the infrared and 
ultraviolet rays is avoided. We evaluated the reports from the implemented treat
ment. Some of the patients were sent by colleagues at the Medical Faculty to the 
Thracian University. After the treatment the same professionals noted the results 
from the implemented treatment in examination reports of the patients.

Discussion

The advantage of the described method to other phototherapeutical methods is due 
to its impact mechanism. It does not rely on penetrating tolerance of the rays deeply 
in the tissues depending on the different wavelength. Most importantly, the fre
quency of vibrating of left-rotating circularly polarized light is transferred through 
the resonance to the protein structures that oscillate with their own vibration fre
quency and this is transferred in depth as well as along the nerves. Thus the colors 
combined with regular geometric figures have a harmonizing impact on the CNS, 
psycho- emotional conditions and then in a nerve- reflecting way to all organs in dif
ferent systems of the human organism.

The human organism is a complex informational and energetic structure. 
Through bringing harmonic information in it, the desired results on an individual’s 
state of health can be achieved.
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Conclusion

The left-rotating circularly polarized light has a strong biological activity. It is a 
method that can be used to send information to the CNS and as the result we can 
change the psychoemotional and physical state of a person. The electromagnetic 
resonance radiation is an excellent vitalizing mode that can significantly increase the 
life expectancy at a reasonable application. The method can be used as an efficacious 
curative approach independently as well as in combination with pharmacotherapy 
of modern medicine.
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A novel fluorescent substrate L-Lys-L-Ala-6-hydrazido-N-hexylT,8-naphthalimide for the histochemi
cal visualization of activity distribution of Dipeptidyl peptidase II is proposed. By now, a fluorescent 
determination of the DPP II activity is realized only in cell homogenates and cultivated cells, whereas 
fluorescent method for the enzyme localization in tissue sections is missing. The results o f our work 
show that the new method permits precise localization and visualization of dipeptidyl peptidase II in 
tissue sections from several Wistar rat organs.

Key words-. Dipeptidyl peptidase II, 1,8-naphthalimide derivatives, fluorescent histochemical me
thods, synthetic fluorescent substrates.

Introduction

Dipeptidyl peptidase II (DPP II; EC 3.4.14.2) belongs to serine peptidases family. 
Biochemical investigations show the lysosomal localization of the enzyme. Prefer
ably, DPP II catalyzes the liberation of dipeptides, with lysine, phenylalanine or leu
cine at the N-terminal, and alanine or proline at penultimate position [2] from 
tripeptides, oligopeptides and from synthetic substrates at pH 5.5. The enzyme ac
tivity is inhibited by protonated Tris [3].

Here we propose a novel histochemical fluorescent substrate L-Lys-L-Ala-6- 
hydrazido-N-hexyl-1,8-naphthalimide (Lys-Ala-HHNI) for Dipeptidyl aminopeptidase 
II and use the substrate, based on 1,8-naphthalimide compound, to investigate the dis
tribution of the enzyme activity in rat kidney, small intestine, colon and epididymis.

Materials and Methods

Synthesis of N-hexyi-6-hydrazino-1,8-naphthalimide(HHNI) .The fluorochrome HHNI 
was synthesized as follows: Acenaphthene (Merck, Germany) was brominated by N-
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bromo succinimide in dimethylformamide. The obtained 6-bromo acenaphthene was 
oxidized to 6-bromonaphthalanhydride by a standard procedure with sodium 
dichromate in acetic acid. The last compound was coupled with hexylamine by boil
ing it in absolute ethanol for 12 hours to give 6-bromo-N-hexyl-l,8-naphthalimide. 
The fluorochrome — HHNI was obtained from the brom-containing compound and 
hydrazine monohydrate in dimethylsulphoxide at 60°C using potassium fluoride as 
auxiliary reagent and tetrabutyl ammonium sulfate as a catalyst by a novel proce
dure, which will be published elsewhere. Synthesis o f the substrate. The DPP II sub
strate — L-Lys-L-Ala-6-hydrazido-2-hexyl-l,8-naphthalimide (Lys-Ala-HHNI) was 
synthesized in two steps: First HHNI was coupled with Boc-Ala-OH (Bachem, Swit
zerland) by the well known N,N,N’,N’-Tetramethyl-0-(benzotriazol-l-yl)uronium 
tetrafluoroborate (TBTU) procedure. The Boc-protection was cleaved in 4N НС1/ 
dioxane. Then the obtained L-Ala-HHNI.HCl was coupled with Boc-Lyz(Boc)-OH 
(Bachem, Switzerland) again by the TBTU-method. The Boc-protection was cleaved 
as above and the substrate was obtained as dihydrochloride salt.
Tissue treatment and incubation. Mature male Wistar rats were decapitated under 
ether anesthesia. Pieces of kidney, small intestine, colon and epidydimis were re
moved and fixed in 2% formaldehyde in 0.1 M cacodylate buffer, pH 7.0 for 18 hrs. 
at +4°C. After that, the pieces were washed in Holt solution for 24 hrs. and frozen in 
liquid nitrogen. Ten pM sections were cut on cryotome Reichert Jung (Nussloch, 
Germany) at —25°C and mounted on gelatinized glass slides. The sections were cov
ered with 0,5 % celloidin for one minute at room temperature and incubated in solu
tions, consisting of 0,5 mM substrate (Lys-Ala-HHNI) and 1 mg/ml aromatic alde
hyde (piperonal), dissolved in 0.1 M phosphate buffer, pH 5.5. The incubation lasted 
30-60 min at 37°C. The samples were post-fixed in 4 % neutral formaline and em
bedded in glycerol-jelly. Control sections were incubated in buffered aldehyde (in the 
absence of substrate) or in the full substrate medium supplied with 50 mM Tris.

The sections were studied under fluorescent microscope OPTON IM 35 with 
filter combination G 546 FT 580 LP 590. The photos were made on Konica Minolta 
(Japan) VX 200 colorful films.

Results and Discussion

DPP II is thought to play important role in the breakdown of some oligopeptides such 
as substance P and casomorphin [1]. The enzyme has certain requirements to substrate 
peptide sequence. It hydrolyzes Lys-Pro and Ala-Pro peptide derivatives, but shows 
higher specificity to Lys-Ala substrates. Besides, Dipeptidyl peptidase IV co-reaction is 
avoided by using Lys-Ala substrates. Therefore, we synthesized Lys-Ala derivative of 6- 
hydrazino-N-hexylamine-l,8-naphthalimide as fluorescent substrate for DPP II.

By newly developed substrate and histochemical method based on it, we managed 
to determine DPP II activity in rat kidney, small intestine (duodenum, jejunum, ileum), 
colon and epididymis. Non-specific staining was not observed in control sections, lack
ing the substrate. Single fluorescent granules were scare in the sections, inhibited by Tris.

For kidney, short incubation period was needed. The enzyme was localized in 
epithelial cells of the convoluted tubules. There was no reaction in the glomeruli 
(Fig. 1). We found that, the DPP II activity was higher in the convoluted tubules near 
to the medulla than in this, which are far off it. DPP II showed high activity levels in 
small intestine too. We did not observe enzyme activity differences between duode
num, jejunum and ileum. DPP II was localized in the entherocites (Fig. 2). At pro
longed incubation, there was a weak Dipeptidyl peptidase IV co-reaction in ileum
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Fig. 1. Kidney. DPP II activity in epithelial cells of convoluted channels 
a — No DPP II activity in glomeruli (G), x 500; b — Higher activity in the convoluted chan
nels near to the medulla, x  200

Fig. 2. Small intestine (jejunum). Strong reaction for DPP II in the entherocytes. 
a — x 500; b — x 200

Fig. 3. Epididymis. DPP II in the principal 
and basal cells of the channels, x  500

(not shown here). Dipeptidyl peptidase II reaction in colon was missing. The DPP II 
activity was comparatively lower in epididimys and the incubation period had to be 
longer (60 min). Granular histochemical pattern which, probably corresponds to ly
sosomal localization of the enzyme was obtained. DPP II activity was observed ex
actly in the principal and basal cells of the channels (Fig. 3).
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The results of our work demonstrate that 6-hydrazino-N-alkyl-l,8-naphthali- 
mides are proper for substrate synthesis, and histochemical method based on them 
is appropriate for localization of the lysosomal peptidase DPP II. The newly pro
posed fluorescent histochemical substrate for DPP II can be used for further inves
tigations of the enzyme activity distribution.
Acknowledgments: This work was supported by the Bulgarian National Science Fund of Ministry of 
Education and Science. Grant N o MUL-1505/05.

R e f e r e n c e s

1 .  H i s a z u m i ,  A., L. Y a o - H u a ,  Y. Y a m a m o t o ,  Y. H a n e d a ,  M. N i s h i ,  R. K i k -
k a w a. Immunohistochemical Localization of Dipeptidyl Peptidase II from the Rat Kidney and 
Its Identity with Quiescent Cell Proline Dipeptidase. — J. Biochem., 129, 2001, 279-288.

2. L o j d a, Z., R. G o s s r a u ,  T. H. S c h i e b l e r .  A laboratory manual. — In: Enzyme
Histochemistiy. New York, Springer, 1979, 169-170.

3. M a e s, M., A. L a m b e i r, K. G i 1 a n у, K. S e n t е n, P. V an  d е r V е k е n, B. L e i t i n g, K.
Augustyns, S. S c h a r p e ,  I. D e  M e e s t e r .  Kinetic investigation of human dipeptidyl pepti
dase II (DPPII)-mediated hydrolysis of dipeptide derivatives and its identification as quiescent cell 
proline dipeptidase (QPP)/dipeptidyl peptidase 7 (DPP7). — Biochem. J., 386, 2005, 315-324.

175



Acta morphologica et anthropologica, 13 
Sofia • 2008

Institute of Experimental Morphology and Anthropology with Museum
Bulgarian Anatomical Society

Anthropology

Physical Development of Plovdiv Students
E. Andreenko, S. Mladenova*

University o f Plovdiv, Boilogical Faculty Deptartament o f Human Anatomy and Physiology 
* University of Plovdiv, Branch Smolyan, Deptartament of Natural Mathematical Science

The purpose of the present study is to determine the somatometric status of young men and women, 
students from the city of Plovdiv by characterizing the specificity of their physical development and 
determining the differences in the body stature and the individuals of both sexes. Object of the study are 
136 clinically healthy individuals (88 girls and 48 boys), students from different majors of the University 
of Plovdiv, at the average age of 20-21 years. The data of 9 basic somatometric indicators, 7 body pro
portions and indexes have been analyzed, as well as their distribution by categories according to the 
rubrics generally accepted in anthropology. Statistically significant intersexes differences were estab
lished according to all body length indicators, diameters and circumferences of body. More information 
about significant intersexes differentiation, provide the features for body weight and dimensions (abso
lute and relative) o f the upper body part.

Key words', anthropometry, proportions, categories, students.

Introduction

Human ontogenesis is a long and versatile process, which stages are characterized 
with processes different in their strength and nature. One of the external expressions 
of these features, are the body dimensions and proportions typical for a specific 
moment. Body measurements provide possibility the growth and development of in
dividuals throughout different age periods to be controlled [1, 3, 5], analysis of the 
social variants to be conducted [2, 3], the effectiveness of activities to be inspected, 
stimulating health and working capacity of population [4]. The purpose of the 
present study is to determine the somatometric status of young men and women, stu
dents from the city of Plovdiv by characterizing the specificity of their physical de
velopment and determining the differences in the body stature and the individuals of 
both sexes.
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Material and Methods

Object of the study are 136 clinically healthy individuals (88 girls and 48 boys), stu
dents from different majors of the University of Plovdiv, at the average age of 20-21 
years. A standard anthropometric instrumentarium had been used. The data of 9 
basic somatometric indicators, 7 body proportions and indexes have been analyzed, 
as well as their distribution by categories according to the rubrics generally accepted 
in anthropology. The data are statistically processed.The authenticity of the obtained 
results was checked by means of ANOVA — tukey test for independent extract of sig
nificance level p < 0,05.

Results

The average values of investigated features and their proportions of both sexes are 
presented in Table 1. The percentage distribution of the investigated students by cat-

T a b l e t .  Metrical data abaut the investigated features and their proportions
. Lengths and Body Weight

Features
Female students, 

«=88
Male

students, «=48 Difference ANOVA-Tukey HSD test
Mean / SD Mean / SD Absolute (cin) °/o

Stature, cm 162.85
6.30

178.02
6.39

15,17 8.52 0.000 *

Body weight, kg 57.06
9.30

77.97
13.14

20,91 26.82 0.000*

Trunk length, cm 47.43
2.80

53.30
3.15

5,87 11.01 0.000*

Lower extremity length 
(troh.), cm

82.81
4.46

89.76
4.63

6.95 7.74 0.000*

Chest Circumference and Body Diameters

Features
Female students, 

«=88
Male

students,
n=48

Difference ANOVA-Tukey HSD test

Mean / SD Mean / SD Absolute (cm) %

Chest ircumference- 
pause, cm

75.09
7.17

90.61
9.95

15.52 17.13 0.000*

Transversal chest 
diameter, cm

23.56
2.45

27.82
2.58

4.26 15.31 0.000*

Sagital chest diameter, 
cm

15.84
2.31

19.71
2.80

3.87 19.63 0.201

Biakromial diameter, cin 31.83
2.60

37.66
2.79

5.83 15.49 0.000*

Bicristal diameter, cm 26.38
2.60

28.61
2.71

2.23 7.79 0.000*

Body proportions, %

Proportions and indexes
Female students, 

«=88
Male

students, «=48 Difference ANOVA-Tukey HSD test
Mean / SD Mean / SD Absolute (cm) %

(TRL IS) x 100 29.34
2.11

29.93
1.25

0.59 1.97 0.120

( LEL / S) x 100 50.84
2.9

50.41
1.85

0.43 0.85 0.234

(CC/S) x 100 46.15
4.56

50.87
5.00

4.72 9.28 0.000*

(BAD/S) x 100 19.55
1.53

21.16
1.53

1.61 7.61 0.000*

( BCD / S) x 100 16.20
1.49

16.06
1.36

0.14 0.87 0.644

Abbreviations: Stature — S, Trunk length — TRL, Lower extremity length — LEL, Chest circumference 
— CC, Bicristal diameter — BCD, Biakromial diameter — BAD
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T a b l e  2. Distribution according to the proportion of the investigated features, %

1. Distribution according to the proportion of lower extremity‘s length- Brugsch’s rubrics
Categoty Male students Female students

n % n %
short x -50.4 

50.5 -  52.9 
53.0 - x

25 52.08 36 40.91
middle 16 33.34 47 53.41
long 7 14.58 5 5.68

2. Distribution accordin to the proportion of trunk length- Brugsch’s rubrics
Categoty Male students Female students

n % n %
short x - 27.9 

28.0 - 29.9 
30.0- x

3 6.25 21 23.86
middle 22 45.83 43 48.78
long 23 47.92 24 27.27

3. Distribution according to the proportion of Chest circumference-Brugsch’s rubrics
Categoty Male students Female students

n % n %
narrow x - 50.9 

51.0-55.9 
56.0 - x

25 52.08 77 87.5
middle 18 37.5 7 7.95
wide 5 10.42 4 4.55

4. Distribution according to the Biacromial diameter’s proportion -Brugsch’s rubrics
Categoty

Male
Male students

Fe
Female students

n % male n %
narrow x - 22.0 17 35.42 x -21.5 71 80.68
middle 22.1 -23 15 31.25 21.6-22.5 15 17.05
wide 23.1 - x 14 29.17 22.6 -x 2 2.27

5. Distribution according to the Bicristal diameter’s proportion-Brugsch’s rubrics
Categoty

Male
Male students

male
Female students

N % Ft N %
narrow x -16,5 34 70,83 x -17,5 77 87,5
middle 16,6 -17,5 9 18,75 17,6-18,5 5 5,68
wide 17,6 - x 5 10,42 18,6-x 6 6,82

Fig. 1. Distribution according to the Stature - Martin’s rubrics, %

egories according to generally accepted rubrics is presented in Table 2. The absolute 
values for stature, weight and lengths of body (trunks length and lower extremity 
length) are reliably higher among men. The percentage distribution of the individu
als of both sexes according to the rubrics generally accepted in Anthropology by 
Martin. R for the stature is presented in the Fig. 1.

The results show that the prevailing multitude of young men and women are 
individuals of high stature having height significantly over the middle one (54.54 % 
in young women and 50.00 % in young men). The average values of the proportions
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of trunk length and lower extremity length of both sexes are statistically insignificant. 
We established more essential differences in percentage distribution of the individu
als by categories.

Among the rubrics of Brugsh the prevailing part of men have short lower ex
tremities (52.08 %) and long (47.92 %) or middle trunk (45.83 %). The larger part of 
women has middle trunk (48.78 %) and middle lower extremity (53.41 % ).

The absolute values of chest circumference and diameters of body are reliably 
higher among men (excluding the sagital diameter). According to Brugsh’s rubrics 
the larger part of men has narrow chest and narrow pelvis. Regarding shoulder width 
the distribution is almost equal in the three of the categories — narrow, middle and 
wide shoulders. Among women the distribution of the larger part is in the following 
categories — narrow chest, narrow shoulders and narrow pelvis.

Generalize results of the our investigation we can indicate that they are in regu
lar and quite normal biological — all investigated somatometric features are with 
larger values in young men than young women. More interesting to us is to establish 
which of the investigated features the differences between two sexes are more clear. 
The results show (Fig. 2) that the young men and women differ significantly in their 
body weight and the features characterizing the proximal body part (shoulder width, 
chest circumference, transversal chest diameter) and differ not so significantly in the 
features characterizing the distal body part (pelvis) and the linear dimensions - trunk 
length, lower extremities length and their proportions.

Fig. 2. Degree of intersexual differences about the investigated features, %

Conclusions

1. A characteristics of the basic somatometric status of young men and women, stu
dents from Plovdiv University at the age 20-21 years was made. Statistically signifi
cant intersexes differences were established according to all body length indicators, 
diameters and circumferences of body excluding the sagital diameter. More informa
tion about significant intersexes differentiation, provide the features for body weight 
and dimensions (absolute and relative) of the upper body part.

2. Young men are with high and very high statute according to the standards of 
the European population, with shorter lower extremities and with middle to long 
trunk. In the body configuration there are combined: a narrow pelvis, proportionally 
smaller chest circumference with slight predominance of narrow and middle shoul
ders over the wide shoulders. Young women are tall in respect of the height accord
ing to the standards of the European population, with middle lower extremities and 
middle trunk according to the length. They are with narrow shoulders and a narrow 
pelvis.
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3. The general evaluation of physical development, body stature and propor
tionality of body made of Plovdiv students contributes for supplementing the total 
anthropometric characteristics of young men and women from Bulgarian population 
at the beginning of 21st century.
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The reaction force from the ground is called the ground reaction force (GRF). The GRF is important 
external force acting upon the human body in motion and we use this force as propulsion to initiate and 
to control our movements.

We have measured the GRF on the foot by using an insole system and evaluated the net forces acting 
on the foot during unobstructed level walking and stepping over obstacles with the opinion that rarely is 
the path of walking perfectly level and clear.

As a result, unobstructed level walking and stepping over obstacles data showed statistically sig
nificant differences particularly for Fmaxl and Tmaxl variables.

Key words-, kinetics, ground reaction force, level walking, obstacle.

Introduction

Walking is one of the most basic forms of human motion. The basic unit of walking 
is the gait cycle, which is typically recorded from the time one foot strikes the ground 
until that episode recurs and starts the next, repeating cycle [14].

Biomechanics is the study of normal mechanics (kinetics and kinematics) in the 
musculoskeletal system by analyzing forces and their effects on anatomical struc
tures. And kinetics studies the relationship between the forces acting on a body and 
the changes they produce in the motion of the body. Kinetics concentrates on the 
study of forces associated with motion using force plates, pressure platforms and/or 
inshoe sensors providing a direct description/orientation of foot posture. The basic 
principles of kinetics are Newton’s three laws of motion. Newton’s third law, the law 
of action and reaction (to every action there is an equal and opposite reaction), is 
very important for the study of gait and other aspects of biomechanics. This law re
lates the forces interacting between the foot and the floor as always being equal and 
opposite. In other words, the action to the ground is always accompanied by a reac
tion from it. The unit of force is Newton (N) that is defined as the force necessary to 
accelerate a mass of 1 kg by 1 ms'2. Forces in walking can be internal (such as muscle 
activity, ligamentous constraint or friction in muscles and joints) or external (such as 
ground reaction forces created from external loads) [1, 3, 9, 10, 12, 15].

The reaction force from the ground is called the ground reaction force (GRF). 
The GRF is important external force acting upon the human body in motion. We use
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this force as propulsion to initiate and to control our movements. The GRF is repre
sented by three perpendicular directions: forward, lateral and vertical. The GRF is 
counteracted and controlled by the function of the lower limb muscles which, in 
conjunction with the bones, joints and tendons of the foot, controls the kinetic pro
gression of foot with the ground [1, 14].

Rarely is the path of walking perfectly level and clear. Commonly, during walk
ing a person is confronted with a course consisting of obstacles of various heights, 
widths, depths and compositions like water, mud, drainage, sidewalks, stairs, door
steps etc.

We have measured the forces of ground reaction on the foot by using an insole 
system and evaluated the net forces acting on the foot during unobstructed level 
walking and stepping over obstacles.

Materials and Methods

Ten able-bodied young adult subjects (5 males — 5 females) aged between 19 and 24 
were taken place in this study. The Medical Ethical Committee of Trakya University 
Faculty of Medicine Hospital approved the study and the subjects signed an in
formed consent.

Subjects wore boot-like designed flat shoes of Zebris© with insole-mats inserted 
in them. Subjects were asked first to walk at their natural rhythm and then cross the 
obstacles which is 0 cm height from the ground (sticky tape) and 2 cm height (door
step), across the 8 m long gait laboratory walkway. They were not asked to restrict 
their movement, including arm swing. After a few trials of familiarization, the ground 
reaction forces were recorded from both sides by Zebris 3D Motion Analysis Sys
tem©. For each subject at least three individual trials were collected. This system has 
insole mats connected to an analog to digital converter by a cable adapter. Vertical 
GRF is sampled continuously at 60 Hz. Data converter was connected to a computer 
to enable the time versus force graphics to be seen while the subject was walking. 
Data from hind foot, middle foot, forefoot lateral side and forefoot medial side were 
recorded separately in the same steps. The hind foot is from 0% to 30%, midfoot is 
from 30% to 60% and forefoot is from 60% to 100% of the foot length. The forefoot 
divides equally into forefoot lateral and forefoot medial sides. Each of these foot 
areas are represented with a time versus force graphic in the report paper and it is 
possible to convert the data as a text file to process in a worksheet program. The 
maximum value of each kinetic curve was extracted for each subject’s leading limb 
(limb crossing the obstacle first) of selected step (Fig. 1).

1

Time

Fig. 1
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The force-time data were normalized to body weight in order to compare force 
magnitudes across subjects independent of body mass. Fmaxl - Tmaxl, Fmax2 — 
Tmax2, Fmax3 — Tmax3 and Fmax4 — Tmax4 variables are for the hind foot, 
midfoot, forefoot lateral side and forefoot medial side respectively (Fig. 2).

Descriptive statistics were calculated for accordance to normal distribution. It 
is tested with a One-Sample Kolmogorov — Smirnov test. The statistics were com
pared with the use of a one-way analysis of variance (ANOVA) and a post-hoc 
Bonferroni t test. ANOVA was used to see if there are differences between level walk
ing, stepping over 0 cm and stepping over a doorstep. Bonferroni t test was used for 
evaluation of differences between the walks. Significance level was set at p < 0.05.

Results

All subjects adapted their gait easily and naturally to the obstacles. None of them 
showed any difficulties in performing the task. Unobstructed level walking, stepping 
over 0 cm and stepping over a doorstep data showed statistically significant differ
ences particularly for Fmaxl and Tmaxl variables (Table 1).

Fmaxl and Tmaxl values were significantly different between unobstructed 
level walking and crossing over the doorstep (p=0.030 for Fmax 1 values and 
/j=0.000 for Tmaxl values). Also, Tmaxl values between unobstructed level walking 
and crossing over 0 cm obstacle was significantly different (p=0.035<0.05). There 
was no significant difference in other force and time values between the tests.

Discussion and Conclusion

In this basic study about human gait analysis, we see that different conditions affect 
gait. According to the results; in crossing over the doorstep, the GRF on the hind 
foot region increases and the time needed to reach maximum GRF shortens accord-

T a b l e t .  Differences of time and force values between unobstructed level walking, crossing over 0 cm 
and crossing over the doorstep. The units are “N/kg” for force and “ms” for time.
(Statistically significant differences are marked in bold, p<0.05)

Test Fmaxl±SD Tmaxl±SD Fmax2±SD Tmax2±SD Fmax3±SD Tmax3±SD Fmax4±SD Tmax4±SD

Level
Walking

5.05±0.71 0.20*0.04 1.06±0.33 0.43*0.13 2.82*0.94 0.62*0.60 2.69*0.81 0.65*0.49

0 cm 5.47±0.93 0.16*0.05 1.13±0.44 0.35*0.14 3.07*1.27 0.62*0.89 2.49*1.17 0.64*0.08

Doorstep 5.79±0.84 0.14±0.04 1.11*0.04 0.36*0.14 2.91*1.06 0.62*0.05 2.72*1.01 0.63*0.06
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ing to unobstructed level walking. Also, in crossing over the doorstep maximum 
GRF time shortens according to crossing over a 0 cm obstacle. In normal human 
gait, foot’s first contact surface with the ground is the heel which is named as “initial 
contact” in gait terminology. So we can say, the heel of the leading foot exerted 
greater force during the initial contact phase, and the time to reach the maximum 
point of this force shortens in obstacle crossing. These findings are consistent with 
earlier literature [2, 4-8, 11, 13, 16].

The foot is critical to an understanding of the mechanics of gait, as the foot of
ten affects the normal motion pattern of the entire lower extremity. Alterations of 
normal foot mechanics can adversely influence the normal functions of the ankle, 
knee, hip and even the back. Measurement of GRF can be used to assess the loads to 
which the human body is subjected in normal activities like walking, stepping over 
obstacles, stair ascent and descent, running, sports etc. Measurement of GRF with 
insole systems is useful and advantageous because there is no constraint on foot 
placement and it is possible to measure several consecutive strides during gait and it 
provides detailed information specific to each region of the foot sole.
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Due to the gravity, we constantly maintain contact with the ground, and in this process, interactions 
occur between the body and the ground. According to Newton’s 3rd Law of Motion (Law of Reaction), 
for every action, there is an equal and opposite reaction. The reaction force exerted to the body by 
ground is specifically called the ground reaction force (GRF). Measuring the GRF with insole mats is 
more useful and objective than the force platforms. In this method, it is possible to get data from more 
than one step in one single trial.

Our purpose in this study was to demonstrate the gait graphics taken from some daily activities 
and to evaluate the GRF during stair ascent and descent.

The data taken from the measurements of 10 subjects’ (5 males, 5 females) stair ascent and des
cent were analyzed and discussed.

Key words-, ground reaction force, stair ascent, descent.

Introduction

Walking is one of the complex movements of human and its basic component is gait. 
In last twenty years, gait analysis has become a method of diagnosis and follow up 
for patients with gait disorders. In the meantime, gait analysis has developed with 
kinematics and kinetics. Kinematics means the science of movement. In this kind of 
analysis you can measure positions, velocities, and accelerations of body segments. 
In another words, angular displacements of the joints can be measured. In kinetic 
analysis, force measurements are possible. According to Newton’s 3rd Law of Motion 
(Law of Reaction), for every action, there is an equal and opposite reaction. When a 
human body is contact with the ground, a force is exerted to the body as a reaction 
by the ground. Due to the gravity, we constantly maintain contact with the ground, 
and in this process, interactions occur between the body and the ground. The reac
tion force supplied by the ground is specifically called the ground reaction force (GRF), 
which is basically the reaction to the force the body exerts on the ground [1,5]. The GRF 
along with the weight, is an important external force. When a person stands still, this 
ground reaction force is equal to the person’s mass multiplied by the gravitational 
acceleration (F = m.g). For a typical person of 80 kg weight, this reaction will be (80 
x 10) 800 N. GRF has three component vectors in vertical, medial-lateral and ante-

185



rior-posterior planes. Vertical force is generated by the vertical acceleration of the 
body and is of highest magnitude. The GRF is commonly measured by force-plat
forms and insole mats. Force platforms are more common in movement laborato
ries but they have some disadvantages that patients must target the platform and they 
have to place the foot only once in one trial. Otherwise, it is hard to get clear data. 
The second method is the insole mats, which can be set into a shoe or a booty-like 
shoe. In measurement of GRF with insole systems, there is no constraint on foot 
placement and it is possible to measure several consecutive strides during gait and it 
provides detailed information specific to each region of the foot sole. So, it is more 
objective than the force platforms.

In this study, our purpose is to demonstrate the gait graphics taken from some 
daily activities and to evaluate the GRF during stair ascent and descent.

Materials and Methods

Five males (mean age 20.4 ± 2.1 yr; mean mass 73.6 ± 8.7 kg) and five females (mean 
age 19.8 ± 0.8 yr; mean mass 54.2 ± 4.4 kg) were informed about the procedure and 
accepted to participate in this study. They were all right-handed. Subjects wore boot
like designed flat shoes of Zebris© with insole-mats inserted in it and were required 
to ascend and then descend the 4 steps stair model at natural speed. After a few tri
als of familiarization, the ground reaction forces were recorded from both sides by 
Zebris 3D Motion Analysis System©. This system has insole mats connected to an 
analog digital converter by a cable adaptor. Its sampling rate was 60 Hz. Data con
verter was connected to a PC to enable the time versus force graphics to be seen 
while the subject was walking. Data from heel (1), midfoot (2), forefoot lateral side 
(3), and forefoot medial side (4) were recorded separately in the same steps. The heel 
was from 0% to 30% and midfoot from 30% to 60% to foot length. The forefoot was 
from 60% to 100% and this part was divided into the lateral and medial forefoot re
gions equally. Each of these areas is represented with a time versus force graphic in 
the report paper. The peak forces (Fmaxl, Fmax2, Fmax3, and Fmax4) are the maxi
mum force values normalized by dividing with body weight in each corresponding 
area. The time between reaching the peak force and initial contact in each corre
sponding area (Tmaxl, Tmax2, Tmax3, and Tmax4) were recorded for every step on 
stairs in milliseconds (ms).

In statistical analysis, Man - Whitney U test was applied for gender differences. 
And Kruskal — Wallis test was applied to test the differences between the steps.

Results

The mean fmax and tmax values of all steps during stair ascent and descent were 
given in table 1 and table 2 (Tables 1, 2). And in Table 3, mean values of fmax and 
tmax for all 40 steps were presented (Table 3). The differences between the stair as
cent and descent were found for Fmaxl, Tmaxl, Fmax2, Tmax2, Tmax3 and Tmax4 
values. In this comparison we did not find any differences in between Fmax3 and 
Fmax 4 values. Again, during stair ascent only Fmax3 values were different (p<0,05) 
and during stair descent Tmax3 and Tmax4 values were different (p<0,05).
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T a b l e  1. Mean values of fmax and tmax for all areas and for both sex during stair ascent. 
Tmax2 in step I and fmax2, tmax2, and fmax3 in step II differs (p<0,05)

Step 1 SteplI Steplll StepIV

sex n mean std mean std mean std mean std
ftnaxl f 5 4.95 1.68 4.01 0.96 3.96 1.21 3.17 1.58

m 5 3.08 2.06 4.27 2.74 2.82 2.11 2.21 1.44
tmaxl f 5 0.27 0.09 0.23 0.14 0.25 0.16 0.4 0.22

m 5 0.17 0.05 0.22 0.14 0.29 0.19 0.31 1.23
fmax2 f 5 1.22 0.4 1.41 0.50 0.91 0.50 1.05 0.36

m 5 0.8 0.56 0.66 0.23 0.85 0.55 0.72 0.50
tmax2 f 5 0.67 0.18 0.55 0.24 0.55 0.20 0.59 0.28

m 5 0.31 0.15 0.29 0.15 0.21 0.03 0.54 0.22
ftnax3 f 5 3.13 1.02 3.50 1.26 2.59 0.90 2.09 1.35

m 5 2.39 0.66 1.89 .95 1.71 0.79 0.93 0.83
tmax3 f 5 0.8 0.22 0.70 0.21 0.68 0.24 0.66 0.24

m 5 0.56 0.19 0.58 0.12 0.55 0.23 0.63 0.30
fmax4 f 5 1.87 0.69 2.53 1.33 2.27 0.96 2.62 1.37

m 5 1.96 0.86 2.25 1.06 2.34 1.20 1.28 0.61
tmax4 f 5 0.73. 0.19 0.62 0.28 0.64 0.20 0.51 0.19

m 5 0.59 0.17 0.51 0.27 0.56 0.24 0.37 0.31

T a b l e  2. Mean values of fmax and tmax for all areas and for both sex during stair descent, 
there are no statistically differences between female and male data

Stepl Step II Ste rill StepIV
sex n mean std mean std mean std mean std

ftnaxl f 5 2.43 0.78 3.05 1.29 2.74 2.31 1.82 1.21
m 5 1.90 1.35 2.50 2.14 1.45 1.42 1.69 1.40

tmaxl f 5 0.14 0.05 0.17 0.10 0.14 0.03 0,18 0.16
m 5 0.18 0.07 0.18 0.05 0.16 0.04 0.23 0.20

fmax2 f 5 1.28 0.58 1.55 0.44 1.11 0.51 1.47 0.51
m 5 0.86 0.39 1.47 0.93 1.07 0.44 1.31 0.96

tmax2 f 5 0.13 0.03 0.11 0.03 0.18 0.13 0.11 0.02
m 5 0.19 0.05 0.14 0.04 0.15 0.34 0.17 0.15

fmax3 f 5 2.11 0.82 2.56 0.93 2.40 0.59 2.74 0.75
m 5 2.12 0.72 2.30 0.69 2.66 0.40 2.05 0.76

tmax3 f 5 0.38 0.24 0.19 0.17 0.19 0.28 0.15 0.21
m 5 0.37 0.24 0.26 0.29 0.22 0.25 0.07 0.04

fmax4 f 5 2.47 0.42 2.80 1.44 2.69 0.73 2.51 1.71
m 5 3.08 1.04 3.01 1.01 3.12 1.36 1.62 0.48

tmax4 f 5 0.59 0.11 0.33 0.24 0.27 0.28 0.15 0.04
m 5 0.56 0.23 0.32 0.28 0.38 0.26 0.16 0.15

T a b l e  3. Mean values of fmax and tmax for all areas and for all steps
During n Mean Std

fmaxl ' ascent 40 3.56 1.84
descent 40 2.20 1.51

tmaxl ascent 40 0.27 0.15
descent 40 0.17 0.1

fmax2 ascent 40 0.95 0.49
descent 40 1.27 0.61

tmax2 ascent 40 0.46 0.24
descent 40 0.15 0.07

fmax3 ascent 40 2.28 1.19
descent 40 2.37 0.7
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Продължение на табл. 3
tmax3 ascent 40 0.65 0.22

descent 40 0.23 0.23
fmax4 ascent 40 2.14 1

descent 40 2.55 1.1
tmax4 ascent 40 0.57 0.24

descent 40 0.35 0.25

Discussion and Conclusion

There are statistically differences of Tmax2 values in step 1 and Fmax2, Tmax2, 
Fmax3 values in step 2 between female and male subjects. There are no differences 
in all other data. As a conclusion, kinetic characteristics of men and women gait 
according to GRF are similar to each other. As expected, most of the values are dif
ferent between stair ascent and descent [2, 3]. Because, during ascent, the gait starts 
with the heel contact, then continues with midfoot and forefoot. But during stair 
descent, it starts with the forefoot and continues with midfoot and heel.

Comparing the steps gives more evidence for the neuromuscular control of the 
gait and the characteristics of exceeding an obstacle [4, 7]. In our study we used a 
wooden model of standard home stairs including 4 steps. The surfaces of the steps 
are natural and not slippery. It is seen that, while subjects ascend the stairs, the 
fmaxl values tend to decrease from 1st step to 4th step. This means heel contact is 
getting slighter as the subjects repeat the movement. In another words, contractions 
of the muscles which provide the stability of body against GRF during the contacts 
with the ground were regulated in optimum level. This is one of the most important 
components of gait control. In a neuromuscular problem such as diabetes mellitus 
or neuropathies, it would be difficult to resist the GRF and regulate the muscle con
tractions especially for the braking mechanism in gait. Beside this, it is also known 
that the peak forces are higher in climbing an obstacle than level walking [6].

If we compare all the steps during ascent and descent together, it is seen that Fmaxl 
is the highest and then Fmax3, Fmax4 and Fmax2 are in sequence. It means that, the 
highest force is exerted on the heel, then in sequence, on the lateral forefoot, medial fore
foot and midfoot. These results are also same with the level walking.
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In this study, we tried to examine the body proportions of Turkish women according to the artistic 
anatomy and how the change of lengths of the parts that form the body effect the body height.

495 female students with a 20,7 mean age participated in our study. They had no orthopaedic and 
physical defect and were being educated in Trakya University Medical Faculty. The Harpenden anthro- 
pometer was used in measurements. The distances, mean values, standard deviations, proportions to 
body height and correlation coefficients in our study are these respectively: 1) Basion-vertex (body 
height): 159.86cm ± 4.97, 2) Basion-gnathion: 136.25cm ±  4.39, %84.20, 0.89, 3) Basion-acromiale: 
130.92cm + 4.4 %80.95, 0.81, 4) Basion-suprasternale: 127.50 ±  3.30, %79.83, 0.81, 5) Basion-thelion: 
112.08 ±  4,44, %56.14, 0.8, 6) Basion-omphalion: 94.08cm ± 3.03, %59.56, 0.80, 7) Basion-iliospinale: 
87.40cm ± 2.85, %55.77 0.75, 8) Basion-trochanterion: 79.58cm ±  1.59, %50.59, 0.67, 9) Basion-sym- 
physion: 77cm ±  3.21, %50.02, 0.67, 10) Basion-gluteale; 67.50cm ±  2.81, %44.62, 0.67, 11) Basion- 
dactylion: 60.58cm ± 1.69, %37.94, 0.55, 12) Basion-tibiale: 41.08cm ±  2.71, %24.77, 0.45, 13) Basion- 
sphyrion: 7.83cm ±  0.62, %4.80, 0.28.

Key words: Artistic anatomy, anthropology, proportion.

Introduction

Artistic anatomy is a subspecialty of anatomy which, through all works of art, aims 
at describing the movement and shape of human body, placing its different parts 
correctly and exploring the ways of describing the changes caused by movements at 
the best, by utilizing various proportion and separation plans [1, 9, 12].

Within 5000 years’ time, artists have examined the human body, which has been 
a subject for their works, from a geometrical perspective and have come to realize 
that there are various proportions between the parts of the body. Later on, they 
have standardized these proportions and tried to set the rules that they would use 
in their own works of art. Since the early ages, these proportions introduced by the 
scientists and artists have been called “CANON”, and the unit measurement of 
each canon has been called “module”. In many canons, parts of the body such as 
the length of the foot, the head, the face, the 3rd finger of the hand have been used 
as modules.
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The oldest and the most important studies unifying the art and the anatomy, 
were conducted by Leonardo Da Vinci, while in the scientific sense, it was French 
anatomist Dr. Paul Richer who handled these studies. Dr. Richer presented his fin
dings in his book “Anatomie Artistique”. Besides, he is noteworthy for his researches 
on the women’s body [2, 4, 6, 8, 9, 11].

In this study, we have aimed at examining the body proportions of Turkish 
women in terms of artistic anatomy and in what amount the change in the lengths 
of the parts forming the body effects the height of a person.

Material and Methods

Our study has been carried out on 495 female students, studying at the Faculty of Medi
cine, Trakya University, whose mean age is 20,7, with no orthopaedic and physical dis
abilities. Harpenden anthropometer was used in measurements. Measurements and find
ings have been listed by women assistants in tables prepared beforehand.

We have utilized the anthropological landmarks in the measurements providing 
the basis for our study. However, for some of the height measurements, we have used 
surface anatomy landmaks which are not utilized in anthropology, but preferred in 
plastic anatomy. In normal anatomic position, the distance between the foot basis 
and anthropological points has been measured (Fig. 1):

190



Vertex: In anatomic position, its the highest point of the head.
Gnathion: The midline point of the bottom edge of Mandibula.
Acromiale: The point matching Angulus acromii.
Suprasternale: Midpoint of incisura jugularis sterni.
Thelion: Midpoint of Papilla mammae.
Omphalion: Upper midpoint of the navel.
Iliospinale: The point matching Spina iliaca anterior superior.
Trochanterion: The highest and the most lateral point of Trochanter major. 
Symphysion: The highest point of Symphysis pubis.
Gluteale: Midpoint of Plica glutealis.
Dactylion: Matches the tip of the longest finger.
Tibiale: The highest point of Condylus medialis tibae.
Sphyrion: The lowest point of Malleolus medialis [5, 7].

Results

After recording the measurements of 495 female students with a mean age of 20,7 in 
the forms prepared beforehand, we have calculated, for each distance, the arith
metic average of the group, standard deviations, their ratios to the stature and their 
correlation quotients. We have shown the results in table 1.

T a b l e  1. In our research, the height of women, on whom measurements have been made, 
the standard deviation, their rate to the height and the correlation quotients have been shown

Measure's Measured values (cm) SD(±) The proportion to body height 
(%)

Correlation (r)

Basion-vcrtex 159.86 4.97

Basion-gnathion 136.25 4.39 84.2 0.89

Basion-acromialc 130.92 4.42 80.95 0.81

Basion-suprastemalc 127.5 3.3 79.93 0.81

Basion- thelion 112.08 4.44 70.11 0.83

Basion-omphalion 94.08 3.03 59.56 0.8

Basion-iliospinale 87.4 2.85 55.77 0.75

Basion-trochanterion 79.58 1.59 50.59 0.67

Basion-symphysion 77 3.21 50.02 0.67

Basion-gluteale 67.5 2.81 44.62 0.68

Basion-dactylion 60.58 1.69 37.94 0.55

Basion-tibiale 41.08 2.71 24.77 0.45

Basion-sphyrion 7.83 0.62 4.8 0.28

Discussion

Since every individual has a different body type, it is inevitable that the anthropomet
ric measurements yield different results. The reason to this is that socioeconomic 
conditions such as the place where a person lives, his life style and eating habits have
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T a b l e  2. D ata of the other researchers (cm)

Measure’s
I n an, A. [12], 

«=20263 Y i 1 d i z, Z. et al. [7]. Kahraman,G.e t  al. [8].
Mean value of age, 22-35, «=100 Mean value of age, 20-35, «=200

Basion-vertex 152.2 161.79 162.64

Basion-gnathion 141.57

Basion-trochanterion 82.54
—

an impact on the growth period. Consequently, this fact should not be neglected 
when comparing the data acquired through measurements.

In our study, 495 female student with a mean age of 20.7 have been involved and 
their average height has been found to be 159.86 cm. When we compare this result to 
the previous researches on women, a parallelism in the results of Yildiz et al. and 
Kahraman et al. demonstrated; it is much more than the height that A. Inan tested in 
1937 with 20263 women. We assume that the reason Kahraman and his friends found 
longer distances than our data represents the reason for the the difference in height 
that creates a disadvantage for other researchers [3, 4, 11].

The focus of our study is the effect of some parameters on height. Given this 
assumption, we have examined the correlation between the average values of some 
body parts and the average height. As a results of the correlation analysis, we have 
found that the parts that affect the height most are gnathion, acromion, supraster- 
nale, mamillare, omphalion, iliospinale.

A correlation between the height and sphyrion, %4,80 of the average height and tibiale 
length, %24,77 of the average height does not exist. There is a medium correlation between the 
height and trochanterion and symphysion bony landmarks (for trochanterion r = 0,67, for 
symphysion r=0,67) which are the other points of lower extremity. This shows that on the stat
ure, thigh of the lower extremity is more important than leg.

In the landmarks on the upper body (omphalion, mamillare, suprasternale and 
acromiale), the correlation increases when moving towards the top. These results 
show that on the stature, axial skeleton system plays a more important role.

The correlation of the gnathion height which is % 84,20 of the stature is of the 
greatest degree with 0,89.

In conclusion, the average stature of Turkish women today, increases much 
more rapidly compared to the past, contributed the most by the upper body, and a 
little bit less by thigh distances. In appearance, Turkish women have short legs and 
long upper bodies.
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2,106 girls and 2,169 boys from 7 to 17 were investigated in 2002-2004 in three urban settlements of the 
Saratov region: the town of Khvalynsk, and the cities of Saratov and Balakovo. The whole area, particu
larly the location of Khvalynsk, is characterized by iodine deficiency. The program included about 30 
anthropometric measurements, evaluation of developmental stages of secondary sexual characteristics, 
and information on menarcheal age by the status quo method. For the analysis all data were standard
ized, and further comparisons were made irrespective of age groups. The significance of differences was 
assessed by one-way ANOVA. The Khvalynsk children are the smallest in body height and weight with 
the age of menarche for girls being 13 years 5 months. In Balakovo and Saratov the corresponding fi
gures were identical: 13 years 2 months. Secular changes in Khvalynsk and Saratov children are dis
cussed as compared to the literature.

Key words: ecology, growth and development, Russian children, environmental adaptation, secu
lar trend.

Introduction

The growth process is determined by interactions of endogenous genetical factors (so 
called “determinants”), endogenous paragenetic factors (“stimulators”) and exo
genous environmental factors — “modificators” [3]. In this last group the following 
factors could be named: biogeographical (climate, seasonality, etc) social-economic 
(parental education and professional qualification, income, socioeconomic family 
status, living conditions, etc), psychological, anthropogenic and others [7].

One of the powerful natural factors influencing the processes of growth and de
velopment is the content of iodine in the environment. It affects growth via thyroid 
hormones. Approximately 1.5 billion people on our planet are affected by this con
dition [1]. Iodine deficiency causes the enlargement of the thyroid gland (goiter), the 
impairment of its functioning, deterioration of physical and mental health and de
velopment of serious diseases.

In Russia huge territories are characterized by iodine deficiency. One such ter
ritory is the Saratov oblast (region). In the soil of this area, particularly in Khvalynsk 
rayon, iodine levels are significantly low: 0.78 mkg/kg ± 0.32 versus normal values of 
5-7 mkg/kg [5]. There is a deficit of other trace elements, such as Cu, Co, Zn with 
additional effects on thyroid deficiency.
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Materials and Methods

The data were collected in 2002-2004. 2,106 girls and 2,169 boys from 7 to 17 were 
investigated cross-sectionally in three urban settlements of the Saratov region diffe
ring in the degree of iodine deficiency and in socio-economic development. The town 
of Khvalynsk (group 1) has only 15,000 inhabitants, does not have any industries and 
is very close to rural areas judging by the lifestyle of the population. One of the im
portant characteristics of this area is the high degree of iodine deficiency. The me
dian of ioduria in children of prepubertal age is 24 mkg/1 [10].

In the cities of Balakovo (group 2) and Saratov (group 3) the same indicators 
are correspondingly 42.9 and 32.4 mkg/1, which can be considered a moderate iodine 
deficiency [10]. At the same time, the three localities differ in their degree of urban
ization and industrialization: the city of Balakovo, population 220,000, is highly in
dustrialized and has a nuclear power station; the city of Saratov, population around 
1,000,000, is the regional capital and is highly industrialized. About 78 % of all in
vestigated subjects were Russians; 4 % were Ukranians and Byelorussians; 86 % were 
born in the geographical localities where they were studied.

Anthropometric program included a large number of anthropometric measure
ments taken according to the standard techniques [6,4]. The children were measured 
during or immediately after school-hours; an age group consisted of children whose 
age falls within the interval ±  6 months of the whole year (e.g., 7-year olds: from 6.5 
to 7.49, etc.).

The body mass index (BMI) of the studied subjects was calculated as weight (kg) 
divided by height (m)2.

Besides anthropometric measurements, stages of secondary sexual characteris
tics were assessed. Breast development, axillary and pubic hair for girls; age at me- 
narche was evaluated by the status quo method. Voice mutation, nipple enlargement, 
axillary and pubic hair and a number of other indicators were assessed for boys.

The questionnaire contained information on parental profession and education, 
family income, number of children in the family, birth order, birth weight and length 
of the individual investigated. ■

To follow secular changes, literary data from the 1920s, 1950s and 1960s were used.
Statistics'. The data obtained were standardized and Z-scores were calculated. 

The significance of differences was assessed by a Scheffe test (one-way ANOVA). 
Principal component analysis, canonical analysis was used. Data analysis was con
ducted with Statistica 6 software. For the secondary sexual characteristics, the me
dian age of their development was calculated from accumulated frequencies graphs.

Results

Khvalynsk children, both boys and girls, were smaller in stature and weight if com
pared to their peers from the two bigger cities. However in chest circumference they 
are either bigger (boys) or equal (girls). In BMI Saratov children are ahead of their 
counterparts from Khvalynsk and Balakovo in prepubertal age but in later ages have 
the same or even smaller mean values.

In such measurement as leg length, the children in Khvalynsk are the shortest: 
e.g., in 17-year-old males of Khvalynsk, Balakovo and Saratov the corresponding 
mean values are 94.71, 96.05 and 96.61 cm; in females — 85.76, 89.76 and 87.72 cm. 
During the whole growth period the children of Khvalynsk have smaller values of 
biacromial and bigger values of biiliac diameter, though the differences are not sta
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tistically significant. Interpopulation comparison of skinfold thickness in boys shows 
a clear gradient of increasing their values in the order Khvalynsk-Balakovo-Saratov. 
Among girls, Balakovo females at certain ages and for certain skinfolds (subscapu
lar, triceps) exceed their counterparts from the two other localities.

In skinfold thickness there is a definite decrease of values in the boys and girls 
of Khvalynsk; the level of significance varies for different skinfolds from p<0.001 to 
p<0.02. In Balakovo girls the values of biceps and forearm skinfolds are lower than 
in their counterparts from Saratov (p<0.001).

Thus, it can be concluded that the degree of differences between the three 
groups studied varies: the children from Balakovo in some traits are close to their 
peers from Khvalynsk, and in some other traits to those of Saratov. There are also 
some gender differences in variations of growth parameters.

Besides morphological parameters, characteristics of sexual maturation were 
also studied. Khvalynsk children of both sexes are characterized with the highest 
values of those indices, i.e. with a delayed process of sexual maturation. For 
Balakovo children there are trends of both later and earlier maturation, depending 
on the gender of the children. Balakovo boys have an intermediate position in terms 
of sexual maturation between the other two groups; while girls for some characteris
tics display even earlier ages than the girls of Saratov. The major marker of sexual 
maturation — age at menarche — is the same for the girls studied in Balakovo and 
Saratov (13 years 2 months) and 3 months later in Khvalynsk (13 years 5 months).

Discussion

The results show that the children of Khvalynsk and Saratov are clearly differenti
ated from each other. Balakovo children in some way are closer to the Khvalynsk 
group. This is rather unexpected as both Balakovo and Saratov are big cities and one 
could expect a similarity in the parameters of children’s growth.

In terms of iodine deficiency, Khvalynsk is the town most severely affected by 
this adverse factor, while both Balakovo and Saratov are characterized with only a 
moderate degree of iodine deficiency.

Observed variations can also be explained by socio-economic differences in the 
three populations. Though Khvalynsk is a local district center, in terms of urbaniza
tion and economic development it is much less advanced than Balakovo or Saratov. 
The number of families where parents have a higher education is much lower here, 
while the number of families with several children is higher. At the same time, in 
Khvalynsk- there is a high level of parental unemployment and mortality.

Balakovo is a relatively young city; its development was closely connected with 
the construction of a nuclear power station and its functioning. That is why about 40 
years ago the city became a center of local migration from adjacent rural areas. We 
think that this might be one of the reasons why the children of Balakovo are in some 
ways closer to their peers from Khvalynsk than those from Saratov. It may also ex
plain why we did not find the usual gradient of increase of body parameters parallel 
to the population increase.

Saratov is a large industrial city with a population almost equal to 1,000,000. It 
is a city with a long and important history. In the early 20th century, long before the 
revolution of 1917, it was one of the most developed cities of the Russian Empire, a 
center of trade and industry, of highly developed agriculture.

According to our results, it is characterized by the largest values of growth pa
rameters in children and adolescents and stability of population structure.
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Because the children of Saratov were measured several times during the 20th 
century we were able to compare our results with historical data [11].

While stature was increasing during those years, such traits as weight, chest cir
cumference and BMI are characterized by negative changes, which are more clearly 
expressed in girls of older ages. At the same time, girls are also characterized by 
negative changes in such traits as pelvic breadth.

These results coincide with those obtained early for a young Moscow genera
tion. It was shown that there were important changes towards more leptosomic (from 
Greek leptos — narrow, soma — body) morphotypes in young males and females liv
ing in Moscow [8, 2].

In sexual maturation there were typical changes towards early ages from 1929 
to 2004. Thus, the median menarcheal age has changed from 14 years 5 months in 
1929 to 13 years 5 months in 1959, and 13 years 2 months in 2004.

For Khvalynsk children it was possible to follow certain secular changes com
paring the results of the present study with the data by K a k o r i n a  and 
T c h e p l y a g i n a [ 9 ]  who examined Khvalynsk children in 1991. For the past de
cade there were some negative changes in body dimensions both for boys and girls. 
Even stature decreased significantly for an 11-year period: from 163.7 to 160.85 cm 
for 15-year-old girls, and froml69.4 to 166.28 for 15-year-old boys. The reason for 
such a decrease may be the negative socio-economic changes in Khvalinsk after 
“perestroika”.
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The presented results are a part of a large anthropological study on schoolchildren aged 7-17 from Sofia. 
The age-dependent of five basic dimensions and four indices characterizing the cerebral part o f the head 
have been followed up. 3640 individual measurements — 1787 for the boys and 1853 for the girls have 
been taken. A differing type of growth of the basic head sizes in both sexes has been recorded. Even as 
early as the age of 7 years the sexual differences are clearly expressed in all head features. A tendency 
towards debrachycephalization has been detected.

Key words’, cerebral part o f the head, growth velocity, sexual differences, secular changes, 
debrachycephalization.

Introduction

Head size growth is closely linked to brain development. Human brain starting from 
its embryonic development surpasses the development of the other organs. In new
borns the human brain represents 25% of its weight in adults, while in children at 10 
years of age it is 95% [4]. Due to this fact the skull reaches final values much earlier 
than the other parts of the skeleton. The brain part is thus formed earlier than the 
facial one. In accordance with that the cerebral part sizes of the head as opposed to 
that of the facial cranium are expected to reach the values of the adult individuals 
earlier. The aim of the present study is to trace the dynamics of the changes in the 
basic dimensions and proportions of the cerebral part of the head between ages 7 and 
17, to register the growth velocity of the features under study, to asses the sexual dif
ferences and to look for secular changes in the studied features at the end of the past 
century and at the beginning of the present century.

Material and Methods

Schoolchildren from 5 Sofia schools aged from 7 to 17 years were the subject of an 
in-detail anthropological study. A total of 3640 individual measurements — 1787 for 
the boys and 1853 for the girls during the period from 1993 to 2001 were carried out
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after the classical method [1]. The changes in five basic sizes and four indices of the 
head combined in the age groups 7-9, 9-11, 11-13, 13-15 and 15-17 years were fol
lowed up and analyzed (Tables 1,2). The growth velocity of the features under study 
is calculated after the formula (X2—X1)*100/(X2+X1), where XI is the mean value 
from the preceding year and X2 — that from the next year of the study. The statisti
cal significance of the sexual differences is checked by the Student’s-criterion 
(P<0.05). They are quantitatively estimated by the help of the relative index of sexual 
differences (ISD) expressed in index units (IU) and is calculated after the formula 
2*(Xi-Xj)* 100/(Xi+Xa) [5].

Results and Discussion

The boys at the age between 7 and 13 years and only the 7-year-old girls are with a 
medium length of the head. After this age the heads are long. Between the ages of 7 
through 17 both sexes display narrow heads (Table 1). According to the data on the 
head index both sexes are mesocephal. The transversal fronto-parietal index defines 
the boys in all age groups as mesometop. Only the girls between the 7 and 13 years of 
age belong to that category. After that age they are hypermesometop. According to 
the long-height index of the head both sexes in all age groups are hypsicephal. The 
wide-height index defines both sexes between the ages of 7 to 17 as metriocephal. 
Between the ages 15 and 17 years the boys are akrocephal and the girls remain at the 
metriocephal-acrocephal border (Table 2). The sexual differences are most clearly 
expressed in all head features studied as early as the age of 7 years (P<0.05). It has

T a b l e  1. Age changes in the basic head measurements

Feature Age Boys Girls ISD
(years) n X SD n X SD

es

7 182 179.01 6.13 178 174.93 5.87 6.45 2.30
9 189 181.78 6.16 182 177.30 5.65 7.30 2.50

Head length 11 183 182.60 6.20 205 178.49 5.83 6.70 2.28
13 166 183.92 6.03 186 180.64 5.36 5.37 1.80
15 124 187.38 6.62 138 181.70 6.03 7.23 3.08
17 118 189.75 6.46 138 180.67 6.53 11.15 4.90

7 182 141.78 5.38 178 137.06 4.44 9.09 3.38
9 189 144.40 5.06 182 140.09 4.56 8.62 3.03

Head breadth 11 183 144.91 4.92 205 140.42 4.76 9.11 3.15
13 166 145.43 5.10 186 141.59 4.76 7.28 2.68
15 124 145.96 5.41 138 141.33 5.15 7.08 3.22
17 118 147.48 5.25 138 141.74 4.66 9.18 3.97

7 182 100.68 3.67 178 98.65 3.38 5.46 2.04
9 189 103.37 3.76 182 101.28 3.38 5.64 2.04

Frontal breadth 11 183 104.39 3.89 205 102.83 3.51 4.13 1.51
13 166 106.22 3.90 186 105.08 3.68 2.81 1.08
15 124 108.07 4.18 138 106.14 3.72 3.93 1.80
17 118 109.71 3.88 138 106.29 3.60 7.27 3.17

7 182 118.29 6.39 178 113.58 6.70 6.82 4.06
9 189 121.18 6.93 183 115.35 7.08 8.02 4.93

Auricular head height 11
13

183
166

120.03
118.87

9.13
8.28

205
184

115.05
113.71

6.86
7.48

6.02
6.09

4.24
4.44

15 ‘ 124 126.32 10.49 138 120.15 8.34 5.23 5.01
17 118 129.43 8.95 136 120.15 7.00 9.10 7.44

7 182 526.25 14.82 178 516.65 12.89 6.56 1.84
9 189 536.40 14.02 182 528.25 12.77 5.86 1.53

Head circumference 11
13

183
166

541.82
549.02

14.44
15.62

205
186

538.09
549.03

15.18
14.97

2.48
0.01

0.69
0.00

15 124 562.01 17.71 138 553.15 15.30 4.30 1.59
17 118 571.03 15.91 138 554.30 15.87 8.33 2.97
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T a b l e  2. Age changes in the basic head indices

Feature Age Boys Girls
(years) n X SD n X SD

7 182 79.29 4.01 178 78.43 3.53
9 189 79.52 3.89 182 79.09 3.56

Head index
11 183 79.46 3.92 205 78.75 3.62
13 166 79.16 3.75 186 78.44 3.31
15 124 77.98 3.76 138 77.87 3.84
17 . 118 77.81 3.72 138 78.54 3.70

7 182 71.07 2.84 178 72.02 2.47
9 189 71.63 2.63 182 72.34 2.62

Transversal lionto- 11 183 72.07 2.55 205 73.28 2.62
parietal index 13 166 73.07 2.50 186 74.26 2.58

15 124 74.10 2.91 138 75.16 2.80
17 118 74.44 2.69 138 75.03 2.61

7 182 66.14 3.91 178 64.97 3.83
9 189 66.72 4.22 182 65.12 4.04

Long-height index of 11 183 65.90 5.04 205 64.48 3.73
the head 13 166 64.68 4.70 184 62.96 4.10

15 124 67.47 5.78 138 66.20 5.09
17 118 68.23 4.36 136 66.52 3.87

7 182 83.50 4.66 178 82.92 5.08
9 189 83.99 5.16 182 82.42 5.18

Wide-height index of 11 183 83.03 6.20 205 81.99 5.07
the head 13 166 81.77 5.50 184 80.38 5.67

15 124 86.63 7.51 138 85.08 6.14
17 118 87.83 6.14 136 84.82 5.54

%

3.5 
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2.5 

2

1.5 

1

Boys Girls

0.5

S 7 - 9

0 9 - 1 1

□  11-13 

■  13-15

□  15-17

Fig. 1. Growth velocity in the basic head measurement

been established by the help of (ISD) that they are greatest in the auricular head 
height and smallest in the head circumference. Growth velocity in the boys for most 
of the features is most intense between ages 13 and 15. In the case of the girls the 
growth between 7 and 9 years is most accelerated for all features excepting for the 
auricular head height. In them a second peak of growth — between the years of 11 
tol3 is observed (Fig. 1). At the age of 7 years the head sizes in both sexes represent
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between 87.9% and 93.8% of the values for adult individuals from Sofia while in the 
case of the 17-years old these are already between 94% and 100% (National prog
ramme “Anthropological characteristics of the Bulgarian people”, 1989/1999, un
published data).

The secular changes of the basic head sizes and the head index compared to 
data from anthropological studies at the beginning and the 1970-ies of the past cen
tury have been traced [8,9]. A tendency to brachycephalization expressed in the head 
length growth and diminution of the head breadth has been established. R. S t o e v * 
and Y. Y o r d a n o v [3] have observed a decrease of the head index in adult Bulgar
ians born after 1950. The tendency to debrachycephalization has been established by 
foreign authors as well [2, 6, 7]. The changes in the head circumference are most 
weakly pronounced as compared to 1970 [9]. Its mean values in the 17-year old per
sons are quite close to those from the present study. St. V a t e v [8] has found a sig
nificantly smaller head circumference.

Conclusion

During the period between 7 and 17 years of age heads of medium length to long 
ones, narrow, of medium height to high with a forehead of medium breadth and 
mesocephalic shape are typical for both sexes. In the boys for the most of the fea
tures the growth velocity is highest between the ages of 13 and 15 years and in the 
girls it is highest between the years of 7 to 9. The sexual differences in all features of 
the head under study are clearly outlined as early as 7 years of age. A tendency to
wards debrachycephalization is registered.
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On the basis o f a large-scale examination of the psycho-emotional condition of students, a pilot survey 
has been carried out for assessment of the sexual development in three types of schools (secondary pro
duction-oriented school, secondary school of general education (Roma children) and a sports school).

The survey analyzes results o f three periods — 1978,1988 and 2004. Several things have been es
tablished: the manifestation of the secondary sex characteristics, through 8 indexes in boys and 6 indexes 
in girls, the influence of the biological development on the degree of manifestation of the sex character
istics, time and factors affecting the occurrence of the first menstruation and the first ejaculation, on the 
beginning of the first sexual contacts, etc.

Dependencies between the morphological indexes and the degree of sexual development have been 
sought through plural correlation. What impresses is that today’s youth show a more accelerated sexual 
development which does not always correspond with their socialization in the contemporary society.

Key words: physical, biological, sexual development, harmonious and disharmonious type, accel
eration, retardation.

The attempt to make a periodization of the ontogenic development of the individual 
is a complex task, because it is necessary to specify the influence of many factors, 
which for their part do not play one and the same role in the different stages and do 
not provide one and the same informativeness. Questions grow more complex since 
when considering the norm of an individual index we should take into account that 
an organism’s systems do not develop synchronously.

In this connection the individual differences in the speed of the physical and 
sexual development and the discrepancy between the biological and calendar age of 
children require a differentiated approach with regards to the fact that the maximum 
acceleration of growth often (but not always) is connected with the development of 
the reproductive system.

Lately we have been witnessing the much earlier occurrence of the primary and 
secondary sex characteristics in both sexes.

A number of observations indicate that sexual maturation plays a significant 
role in developing the motorics, for increasing the individual motive and func-
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tional characteristics, for the purposefulness of the personality and the frequent 
occurrence of a discrepancy between the biological and social maturity of the in
dividual.

Material and Methods

Within the framework of a large-scale research connected with assessment of the 
psycho-emotional condition of students of the 14-18 age bracket, a pilot poll survey 
and examination were carried out on the basic indexes characterizing the degree of 
sexual maturity with the two sexes in the indicated age groups. A total 212 boys and 
236 girls, evenly distributed according to sex and age, were included in the survey. 
The survey was carried out in schools of different profiles in Haskovo and Plovdiv 
districts.

The characteristics of the observation units were: manifestation of the second
ary sex characteristics in both sexes; relation between the degree of the biological 
development and the manifestation of the secondary sex characteristics; time of oc
currence of the first menstruation and its nature; time of the first ejaculation; begin
ning of sexual contacts; relation between the sexual maturation and the morphologi
cal indexes; specification of the influence of certain factors on sexual maturation.

The assessment of the manifestation of the secondary sex characteristics was 
carried out in accordance with a modification of ours of the Zeller method in rating 
marks from 1 to 5, different for the individual characteristics. Boys were observed for 
8 sex characteristics which in terms of the maximum number of rating marks give a 
total of 28. Girls were observed for 6 characteristics, giving the maximum rating 
mark of 22.

We determined the biological age by means of skeletometric methods, while the 
assessment of the morphological indexes — through the accepted anthropometric 
methods.

We sought plural correlation dependencies between the individual indexes pro
viding objectiveness of the conclusions reached.

Results

The manifestation of the sex characteristics was traced in different types of schools, 
and the data obtained were compared to other researches of ours from 1978 and 
1988. (Table 1)

Analyzing the results of the manifestation of the secondary sex characteristics 
in the three age periods (1978,1988,2004), we should point out that 2004 saw a stron
ger manifestation of the secondary sex characteristics with boys at the age of 14, 15 
and 16 years, after which no significant differences with the other periods were es
tablished. A similar tendency has been witnessed with girls, with the stability of the 
rating marks reached as early as the age of 16 years.

We tried to find out the influence of the degree of biological maturity on the 
manifestation of the secondary sex characteristics for the three periods under exami
nation (Tables 2 and 3). '

The data from the two tables show a direct relation between the degree of the 
biological development and the manifestation of the secondary sex characteristics 
as they are significant in both sexes between accelerated, retarded and normally de
veloped.
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T a b l e  1. Manifestation of the secondary sex characteristics in boys and girls aged 14-18 years (total rating mark) in 1978, 1988 and 2004

Total ating mark

Age, years Boys Girls

1978 1988 2004 1978 1988 2004

X SD X SD X SD X SD X SD x  : SD

14 17.25 1.69 17.15 1.90 18.32 1.59 15.21 1.45 15.13 1.30 16.21 1.43

15 21.47 1.73 20.55 1.73 22.27 1.74 17.47 1.53 17.11 1.26 18.03 1.58

16 23.11 1.84 23.02 1.35 23.78 1.51 | 18.52 1.61 18.33 1.41 18.80 1.71

17 24.60 1.81 24.73 1.49 24.83 1.77 19.70 1.58 19.61 1.38 19.86 j 1.53

18 24.96 1.84 25.11 1.44 25.31 1.53 19.87 1.64 19.97 1.39 20.35 1.64



T a b l e  2. Manifestation of the secondary sex characteristics (rating marks) with boys in different degree of biological development

Age,
years

Periods

1978 1988 2004

Acceleration Normal Development Retardation Acceleration Normal Development j Retardation Acceleration Normal Development j Retardation

14 18.9 16.5 14.3 19.3 j 16.1 13.9 19.7 17.1 15.7

15 21.7 19.4 17.5 21.5 19.3 16.3 22.3 20.2 18.4

16 23.6 22.1 19.9 23.9 22.2 18.5 23.8 22.7 20.3

17 25.6 24.9 22.1 24.8 24.6 21.7 24.9 23.1 22.9

18 25.8 25.0 23.7 j 25.9 25.3 24.9 25.7 24.9 24.1



T a b l e  3. Manifestation o f the secondary sex characteristics (rating marks) with girls in different stages o f biological development

Age,
years

Periods

1978 1988 2004

Acceleration Normal Development Retardation Acceleration Normal Development Retardation Acceleration
Normal

Development Retardation

14 15.4 14.5 11.5 15.9 14.7 10.9 16.1 15.3 12.2

15 17.4 15.9 13.2 17.9 16.8 13.8 17.9 16.4 14.1

16 19.1 17.3 15.1 19.3 17.9 15.9 20.1 17.5 16.7

17 20.5 19.7 17.3 20.6 19.8 17.7 20.7 20.1 18.3

18 21.2 20.7 19.4 21.5 20.6 20.4 21.1 20.4 19.8
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Fig 1. Age of occurrence of first menstrua
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Fig. 2. Age of occurrence of first ejaculation in 
schoolboys 14-18 years studied in 1978, 1988 
and 2004

The time of occurrence of the first menstruation in girls is influenced by a num
ber of factors. With the recipients examined by us it was established that during the 
periods under examination it is different (Fig. 1).

It has been proved that the average age of occurrence of the first menstruation 
in the examined girls is 12.74 years ± 1.24, and with girls from the secondary pro
duction-oriented schools it is manifested at 12.75 years ± 1.28, while in Roma chil
dren - 12.53 ± 1.37, and in the sports school — 12.53 ± 1.37.

The time of occurrence of the first ejaculation in boys during the years of the 
three examined periods is as follows: 1978 — 12.8±1.19; 1988 — 12.9± 1.7; 2004 — 
12.5+1.24 (Fig. 2).

Of all the boys examined in 2004, 31.28% had their ejaculation earlier, in the 
mean norm the figure was 54.19 and another 14.53 had their ejaculation later. In its 
nature, in 10.32% of the boys it is manifested through pollution, while in 89.68% it is 
caused by masturbation. It should be stressed that during the mentioned year ejacu
lation was ascertained with nearly 8% of the schoolboys under 10 years of age.

The beginning of sexual contacts with boys and girls was specified through a 
poll in 2004 (Fig. 3).

We looked for the relation between the sexual development and morphological 
indexes. Through a plural regression between the final height, the height in recent 
years, BMI and puberty development it has been proved that there exist low correla
tion relations, except for those during the 14th and 15th years.

A number of factors influencing sex maturation were witnessed during the gen
eral examination of 874 students of both sexes aged 14-18 years: type of nervous sys
tem, system of values, influence of the social, family and school environment, the 
psycho-emotional tension and depression, the health status, mode of life, etc.

Conclusions

1. An increase in the rating marks of manifestation of the secondary sex characteris
tics in 2004 in comparison with 1978 and 1988 was proved, with the manifestation 
influenced by the degree of biological development.
2. The time of occurrence of the first menstruation and ejaculation comes much ear
lier as a result of the influence of a number of factors.
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Fig. 3. Percentage of school children 14-18 years o f age studied in 2004, who have began having sexual contacts



3. In recent years sexual contacts start much earlier with girls as compared to boys 
and have their peak between 15 and 16 years. This necessitates the implementation 
of a purposeful prophylactic activity, the aim being to curb them.
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The purpose of this research is to study the effect o f secular processes on body and head and face di
mensions of Bulgarian and Russian children and adolescents. The results indicate that in the case of 
Moscovite children in the last decade of the 20th c. there is a stabilization of stature and a trend towards 
astenization and gracialization. In the case of the children from Plovdiv, at the end of the 20th and the 
beginning of the 21st century, there continue to be positive changes in the basic somatometric param
eters. In both populations the secular changes in the head and face parameters are related to 
debrachycephalization and leptoprosopnosis.

Key words-, secular changes, body and head dimensions, children.

Introduction

The morphological aspects of secular processes are most fully reflected in the nu
merous studies of children and adolescents. They include mainly long-term conse
quences of the effect of acceleration [retardation] on the child’s growth and develop
ment. One such consequence is the astenization of the constitution of the children, 
causing deteriorated physical condition and increase of chronic sickness rate.

Secular changes in body parameters are complemented by changes in head and 
face parameters. The main direction of these changes in most cases is 
brachycephalization and debrachycephalization. Information concerning this ap
pears in a number of European countries [1, 4, 5, 8].

The purpose of the present research is to study the secular phenomena among 
Bulgarian and Russian children and adolescents and their effect on body, head and 
face dimensions.

Material and Methods

The subjects of the research are children and adolescents aged 7-17 from Plovdiv 
and Moscow. The Russian children were studied in 1996-1999 (1153 girls and 1152

210



boys). The Bulgarian children were studied in 2000-2002 (910 girls and 920 boys). 
The anthropometric programs for both sample groups include a wide range of body, 
head, and face dimensions taken by means of the classical method of M a r t i n - 
S a i l e r  [3].

The present study focuses on 3 body dimensions — height, weight, chest circumfe
rence and 4 cephalometric dimensions: length and breadth of the head, morphological 
height and breadth of the face. For the analysis of the secular changes, data was used of 
children and adolescents from Moscow measured in the 70’s and 80’s, and of children 
from Plovdiv, measured in the 60’s and the 80’s. The data has been statistically pro
cessed, considering the significance of differences by tlcriteria of Student.

Results and Discussion

The growth process in Moscovite children and adolescents in terms of stature show 
that most considerable secular changes occurred in the 70’s and 80’s; whereas in the 
90’s the growth rate is stabilized despite a preserved trend toward a positive longitu
dinal growth (Fig. 1).

Fig. 1. Secular changes in children from Moscow
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The changes in the weight have also a positive sign and are reliable (p<0.0001) 
among boys studied in the 70’s and the 80’s. Secular weight changes among girls are 
not statistically significant in the three samples (Fig. 1).

Unlike the case with the stature and weight, the chest circumference has signifi
cantly lower values in the children and adolescents studied in the 90’s as compared 
to the parameters in the same age group registered in the studies in the 70’s and 80’s. 
A similar trend in the dynamics of the development of the chest cage is confirmed by 
other authors [2, 9].

The situation, however, with the children and adolescents from Plovdiv is quite 
different. As seen in Fig. 2, the secular changes have a positive sign for all the three 
basic somatometric parameters. In one of our previous articles about the character
istics of the growth processes in different ethnoterritorial groups of children and 
adolescents, two distinct varieties in the course of the growth process were distin
guished: “western” — with a tendency towards astenization of the stature and de
creasing acceleration and “south-eastern” with continuing acceleration [7]. The chil
dren and adolescents from Moscow belong to the first group, their peers from 
Plovdiv belong to the second, e.g. both groups are at different stages of microevolu- 
tionary transformations.

Fig. 2. Secular changes in children from Plovdiv
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The secular changes in the body parameters are also complemented by the pro
cesses of brachy and debrachycephalization. In both populations an increase in the 
head length and the morphological height of the face is observed — for a period of 
30-40 years with 4-9 mm depending on the age group, which corresponds to a differ
ence in the stature of 4-9 cm. The breadth parameters of the head and face on the 
whole remain at the level of that in the 60’s.

It is well known that there is a direct correlation between longitudinal head and 
face parameters and the stature. This fact indirectly shows that the possible reason 
for the changes of the parameters is the correlation of the age dynamics with the gen
eral growth processes. The changes in the mean values of the longitudinal head and 
face dimensions are reflected on the shape of the two divisions of the head. As shown 
in Tables 1 and 2, in both populations the changes in time are towards decrease of 
the measurements of the head index and increase in the face index. In the case with 
the children from Moscow, there is a stabilization of the stature, which shows that 
the morphological changes in the head proportions are not entirely due to accelera
tion changes. In the case with the children from Plovdiv, the processes occur to
gether with ongoing positive changes of body parameters.

T a b 1 е. 1. Secular changes in the head and face index of children from Moscow

A ge
H e a d  index F ace  in d ex

boys _____________ s t k ___ _____ boys * iris
1940’s 1960’s 1990’s 1940’s 1960’s I990’s 1960’s 1990’s 1960’s 1990’s

7
8 4 .0 8 4 .9 8 2 .2 8 2 .9 8 3 .7 8 0 .7 7 9 .0 9 1 .2 7 7 .5 9 0 .9

8
8 3 .3 84.1 8 0 .7 8 2 .8 8 4 .4 7 9 .9 7 7 .8 9 2 .1 7 8 .4 9 1 .9

9
8 4 .0 8 3 .0 8 0 .9 8 3 .1 8 4 .7 8 0 .0 7 8 .4 9 3 .4 7 7 .9 9 2 .4

10
8 2 .5 8 4 .0 8 1 .3 8 3 .3 8 3 .7 8 0 .7 7 7 .6 9 1 .5 78.1 9 2 .4

11
8 2 .6 8 3 .5 8 0 .1 8 3 .0 8 3 .8 8 0 .9 7 7 .0 9 0 .3 7 7 .6 9 1 .3

12
8 2 .3 8 4 .0 8 0 .9 83.1 8 3 .0 8 1 .0 7 7 .3 9 0 .6 7 7 .5 9 0 .5

13
8 2 .7 8 3 .7 8 0 .0 8 2 .0 8 3 .4 7 9 .6 7 6 .8 9 1 .5 9 2 .0 9 0 .6

14
8 3 .6 8 2 .2 8 0 .3 8 2 .5 83.1 8 0 .2 7 5 .8 9 2 .0 7 6 .7 9 1 .1

15
83.1 8 2 .6 8 0 .0 8 2 .9 8 3 .8 8 0 .7 7 5 .4 9 1 .6 7 7 .1 9 0 .8

16
8 2 .9 8 2 .7 7 9 .2 8 2 .5 8 3 .4 7 9 .6 7 5 .8 9 2 .0 7 7 .1 8 9 .6

17
8 2 .2 8 1 .9 8 0 .0 8 2 .9 83.1 8 1 .8 7 5 .5 9 1 .3 7 7 .3 8 8 .9

T a b l e  2. Secular changes in the head and face index of children from Plovdiv

A ge

H e a d  in d ex F a c e  in d ex

__________born_________ girls boys girls
1960’s 1980’s 2000’s 1960’s 1980’s 2000’s 1960’s 1980’s 2000’s 1960’s 1980’s 2000’s

7 82.76 81.59 77.51 82.62 80.23 79.14 81.09 83.76 95.03 79.77 84.15 95.22

8 82.23 80.29 79.63 82.78 79 .06 80.57 81.64 85.15 94.95 81.14 84.17 96.27

9 82.14 80.87 80.23 82.39 80.17 80.18 82.29 86.27 96.98 81.38 83.60 95.47
10 81.78 81.28 79.48 82.46 79.93 80.01 82.39 86.65 98.89 81.55 85.21 96.29
11 81.45 81.14- 79 .50 81.73 80.79 79.80 83.14 92.19 97.06 82.25 87.85 94.06
12 81 .74 82.20 78.14 81.83 81.22 78.65 83.38 95.17 94.23 82.94 95.93 96 .40
13 81.59 81.12 78.18 81.68 81.32 79.36 83.58 96.52 95 .87 82.79 94.88 94.43
14 81.30 80.07 79.02 81.58 81.78 79.18 84.34 94.73 95.88 82.99 93.28 93.52
15 80.79 81.77 79.01 81.70 82.26 79.22 85.42 93.90 96.75 83.76 93.47 9 5 .5 4

16 80 .74 82.65 78 .16 81.40 80.60 78.42 84.91 92.96 94 .56 82.42 93.22 92.05

17 81.02 80.82 78 .84 81.70 80.78 80.65 84.67 93.07 93.44 82.69 95.71 92.93
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Conclusion

The growth curves of the basic somatometric parameters in the two populations 
show that they are at different stages of micro-evolutionary transformations. In the 
last decade of the 20th century the children and adolescents from Moscow show a 
certain stabilization of the stature, the beginnings of negative changes in weight and 
reliable decrease of chest circumference, especially in the case of girls. The children 
and adolescents from Plovdiv, at the end of the 20th century and the beginning of the 
21st century, still have positive changes in stature, weight and chest circumference.

Secular changes in the shape of the head and face show that both populations after 
the 90’s exhibit certain debrachycephalization and increase of leptoprosopnosis.

The time-related changes in both body parts in children from Moscow occur 
independently, whereas in the case of the children from Plovdiv, the transformations 
are more synchronized.
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Certain characteristics have been traced in the individual development o f students of the two sexes aged 
14-18 years in two surveys carried out with an interval of 20 years. Making use of different methods an 
assessment has been made of the degree of development and the related alterations of the basic mor
phological, functional and motive indexes.

It is stressed that as a phenomenon acceleration has been on the wane in recent years which af
fects the total body sizes, the changes in the vegetative functions and motive activity. It is pointed out 
that the type of acceleration and retardation processes — harmony and disharmony, should be taken 
into consideration when assessing the different types of indexes of the individual.

Key words: physical, biological and psycho-emotional development.

An organism’s physical development is a complex biological process the regulation 
of which is affected by a number of endo- and exogenic factors. They result in quan
titative and qualitative alterations, in an organism’s morpho-functional indexes, tak
ing place at different speed and continuance.

The influence of the secular trend and the acceleration in growth is being taken 
into account in the past decades and this changes the general somatic appearance of 
the individual persons and of the entire population.

The indicated characteristics in the development of the individual explain the 
emerging “sensitive” critical periods during which the individual development is charac
terized by a specific set of the most efficient factors of the environment, which combined 
with the genetic preconditions reveal an organism’s biological potential in the best way.

The interest of anthropologists in the connection between structure and func
tion is justified because defining the ideal model of physical fitness always corre
sponds with an optimal structure.

Material and Methods

The results from the alterations in the basic medico-biological indexes of the stu
dents in the 14-18-year age bracket have been compared during two four-year peri-
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ods (1980-1984; 2000-2004) from Plovdiv and Haskovo districts. 243 boys and 198 
girls were observed during the first period, while in the second one - 296 boys and 
212 girls, evenly distributed in the abovementioned age groups.

The characteristics of observation of the units were distributed in several groups: 
assessment of the degree of development; alteration in the basic morphological indexes; 
alteration in the functional indexes; assessment of the motive activity.

The assessment of the degree of biological maturity was carried out by means 
of Rj. and skeletometric methods in the first period and through skeletometric meth
ods in the second period.

The standard anthropometric methods were used to assess the morphological 
indexes, while the functional indexes were assessed by means of tests and apparatus 
methods. The motive activity was assessed through tests characterizing the basic 
motive qualities and coordination capabilities of the individual.

The annual growth in the individual types of indexes and the general growth for the 
periods under examination were traced. This provided for an opportunity to highlight, 
certain characteristics of the development and its more precise prognostication.

The data from the surveys have been presented in numerous tables and dia
grams.

Results

To assess the degree of development we used the correlation between the calendar 
and biological age and the degree of alteration in the individual indexes.

The deviations from the norm of the biological development in relation to ac
celeration and retardation in the two sexes in the periods under examination were 
traced. It has been proved that the variation width of the differences is the biggest 
with boys of over 14 years. With girls it begins considerably earlier, yet certain 
changes are observed in this period. The analysis of the data shows that during the 
2000-2004 period the deviations were less well manifested as compared to the first 
period under examination, which testifies to a halt and a decrease in acceleration as 
a phenomenon. (Figs. 1 and 2).

Tracing the type of acceleration and retardation in the compared periods shows 
that it changes differently with boys and girls. During the first period 95.78% nf the 
boys and 91.87% nf the girls showed a harmonious type of acceleration. During the 
second period these figures were respectively: 96.05% and 95.54%. In assessing the 
retardation for the first period 90.37% nf the boys and 88.32% nf the girls showed a 
harmonious type of retardation, while in the second period the figures were 96.29% 
and 94.97% respectively.

What impresses is that with girls the harmonious type of retardation decreases 
in the second period, while the disharmonious one increases. As far as boys are con
cerned, both types of retardation increase in the second period under examination.

The puberty leap with the accelerated boys takes place in a saltatory mode, for a 
short period of time and has its peak before 15 years. With the normally developed boys 
it is witnessed in the 16th year too, but is not too well manifested. With retarded boys the 
puberty leap is even, does not show a pronounced peak and has a longer duration.

As for the accelerated girls over 14 years of age a continuation of the earlier 
reached peak is witnessed after which the development starts to descend. The nor
mally developed girls mark a peak in the puberty leap in their 14th year and the 
height increases though at a less acceleration speed. With retarded girls the puberty 
leap has a plateau-like acceleration of an even nature and longer duration.

216



D
ev

ia
tio

n 
in

 y
ea

rs
 a

nd
 m

on
th

s
acceleration

3.00

Fig. 1. Degree of biological maturity of boys 14-18 years of age studied in the periods 1980-1984 and 2000-2004 (in years and months)
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Fig. 2. Degree of biological maturity of girls 14-18 years of age studied in the periods 1980-1984 and 2000-2004 (in years and months)



Both surveys testify to one and the same data concerning body proportions. The 
children of an earlier maturation have a relatively longer torso, shorter limbs, wider 
diameters of the chest and chest measurements. This is used for a purposeful selec
tion in sports, art and some other professions.

There also exist differences concerning the vegetative indexes of children with a 
different biological development. Most often they are connected with changes in the 
pulse frequency, the cystologic, diastolic and pulse blood pressure, with the speed of 
the blood flow, the stroke and minute volume of the heart, the use and absorption of 
oxygen, the power supply, economization of the vegetative functions, etc.

The harmonious and disharmonious types of acceleration and retardation show 
different adaptive reactions to the cardio-respiratory system and the homeostatic 
regulative reactions.

The morphological status of children in the different stages of biological matu
ration influences the dynamics of growth of the motive and coordination capabilities 
which is most clearly seen between 13-14 and 15 years of age. This plays an impor
tant role in assessing the planning of the educational and training load and for fore
casting the high sports breaks.

Conclusions

■ The overall assessment of the growth and development should always take into 
consideration the degree of the biological maturation and the way it runs.
■ The results of the two surveys (with an interval of 20 years) show a lull and decrease 
in acceleration as a phenomenon.
■ Nearly 1 /3 of the normal population shows an accelerated or retarded development 
of organism as a whole, or of one or several of its indexes.
■ No statistically significant differences between the participants surveyed by us and 
the Bulgarian population with regard to height and the body mass have been estab
lished.
■ The nature of an individual’s development influences the functions of the indi
vidual systems and of organism’s motive activity.
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In this study our aim was to investigate the relationships of the lengths of the upper extremity parts to 
their circumferences in the Turkish male adults. 532 male students who were studying at the Trakya 
University Faculty of Medicine in the period 1986-1993 participated in our study. We found the arm 
length as 34.82±2.55 cm, the forearm length as 24.94±2.16 cm and the hand length as 18.92+1.5 cm 
while the circumference values for the arm, the forearm and the hand were 26.87±2.81 cm, 25.95 ±  1.85 
cm and 20.79±1.11 cm, respectively. The arm circumference/arm length ratio was 69.21%, the fore
arm circumference/forearm length ratio was 104.04% and the hand circumference/hand length ratio 
was 109.88%. Considering these values while the arm circumference/arm length ratio was approxi
mately 2/3 the forearm and the hand circumferences were higher than their lengths.

Key words', anthropometry, upper extremity, circumference.

Introduction

The history of the studies concerned with the human body begins from the time of 
Hippocrates. These studies which were for scientific purposes formerly became ar
tistically oriented during the Renaissance so that they were inspirational for many 
artists. The artists such as Polykleitos, Lysippos, Guyaume, Vitruvius, Michelangelo 
and Paul Richer worked on the theme of the human body and created such master
pieces that are admired by the society even today [1, 2, 3, 12]. “The Scientific Rule” 
was used in the measurements concerned with the human formerly [1, 3], then 
Fritsch found “The Fritsch Rule” improving on this. Physical anthropologists used 
these rules to reveal the racial differences [5] in their studies. They considered that 
there were many proportions in the human body while they were doing those studies.

The measurements of the different parts of the human body and the ratios be
tween these measurements became commercially useful as well as they have been in 
arts as a consequence of developing technology. Those measurements and ratios 
which are especially important in the clothing and automotive fields differ between 
the societies. With this regard we believe that the results of our study will be useful 
for the Turkish clothing industry.
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Material and Methods

We conducted our study in the anthropometry laboratory in the Depatment of 
Anatomy of the Trakya University, Faculty of Medicine. 532 male students who were 
studying at the Faculty of Medicine between the years 1986-1993 participated in our 
study. All the measurements were done by the same researcher at the same time of 
the day. A ruler fixed to the wall, a pelvimeter and a tape measure made of cloth, all 
with milimetric scales were used in the study. All the data were recorded using forms 
prepared before and they were analyzed statistically in the NCSS programme.

Upper extremities are the parts of the body with the greatest mobility and con
nected to the upper lateral sides of the trunk by the shoulder joint. In the anatomical 
terminology extremities are called as membrum or member but the preferred term is 
extremities [6, 7, 8, 9]. Anatomically upper extremity is divided into three parts; the 
arm, the forearm and the hand. These parts are seperated from each other with the 
shoulder, cubital and wrist joints, respectively [8, 9, 10, 11].

We first determined the anthropologic landmarks before the measurements we 
have done on the upper extremity. Then we performed our measurements from these 
points. Our measurements and the anthropologic landmarks we used in these mea
surements are below [3, 4]:
1. Arm length: The distance between the acromion (acromiale) and the radiale.

Acromion: The highest lateral process of the processus acromialis.
Radiale: The highest point of the lateral border of the caput radii.

2. Forearm length: The distance between the radiale and the stylion.
Stylion: The lowest point of the processus styloideus radii.

3. Hand length: The distance between the radiale and the dactylion.
Dactylion: The lowest point of the middle finger.

4. Arm circumference: The measurement taken from the widest part of the arm.
5. Forearm circumference: The measurement taken from the widest part of the

forearm.
6. Hand circumference: The masurement taken from the widest part of the palm of

the hand.

Results

The length, the circumference and the circumference/length ratios of the parts of the 
upper extremity are shown in Table 1.

Discussion and Conclusion

In our literature review we encountered length measurements on the upper extrem
ity. However, we could not find any article concerned with the circumference mea
surements and the length/circumference ratios.

T a b l e  1. The lengths, the circumferences and the circumference/length ratios 
of the parts of the upper extremity

Upper extremity part Length, cm Circumference, cm Circumference/length ratio, %
Arm 34.82±2.55 26.87±2.81 69.21
Forearm 24.94±2.16 25.95±1.85 104.04
Hand 18.92±1.5 20.79±1.11 109.88
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We found the arm length as 34.82 cm, the forearm length as 24.94 cm and the 
hand length as 18.92 cm. Kahraman found these lengths as 32.21 cm, 25.2 cm and 
19.51 cm, respectively while these values were 32.48 cm, 24.22 cm and 20.97 cm in 
Muftuoglu’s study [5]. In a study conducted in USA these lengths were 28.20 cm, 25.1 
cm and 19 cm, respectively. When we compare our arm length values were signifi
cantly different from the US based study while the differences were lower with the 
Kahraman’s and Muftuoglu’s studies [1,5]. But the differences between the forearm 
lengths were minimal [2, 3, 5, 7].

The arm circumference/arm length ratio was 69.21% while these values were 
higher than 100% for the forearm and the hand. We could not make any comparison 
for these data as there are no previous data in the literature. We think that the reason 
for the ratio higher than 100% is related to the structure of the extremities and the 
population’s inactivity in sports.

Considering the hand we think that the ratio higher than 100% is related to the 
anatomical structure and this ratio is not much prone to a high degree of variability.
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The aim of the study is to assess the achieved growth of basic anthropometrical features and their pro
portionality at birth, compared to the anthropometrical status in adults. The anthropological investiga
tion o f 110 fullterm newborn boys and 109 fullterm newborn girls was carried out during 2001 in Sofia. 
The metrical data about five basic body sizes at birth and 4 indexes, giving information about propor
tionality between separate body parts are presented. The newborn boys have bigger sizes of the studied 
features, while the relative shares of these features compared to the final sizes in adults are bigger in 
newborn girls. The gender differences in absolute sizes o f the anthropometrical features at birth are bet
ter marked compared to these about indexes of body proportionality. The results obtained characterize 
quantitatively the forthcoming changes after birth for proportionality between the lengths of torso and 
lower extremities and between the upper and lower extremities lengths.

Key words-, anthropometrical features, proportionality, growth, fullterm newborns, adults.

Introduction

The basic characteristics of physical development in newborn infants are important in
dicators for their health state at birth, for the specificity of prenatal development, as well 
as, for the prognosis of future harmoniously body development of the child [1, 2,4, 5]. 
The purposeful anthropological investigations for the determination of body maturity 
and body proportionality at birth could give information for these characteristics.

The aim of the present study is to assess the achieved growth of basic 
anthropometrical features and their proportionality at birth, compared to the 
anthropometrical status in adults.

Material and Methods

A detailed anthropological investigation of 219 fullterm clinically healthy newborn 
infants (110 boys and 109 girls) was carried out during the period of April-May 2001
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in the ward of Neonatology at IInd Hospital of Obstetrics and Gynecology “Sheyno- 
vo”— Sofia. The anthropometrical measurements were taken using the Martin- 
Sailer’s classical methods [3], in a lying position of the child, from the right side of 
the body.

In this report we present the metrical data about five features, which reflect ba
sic body sizes at birth and 4 indexes, giving information about body shape and pro
portionality between separate body parts.

To assess the achieved growth at birth we used not published till now data from 
the National Anthropological Program (NAP) of the IEMAM — BAS about mature 
Bulgarian population (30-40 years) from Sofia at the end of the 20th century.

Results

The assessment of physical development is led in two directions — in relation to the 
body sizes and about the proportionality between separate body parts and segments.

Comparative assessment of basic body sizes
The obtained metrical data of the basic body sizes are presented in Table 1 and Fig. 1.
The newborn boys have bigger sizes of five directly measured anthropometrical 

features, which show that even at birth the tendency of gender differences for body 
sizes that are typical for adults is marked. The biggest absolute differences between 
both genders of newborns are established for the stature (4.2 mm), and the smallest 
— for the lower extremities’ length (0.6 mm).

Notwithstanding the metrical priority for boys, the relative shares of each five 
anthropometrical feature compared to the final sizes in adults are bigger in the new
born girls. The achieved growth of these features by them varies between 24.04 per 
cent and 34.64 per cent, and by boys — between 22.62 per cent and 32.02 per cent. 
The torso length for both genders is nearest to the final sizes at birth as the girls have 
priority over the boys with 2.62 per cent. The biacromial breadth and stature are the 
following features in newborn girls that achieved 30.0 per cent and more from the 
final sizes in adult women. In the newborn boys the achieved growth of these features 
is already under 30.0 per cent. The growth of their biacromial breadth up to birth is 
lower with 2.8 per cent than in girls, and of their stature with 1.95 per cent. The new
borns from both genders have smallest relative shares about upper and lower ex
tremities’ length compared to their sizes in adults. For the upper extremities’ length 
and the lower extremities’ length the girls have priority over boys with 1.79 per cent 
and 1.42 per cent respectively.

T a b l e  1. The absolute values and relative shares of body sizes in newborn infants compared 
to the respective data in adults

Features

Fullterm newborns Adults (30-40 years old)

Boys 
(n = 110)

Girls
(« = 109)

Males
(n = 230)

Females 
(n = 271)

X SD
% from 
adults

X SD
% from 
adults

X SD X SD

1. Stature 505.5 14.9 29.22 501.3 16.5 31.17 1730.0 64.9 1608.1 58.1

2. Torso length 172.9 9.0 32.02 173.6 8.6 34.64 540.0 30.6 501.2 27.2

3. Biacr. breadth 119.9 7.0 29.30 118.0 6.3 32.10 409.2 22.3 367.6 18.1

4. Upper extr.length 210.4 9.1 27.53 207.2 7.9 29.32 764.2 39.5 706.6 33.2

5. Lower extr.length 220.8 8.3 22.62 220.2 7.9 24.04 976.3 53.5 915.8 43.7
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Fig. 1. The achieved growth of basic anthropometrical features in newborn infants compared 
to the final sizes in adults

Comparative assessment of body proportionality

In this study we make an attempt to characterize quantitatively the differences between 
body proportionality at birth and body proportionality in adults (Table 2, Figs. 2, 3).

The gender differences of the achieved body proportionality at birth are lower, 
compared to these in the absolute sizes of the anthropometrical features. The 
biacromial breadth proportion in newborn infants from both genders is nearest to the 
same one in adults. This result shows that at birth the proportionality between both 
sizes of shoulder girdle and stature is already formed.

The biggest differences between newborn infants and adults are established for 
the ratio lower extremity length/torso length. The relative length of lower extremities 
at birth is quite lower (about 30.0 per cent) than it is in adults and the formation of 
their proportionality continues during the following stage of postnatal ontogenesis. 
The torso length related to stature is about 10.0 per cent bigger at birth, compared to 
this in adults. The data from interextremities index show that the upper and lower

T a b l e  2. Body proportionality in both newborns and adults — comparative assessment

Indexes

Fullterm newborns Adults (30-40 years old)

Boys 
(n =110)

Girls 
(n = 109)

Males 
(n = 230)

Females 
(n =271)

X SD % from 
adults

X SD % from 
adults

X SD X SD

1. Torso length 
proportion

34.20 1.42 109.62 34.63 1.39 110.99 31.2 1.5 31.2 1.5

2. Biacr. breadth 
proportion

23.73 1.20 100.13 23.56 1.21 102.88 23.7 1.2 22.9 1.1

3. Interextremities 
index

95.33 3.61 121.75 94.17 2.98 121.98 78.3 2.9 77.2 2.8

4. Lower extr.length 
Torso length

127.94 6.19 70.76 127.07 6.23 69.54 180.80 - 188.72 -
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T orso length Biacr.breadth Interextremities Lower
proportion proportion index extr.length/Torso

length

Fig. 2. Gender differences in the body proportionality

Torso length Biacr. breadth Interextreniities Lower
proportion proportion index extr.length/Torso

length

Fig.3. Body proportionality in newborn infants compared to the proportionality in adults

extremities’ length have similar values at birth, while in adults the upper extremities’ 
length is smaller with 20.0 per cent and more from the lower extremities’ length.

The changes of body proportionality after birth show tendencies to increment 
of the relative length of lower extremities, compared to the torso length approxi
mately by 30 per cent; to decrement of the relative torso length, compared to the 
stature approximately by 10 per cent and to a change of the proportion of both ex
tremities lengths, in order to reach their proportionality in adults.
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Conclusions

•  The newborn boys have bigger sizes for the five studied anthropometrical features 
of physical development than newborn girls;
•  The newborn girls have bigger relative shares of the same features compared to the 
final sizes in adults;
• The gender differences in absolute sizes of the anthropometrical features at birth 
are better marked compared to these differences in the indexes of body proportion
ality;
• The results obtained characterize quantitatively the forthcoming changes after 
birth for proportionality between the lengths of torso and lower extremities and be
tween the upper and lower extremities lengths.

R e f e r e n c e s

1. F a 1 k n e r, F., J. M. T a n n e r .  Human Growth — 2nd Edition. New York and London, Plenum
Press, 1987, 1-537.

2. J o h n s t o n ,  R The newborn child. Edinburgh, Vulliamy’s Churchill Livingstone, 1994, 29-32.
3. M a r t i n, R., K. S a 11 e r. Lehrbuch der Anthropologie in sistematischer Darstellung. Bd. I. Stuttgart,

Gustav Fischer Verlag, 1957, 322-324.
4. T a n n e r, J. M., R. H. W h i t e h o u s e ,  M. T a k a i s h i .  Standards from birth to maturity for

height, weight, height velocity, and weight velocity: British children, 1965.1. — Arch. Dis. Child., 
41, 1966, 454-471.

5. Б o 6 е в, Д, Е. Г е н о в .  Педиатрия. 2000.

227



Institute of Experimental Morphology and Anthropology with Museum
Bulgarian Anatomical Society

Acta morphologica et anthropologica, 13 
Sofia •  2008

Relevance of the Antique Canons 
to the Contemporary Turkish Males
A. Yilmaz , R. Mesut

Trakya Universty, Faculty of Medicine, Department o f Anatomy, Edirne, Turkey

106 male students and research assistants without any orthopaedic problems and studying in different 
departments o f Trakya University took part in our study which we determined the body proportions of 
young Turkish men and searched the congruity of the results with the antique canons.

The measurements of the subjects were performed in our “Laboratory of Anthropometry”. 
Harpenden anthropometer was utilized in these measurements. We were obliged to include the empiri
cal points defined by the artists in addition to the established anatomical structures in the anthropomet
ric guidelines.

Testing the compatibility of the oldest four Canons (The Ancient Egyptian Canon; The New Egyp
tian Canon; The Greek Canon; The Roman Canon) to the young Turkish men is the aim of our study.

Key words: Artistic anatomy, anthropology, body proportion.

Introduction

All civilizations that have existed so far have treated the human body by their own 
social understanding and culture [2]. In the ancient and the new Egyptian (Ptole
maic) art closely related to religious beliefs and legends, men figures are illustrated 
as wide shouldered, narrow hipped and thin waisted.

In the ancient Greek art which represents a more sophisticated level, beauty, vir
tue, independence, love and immortality themes were embodied in the human figures.

In the plastic arts, the Romans pursuing the apprehension inherited from the 
Greeks, meant to embody the martial force and discipline by the magnificient stat
ues of their commanders and emperors that they are proud of [11]. During this pe
riod known as the Antique Age, the Egyptian, Roman and Greek artists tried to fix 
the human body as an ideal shape and to make it systematic by setting some rules [9].

Material and Methods

150 male students and research assistants without any orthopaedic problems and 
studying in different departments of Trakya University took part in our study. Re
gional differences and socioeconomical factors were not taken into consideration.
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All of the parameters were measured on our all subjects. But as our intention was 
not to find the anthropometric values of a randomly-selected population, we had to 
make a selection. As our emphasis was on artistic criteria, the very tall and the very 
short and the very weak and the very fat subjects were not comprised into the statis
tical analysis. Those who were below 18 years and over 30 years of age were not com
prised either. So, the data obtained from 44 subjects were not included in the statis
tical calculations. Considering these criteria, a total of 106 students and research 
assistants (36 from Faculty of Medicine, 16 from Kirklareli Undergraduate School 
of Health Sciences and 54 from Undergraduate School of Physical Education and 
Sports) whose mean age 22,4 years were included in our study.

The measurements of the subjects were performed in our laboratory of anthro
pometry. When measurements were done the subjects were required to undress, with 
the exception of a slip, for the measurements to be done. Harpenden anthropometer 
was utilized in our measurements. We were obliged to include the empirical points 
defined by the artists in addition to the established anatomical structures in the an
thropometric guidelines. In the first stage of our study we have defined experimen
tally those points which are not included in the scientific literature and are anatomi
cally ambiguous (“collum femoris”, “cubitale”, “plica carpalis distalis”, “suprapa- 
tellare”, “midpatellare”, “infrapatellare”). We have assigned the parameters men
tioned below using the measurements based on these anthropologic and empirical 
points (Fig. 1) [4, 10]: 22 metric measurements were done on our each subject and 
their arithmetic mean and standard deviation were calculated. The topic we were

T a b l e t .  Proportions and equations of the antique canons
I- Proportions

Ancient Egypt Canon
B-V / FL 6,33

New Egypt Canon B-V/MFL 19

B-V / HW 20
HL / HW 2
FH / HW 2

Greek Canon Om-Sy / HW 2

(Polykleitos) FL / HW 3

Acr-Ol / HW 4

Ol-Pha / HW 4
St-Sy / HW 6

B-SupP / HW 6

Roman Canon (Vitruvius)
B-V / HH

II- Equations

MidP-Om = Om -Por

Greek Canon

(Polykleitos)
BiD = B-MidP = MidP-CF = CF-St

Roman canon
B-V -  Armspan

(Vitruvius)
BiD = Cub-Dac = 2*(Ax-Cub)
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Fig. 1. Anthropological and artistic points
V—vertex; Tri—Trichion; Por—porion; Gna-Gnathion; St—sternale; Del—deltoidale; Acr—acromiale; 
Ax—axillare; Ol—olecranon; Cub—“cubitale”; Om—omphalion; Sp—spinale; Sy—symphysion; CF— 
“collum femoris”; PCD—“pliGa carpalis distalis”; Tro—trochanterion; Pha—phalangion; Dac—dactyl- 
ion; SupP—suprapatellare; MidP—midpatellare; InfP—infrapatellare; Pte—pternion; Acp—acropodion; 
B—basion

230



T a b l e  2. Comparison of our subjects with Antique Canons
Features Ancient Egypt New Egypt Greek Canon Roman canon

B-V/FL 6 .0± 0.6 **** ****

B-V / MFL **** 19,6±1.4 **** ****

B-V / HW **** **** 21.6±1.8 ****

HL / HW * * * * 2.0±0.3 * * * *

FH / HW **** **** 2 .0± 0.0 ****

Om-Sy/ HW **** **** 2.5±0.5 ****

FL / HW **** **** 3.0±0,9 ****

А с г -Pha/ HW **** 4.3±0.0 ****

01-Dac / HW **** **** 4.3±0.3 ****

St-Sy / HW **** 6.7±0.0 ****

B-SupP /HW **** **** 6.1±0.9 ****

B-V / HH ***# **** **** 7.2 ±0.5

T a b l e  3. The percentage ratios of each of the segments in Polykleitos’ equations 
to the stature

Parameter Our subject 
(и=106)

Difference,
%

MidP-Om/Body height(%) 32.0 100

Om-Por/ Body height (%) 32.7 101.

BID/ Body height (%) 25.5 100.

В -MidP/Body height (%) 28.2 109.

MidP-CF/ Body height (%) 25.1 100

CF-St/Body height (%) 28. 112.8

T a b l e  4. The percentage ratios o f each of the parameters 
in “Vitruvius’ equations” to the stature

Parameter Our subject 
n=106

Difference,
%

Body Height (cm) 175.6

Armspan (cm) 180.8 +%3.1

Body Height/Armspan 0.7

BID/ Armspan (%) 25.1 100.0

Cub-Dac/ Armspan (%) 25.1 100.4

2 *(Ax-Cub)/ Armspan (%) 27.6 110.9
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focused on was the proportions and equations defined by the Egyptian artists, 
Polykleitos and Vitruvius.

The results we obtained from our subjects are shown in the Tables 2, 3, 4.

Discussion

“Module” concept in the artistic anatomy was created in the ancient times. In our 
study the modules utilized in the four canons we put emphasis on were FL ( foot 
length); MFL (middle finger length); HW (hand width); HH (head height). We have 
determined the values of the modules mentioned above in a metric scale. There were 
some data published on the anthropometric measures of Turkish men albeit they 
were scattered. Despite methodological differences we compared our data with the 
ones published before. We found the stature/foot length ratio 6.60 which was speci
fied as 6.33 in the ancient Egyptian Canon, the first canon we reviewed for compat
ibility to the young Turkish men. Although we have encountered many studies on 
foot length during our literature review none of these studies examined the relation
ship between this parameter and stature.

In Yildirim, Kahraman and Yildiz’s studies the values they obtained were very 
close to each other and higher than ours [3, 7, 8]. Based on the studies conducted in 
the last decade we observed that the stature/foot length ratio was in a decremental 
trend although it was higher than the value (6.33) accepted by the ancient Egyptian 
artists. According to the artists who use the middle finger length as the determinant 
of stature. Stature/middle finger length ratio is 19:1. This ratio is 19.96:1 in our study. 
During our literature review we saw that only Yildirim and Kahraman studied on 
these ratios. The results they reported, 16.67 and 16.83, respectively were signifi
cantly different from ours [6, 7]. This difference appears to be due to the middle fin
ger length measurement method they utilized. The percentage of the middle finger 
length to the stature is 5.0% in the young Turkish men which was 5.2% according to 
the Egyptian artists. It can be argued that the Turkish young men have shorter fin
gers according to the Egyptian artistic criteria.

We observed that all of our subjects did have higher values when we examined 
the ratios described by the eminent artist Polykleitos. These results were within our 
expectations as Turks have narrower and longer shaped hands. The most significant 
differences were in the ratios of upper extremity lengths to the hand width. In our 
literature review we observed that all the segments used in the ratios were examined 
seperately but as they were not examined as a whole we could not make any com
parison with our data.

In the fourth canon we reviewed for compatibility to the young Turkish men, the 
Roman (Vitruvian) Canon, the stature was acknowledged as being equal to eight 
times the head height. In our study the stature/head height ratio was 7.82 for the 
Turkish men. Muftuoglu (1990) reported this value as 7.28 before [5]. We can con
clude that the head height has a higher increment than the stature while it does not 
comply with Vitruvius’ description in the young Turkish men.

In our study we also analysed the compatibility of the equations described by 
Polykleitos and Vitruvius to the young Turkish men. We observed that the MidP-Om 
and Om-Por distances that Polykleitos used in his dual equation were very close to 
each other in the young Turkish men as well. We observed that the young Turkish 
men don’t comply with the quartet equation that Polykleitos described and the long
est segment belongs to body. We think that it is not a surprising result for Turks who 
have a macroskelic shape.
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We observed that the armspan length is higher than the stature in the young 
Turkish men. In their study in 2001 Cikmaz et al. reported that 72% of their subjects 
had higher armspan length [1]. Another equation proposed by Vitruvius is the triple 
equation which is concerned with the shoulder width and upper extremity. The 
shoulder width and the forearm length including the hand which must be equal to 
25% of the armspan length were close to each other but the last parameter of the 
triple equation, the double arm length was longer. As arm length is longer than the 
expected this may be the basis for the armspan to be longer than the stature.
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Sexual Differences and Reached Growth 
of Cephalometric Features in Children 
at the Age between 3 and 6 Years
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Bulgarian Academy o f Sciences, Sofia

The aim of the work is to characterize the sexual differences of cephalometric features in children from 
Sofia at the age between 3 and 6 years and to assess the reached growth for single features regarding the 
same ones in adult persons. The metrical data about 7 basic cpehalometric features in 640 children (320 
boys and 320 girls) aged 3 — 6 years are investigated. Boys have bigger head measurements than girls but 
girls come more close to the final measurements for the respective features in adult women. Most close 
to the final size is the head length, while the morphological face height had to gain much more, i.e. the 
face is awaited to become longer.

Key words-, children, head measurements, sexual differences, reached growth.

Introduction

During the period of growth and development for the single body parts and organs 
occur alterations characteristic with different for both sexes velocity and scope [1]. 
The cephalometric features are among the anthropological characteristics that 
change quickly during childhood [5]. For instance the head height at birth is rela
tively big being 1/4 part from the entire stature of the newborn, at 6 years it is 1/6 
part of the stature, and in adult individuals it is already 1/8 part of it [3].

The aim of the work is to characterize the sexual differences of cephalometric 
features in children from Sofia at the age between 3 and 6 years and to assess the 
reached growth for single features regarding the same ones in adult persons.

Material and Methods

The data presented are part of a detailed transversal anthropological study carried 
out in seven kindergartens in Sofia City (June 2004 — May 2005). Totally 640 chil
dren (320 boys and 320 girls) aged 3-6 years are investigated.

The metrical data about 7 basic cephalometric features are computed statisti
cally by the variation analysis [4].
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The comparative assessment about strength of sexual differences was made on the 
base of relative Index Units (IU) that are elaborated by Wolanski’s [2] index of relative 
inter-group differences, called in this case the Index of Sexual Differences (ISD).

ISD = 2 x [(x , —x 2) x 100] / ( x , + x 2), where x = x boys, x 2= x girls
The degree of sexual differences’ expression is categorized by the cut off points 

at P25 and P75, which are evaluated on the base of ISD data for the investigated fea
tures during the entire studied period. The sexual differences are of a low degree 
expression when the index is up to

1.54 IU (P25); from 1.55 IU till 3.18 IU (P75) they are of a middle degree expres
sion; and over 3.18 IU — of a high degree expression.

For the assessment of the reached growth about each cephalometric feature 
towards its measurement in adults are used data for adult Bulgarian population (30 
- 40 years) reported in the National Anthropological Program elaborated in the 
IEMAM, BAS.

T a b l e  1. Cephalometric characterization of the children and adults

Age -
ln tersexual differences

n X SD SEM V min m ax j n X SD SEM V min max Abs.
diff.

t-test ISD

H e a d  c i r c u m f e r e n c e
3 80 506.9 11.8 1.3 2.3 482 537 80 491.0 13.4 1.5 2.7 460 518 15.9 8,0** 3.19
4 80 508.7 13.5 1.5 2.7 475 550 80 501.2 15.0 1.7 3.0 460 545 7.5 3.2* 1.48
S 80 519.1 11.1 1.2 2.1 488 545 80 508.8 13.7 1.5 2.7 485 555 10.3 5.2** 2.00
6 80 523.6 12.0 1.3 2.3 500 550 80 511.8 12.1 1.4 2.4 482 540 11.8 6.2** 2.28

30-40 236 579.2 16.3 1.1 2.8 540 625 276 552.0 16.2 1.0 2.9 512 597 - - -

H e a d  l e n g th
3 80 174.2 5.7 0.6 3.3 162 187 80 167.7 5.7 0.6 3.4 155 180 6.5 7.2** 3.80
4 80 174.2 5.8 0.6 3.3 160 189 80 171.7 6.2 0.7 3.6 150 191 2.5 2.6* 1.44
5 80 177.9 5.5 0.6 3.1 165 191 80 174.0 6.8 0.8 3.9 159 194 3.9 4.0** 2.22
6 80 180.0 6.0 0.7 3.4 165 191 80 174.7 6.0 0.7 3.4 153 188 5.3 5.5** 2.99

30-40 236 190.6 6.7 0.4 3.5 170 215 276 180.3 5.8 0.4 3.2 165 195
H e a d b r e a d t h

3 80 137.6 4.6 0.5 3.4 126 152 80 134.4 4.6 0.5 3.5 121 148 3.2 4.4** 2.35
4 80 140.3 5.0 0.6 3.6 129 158 80 136.4 5.2 0.6 3.8 127 157 3.9 4.7** 2.82
5 80 142.6 5.0 0.6 3.6 130 153 80 138.0 5.4 0.6 3.9 128 157 4.6 5.7** 3.28
6 80 142.6 5.1 0.6 3.6 133 155 80 138.2 5.0 0.6 3.6 116 149 4.4 5.3** 3.13

30-40 236 156.9 6.1 0.4 3.9 139 172 276 148.6 5.5 0.3 3.7 133 164 - -
M in im a l  f r o n t a l  b r e a d t h

3 80 97.8 3.8 0.4 3.9 90 107 80 95.5 3.5 0.4 3.6 84 106 В 2.3 3.9** 2.38
4 80 99.1 4.0 0.4 4.0 90 113 80 97.9 3.6 0.4 3.7 90 109 1.2 2.0* 1.22
5 80 100.5 4.0 0.4 4.0 92 110 80 98.8 4.3 0.5 4.3 87 117 1.7 2.5* 1.70
6 80 101.4 4.0 0.4 3.9 92 114 80 100.0 3.7 0.4 3.7 87 109 1.4 2.4* 1.39

30-40 236 114.5 5.1 0.3 4.4 97 131 276 109.2 5.1 0.3 4.7 97 124 - - -

B iz y g o m a t i c a l  b r e a d t h
3 80 112.2 4.5 0.5 4.0 105 127 80 109.7 3.8 0.4 3.5 100 119 2.5 3.9** 2.25
4 80 114.3 4.6 0.5 4.0 102 132 80 112.9 5.0 0.6 4.4 104 133 1.4 1.8 1.23
5 80 117.6 4.9 0.6 4.2 106 132 80 113.7 4.5 0.5 3.9 100 127 3.9 5.3** 3.37
6 80 119.0 5.0 0.6 4.2 108 136 80 115.9 4.3 0.5 3.7 102 127 3.1 4.3** 2.64

30-40 236 143.5 5.6 0.4 3.9 130 157 276 134.6 4.7 0.3 3.5 122 149 - -

B ig o n ia l  b r e a d t h
3 80 85.9 4.8 0.5 5.6 76 99 80 85.1 3.7 0.4 4.4 77 95 0.8 1.1 0.94
4 80 89.4 4.5 0.5 5.0 79 104 80 87.8 4.4 0.5 5.0 78 101 1.6 2.1* 1.80
5 80 91.1 4.8 0.5 5.3 79 102 80 88.4 4.7 0.5 5.3 80 107 2.7 3.5** 3.00
6 80 92.9 4.3 0.5 4.6 85 108 80 89.8 5.3 0.6 5.9 76 104 3.1 4.0** 3.39

30-40 236 109.8 6.3 0.4 5.8 93 130 276 101.7 5.2 0.3 5.2 90 118 - - -
M o r p h o l o g i c a l  f a c e  h e ig h t

3 80 94.1 5.1 0.6 5,4 82 111 80 90.4 4.8 0.5 5.3 80 102 3.7 4.8** 4.01
4 80 96.1 5.5 0.6 5,7 85 115 80 95.2 5.1 0.6 5.3 82 107 0.9 1.0 0.94
5 80 100.3 5.0 0.6 4,9 91 120 80 96.0 4.5 0.5 4.7 85 106 4.3 5.7** 4.38
6 80 101.3 5.5 0.6 5,4 84 112 80 99.1 4.7 0.5 4.8 84 108 2.2 2.7* 2.20

3 0 4 0 236 126.2 7.2 0.5 5,7 104 149 276 116.5 5.9 0.4 5.0 104 136 -

*P< 0,05; ** P<  0,001
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T a b 1 е  2. Reached growth in children towards cephalometric measurements in adults (%)

Age H ead. C ircum f. Head length Head breadth M in. frontal 
breadth

Bizygomat.
bread th

Bigonial breadth M orph, face height

Boys G irls Boys Girls Bovs Girls Bovs Girls Bovs Girls Boys Girls Bovs Girls
3 87.5 88.9 91.4 93.0 87.7 90.4 85.4 87.5 78.2 81.5 78.2 83.7 74.6 77.6
4 87.8 90.8 91.4 95.2 89.4 91.8 86.6 89.7 79.7 83.9 81.4 86.4 76.1 81.7
5 89.6 92.2 93.3 96.5 90.9 92.9 87.8 90.5 82.0 84.4 83.0 87.0 79.5 82.4
6 90.4 92.7 94.4 96.9 90.9 93.0 88.6 91.6 83.0 86.1 84.6 88.2 80.2 85.0

b

Fig. 1. Sexual differences according to ISD data presented in descendent order: 
a — in 3 years old children; b — in 4 years old children

Results

During the entire period of investigation the boys have bigger head measurements 
than girls, like the directions of sexual differences in adults are. The established 
sexual differences are statistically significant in all ages, while only in 3 from 28 com
parative couples such significance is missing.

For each age group are made descendent formulae according to the data for 
ISD, by which an idea whether the metrical differences are strongest or slightest in 
the head parts between both sexes could be gotten.
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IU

Fig. 1. Sexual differences according to ISD data presented in descendent order: 
c — in 5 years old children; d — in 6 years old children

At 3 years of age the sexual differences are strongly expressed in the morpho
logical face height, head length and head circumference. Concerning the upper face 
breadths and head breadth, the metrical dominance in boys is of a middle degree and 
the sexual differences of the mandible breadth are most slightly expressed.

Descendent formulae: Morphological face height (4,01 IU — high) > Head 
length (3,80 IU — high) > Head circumference (3,19 IU — high) > Minimal frontal 
breadth (2,38 IU — middle) > Head breadth (2,35 IU — middle) > Bizygomatical 
breadth (2,25 IU — middle) > Bigonial breadth (0-,94 IU — low).

At 4 years of age the sexual differences are smallest being of middle and low 
expression’s degree. They are better marked in the head breadth and the bigonial 
breadth, and less — in the morphological face height.
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Head circumference 

Head length 

Head breadth 

Minimal frontal breadth 

Bizygomatical breadth 

Bigonial breadth 

Morphological face height

■  3 years
□  4 years
□  5 years
□  6 years

50 55 60 65 70 75 80 85 90 95 100 %

Fig. 2. Reached growth in children towards cephalometric measurements in adults: 
a — in boys; b — in girls

Descendent formulae: Head breadth (2,82 IU — middle) > Bigonial breadth 
(1,80 IU — middle) > Head circumference (1,48 IU — low) > Head length (1,44 IU
— low) > Bizygomatical breadth (1,23 IU — low) > Minimal frontal breadth (1,22 IU
— low) > Morphological face height (0,94 IU — low).

At 5 years of age the sexual differences are of a high and middle degree expres
sion. For the morphological face height, bizygomatical breadth and head breadth the 
differences between both sexes are strongly expressed, while for the rest ones — they 
are middle expressed.

Descendent formulae: Morphological face height (4,38 IU — high) > 
Bizygomatical breadth (3,37 IU — high) > Head breadth (3,28 IU — high) > Bigonial 
breadth (3,00 IU — middle) >Head length (2,22 IU — middle) > Head circumfer
ence (2,00 IU — middle) > Minimal frontal breadth (1,70 IU — middle).
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At 6 years of age interesting are the sexual differences of bigonial breadth, 
which occupies the first place in the descendent formulae. This fact shows that in the 
6 years old children are observed beginnings of sexual differences concerning the 
face form in mandible area, which in adult menis markedly more massive and angu
lar-shaped.

Descendent formulae: Bigonial breadth (3,39 IU — high) > Head breadth (3,13 
IU — middle) > Head length (2,99 IU — middle) > Bizygomatical breadth (2,64 IU 
— middle) > Head circumference (2,28 IU — middle) > Morphological face height 
(2,20 IU — middle) > Minimal frontal breadth (1,39 IU — low).

Assessment of the reached growth in separate ages towards cephalometrical 
measurements in adults

The general evaluation of the reached growth for cephalometric features in chil
dren aged between 3 and 6 years towards the respective measurement in adults shows 
that for all investigated age groups, as well as, for the seven features girls have gained 
bigger relative share of the final sizes in adult women than the boys have. The head 
length came most close to the final size in adults concerning the four age groups and 
both sexes, while the morphological face height had to gain much more being far 
removed from the final size in adults.

Conclusions

1. Ever since 3 to 6 years of age boys have bigger head measurements than girls, 
making the sexual differences looks like the ones in adults.
2. Notwithstanding the metrical priority for boys, the girls during the investigated 
period come more close to the final measurements for the respective features in adult 
women.
3. The head measurements of brain shape as a whole outstrip in their development 
the face measurements concerning both sexes and the four age groups. Most close to 
the final size is the head length, while the morphological face height had to gain 
much more, i.e. the face is awaited to become longer.
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The aim of this study was to determine whether there is any relationship between bone mineral density 
(BMD) and body mass index (BMI) in postmenopausal women. For this reason, 180 women who re
ferred to Diyarbakir Bilim Medicine Center, for measuring bone mineral density, were taken into the 
study. Bone mineral density was assessed by Dual Energy X-ray Absorptiometey (DEXA) from femur 
and lumbar 2-4 vertebra areas. In addition, age, weight and height of all cases were reported. The mean 
age of all cases was 57.95 ±  6.38 years. The average height was 159.60 ±  3.59 cm. The average weight 
was 71.86 ±  10.91 kg. Body mass index was calculated for each case. The average body mass index and 
standard deviation was 28.28 ± 4.04.

At the end of the study, a significant relation was found between body mass index and bone min
eral density at femur and lumbar 2-4 vertebra areas. A significant reverse correlation was found between 
age decades and bone mineral density in all areas. Also a significant reverse correlation was found be
tween age decades and body mass index.

Key words-. Body mass index, Bone mineral density.

Introduction

Osteoporosis is a major health problem, which affects millions of postmenopausal 
women worldwide. Reduction of bone characterizes osteoporosis, which results in the 
disruption of the bony architecture. Osteoporosis affects more than 75 million in the 
USA, Europe and Japan alone, and the morbidity and mortality of osteoporosis related 
fractures is so enormous that it is causing major economic concerns [2,10]. Body weight 
is considered a strong predictor of bone mineral density (BMD). This study was designed 
to estimate one of the determinants of bone mineral density, the body mass index (BMI). 
Body weight can be related to height by calculating the index (BMI, kg/ m2) which serves 
to distinguish overweight from normal body weight and between normal body weight 
and energy deficiency. It has been suggested that the optimum BMI range for women 
ranges between 18.7 and 23.8 [8] and a bone scan is recommended if BMI found 19 [7]. 
Regardless of body weight women tend to be concerned with their weight which in turn 
influences eating habits, dieting and physical activity [6].

Among many factors which are implicated in the development of osteoporosis 
female population is hypovitaminosis D, multiparity and prolonged lactation. The
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identification of factors that influence bone mass has important implications for the 
design of appropriate strategies to prevent or treat osteoporosis in elderly males and 
females. The diagnosis of osteoporosis is currently based on measurement of BMD 
using dual energy X-ray absorptiometry(DEXA). The aim of this study was to deter
mine the relation between BMD and BMI.

Materials and Methods

This was a randomized study carried out in Diyarbakir Bilim Medical Center. The 
participants were 180 postmenopausal women between ages 45-70. Bone mineral 
density (BMD) scans were performed with DEXA scanner. Bone mineral density was 
measured from the femur neck and lumbar spine L2-L4 using DEXA and was ex
pressed in g/cm2 in assessment of results currently two different scores. Z-score is 
the ratio of the difference between the assessed BMD and the average BMD of this 
age, and the standard deviation of the population. T-score is the ratio of the differ
ence between the assessed BMD and the average BMD of the young adult popula
tion, and the standard deviation of young adult population. The scores were also 
expressed in g/cm2. For T-score we accept the range between (—1 and 1) as normal 
results, (—1 and —2.5) as osteopeni and the values under (—2.5) as osteoporosis. We 
measured the weight and height of the patients anthropometrically BMI was calcu
lated according to the Formula weight (g)/height (cm2). The participants divided in 
four groups according to their age decades. The groups of ages were 45-49, 50-59, 
60-69, 70. We compared body mass index with the bone mineral density of femur 
and lumbar spine. The data were assessed by the descriptive statistical tests, Posthoc 
test and Pearson correlation tests in SPSS for Windows programme.

Results

The youngest parcipitant was 45, the oldest was 70 years old. The average age was 
57.95 and its standard deviation was 6.38. The highest was 176 cm, the shortest was 
150 cm. The average height was 159.60 cm with 3.59 standard deviation. The heavi
est was 98 kg and the lightest was 48 kg. The average weight and its standard devia
tion was 71.86+10.91 kg. The greatest body mass index was 39.83, the lowest was 
19.58. The average BMI was 28.28 ± 4.04. In comparison of variables body mass in
dex and lumbar spine bone mineral density, we found the results r = 0.381.

The increase in body mass index was found in correlation with the increase in 
lumbar spine bone mineral density.

Bone mineral density of femur neck another weight bearing site similarly shows 
positive correlation with body mass index (r = 0.454)

Our results support there is a strong positive correlation between bone mineral 
density and body mass index (Table 1).

Discussion

Osteoporosis is the most common bone metabolism disease. Advanced age is one of 
the most important determinants of the disease and the mean lifespan gets longer 
and elderly population will increase nearly 40 % in recent years. The fractures, the 
most common complication of the disease makes it a common public health prob-
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Т a b 1 е 1. The comparison of body mass index and bone mineral density of lumbar spine 
and femur neck according to the age groups

Ages BM I
L u m b a r spine 

BM D
F em ur neck  BM D P

45-49 28.94±4.36 1.107±0.17 1.047±0.13 >0.05

50-59 28.84±3.98 1.061±0.19 0.948±0.13 >0.05

60-69 27.42±4.02 0.930±0.15 0.837±0.13 >0.05

70 26.57±4.03 0.856±0.17 0.860±0.13 >0.05

lem [4]. Age, gender, height, weight, body mass index, physical activity, the geo
graphic position are important factors for the prevalence of the disease [3]. Body size 
had a major influence on the magnitude of the areal BMD difference between eld
erly males and females at the femoral neck but also at other sites (e.g., at hip and 
spine), and found that the magnitude of sex difference, likewise, was reduced after 
adjustment for weight [11]. BMD distribution with ageing differs at different skeletal 
sites in both males and females. Elderly people of both sexes experiencing different 
levels of bone loss at various skeletal sites with ageing may account for the different 
BMD distribution [1]. The risk for males and females is very similar about 50 years 
but between 50 and 75 years females have two times much more risk. The bone loss 
after menopause period is the major risk factor [9]. In our study we found ageing as 
a risk factor for postmenopausal women. The results suggest that the strong effect of 
weight on bone mineral density is due to load on weight bearing bones. The sex dif
ference is unexplained but may be due to adipose tissue production of estrogen in 
women after menopause [5]. Underweight women have less subcutaneous fat com
pared to normal and overweight women and since it is assumed that inactive vitamin 
D and estrogen are stored in subcutaneous fat, it serves as a minor energy reserve as 
well as a storage place for vitamin D. As vitamin D is fat soluble, lack of fat may lead 
to insufficient levels of vitamin D for bone formation during a particular period. 
Salamone et al. determined positive correlation between bone mineral density and 
lean body mass not with fatty mass in perimenopausal women [13]. R e i d  et al. 
found fatty mass as a determinant of bone mineral density in only women not in men 
[12]. Ageing females experience two phases of bone loss whereas ageing males expe
rience only one. An accelerated phase of predominantly cancellous bone loss initi
ated by menopause is the result of the loss of the direct restraining effect of estrogen 
on bone turnover [9].
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The aim is to be elaborated a somatotype characterization of schoolchildren aged between 7 and 17 
years that are representatives of a growing up Bulgarian generation living between the 20,h and 21s1 cen
turies, and to be established the inter-sexual and inter-age differences during this growing up period as 
for the integral somatotype, so for its three components. On the base of 10 anthropometrical features 
for the 7-17 years old schoolchildren (1851 boys and 1787 girls) is elaborated a somatotypological char
acterization by the method of Heath-Carter. It is established that between 7 and 17 years the mean so
matotype of the investigated adolescents from both sexes is relatively constant and doesn’t change its 
belonging to the respective somatotype group as a whole. The separate somatotype components, how
ever, change their values in the ages, most tangible after 13 and 14 years. These changes reflect the dif
ferences between both sexes concerning their body composition and body forms associated with the 
maturation of the children.

Key words: somatotype, schoolchildren, sexual differences, age differences.

Introduction

“...The somatotype represents physically every person as an entity. It points to us the 
importance of this “entity” and the unique morphological individuality of every per
son. Once again that every body part or an organ, even a cell are connected and de
pend on this “entity”, termed somatotype” [1, 2, 3]. According to the method of 
Heath-Carter could be distinguished 13 somatptypes, four variants to Endomorph, 
Mesomorph and Ektomorph group respectively, and one Central somatotype. The 
somatotype in children and adolescents has been examined in Bulgaria basically in 
connection with sports during the 70s and 80s of the past century [4, 5].

The aim is to be elaborated a somatotype characterization of schoolchildren 
aged between 7 and 17 years that are representatives of a growing up Bulgarian gen
eration living between the 20th and 21st centuries, and to be established the inter- 
sexual and inter-age differences during this growing up period as for the integral so
matotype, so for its three components.
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Material and Methods

The somatotype characterization is made on the base of data from a detailed mixed 
(longitudinal and transversal) anthropological investigation of 7-17 years old school- 
children from Sofia lead during the period 1993-2001. For the assessment of soma
totype are used the anthropometrical data from measurements of 3638 individuals 
(1851 in girls and 1787 in boys) distributed into 11 age groups for both sexes. The 
somatotype diagnosis is made according to the methods of Heath-Carter. Because of 
the mixed character of the study, the statistical analysis of the metrical data is made 
by the method of weighted mean value.

Results

General notion about the somatotype characterization in schoolchildren between 7 
and 17 years of age gives the mean somatotypes (Table 1). The results display that: in 
boys — till 10 years of age the mean somatotype is from the Mesomorph group, at 11 
and 12 years — the mean somatotype is Central and from 13 till 17 years it is a 
boundary type Mesomorph-Ectomorph; at girls the diversity of mean somatotypes 
is greater for the investigated period. At 7 and 8 years it is a Mesomorph-Ectomorph, 
at 9 and 10 years — a Central one, at 11 and 12 years the mean somatotype is a 
boundary type Endomorph-Ectomorph and between 13 and 17 it is constantly an 
Ectomorph-Endomorph.

For the determination of somatotype diversity in the studied adolescents is ana
lyzed the frequency of the 13 somatotypes in the separate ages (Table 2). Concerning 
the Endomorph somatotypes group for both sexes during the entire studied period 
the Mesomorphic Endomorph prevail (between 9,9% and 38,5%), its frequency be
ing considerably bigger in girls. In them after 11 years the Ectomorphic Endomorph 
is presented well, while in boys it misses. The somatotypes from Mesomorph group 
was found more often in boys from all ages, the most high frequency being around 
20% for 7 and 8 years old boys. In the girls the frequency of Mesomorph somato
types is under 10% for the period between 7 and 11 years predominantly. From the 
Ectomorph somatotypes group in boys most frequent is the Mesomorphic Ecto
morph — markedly between 14 and 17 years (up to 28,2%), slightly expressed in girls. 
This somatotype is under 10% till 13 years of age. In girls more frequently were 
found the Endomorphic Ectomorph and the Endomorph-Ectomorph. The Central

T a b l e t .  Mean somatotypes. between 7 and 17 years of age
Boys A ge G irls

co m p o n e n t values 
E n  M Ec

m ean so m ato ty p e m ean  so m ato ty p e co m p o n e n t values 
E n  M  Ec

3.32 -  4.45 -  2.79 E n d o m o rp h ic  M eso m o rp h 7 M eso m o rp h  - E n d o m o rp h 3 . 9 9 - 3 .9 2 - 3 .1 0

3 .2 5 - 4 .3 8 - 3 .2 1 B alan c ed  M eso m o rp h 8 M eso m o rp h  -  E n d o m o rp h 3 .9 9 - 3 .9 3 - 3 .3 8

3 .2 8 - 4 .1 3 - 3 .3 3 B alan ced  M eso m o rp h 9 C e n tra l  so m ato ty p e 4 .03 - 3 . 5 5 - 3 . 5 6

3 . 2 8 - 4 .2 3 - 3 .5 0 B alan ced  M eso m o rp h 10 C e n tra l  so m ato ty p e 3 .9 4 - 3 .5 6 - 3 .8 0

3 .2 8 - 3 .9 1 - 3 .7 0 C e n tra l  so m ato ty p e 11 E n d o m o rp h  - E c to m o rp h 4 .0 9 - 3 .2 1 - 3 .8 3

3 .5 1 - 3 .9 9 - 3 .7 1 C e n tra l  so m ato ty p e 12 E n d o m o rp h  -  E c to m o rp h 4 .2 9 - 2 .9 8 - 3 .8 1

3 . 3 1 - 4 .0 8 - 3 .9 2 M eso m o rp h  -  E c to m o rp h 13 E cto m o rp h ic  E n d o m o rp h 4.55 - 2 . 9 9 - 3 . 9 2

3 . 1 8 - 3 .9 0 - 4 .2 9 M eso m o rp h  -  E c to m o rp h 14 E c to m o rp h ic  E n d o m o rp h 4 . 8 9 - 2 .9 0 - 4 .1 4

3 .3 1 - 3 .9 6 - 4 .1 4 M eso m o rp h  - E c to m o rp h 15 E c to m o rp h ic  E n d o m o rp h 5 .1 3 - 2 .8 5 - 3 .8 9

3 .0 2 -3 .9 1  - 4 .1 6 M eso m o rp h  -  E c to m o rp h 16 E c to m o rp h ic  E n d o m o rp h 5 .0 0 - 2 .9 5  - 3 .7 4

3 . 1 9 - 4 .0 5 - 3 .9 0 M eso m o rp h  - E c to m o rp h 17 E cto m o rp h ic  E n d o m o rp h 5 .1 7 - 2 .9 6 - 3 .6 6
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T a b 1 е 2. Somatotype’s frequency (%) between 7 and 17 years of age

Y e ars  of age -  boys S o m ato type Y e ars  o f a g e - g i r l s

7 8 9 10 11 12 13 14 15 16 17 7 8 9 10 11 12 13 14 15 16 17

9.9 14.3 21.8 22.2 24.9 24.0 24.4 21.0 21.0 15.2 16.1 M eso m o rp h ic  E n d o m o rp h 29.4 28.0 33.3 33.7 32.8 33.7 35.3 30.4 29.7 35.2 38.5

0 0 0 0 0.6 1.2 1.2 1.4 0.8 0.8 0.8 E c to m o rp h ic  E n d o m o rp h 0.6 0.5 2.7 3.2 5.4 6.3 11.4 16.7 25.4 17.2 21.5

0.6 1.1 1.1 1.1 2.2 3.5 0.6 1.4 1.6 0.8 2.5 B alan ced  E n d o m o rp h 6.8 5.5 7.1 4.8 8.3 14.2 13.0 13.0 13.0 14.1 14.1

12.7 6.9 6.4 7.9 9.4 8.8 6.7 2.9 5.6 5.3 5.1 M eso m o rp h  - E n d o m o rp h 11.9 11.0 9.3 7.0 5.9 1.6 1.6 2.2 1.4 2.3 1.5

22.1 11.6 13.3 7.4 5.0 4.7 6.1 4.3 6.5 6.8 10.2 E n d o m o rp h ic  M eso m o rp h 8.5 7.7 2.7 3.2 0.5 1.6 1.1 0 1.4 0 0

12.2 15.9 12.8 12.2 6.1 8.2 8.5 5.1 6.5 10.6 10.2 E c to m o rp h ic  M eso m o rp h 2.3 1.6 1.1 1.6 0 0 0 0.7 0 0 0

21.5 19.0 9.6 10.1 8.3 6.4 6.1 7.2 6.5 5.1 5.9 B alanced  M eso m o rp h 9.0 4.9 4.4 4.3 1.0 0 0.5 0 0 0 0.7

12.7 13.8 9.0 13.8 9.4 9.4 11.6 9.4 8.1 12.1 11.9 E c to m o rp h  - M eso m o rp h 8.5 9.3 3.3 5.9 2.9 1.1 0.5 0 1.4 0 .8 0

0 0 0.5 0 0.6 2.9 2.4 3.6 16 3.0 2.5 E n d o m o rp h ic  E c to m o rp h 2.8 2.2 7.1 7.0 14.2 11.6 16.3 15.2 13.0 13.3 11.1

3.9 9.5 13.3 14.8 22.7 19.3 20.1 29.0 28.2 27.2 23.7 M eso m o rp h ic  E c to m o rp h 7.3 6.6 7.7 7.0 4.9 2.1 4.3 0.7 0 0 0.7

2.2 2.6 4.3 5.3 6.6 4.1 6.1 6.5 10.5 6.8 9.3 B alan ced  E c to m o rp h 6.8 12.1 11.5 13.9 11.8 14.7 6.5 6.5 2.2 3 .9 2.2

0.6 0 1.1 0.5 0 0.6 1.2 1.4 0 0.8 0 E n d o m o rp h  - E c to m o rp h 0.6 1.6 3.3 3.7 6.9 7.9 6.0 10.1 7.2 10.2 7.4

1.7 5.3 6.9 4.8 4.4 7.0 4.9 6.5 3.2 4.5 1.7 C e n tra l 5.6 8.8 6.6 4.8 5.4 5.3 3.3 4.3 5.1 3.1 2.2
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Fig. 1. Sex and age differences in the values of somatotype components
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somatotype frequency is relatively low for both sexes, and during the youth it could 
be found more rarely.

Against the base of relatively slight changes of the mean somatotype between 7 
and 17 yeras, the values of separate somatotype component change themselves con
siderably (Table 1, Fig. 1). For all ages between 7 and 17 years the Endomorph com
ponent have bigger values in girls, the sexual differences being better expressed (up 
to 2 SU) after the 14 year, i.e. at the end of their puberty and post puberty ages. The 
Mesomorph component throughout the whole period under study has bigger values 
in boys. The sexual differences are better expressed from the 13 year on, when the 
Mesomorphy in boys is round or over 1 SU greater. Nevertheless that during the 
entire studied period the sexual differences of the values for Ectomorph component 
are comparatively small, the age differences are indicative of the specificity for both 
sexes transformation of body composition and body forms, which transformation is 
connected with the sexual maturity. Till 13 years of age the girls are more Ecto
morphic, i.e. they are more lengthened. At 14 years boys and girls have equal values 
of the Ectomorph component (round 4 SU), and between 14 and 17 years, the 
Ectomorphy is already greater in boys that illustrate the formation of a more length
ened forms in them characteristic for the adult man.

Conclusions

The mean somatotype of the investigated adolescents from both sexes is relatively 
constant and doesn’t change its belonging to the respective somatotype group as a 
whole; during the entire studied period, boys are more Mesomorphic and less Endo
morphic, while girls — the opposite more Endomorphic and less Mesomorphic.

In contrast to the unchangeable mean somatotype, the separate somatotype 
components change their values most tangible after 13 and 14 years of age. These 
changes reflect the specific for both sexes changes in body composition and body 
forms connected with their sexual maturation: in boys after 13 year the Mesomorphy 
increase more markedly and less but specific — the Ectomorphy; for girls most char
acteristic is the increment of Endomorphy after 14 years of age.
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The aim of the present study was to determine some circumferential measurements as indirect indices 
for deposition and distribution of fat tissue in children with type 1 diabetes mellitus. The examined pa
tients were children with type 1 diabetes mellitus divided into the following age groups: 45 boys aged 4- 
12 years, 50 boys aged 12.01-18 years, 46 girls aged 4-12 years, 53 girls aged 12.01-18 years. Healthy chil
dren (250) were divided into same groups. The following six measurements were taken from each child: 
circumference of the arm, forearm, waist, hip, thigh and leg. In the boys aged 4-12 years the circumfer
ence of the leg was smaller in the diabetic than in the healthy boys. In the boys aged above 12 years the 
circumferences of the arm and waist were statistically smaller in the diabetic than in the healthy boys. 
Girls aged 4-12 years showed no statistically significant difference between patients and controls. In the 
girls aged above 12 years the waist, hip and thigh circumference were significantly greater in the diabetic 
patients. In between-gender comparison the diabetic girls above the age of 12 showed greater waist and 
thigh circumference than the same age diabetic boys. N o difference was found in the other measure
ments. In the age group 4-12 years the waist/hip ratio was greater in the diabetic than in the control 
children. In the 12-18-year-old girls the patients had greater ratio than the controls, while in the boys of 
the same age group the ratio was greater in the controls than in the patients.

Key words: type 1 diabetes mellitus, circumference measurements, body, limb, anthropometry.

Introduction

Metric examinations of the body and limb circumferences are essential for evalua
tion of the risk and development of type 1 diabetes mellitus [5].The great prognostic 
role of the waist, hip and thigh circumference measurements and the ratio between 
them are especially mentioned [1, 2, 4].
Aim
The aim of the present study was to determine some circumferential measurements 
as indirect indices for deposition and distribution of fat tissue in children with type 1 
diabetes mellitus.
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Material and Methods

Children (boys and girls) with type 1 diabetes mellitus treated with insulin by indi
vidual schemes were included in the study.

The boys were divided into two groups: group 1 aged from 4 to 12 years (45 chil
dren of mean age 9 years and 7 months) and group 2 aged from 12.01 to 18 years (50 
children of mean age 15 years and 8 months). The girls were also divided into two 
groups: group 1 from 4 to 12 years (45 children of mean age 8 years and 9 months) 
and group 2 from 12.01 to 18 years (53 children of mean age 15 years and 2 months).

Six circumferential measurements were taken: arm, forearm, waist, hip, thigh and 
leg. Waist/hip ratio was determined. Analogous measurements were done in 250 healthy 
children divided into the same age groups. They were used as a control group.

The results obtained were analyzed with statistical programmes SPSS 11.0 and 
INSTAT. The level of significance was determined as low (p>0.05), moderate 
(p=0.04-0.001) and high (p<0.001).

Results and Discussion

Boys aged from 4 to 12 years

In this age group moderate statistical difference was found only in the circumferen
tial measurements of the leg between the studied and control group (p=0.04-0.001).
Boys aged from 12.01-18 years

This age group presents with between-group difference of moderate statistical sig
nificance in the waist circumference (p=0.04-0.001) and between-group difference of 
low statistical significance (p>0.05) in the arm circumference.
Girls aged from 4 to 12 years

In this age group no statistically significant between-group difference was found in 
any of the circumferential measurements.

T a b l e  1. Circumferential measurements in diabetic and healthy boys aged 4-12 years

V ariables D iabetic patients H ealthy  subjects

N M ean SD N M ean SD
A nn 45 19.44 2.79 65 19.88 2.62
Forearm 45 19.71 2,21 65 19.76 1.92

Waist 45 60.85 7.76 65 58.91 5.98
Hip 45 71.87 9.47 65 71.10 6.41

Thigh 45 39.51 6.53 65 40.83 5.10

Leg 45 27.13 4.05 65 28.46 3.26

T a b l e  2. Circumferential measurements in diabetic and healthy boys aged 12-18 years

V ariables D iabetic patients H ealthy subjects
N M ean SD N M ean SD

Arm 50 24.02 2.94 61 25.26 3.56

Forearm 50 24.19 2.41 61 24.45 2.69
Waist 50 68.68 13.21 61 71.93 7.09
Hip 50 87.78 8.91 61 89.08 7.26
Thigh 50 48.07 5.72 61 48.65 5.53

Leg 50 33.40 3.58 61 34.40 3.83
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T a b l e  3. Circumferential measurements in diabetic and healthy girls aged 4-12 years

Variables Diabetic patients Healthy subjects
N Mean SD N Mean SD

Arm 46 19.78 2.93 70 20.03 2.79
Forearm 46 19.72 1.74 70 19.50 2.19
Waist 46 58.64 6.32 70 57.81 6.34
Hip 46 70.67 8.52 70 73.16 7.39
Thigh 46 40.78 5.32 70 41.86 5.41
Leg 46 27.59 3.80 70 28.53 3.41

T a b l e  4. Circumferential measurements in diabetic and healthy girls aged 12-18 years

Variables Diabetic patients Healthy subjects
N Mean SD N Mean SD

Arm 53 24.29 2.81 65 23.72 2.80
Forearm 53 23.32 1.91 65 22.66 2.29
Waist 53 69.55 7.63 65 66.02 6.76
Hip 53 91.99 7.09 65 89.70 7.13
Thigh 53 52.34 5.16 65 49.95 5.26
Leg 53 33.95 3.13 65 34,11 3.47

T a b l e  5. Waist/hip ratio in diabetic and healthy children

Groups Boys aged 
4-12 years

Boys aged 
12-18 years

Girls aged 
4-12 years

Girls aged 
12-18 years

D ia b e tic  p a tie n ts 8 4 .67 7 9 .2 4 8 3 .0 0 7 5 .6 0

H e a lth y  su b jec ts 8 2 .8 6 80.75 7 9 .0 0 7 3 .6 0

Girls aged from 12.01-18 years

Moderate statistically significant difference in the hip and thigh circumferences was 
found between the diabetic patients and control subjects (/7=0.04-0.001). Statistically 
significant difference was found in the waist circumference (p<0.001). This relation
ship was mentioned by other authors, too [1].
Between-gender comparison of the circumferential measurements

Besides the above-mentioned comparisons we compared the circumferential mea
surements between boys and girs divided into two groups: below 12 years and above 
12 years of age. Children above the age of 12 showed moderate statistical difference 
in the hip circumference (p=0.04-0.001) which was significantly greater in girls. In 
the same age group moderate statistical significance was found in the thigh circum
ference (/7=0.04-0.001), which was significantly greater in girls. No statistically sig
nificant differences were found in the remaining measurements. These findings ac
cord with those reported by other authors [1, 2, 3, 6].

Conclusions

1. In the girls with type 1 diabetes mellitus aged from 4 to 12 years the circumferen
tial measurements of the leg are statistically smaller than those in the healthy girls.
2. In the boys with type 1 diabetes mellitus above the age of 12 the circumferential mea
surements of the arm and waist are statistically smaller than those in the healthy girls.
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3. In the girls of 4-12 years of age the difference in none of the circumferential mea
surements shows statistically significant difference between patients and healthy sub
jects.
4. In the girls above the age of 12 the waist, hip and thigh circumferences are signifi
cantly greater in diabetic than in the healthy children.
5. In between-gender comparison of the circumferential measurements in the dia
betic patients the waist and thigh circumferences are significantly greater in the girls 
than in the boys above the age of 12. No statistically significant differences are found 
in the other measurements.
6. Waist/hip ratio is greater in diabetic than in the healthy boys and girls aged from 4 
to 12 years. In the 12-18-year-old girls the index is also greater in the patients than in 
the healthy controls, while in the 12-18-year-old boy the healthy children show 
greater index than the patients.
Acknowledgements: This study was supported by the National Fund of Scientific Research, Bulgarian 
Ministry of Science and Education, grant N o B 1404/2004
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A suggestion exists that the left types of Arm folding and Hand clasping witness for a latent left-hand
edness. In the light of our previous investigations, if this were true, the majority of the Bulgarian popu
lation would be latently left-handed, which is not the case. As far as none of the lateralized preferences 
Arm folding and Hand clasping showed interrelation with handedness, the suggestion that the left types 
of these preferences are symptoms of any hidden left-handedness should be categorically rejected.

Highly significant interdependences are established between handedness and footedness, handed
ness and eyedness and footedness and eyedness. Bearing in mind our previous findings that each o f these 
asymmetries depends very much on the CIFS (Cumulative index of familial sinistrality), it could be hy
pothesized that functional cerebral asymmetry is under strong genetic influence and that the separate 
functional asymmetries are partial demonstrations of much more generalized and genetically controlled 
cerebral mechanisms.

Key words-, folding, clasping, handedness, footedness, eyedness.

Introduction

It was found in our previous study, performed on 2100 healthy Bulgarians that the 
left types of the lateralized preferences Arm folding and Hand clasping prevail in 
males, in females and in both sexes jointly, all the three mentioned differences being 
highly significant [5]. The aim of the present study was to establish the presence or 
the lack of interdependence between the handedness and the two lateralized prefer
ences and, on the other hand, between the three examined functional asymmetries: 
handedness, footedness and eyedness.

Material and Methods

A sample of 870 apparently healthy secondary school students was studied. The 
sample comprised 264 right-, 246 mixed- and 360 left-handers, each handedness
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Fig.l. Hand clasping (top): left type, (a), and right type, (h). Arm folding (bottom): 
right type, (c), and left type, {<!)

category including equal numbers of males and females. Handedness of each person 
was determined accordingly to C h a p m a n  and C h a p m a n [ l ] ,  footedness in ac
cordance with C h a p m a n et al. [2] and eyedness as described by G u r and G u r
[4] and G o r i n i a and E g e n t e r [3]. Lateralized preferences Arm folding and 
Hand clasping were examined using the procedures of W i е n e r [8], L e g e u b e [6] 
and L e g e u b e  and M a r t i n e z - F u e n t e s  [7], as it is shown in Fig. 1.

Relationships between handedness and the lateralized preferences were looked for us
ing three (handedness categories) X two (types of each preference) contingency tables. 
The results of these evaluations (Arm folding, males: chi2 = 2.414, d.f. = 2, p < 0.5; fe
males: chi2= 5.2, d.f. = 2 ,p <  0.1 and Hand clasping, males: chi2= .39, d.f. = 2 ,p <  .9; 
females: chi2 = .66, d.f. = 2, p < .75) showed categorically the lack of interdependence 
between handedness and the two lateralized preferences in both sexes.

Further, the sample was distributed in a 3 (handedness categories) X 3 
(footedness categories) contingency table. The chi2 — testing revealed a strong con
nection between the two examined lateralities (chi2 = 422.59, d.f. = 4, N  = 870, p < 
.001). Similarly, the simultaneous distribution of the sample on the three handed
ness and the two eyedness categories revealed a strong interrelation between these 
two lateralities (chi2 = 127.01, d.f. = 2,N  = 870, p < .001). And, finally, such a strong 
connection was established between footedness and eyedness (chi2 = 100.97, d.f. = 
2 , N=  870, p < .001).

Results
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Discussion

A suggestion exists that the left types of Arm folding and Hand clasping witness for 
a latent left-handedness. Our previous results [5] showing a considerable prevalence 
of the left types of these preferences in Bulgarians gave an evidence against the men
tioned suggestion. If the latter were true, the majority of the Bulgarian population 
would be latently left-handed; evidently, such is not the case. The results of the 
present study give evidences in the same direction. As far as none of the lateralized 
preferences Arm folding and Hand clasping showed interrelation with handedness, 
the suggestion that the left types of these preferences are symptoms of any hidden 
left-handedness should be categorically rejected.

Highly significant interdependences are established between handedness and 
footedness, handedness and eyedness and footedness and eyedness. Bearing in mind 
our previous findings that each of these asymmetries depends very much on the CIFS 
(Cumulative index of familial sinistrality), it could be hypothesized that functional 
cerebral asymmetry is under strong genetic influence and the separate functional 
asymmetries are partial demonstrations of much more generalized and genetically 
controlled cerebral mechanisms.

Conclusion

Our results show that the suggestion that left types of the lateral preferences witness 
for a hidden left handedness should be categorically rejected. Handedness, footed
ness and eyedness are significantly interrelated, probably due to a general genetic 
determination.
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We present forensic-anthropological expert case by bone remains with complete and final identification 
of 21-year-old girl as well as Bulgarian formulae verification for stature assessment by long bones. The 
comparison to the Troter-Gleser and Ninnis formulae proves the Bulgarian formulae accuracy.
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At the Department of Forensic Medicine, Varna University of Medicine, annually a 
total of 30-35 expertises of bones and bone remains are performed, comprising about 
9.8% of all autopsies. Person identification is different in forensic medicine as com
pared to other sciences for its importance as evidence in court. For this, very strict 
rules of performing this type of investigation should be followed, including metho
dological excellence and repeatability of results.

The following order of steps in performing bone expertise is typical: determina
tion of species (i.e. human) nature of the remains, gender, age, height, and race. 
Then, the cause of death is determined. The answers to these questions are impor
tant as they will direct the future actions of the investigating officials.

The aim of the present paper is to demonstrate a forensic case in which a pre
cise identification of personality was achieved. This allows a complete forensic analy
sis of the bones and verification of the Bulgarian formulas for height determination 
by the long bones, as their precision is compared to other formulas.

The case:
On 28 July 2005, in a deep gully in the region of the village of Oreshak (Varna 

district), bone remains were discovered, nearby a small river. The spot was indicated 
by a witness who claimed he had seen a girl (to whom the bones supposedly be
longed) being thrown in the river, in February 2005. The skull was partially sunk in 
water, and along the shore most of the skeleton bones were dispersed.
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Fig. 1. Discovered bones

Fig. 2. Skull with lower jaw

At the inspection, the following bones were collected (Fig. 1.): skull (including 
part of the vertebral column attached to it), and the lower jaw. The skull was intact, 
without mechanical injuries. Only the stylloid processes were broken. Remains of 
soft tissues and a lot of dirt under the temporal arches as well as in the orbitas were 
found. The skull was heavy, the first 4 vertebrae attached to it. The lower jaw was 
completely separated from the skull (Fig. 2.). It was intact, the lower incisors had 
fallen off post mortem, but their alveolar cavities were intact, deep and with sharp 
contours. The right humerus was with a missing head and unevenly broken proximal 
end. Among the vertebral column bones, partially separated were L, to L4 vertebrae, 
while Ц  was attached to the sacrum. The two dial bones were completely separated. 
The upper part of the wing of the right ilial bone was unevenly gnawed. The ribs were 
intact; their cartilage segments connecting them to the sternum were missing as well 
as the sternum itself.
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Fig. 3. Right foot

Near the lower pat of the sacrum, bikini were found which aided the identifica
tion. The left scapula had a broken distal part of the acromion. The right radius was 
intact without changes. The left femur was with partially gnaws joint surfaces at the 
knee side. The right tibia and fibula were with unevenly gnawed proximal edges. Dis
tal from the ankle, the right foot had preserved soft tissues, upon which stockings 
and socks were found. This foot had on it a sport shoe, its soft tissues were partially 
mummified and partially macerated (Fig. 3.). The length of the right foot was 22 cm. 
The left shoe was discovered separately, removed from the foot.

The left tibia and fibula were discovered, their proximal edges being gnawed. 
The bones of the left foot were all missing.

Dry leaves and soil were sealed to most of the discovered bones. No signs of life
time disease or traumatic processes were identified.

The bones were arranged in an anatomical order. By their morphological ap
pearance (structures, joint surface, etc.) was established that they were human, be
longing to a single individual.

The skull with the vertebra attached to it was placed in water for maceration, 
and subsequently opened. The brain was well preserved, showing grayish or some
times reddish spots. However, the identification of particular disease or traumatic 
processes was not possible. Along the inner surface of the top part of the skull, the 
two anterior cranial fosse and the anterior part of the skull base was observed a 
black-colored contamination, which was removed in water.

Subsequent histological analyses and a reaction for iron were not sufficiently 
informative.

The following parameters were defined:
I. Identification signs of gender.

Descriptive or metric parametes of the skull and the seat. The skull was rela
tively small, gracile, with weakly developed occipital relief. The sinusoid processes 
were visibly small, the end of the cheekbone did not continue beyond the external 
auditory orifice. The forehead was convexed outward, the relief over the eyebrows 
was well-developed. The chin was oval, the lower jaw was thin, gracile, and the man-
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dibular angle was over 90 degrees. The orbitas were round. These are features are 
typical for the female gender.

The metric features were processed with the Russian anthropological program 
“Anthropolog” with the following results: for female gender — reliably female (2 fea
tures), probably female (10 features); for male gender: reliably male (1 feature), 
probably male (1 feature), undefined gender (11 features).

Based on the descriptive and metric parameters the skull was concluded to be 
female, Caucasian. The seat was also with female features.

II. Identification signs of age.
The skull was heavy also after maceration. The teeth formula was defined as 

follows: the nuclei of the wisdom-teeth were not seen, upper right 6th tooth has a 
small stopping of amalgama, the lower central incisor teeth have fallen off post 
mortem, the rest of the teeth were without changes. During lifetime, the teeth had 
been in a very good condition, with wearing out of enamel 1st degree. The cranial 
sutures along the internal surface of the skull roof were almost accrete, while along 
the external surface — not accrete.

III. Determination of stature.
We measured the left tibia (32.8 cm; within physiological limits), the left femur 

(40.8 cm), the right ulna — 22.8 cm (maximal lengths).
The height was determined by the following formulas: (i) according to the Trot

ter—Gleser formula, the height was determined to be 154.2 cm (by the femur length), 
155.1 cm (by the ulnar length) or 154.9 cm (by the tibial length); (ii) according to the 
Nainis formula, the height was determined to be 154 cm (by the tibial length); (iii) 
according to the formulas for the Bulgarian population of Radoinova — regression 
equations, nomograms and computer programming - the height was determined to 
be 158,6 cm (by the tibial length). With a reliability of 99.9% the true height of the 
dead girl is in the range of 152.5-163.5 cm.

According to the data acquired by her personal identification card and school 
datasheet, the girl’s height had been 160 cm. Thus, the difference between the pro
jected difference in height from the Bulgarian formulas to those of Trotter—Gleser 
formula is over 3 cm, while to those of Nainis — 4,6 cm.

The precise identification of the girl was made by constant (general) signs — gen
der, age, etc. as well as by concomitant signs — clothes, underwear, shoes. No special 
signs were found. The definitive determination of the identity was done by DNA analy
sis, which resulted in 0.99986 identities as compared to tissues from her parents.

The cause of death could not be determined.
Summary of the expertise: • All investigated bones are of human origin and 

belong to a single individual. • The descriptive and metrical parameters of the skull 
and seat demonstrate that the remains belong to a woman. •  According to the teeth, 
cranial sutures and the rest of the bones, the bone age was defined to be in the range 
of 18-25 years. •  The height as determined by the tibial length with the Bulgarian 
formulas was found to be 158,6 cm. With a reliability of 99.9% the true height of the 
dead girl is in the range of 152.5-163.5 cm. According to the data acquired by her 
personal identification card and school datasheet, the girl’s height had been 160 cm. 
• No special identification signs were found on the investigated bones. •  No lifetime 
traumatic or disease changes of the bones were identified. • The edges of some of 
the bones were missing, gnawed post mortem by animals. • The appearance of the 
bones (heavy, with low amounts of preserved tissues, parts of cartilage and wizened 
ligaments), including the presence of dry leaves on them, suggested that death had

259



occurred more than an year ago. •  The cause of death was not possible to be deter
mined because of the lack of traumatic or disease changes of the bones. •  Probable 
identification was done based on general and concomitant signs. •  The definitive 
identification was done by DNA analysis.

Conclusions

1. Investigating bones in forensic medicine is always advisable, even if only general 
signs are being determined.
2. At the lack of traumatic or disease changes of the bones the cause of death is usu
ally impossible to be determined.
3. The general (constant) and specific (not constant) signs as well as the concomitant 
signs have differential informative value in each particular case.
4. Their integration directs the individual identification. DNA analysis should also be 
performed if possible.
5. The Bulgarian formulas and nomograms of stature are considerably more precise 
as compared to other available formulas: these of Trotter—Gleser and Nainis.
6. The time of death is usually defined by approximation in broad boundaries.

R e f e r e n c e s

1. B u r n s, K. R. Forensic Anthropology Training Manual. New Jersey, Prentice Hall, 1999, 198-204.
2. K n i g h t, B. Simpson’s Forensic Medicine.9,h ed. New York, Arnold, 1993, 35-39.
3. N  a f t е, M. Flesh and bone. Durham, North Carolina, Carolina Academic Press. 2002, 117-132.
4. Й о р д а н о в ,  И., Д.  Р а д о й н о в а .  Съдебномедицинска остеологична експертиза. — В:

„Престиж офис ООД“, 2003, 125—137.

260



Institute of Experimental Morphology and Anthropology with Museum
Bulgarian Anatomical Society

Acta morphologica et anthropologica, 13 
Sofia • 2008

Dermatoglyphics of Bulgarian Females — 
Finger and Palm Ridge Count
S. Tornjova-Randelova, P. Borissova, D. Paskova-Topalova

Institute o f  Experimental Morphology and Anthropology with Museum,
Bulgarian Academy o f  Sciences, Sofia

The aim of the present study is to characterize the finger and palm ridge count on both hands of repre
sentative excerpt in healthy Bulgarian women. Subject of the study are the dermatoglyphic prints taken 
from both hands of 1270 Bulgarian females from 116 settlements in the country. Descendent formulae 
about ridge count of fingers and palm interdigital areas are elaborated. The investigated individuals are 
distributed according to the summed finger and summed palm ridge count, and according to the total 
finger and total palm ridge count. The results presented in this work complement the entire der
matoglyphic characterization of the Bulgarian population and could be used as a norm in the der
matoglyphic investigations of patients with different inborn and inherited diseases.

K ey words: dermatoglyphics, finger ridge count, palm ridge count, Bulgarian women.

Introduction

The finger and palm ridge count is a quantitative dermatoglyphic feature. In Bulgaria 
exist data only about finger and palm ridge count of healthy individuals from North
east Bulgaria [5] and about some control groups of healthy persons when patients 
suffering from different diseases were investigated [6, 7]. That’s why, in the elabora
tion of the National program “Anthropological characterization of the Bulgarian 
population” realized in the Department of “Anthropology” in IEMAM, BAS, a der
matoglyphic study of the population was carried out, as well.

The aim of the present study is to characterize the finger and palm ridge count 
on both hands of representative excerpt in healthy Bulgarian women.

The results about ridge count of healthy Bulgarian men are presented in sepa
rate paper [4].

Material and Methods

Object of the study are the dermatoglyphic prints for both hands of 1270 healthy 
women from 116 settlements in the country. The finger and palm ridge count is
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elaborated according to the methods of P e n r o s e [2] and H o  11 [1]. Variation 
statistical analysis is applied too, and for the bilateral differences is used the t-crite- 
rion of Student at P < 0.05.

Results and Discussion

Finger ridge count. The highest mean ridge count is established for I digit on right 
hand, and the lowest — for II digit on left hand (Table 1). The descendent formula 
for right hand is I > IV > V > III > II. For the left hand the first and second posi
tions exchange themselves, but the ridge count difference is only 0.21 — IV > I > V 
> III > II. The results obtained correspond to the high frequency of whorls and loops 
on the I and IV digits, as well as, to the high frequency of arches on the II one [3]. 
The mean ridge count is higher on each finger in right. Statistically significant is the 
bilateral difference about I, II and IV digits (P < 0.05).

The mean summed ridge count in the right hand is considerably higher com
pared to the left hand (t — 4.11) (P < 0.01). Higher is the summed ridge count in right 
at 63.6% of the females, and in left — at 31.7% of them, while lowest is the per cent 
(4.6%) of women having equal summed ridge count on both hands. The results ob
tained correspond to those published by Holt for 240 females — 66.7%, 28.3% and 
5.0% respectively [1].

T a b l e  1. Statistical parameters of the ridge count on single fingers 
and Total ridge count in Bulgarian females

1 Right hand Left hand Total both 
hands

CЛ
■ II III IV V I-V I II III IV V I-V I-X

n 1184 1220 1234 1228 1229 1113 1227 1207 1226 1204 1201 1115 1012
X 15.99 11.07 11.22 14.98 11.85 64.78 14.01 10.37 10.76 14.22 11.53 60.67 125.52
S 5.85 6.73 5.76 5.82 5.21 23.22 5.92 6.83 6.20 5.90 5.04 24.09 46.58
Sx 0.17 0.19 0.16 0.17 0.15 0.70 0.17 0.20 0.18 0.17 0.14 0.72 1.46
V 36.58 60.79 51.30 38.85 43.97 35.84 42.26 65.86 57.62 41.49 43.71 39.71 37.11
min 0 0 0 0 0 0 0 0 0 0 0 0 0
max 30 29 27 30 28 122 31 32 29 28 26 116 237

The distribution of women after the summed ridge count on TV digit shows that 
most are the females who have ridges from 71 till 80 ones in right, a distribution that 
doesn’t tally with the calculated mean value (x — 64.78 ± 0.70), which falls in the previ
ous interval 61-70 ridges. In left again most are the women having summed ridge count 
of TV digit in the interval 71-80 ridges, but the mean value falls nearly to the initial limit 
of the previous interval (x — 60.67 ± 0.72). The frequency distribution of summed ridge 
count is moved in left, i.e. negatively skewed for both hands. The non-normality is better 
expressed in the left hand compared with the right one (Fig. 1).

The Total finger ridge count in both hands (TFRC) for the investigated females 
is 125.52 ± 1.46. The distribution of the individuals is again asymmetrical, moved in 
left. Most are the cases into the interval 141-160 ridges, which don’t tally with the 
mean value for TFRC (Fig. 2).

Similar are the results presented by H o 11 [1] from a study held out in 1955 
about 825 women from England and by K a r e v [5] in 1979 about 1065 Bulgarian 
females from Northeast Bulgaria. The negative skewness in the frequency distribu
tion is accepted by H o 11 as an indicator for the influence of comparatively small 
genes number over TFRC determination. In the case when big number of genes has
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Fig. 1. Distribution of the individuals according to their summary finger ridge count

Fig. 2. Distribution of the individuals according to 
their Total finger ridge count

an appreciable effect on the TFRC determination, the curve of frequency distri
bution had to be similar to the Gaussian one [1].

Palmar ridge count. Richest of papillary ridges on both hands is the II 
Interdigital Area (IA) (between finger triradii a and b), followed in descendent order 
by IV IA (c-d) and III IA (b-c). The mean ridge count a-b is higher for the left hand 
compared to the right one, while vice versa the ridge count c-d is in favor for the 
right hand. Both differences are statistically significant at P < 0.05 (Table 2).

T a b l e  2. Statistical parameters of the palmar interdigital ridge count 
and Total ridge count in Bulgarian females

Statistics
Right hand Left hand

Total both 
hands

a-b b-c c-d a-d a-b b-c c-d a-d a-d

n 1178 1129 1128 1084 1184 1108 1097 1061 997

X 36.14 24.75 33.98 95.22 37.12 24.91 33.32 95.61 191.70
S 5.66 5.37 5.76 12.79 5.50 5.23 5.77 12.45 24.18
SY 0.16 0.16 0.17 0.39 0.16 0.16 0.17 0.38 0.77

V 15.66 21.70 16.95 13.43 14.82 23.00 17.32 13.02 12.61
min 18 8 11 57 17 9 13 60 124
max 6i 40 51 140 60 44 50 143 282

263



The summed ridge count for the three IA in right a-d  vary from 57 till 140 
ridges, and in left — from 60 till 143 ridges. The mean values are respectively 95.22 ±
0.39 for the right hand and 95.61 ± 0.38 for the left one. The difference is very small 
(0.39) and not significant statistically, but yet it exerts probably an influence on the 
percentage distribution of the individuals according to the ridge count for both 
hands separately. Equal ridge count for both hands have 5.8% of the women, by 
49.3% the ridge count is higher in left, and by 44.8% - in right.

The distribution of females after the summed ridge count a-d  shows that most 
of them fall into the interval of 91-100 ridges on both hands. These results coincide 
with the established mean values. The frequency distribution of the summed palmar 
ridge count is nearly symmetrical in contrast to those of the summed finger ridge 
count (Fig. 3).

The mean value of Total palmar ridge count (TPRC) for both hands is 191.70 ±
0.77. The minimal TPRC is 124 ridges and the maximal one is 282 ridges. The fre
quency distribution of the women according to their TPRC is nearly symmetrical, 
slightly moved in left (Fig. 4).

Fig. 3. Distribution of the individuals according to their summary palmar ridge count
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Conclusion

The data in present investigation complement the results of previous studies about 
other dermatoglyphic features in representative excerpt of Bulgarian males and fe
males published by us, being an important contribution to the complete notion about 
dermatoglyphic status of the Bulgarian population. At the same time they could be 
used as a norm in the clinical and medico-anthropological studies with theoretical 
and scientific applied purpose.
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The aim of the present investigation is to make a detailed anthropometrical characterization of the man
dible bone in skeleton material of individuals from both genders and to determine the sexual differences. 
The research includes 128 mandibles of adults divided according to their sex into two groups (each 
group subsumes 64 bones). The absolute metrical differences between both genders are with priority for 
males concerning all linear features, and for both angles the priority is for females. The sexual differ
ences are biggest for the branch height and they are slightest for the profile angle. The mandible front 
width and the profile angle vary within wide limits for each bone.

K ey words: mandible bone, anthropometrical characterization, sexual differences, categorization.

Introduction

From the literature review [1, 5,6] we established that in Bulgaria the purposeful anthro
pological investigations of the mandible bone in skeleton material are not enough and 
they are orientated predominantly towards bone asymmetry and teeth measuring. The 
metrical data for mandible bone are scanty, especially for its profile angle.

The aim of the present work is to make a detailed anthropometrical character
ization of the mandible bone in skeleton material of individuals from both genders 
and to determine the sexual differences.

Material and Methods

The investigation includes 128 mandible bones of adults divided according to their 
sex into two groups (each group subsumes 64 bones). The methods of M a r t i n - 
S a 11 e r [2] and J. J o r d a n o v [7] are applied. In the present paper the data about 
8 basic features of mandible bone are discussed: mandible angle width and front 
width, projectional length, height in symphysis, height and smallest width of the 
branch, mandibular and profile angle. The distribution by the categories of A 1 e k -
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s e e  v-D e b e t z [4] is applied. It was forced to initiate additional categories for some 
of the features — “hyper small” (for height in symphysis and branch smallest width) 
and “hyper large” (for mandible front width and projectional length). The data are 
statistically processed by variation analysis.

The valuation of sexual differences is made by the absolute metrical differences 
and their relative share, as well as by their standardization according to the Index of 
relative inter-group differences of W o 1 a n s k i [3]. This index is applied to deter
mine the sexual differences and it is called Index of Sexual Differences (ISD). Its 
values submit the sexual differences to the Relative Index Units (IU).

* f e m a J X l 0 ° ] / ( * m a , e s +  *  t a n * ,)•ISD -  2 x  [ (x malei■
The /-criterion of Student at P<0.05 is used to determine the authenticity of the 

established sexual differences.

Results and Discussion

Valuation of sexual differences’ extend
The absolute metrical differences between both genders are with priority for males con
cerning all linear features (Table 1). All differences are statistically significant with the 
exception of this of mandible front width. Biggest difference between both genders is 
observed about branch height. Concerning both measured angles the priority is for fe
males, as the difference is statistically significant only for the mandibular angle.

The values of ISD are graphically presented in Fig. 1. Values of ISD, which are 
equal to zero, show absence of sexual differences; the positive values display relative 
priority for males, and the negative ones — for females. The sexual differences are 
biggest for the branch height, followed by the height in symphysis. Closely values of 
ISD have the next features: branch smallest width and mandible projectional length, 
as well as mandible angle width and mandibular angle. The rest two features (man
dible front width and profile angle) have slightest sexual differences. This fact prob
ably shows that these both measurements do not depend on the sexual appurtenance 
of individual.

T a b l e  1. Biostatical characterization of the absolute mandible measurements and sexual differences

Males Females Sexual differences

n X SD SEM V min max « X SD SEM V min max
Absolute
difference t-test ISD

Mandible angle 
width 58 100.12 6.18 0.81 6.17 86.0 113.5 56 95.88 5.92 0.79 6.18 85.0 113.0 4.24 3.75* 4.33

Mandible front 
width 60 45.12 2.49 0.32 5.52 40.0 54.0 64 44.53 2.51 0.31 5.64 40.0 53.0 0.59 1.32 1.32

Mandible length- 
proicctional 64 87.47 4.66 0.58 5.32 79.0 98.0 64 82.36 4.36 0.54 5.29 71.5 91.0 5.11 6.41* 6.02

Mandible height 
in svmphysis

64 32.69 2.83 0.35 8.66 28.0 39.0 64 29.23 3.30 0.41 11.29 20.0 35.0 3.46 6.37* 11.18

Mandible branch 
height 64 64.23 4.38 0.55 6.83 52.0 73.5 64 56.94 5.02 0.63 8.82 46.5 69.5 7.29 8.75* 12.03

Mandible branch 
smallest width 64 31.66 2.69 0.34 8.48 24.5 37.5 64 29.49 2.46 0.31 8.32 24.0 34.0 2.17 4.76* 7.08

M andibular
angle 64 120.51 5.83 0.73 4.83 106.0 134.5 64 125.53 6.81 0.85 5.42 109.5 141.5 -5.02 4.48* -4.08

Profile angle of 
mandible 64 85.48 5.94 0.74 6.95 68.0 99.0 64 86.19 7.47 0.93 8.67 65.0 106.0 -0.71 0.59 -0.82

— Priority for females 
* P<0.05
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T a b l e  2. Distribution of the investigated mandible bones by categories

Category
Males

Category
Females

n % n %

Mandible angle width

Very small 79-90 3 5,17 Very small 74-85 2 3,57

Small 91-96 11 18,97 Small 86-90 8 14,29

Medium 97-103 25 43,10 Medium 91-97 25 44,64
Large 104-109 15 25,86 Large 98-102 13 23,21

Very large 110-121 4 6,90 Very large 103-114 8 14,29

Mandible front width

Very small 37,8-42,1 9 15,00 1Very small 36,5-40,7 3 4,70

Small 42,2-44,6 16 26,67 Small 40,8-43,1 18 28,12

Medium 44,7-47,3 26 43,33 Medium 43,2-45,7 22 34,38

Large 47,4-49,8 8 13,33 Large 45,8-48,1 18 28,12

Very large 49,9-54,2 1 1,67 Very large 48,2-52,4 2 3,12

Hyper large 54,3-x - • Hyper large 52,5-x 1 1,56

Mandible length-projcctional

Very small 64-70 - - Very small 61-66 - -

Small 71-74 - - Small 67-70 -

Medium 75-79 3 4,69 Medium 71-75 6 9,38

Large 80-83 11 17,19 Large 76-79 9 14,06

Very large 84-90 38 59,37 Very large 80-85 36 56,25

Hyper large 91-x 12 18,75 Hyper large 86-x 13 20,31

Mandible height in symphysis

Hyper small x-23,5 - - Hyper small x-21,2 2 3,13

Very small 23,6-28,6 2 3,12 Very small 21,3-25,8 8 12,50

Small 28,7-31,4 25 39,06 Small 25,9-28,3 10 15,62

Medium 31,5-34,5 19 29,69 Medium 28,4-31,2 29 45,31

Large 34,6-37,3 12 18,75 Large 31,3-33,7 14 21,88

Very large 37,4-42,4 6 9,38 Very large 33,8-38,3 1 1,56

Mandible branch height

Very small 45-53 1 1,56 Very small 40-48 5 7,81

Small 54-58 7 10,94 Small 49-52 8 12,50

Medium 59-63 19 29,69 Medium 53-57 24 37,50

Large 64-68 26 40,62 Large 58-61 18 28,13

Very large 69-77 11 17,19 Very large 62-70 9 14,06

Mandible branch smallest width

Hyper small x-24,7 2 3,13 Hyper small x-23,1 - .

Very small 24,8-29,5 9 14,06 Very small 23,2-27,6 14 21,88

Small 29,6-32,1 32 50,00 Small 27,7-30,0 27 42,18

Medium 32,2-35,2 13 20,31 Medium 30,1-32,9 14 21,88

Large 35,3-37,8 8 12,50 Large 33,0-35,3 9 14,06

Very large 37,9-42,6 - Very large 35,4-39,8 -

Mandibular angle

Very small 100-111 5 7,81 Very small 104-115 4 6,25

Small 112-117 15 23,44 Small 116-121 16 25,00

Medium 118-124 27 42,19 Medium 122-128 24 37,50

Large 125-130 16 25,00 Large 129-134 14 21,87

Very large 131-142 1 1,56 Very large 135-146 6 9,38
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Fig. 1. Sexual differences (ISD data)

Distribution of the investigated mandible bones by categories (Table 2)

Mandible angle width (measurement 66 by Martin—Sailer) — concerning both gen
ders the mandibles having “medium angle width” prevail. Lowest is the per cent of 
the cases, which belong to the category “very small”.

Mandible front width (measurement 67 by Martin—Sailer) — for both genders 
the majority of the mandible bones refers to the category “medium”. Lowest is the 
per cent, coming into the category “very large”. In female gender there is one case 
for which the value of this measurement exceed the limits of category “very large” 
and respectively it was assigned to the category “hyper large”.

Mandible length-projectional (measurement 68 by Martin—Sailer) — the investi
gated mandible bones are distinguished for comparatively “large” projectional 
length. Concerning both genders, the bones with “very large” length prevail. Rela
tively high is the per cent of the cases that refer to the category “hyper large”. For 
both sexes in the category “very small” and “small” couldn’t be referred any of the 
investigated mandibles.

Mandible height in symphysis (measurement 69 by Martin—Sailer) — the inves
tigated mandibles are remarkable for comparatively “small” height in symphysis. In 
female gender there are cases, which come under the limits of the category “very 
small”. Concerning this feature we have observed the biggest sexual differences in 
the percentage distribution by categories.

Mandible branch height (measurement 70 by Martin—Sailer) — in male gender 
the majority of cases comes into the category “large”, followed by the category “me
dium”. For females the percentage distribution in these two categories is conversely.

Mandible branch smallest width (measurement 71a by Martin-Sailer) — for both 
genders highest is the per cent for the category “small”. Concerning the bones of 
males there are established cases, which come underneath the limits of the category 
“very small”.

Mandibular angle (measurement 79 by Martin—Sailer) — in both sexes highest 
is the percentage frequency of bones, belonging to the category “medium”. Concern
ing the distribution in the rest categories, big distinctions are observed.
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Profile angle o f mandible (measurement 79(1) by Martin—Sailer) — for this angle 
the mean values for both genders are very close. This fact gives us reason to suppose 
that as the mandible front width, so the profile angle shows a great variability. The 
percentage distribution for that feature is not discussed in the present work, since 
Alekseev—Debetz did not give categories about this angle.

Conclusion

1. All linear features have higher absolute values of mandible bones in individuals 
from the male gender, which is a natural biological regularity. Concerning both mea
sured angles the priority is for females.
2. The sexual differences are biggest for the branch height and slightest for the pro
file angle.
3. Mandible front width and profile angle vary within wide limits in the separate indi
viduals and these features do not depend on the sexual appurtenance.
4. According to the categories of Alekseev-Debetz, the mandible bones in individu
als from the male gender are distinguished for: “medium” width, comparatively 
“large” projectional length, “small” height in symphysis, “large” height but compara
tively “small” width of the branch. The mandibles of females have also “medium” 
width and comparatively “large” projectional length. In contrast to males, the bones 
in females have “medium” height in symphysis and “medium” branch height. For 
both genders highest is the percentage frequency of the mandibles that have “me
dium” value of the mandibular angle.
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The aim of this investigation is to characterize the peculiarities in nasal region of the facial part of cra
nium in medieval population from Drastar, based on metric and scopic data for size, form and projec
tion of nasal bones, nasal aperture and nasal’ base. This craniological investigation was made on 69 cra
nia of adult individuals (39 males and 30 females). The results show that the medieval population from 
Drastar was distinguished by a large nose size, as the nasal bones are strongly projected, symmetrical, 
long and wide. The form of the bone nose in profile is mainly straight and convex. In intersexual aspect 
was observed a tendency for os nasale in male crania to be relatively more high (convex) and narrower, 
compared to female crania.

Key words: nasal region, os nasale, apertura piriformis.

Introduction

The nasal region is one of the most characteristic parts of the human face, de
termining its aspect. The metric and scopic characterizations of the nasal region 
are important share of the data, necessary for the biological reconstruction of 
the investigated populations concerning the bone material from archaeological 
excavations [6].

Characterization of the nasal region complements the morphological notion for 
the facial part of cranium in buried individuals. The comparatively investigations of 
bone remains from different ages and areas gives an idea for specific morphological 
peculiarities of the human face.

The aim is to characterize the peculiarities in nasal region of the cranium’s fa
cial part in medieval population from Drastar, on the basis of metric and scopic 
data for the size and form, the projection of nasal bones, nasal aperture and nasal’s 
base.

271



a b

Fig. 1. Male cranium of adult individual

C d

Fig. 2. Male cranium of adult individual

Material and Methods

The craniological investigation was made on 69 crania of adult individuals (39 male 
and 38 female) from medieval necropolis in Silistra, dated 9th — 15th century AD 
(Figs, la, b; 2a, b) [5].
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The sex of the investigated cranial series was determined on the basis of metric 
and scopic features by the methods of R. M a r t i n  — K. S a l l e  r;V. P a s h k o v  a; 
B. N i k i t y u k [2, 9, 8].

The physiological age of the individuals was determined by the obliteration’s 
degree (G. Olivier) and by the degree of attrition of the chewing surfaces of the teeth 
(M. Gerasimov) [3, 7].

The metric characterization of the nasal region was made by the classic meth
ods of R. M a r t i n  — K. S a i l e r  and В. A 1 e k s е e v — G. D e b e t z [2, 4]. Nine 
linear and three angular features were measured and four indices were calculated. 
Five scopic features were investigated and described taking into consideration the 
corresponding grades and scales [7, 1, 2].

The data in this investigation were computed by variation and alternative analy
sis. The sexual differences in metric features were estimated through the U-test of 
Mann — Whitney.

Describing the results, the categories from the different features are defined 
according to theirs rubrics by R. M a r t i n — K. S a 11 e r [2].

Results and Discussion

Metric characterization

The biostatistical results from this study are given in Table 1

T a b l e t .  Biostatistical characterization of measurements and indices of the nasal region in male 
and female crania (osteological data)

No by 
Martin

Measurements and 
indices

Males Females U-
value

n mean min max SD Sx n mean min max SD Sx

54 Breadth of aperture 
pirifomis 37 24,80 21.00 30.00 2.29 0.38 30 23.25 20.00 27.00 2.08 0.38 0.012*

55 Height of aperture 
pirifomis 28 53.93 49.00 61.00 2.93 0.55 27 51.06 43.00 60.00 4.59 0.88 0.020*

49a Dacrial height 20 22.88 20.00 27.00 2.30 0.52 15 21.23 18.00 25.00 2.08 0.54 0.053

50 Maxillo-frontal
breadth 32 24.70 20.00 32.00 2.57 0.45 21 22.62 19.00 27.00 2.22 0.48 0.008*

57 Least breadth of os
nasale 26 10.12 8.00 13.00 1.50 0.30 17 10.56 8.00 15.00 1.81 0.44 0.679

571 Greatest breadth of os
nasale 17 18.18 11.00 25.00 2.96 0.72 12 17.13 14.00 20.00 1.69 0.49 0.160

49 Lacrimal breadth 4 23.50 20.00 27.00 2.89 1.44 8 24.25 20.00 27.00 2.36 0.83 0.808
DS Dactial height 20 12.26 10.00 15.00 1.22 0.27 14 11.75 9.00 19.50 2.58 0.69 0.023*
SS Simotic height 28 5.96 3.00 8.00 1.33 0.25 17 5.21 40.00 70.00 1.05 0.25 0.042*
73 Nose’ profile angle 21 86.10 79.00 98.00 4.75 1.04 16 84.63 78.00 90.00 3,58 0.89 0.534

75 Profile angle of os 
nasale 10 53.40 44.00 65.00 6.13 1.94 9 54.67 43.00 73.00 8.62 2,87 0.905

75, Angle of projection of 
os nasale 8 31.63 26 38 3.74 1.32 8 31.50 25 42 5.76 2.04 0.792

54:55 Nasal index 27 46.38 37.07 57.69 4.74 0.91 24 46.21 35.71 55.81 5.43 1.11 -

57:57, Transversal index of 
os nasale 13 54.94 40.00 66.67 7.76 2.15 12 63.45 50.00 85.71 10.43 3.01 -

DS:49a Dacrial index 20 55.70 42.31 68.18 7.62 1.70 14 55.01 45.45 84.78 10.62 2.74 -
SS:57 Simotic index 26 58.00 34.78 77.78 12.62 2.47 16 49.73 33.33 63.64 8.62 2.15 -

* Statistically significant differences at P<0,05.

The least breadth of os nasale Г57,) and lacrimal breadth (49) are with greater 
mean values in the female crania from all measured breadth-wise features, as the 
difference is not statistically significant. All the rest breadth-wise features are greater 
in the male crania, as statistically significant differences (at p<0,05) display only the 
breadth of apertura pirifomis (54) and the maxillo-frontal breadth (50).
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In the male crania all measured height-wise feature are with greater mean value, 
as all of them show statistically significant intersexual differences at p<0,05.

The nose’ profile angle (731 is greater in the male crania as in both sexes pre
dominate the crania with angle from the categories “orthognath” and “mesognath”. 
The angle of projection of os nasale (75j) is with almost equal mean values in both 
sexes, as the priority is for the male crania, while the profile angle of os nasale (75) is 
with greater value in the female ones. This expresses tendency, the nasal bones in 
female crania to be relatively more projecting.

Index characterization for form and proportionately
The nasal index 154:551 is an indicator for the relatively breadth towards height 

of apertura piriformis. The mean values in both sexes are almost equal, with small 
priority for male crania.

The transversal index of os nasale (57:57^. indicates the relatively breadth of the 
nasal bones. The vastly less mean value in the male crania shows tendency for rela
tively more narrow os nasale at the male crania in comparison with female ones.

The dacrial index (DS:49a) gives idea for the relatively projective height towards 
breadth of the nasal’ back. In the male crania this index has a greater value, which 
shows that the nasal’ back in them is relatively more high (convex) and narrow, com
pared to female crania.

The simotic index CSS:57) is an indicator for the relatively projective height to
wards breadth of os nasale in their most narrow part. The vastly greater mean value 
in male crania express a tendency for nasal bone in their most narrow part to be rela
tively more high (convex) and narrow, compared with female crania.

Scopic characterization

The results from this study are given in Table 2

T a b 1 e 2. Distribution of the scopic features in both sexes 
(by total number and per cents)

Scopic fetures Male Female
/I % n %

1. Form of the bone nose in profile 23 100 14 100

straight 11 47.82 7 50

convex 10 43.48 4 28.57

concave 2 8.7 2 14.29

undulate 0 0 1 7.14

1. Os nasale 25 100 14 100

symmetrical, long, wide 13 52 7 50

symmetrical, long, narrow 2 8 1 7.14

symmetrical, short, wide 0 0 3 21.44

symmetrical, short, narrow 0 0 0 0

asymmetrical, long, wide 7 28 1 7.14

asymmetrical, long, narrow 3 12 1 7.14

asymmetrical, short, wide 0 0 1 7.14

asymmetrical, short, narrow 0 0 0 0

3. Spina nasalis anterior (1-5) 23 100 22 100

grade 1 0 0 0 0

274



grade 2 0 0 5 22,72

grade 3 11 47.82 13 59.09

grade 4 6 26.09 3 13.64

grade 5 6 26.09 1 4.55

4. Lower end of apertura piriformis 39 too 29 too
anthropina 23 58.97 17 58.62

infantilis 9 23.08 6 20.69

fossa praenasalis 4 10.26 1 3.45

sulcus praenasalis 3 7,69 5 17.24

5. Form of apertura piriformis 26 100 20 100
pear-shaped 22 84.62 13 65

triangle 3 11.54 5 25

heard-shaped 1 3.84 2 10

The bone nose in profile is predominantly convex and straight in male crania. 
The concave form is found more rarely, while the undulated one is not established. 
In the female crania are accounted all forms of the bone nose, as the convex and 
straight ones again are found in greatest per cent, while the concave and undulated 
form are found in less per cent [7].

In both sexes highest frequency has the symmetrical long and wide os nasale. 
Asymmetrical long and wide bones are found in a less per cent. At the female crania 
in few cases are found symmetrical short and wide, asymmetrical long and narrow, 
asymmetrical short and wide and asymmetrical long and narrow nasal bones [7].

Spina nasalis inferior is accounted by a 5 grades scale (1-5). Crania with grade 
3 (middle development of the prick) are established at highest per cent in both sexes. 
Slightly developed prick (grade 2) in the male crania is absent, while in the female 
ones it is present. The grades 4 and 5 (strong developed nasal’ prick) are found in 
equal per cent in male crania, while in female ones the 4 and 5 grades are more rarely 
established [1].

In both sexes according to the lower end of apertura piriformis, at highest fre
quency is the “anthropina” form (sharp ridge of apertura piriformis). The following 
by frequency is the “infantilis” form (blunt lower end). From all crania the “fossae 
prenasales” form (formed fossae) is established at lower frequency, while the “sulcus 
praenasalis” form (formed groove) is absent [2].

In both sexes the form of apertura piriformis is predominantly pear-shaped, as 
following by frequency is the triangle form, and the heard-shaped one is presented 
with lowest per cent [7].

Conclusion

The described results from the metric and scopic investigation of crania from medi
eval necropolis in D r a s t a r, characterize the morphological peculiarities in nasal 
region of the individuals. These results show that the medieval population from 
Drastar was distinguished by a large nose size, as the greatest superiority had the high 
and narrow aperture piriformis with lower end “anthropina” and well-developed 
spina nasalis anterior. The middle part of the face is “orthognathous”, with relatively
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high nasal’s base. The nasal bones are strongly projecting, symmetrical, long and 
wide. The form of the bone nose is mainly straight and convex in profile and the na
sal aperture is with pear-shaped form.

In intersexual aspect statistically significant differences are established in all 
measured height-wise features, as well as in two breadth-wise ones, which are with 
greater measurements in the male crania. The index characterization expresses ten
dency for os nasale in the male crania to be relatively more high (convex) and nar
rower, compared with female ones.
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In total, 41 males and 23 female scapulae were metrically and scopically investigated in detail. The re
sults obtained show significant differences in size and form of the scapula in both sexes.
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Introduction

The examination of human postcranial skeleton in bone remains from archaeologi
cal excavations, and in particular every bone of the skeleton, present an opening to 
give notion for sex and age, stature, proportionality and body massiveness of buried 
individuals and to trace back the physical development of differently ancient human 
populations.

The scapula as a whole is very rarely saved from archaeological excavation, and 
that’s why the data of its detailed morphological description are too little.

The aim of this study is to make a detailed metric and scopic characterization 
of scapula, to establish the sexual differences of separate features and to determine 
these ones, which are of great significance for the sexual differentiation.

Material and Methods

The anthropological investigation was done on osteological material from archaeologi
cal excavations of mediaeval necropolis in the National Archaeological Reserve 
“Durostorum — Drastar — Silistra” [4]. In total, 41 males and 23 female scapulae, be
longing to adult individuals, were investigated. The sex and age were determined by 
metric and scopic features of cranium and postcranial bones, described by R. M a r t i n 
— K. S a i l e r  [1], V. P. Al e k s e e v [ 3 ] ,  B. A. N i k i t y u k  [5], etc.
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The anthropological investigation was done by the classical methods of R. 
M a r t i n  — K. S a i l e r  [1] and V .P. A l e k s e e v  [3]. Eleven metric features 
were measured, four indices were calculated and four scopic features were described 
through grades and scales after V. P A l e k s e e v  [3].

The metric data were analyzed using SPSS version 13.0. The sexual differences were 
evaluated through the U-test of Mann-Whitney. The quantitative assessment of sexual 
differences was made by the Wolanski’s index for inter-group comparisons (ISD) [2]:

xl +x2

where x, is mean of the feature in males and x2 is mean of the feature in females.

Results and Discussion

Metric characterization

The main biostatistical results of the study are given in Table 1.

T a b l e  1. Biostatistical characterization o f measurements and indices of human scapula, 
for individuals from both sexes (osteological data)
No by 
Martin

Features
Males Females

ISD U-value
n mean min max SD S X n mean min max SD S X

1 Anatomical breadth 6 164.58 147 179 13.33 5.44 6 147.75 139 160 7.87 3.21 10.78 0.045*

2 Anatomical length 11 106.59 95 118 7.69 2.32 8 95.81 90 103 4.71 1.66 10.65 0.004*

3
Length o f margo 

lateralis
18 140.17 128 155 7.24 1.71 13 126.23 115 140 8.41 2.33 10.47 0.000*

4
Length o f margo 

superior
7 85.10 71 106 12.67 4.79 6 75.33 71 84 4.84 1.98 12.18 0.114

5a
Anatomical breadth of 

fossa infraspinata
9 119.06 106 137 8.93 2.98 7 111.00 100 120 8.37 3.16 7.01 0.124

6a
Anatomical breadth of 

fossa supraspinata
8 63.38 46 78 11.25 3.98 5 48.20 44 50 2.49 1.11 27.21 0.004*

7
Length of spina 

scapulae
13 141.42 123 157 10.83 3.00 7 126.93 120 138 7.09 2.68 10.80 0.008*

12
Length o f cavitas 

glenoidalis
35 41.83 38 47 2.29 0.39 20 36.20 32 41 2.19 0.49 14.43 0.000*

13
Breadth o f cavitas 

glenoidalis
35 29.69 23 35 2.11 0.36 23 25.02 23 30 1.63 0.34 17.07 0.000*

15
Breadth-wise - 

lengthwise angle
5 94.60 88 102 5.98 2.68 6 91.33 80 96 5.72 2.33 3.52 0.409

17 Axilo-glenoidal angle 5 139.00 130 152 8.00 3.58 6 140.00 131 151 7.77 3.17 -0.72 0.582

2:1 Scapular index 6 66.38 56.74 73.47 6.03 2.46 5 64.50 62.30 68.35 2.32 1.04 2.87 -

3:1 Marginal index 6 86.78 79.78 95.24 6.49 2.65 6 86.71 82.14 91.80 4.46 1.82 0.08 -

6a:5a
Index o f spinal cavities 

b)
6 48.95 38.98 58.26 7.71 3.15 9 43.52 39.29 50.00 4.63 2.07 11.74 -

13:12
Lengthwise -  breadth
wise index o f  cavitas 

glenoidalis
33 71.11 50.00 79.49 5.45 0.95 20 68.84 63.89 78.13 3.69 0.83 3.24 -

The basic metric features of scapula are its anatomical breadth (1) and ana
tomical length (2). The measurements of both features are significantly greater 
(P<0.05) in male scapulae than in female ones. The difference is 16.83 mm for ana
tomical breadth and it is 10.78 mm for anatomical length.

The next two features characterize fossa infraspinata of the scapula. They are: 
length of margo lateralis (3) and anatomical breadth of fossa infraspinata (5a). 
The means of both features are greater in male scapulae, but the sexual difference in
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the first feature (13.94 mm) is statistically significant (P<0.05), whereas the difference 
for the second one (8.06 mm) is not significant.

The metric characterization of fossa supraspinata includes the following two 
features: length of margo superior (4) and anatomical breadth of fossa sup
raspinata (6a). The measurements of these features are greater in male scapulae 
also, but only the second feature is statistically significant (P<0.05). The male-female 
difference is 9.77 mm for the length of m. superior and it is 15.18 mm for the anato
mical breadth of f  supraspinata. The previous shows that this measurement is 
greater with a quarter in male scapulae than in female ones.

The spina scapulae is an important element for the anatomical structure of scapula 
and it is metric characterized through its projection length (7). Its measurement is sig
nificantly greater (P<0.05) in male scapulae with 14.49 mm than in female ones.

The main features of cavitas glenoidalis are its length and breadth. The mean 
of the length of c.glenoidalis (12) is significantly greater (P<0.05) in male scapulae 
than the mean in female ones. The male-female difference is 5.63 mm. The breadth 
of c.glenoidalis (13) shows significant difference (P<0.05) between both sexes. It is 
greater in male scapulae with 4.67 mm.

In this study are read data for two angles: breadth-wise - lengthwise angle (15) 
and axilo-glenoidal angle (17). The first angle is little greater than the right angle in 
both sexes — with 4.6° in male scapulae and with 1.3° in female ones. The second 
angle is an obtuse angle with almost equal values in both sexes — about 140°.

Index characterization about form and proportionality of scapula

The form and proportionality are determined computing following four indices:
The scapular index (2:1) is greater in the scapulae of male individuals at 1.88 

%, than its value in these of females. The difference shows that male scapulae are 
relatively longer and narrower compared to female ones.

The marginal index (3:1) has very close values in scapula of males and females. 
This result shows that the scapulae in both sexes are with relatively almost equal 
length of margo lateralis towards anatomical breadth.

The index of spinal cavities b) (6a:5a) is greater in male scapulae at 5.43 %. 
That difference determines relatively larger breadth of fossa supraspinata in male 
scapulae compared to that in female ones.

The lengthwise — breadth-wise index of cavitas glenoidalis (13:12) is greater in male 
scapulae again at 2.27 %. This male-female difference shows that cavitas glenoidalis in 
males is relatively shorter and wider compared with the same one in females.
Comparative assessment o f sexual differences by the data o f ISD

The values of index of sexual difference (ISD) show that all measured features have 
priority for the male scapulae (with slightly exception for feature 17) (see Table 1). High
est value of ISD has the anatomical breadth offossa supraspinata. Next by strength are 
the sexual differences for features characterizing cavitas glenoidalis — its breadth and 
length. Comparatively strong differences for both sexes display also the features that 
characterize the scapula as a whole, as well as its fossa infraspinata, margo superior and 
spina scapulae. Slightly sexual differences are found in the measured angles. Primary 
meaning for the assessment of sexual differences has the index of spinal cavities b) too. 
About other indices, the values of ISD show slight male-female differences.

Scopic characterization

The form of margo superior scapulae is reported in 11 male and 8 female scapulae. 
Margo superior is practically horizontal in 5 male and in 4 female scapulae. Margo
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superior is inclined below 35° in other 5 male scapulae and in 3 female ones also. The 
incline of margo superior is above 35° in 1 male and 1 female scapula.

The form of incisura scapulae is determined in 23 male and in 11 female bones. 
The absence of incisura scapulae is registered in 2 males and 1 female scapula. A shal
low incisura is recorded in 7 male and in 6 female bones. A deep incisura scapulae is 
observed in 13 male and in 4 female scapulae. An incisura scapulae, whose end almost 
shape a complete circle is met in 1 male bone only and it is not found among female 
scapulae. The form of incisura scapulae that is apertura is missing in both sexes.

The form of spina scapulae is determined in 27 male and in 16 female scapu
lae. The spina scapulae is thin, with small extension on the level of incisura scapulae 
in 14 male scapulae and in 13 female ones. The spina scapulae is thin in its basis and 
then get thick in 9 male and in 3 female scapulae. The spina scapulae is uniformly 
thin along its whole length in 2 male scapulae only, and the spina is sharply curved 
down after its basis in 2 bones, as well. The last two forms of spina scapulae are not 
recorded in female scapulae.

The form of cavitas glenoidalis is presented by a pear-shaped cavity in all 35 
male and 22 female scapulae. An ovoid-shaped cavity is not observed.

Conclusions

All measured lengths and breadths of scapula are greater in males than in females.
According to the data of indices about form and proportionality, the male 

scapulae are relatively longer and narrower, with wider fossa supraspinata and with 
shorter and wider cavitas glenoidalis, compared to the female scapulae.

From scopic features the sexual differences are well pronounced in the form of 
incisura scapulae. It is predominantly deep in male scapulae, but it is mainly shallow 
in female ones.

The comparative assessment of sexual differences for all investigated metric 
features shows that male and female scapulae are differentiated at greatest about 
anatomical breadth of fossa supraspinata and about length and breadth of cavitas 
glenoidalis, which probably reflect the different development of the musculature in 
scapular region in both sexes.

The established sexual differences in the investigated anthropological features 
of scapula could be used to formulate the algorithms that determine or specify addi
tionally the sexual affiliation of bone remains, when there are scarce or missing data 
for the sexual differentiation.
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We present histomorphologic changes in the gingiva of dogs with different periodontal diseases. Peri
odontal diseases in dogs show big variety when it concerns the clinical symptoms — from comparatively 
slight color changes (slight erythema) of the marginal and papillary tissues to severe ulcerations, necro
sis and sequestrations. Histologic changes vary in accordance with the combination of the severity and 
the localization of the pathologic process — from vasodilation to deep ulcers, where some parts of the 
mucosa are lost.

Key words: mucosa, periodontal complex, gingivitis, inflammation, veterinary dentistry.

Introduction

The periodontal complex includes morphologically different tissues which are in a 
biologic and functional union [3, 11]. The diseases of this complex, both inflamma
tory like gingivitis and periodontitis, and the like are often spread in the clinical prac
tice in people [1] and in animals [2, 8]. These diseases represent a serious challenge 
for the modern human and veterinary dentistry.

The main etiologic factor for the inflammatory periodontal diseases is the den
tal biofilm.

Still there are many unrevealed issues, connected with the initiation and pro
gression of the inflammatory process in the periodontal tissues, the pathomorpho- 
logic changes and also the changes in the immune system [7].

The purpose of this study was to evaluate histomorphologic changes in the gin
giva of dogs with different periodontal diseases. To solve the purpose we set 2 defi
nite tasks:

1. To determine the clinical changes in dogs’ periodontal complex.
2. To examine the histomorphologic changes in the periodontal tissues after the 

progression of an inflammatory reaction.
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Material and Methods

For the purpose of our study we used 24 mongrel dogs, age between 3 and 5 years 
and weight between 12 to 16 kg. The dogs had clinical signs of generalized chronic 
periodontal disease. Clinical examination was performed by the Williams’ periodon
tal probe. The main clinical parameters — pocket probing depth, gingival recession, 
clinical attachment level, were put in a special periodontal chart. We took a biopsy 
material from the free marginal edge and the attached gingiva in the left mandibular 
canine region. The material was processed followed the standard dying technique 
with hematoxillin — eosine.

After the fixation the slices were viewed by light microscope “Ampival” with 
magnification 4.0 x 0.10.

Results

1. Clinical results
The clinical signs were systematized in 4 groups according to the severity of the 
pathologic process:

Is1 group — local gingival hyperemia without a swelling, bleeding on probing; 
I I nd group — bleeding on probing, swelling, pocket probing depth up to 3 mm; 
IIIrd group — bleeding on probing, swelling, pocket probing depth more than 3 

mm, tooth mobility grade 1 or 2;
IVth group — severe bleeding on probing, swelling, tooth mobility grade 3, 

pocket probing depth more than 3 mm and presence of pus in the pockets.
2. Histological results
Most of the samples showed acantosis — an overgrowth of stratum spinosum. At the 
same time tearing of the intercellular connections was obvious, together with initial 
invert micropapilomatosis and blood vessels dilatation (Fig. 1, 2, 3).

There also was in some cases an initial degree of keratosis of the cells in stratum 
corneum. The other mucosal layers were extended. A wide spread invert papiloma- 
tosis and hyperemia were obvious (Fig. 4).

The superficial mucosal layer was ulcerated in two of the dogs. A local 
acantosis, necrosis and sequestration of the tissue was seen (Fig. 5).
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Fig. 1. Mucosa with acantosis (A), blood vessels Fig. 2. Mucosa with initial invert 
enlargement and initial invert micro- Micropapilomatosis (A), x  4
papilomatosis (В), x 4
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Fig. 3. Mucosa with advanced invert 
Micropapilomatosis (A), x 4

Fig. 4. Mucosa with wide spread 
invert micropapilomatosis (A), x  4

Fig. 5. Mucosa with ulceration (A) and 
focal acantosis (В), x 4

Fig. 6. Mucosa with ulceration (A) and 
diffuse deep nonspecific infiltrates (B). x  4

In the samples of one dog we found out severe granulocytes’ infiltration with 
cariorexis of the nuclei in part of them. Some of the mucosa was necrotic and seques
trated. Thus ulcerations were formed, infiltrated with polymorphonuclear leucocytes 
and cellular debris (Fig. 6).

Duscussion

A variety of clinical signs were obvious. They characterized the severity of the dis
ease, and also its type. The progression of the diseases is usually in both vertical and 
horizontal direction [4, 5].

The histologic changes in the initial stage are connected with cellular over
growth in stratum spinosum (acantosis) and tearing of the intercellular connections. 
A pronounced micropapilomatosis was seen in the advanced stage of the disease.

The destruction of the epithelial cells and the desmosomes could be connected 
with a change of the interaction among them and also the expression of integrins [6]. 
This statement explains the possibility why in the advanced stage an ulceration, ne
crosis and sequestration of the tissue was seen in the superficial layer of the mucosa.
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The progression of the disease is connected with lysis of collagen fibres of gingi
val connective tissue and an alveolar bone resorption. These processes lead to an 
increased tooth mobility. The pathologic changes in the periodontal tissues are also 
due to the cytotoxic activity of the involved root surface, damaged by the absorbed 
endotoxins and other inflammatory mediators [13]. Only one part of endotoxins’ 
molecule — LIPID A — is with certain biologic activity, stimulates vascular perme
ability, activates the complement cascades, the production of interleukins and the 
involvement of the immune system [12].

Along with the destruction of the periodontal tissues a fibrosis and definite 
changes of the non-collagen ingredients is seen. These changes are different in the 
different clinical stages and the different periodontal disease in dogs [9, 10].

Conclusions

1. Periodontal diseases in dogs show big variety when it concerns the clinical symp
toms — from comparatively slight color changes (slight erythema) of the marginal 
and papillary tissues to severe ulcerations, necrosis and sequestrations.
2. Histologic changes vary in accordance with the combination of the severity and 
the localization of the pathologic process — from vasodilation to deep ulcers, where 
some parts of the mucosa are lost.
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The aim of the study is anatomical investigation of rectal fascia and its relation to perirectal connective 
tissue structures and spaces. Materials were from adult cadavers and human fetuses. They were dissected 
and examined histologically. The results show that rectal adventitia and rectal fascia are situated circu
larly around the extraperitoneal part of the rectum. Rectal fascia is bordered behind by retrorectal 
space, laterally is connected with pararectal pelvic space by lateral ligament and in front is part of recto- 
urogenital septum. There are collagen and single elastic fibres in the rectal fascia on histological sec
tions. The rectum with rectal adventitia and fascia compose an integrated morphological compartment.

Key words', rectal fascia, rectal adventitia, pelvic fascias.

Introduction

Rectal fascia has the cardinal role among perirectal structures according to rectal 
cancer management. The first known description of rectal fascia has been given by 
Rumanian surgeon and anatomist T. Ionescu in 1890. He described “la gaine fibreuse 
du rectum” (fibrous envelope of the rectum), which circularly surround the 
extraperitoneal part of the rectum [2]. The review of contemporary publications 
shows that there are differences in description of rectal fascia. Because of that the 
aim of the study is macroscopic and histological investigation of rectal fascia and 
perirectal connective tissue structures and spaces.

Materials and Methods

We dissected precisely six embalmed with formaldehyde adult cadavers (three male 
and three female) without pelvic pathology. For histological investigations we used 
specimens from four fresh adult cadavers (two males and two females) without pel
vic pathology. Samples after fixation were included in paraffin and cut at 4 pm. Sec
tions were stained with Haematoxylin & Eosin, Azan, Van Gieson, Orcein and 
immunostaining with S-100 proteins (to present the nerve fibres). The same histologi
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cal methods were applied for specimens obtained from two (one male and one fe
male) human fetuses with age 17-19 weeks. On this fetal age the pelvic fascial struc
tures are already developed and this gave us opportunity to investigate the precise 
topography and relations of perirectal fascias, ligaments and spaces [3].

Results

The rectal adventitia is situated round the muscular wall of the extraperitoneal part 
of the rectum between rectosigmoid and anorectal junctions (Fig. 1). It is composed 
of fat and loose connective tissue, branches of superior rectal artery, tributaries of 
superior rectal vein, perirectal lymph nodes and nerve fibres. The adventitia is the 
most developed dorsally, decreased laterally and is the thinnest anteriorly.

The rectal fascia is a thin sheet of connective tissue, intimately connected with 
underlying adventitia and has the same contour as the rectal adventitia. Its cranial 
beginning is situated just behind superior rectal artery. Rectal fascia is continuing 
and ending in subperitoneal connective tissue in peritoneal rectal walls. It is con
nected with longitudinal muscle layer of the anal canal. It is composed of collagen 
fibres intermingled with elastic fibres and fat tissue.

The retrorectal space is situated behind rectal fascia. There is loose connective 
tissue in it. The outer border of this space is inner layer of urogenital fascia (Fig. 2). 
Rectosacral fascia is a quadrangular sheet composed of collagen fibres, some elastic 
fibres and smooth muscles. It starts from the periosteum of fourth sacral vertebra 
and pass towards the rectal fascia in caudal and ventral direction (Fig. 3).

Rectal fascia is connected with pararectal pelvic space by lateral ligaments of 
the rectum, were autonomic nerves from inferior hypogastric plexus (rectal bran
ches), small vessels and some collagen fibres are present.

Fig. 1. Presenting of perirectal structures on histological section 
from human fetus (R — rectal mucosa, M — tunica muscularis, A 
— rectal adventitia, F — rectal fascia, Ln — perirectal lymph 
node, U f — urogenital fascia, Pf — parietal fascia, Pm — 
m.piriformis). H&E staining, X 60
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Fig. 2. Fascias and spaces behind the rectum on human fetus.
(F — rectal fascia, SRR — retrorectal space, FU G  —urogenital 
fascia, SRS —presacral space with venous plexus). Azan staining, 
x 100

Fig. 3. Presenting o f rectosacral fascia (1) and lateral ligament 
(2) on anatomical specimen from embalmed adult male ca
daver (Pr — promontorium, R — rectum, V— urinary bladder)

Rectal fascia is a part of the recto-urogenital septum in front of the rectal wall. 
It is separated from peritoneoperineal fascia by prerectal space, filled with loose 
connective tissue. Peritoneoperineal fascia is structured by collagen and elastic fibres 
with longitudinal smooth muscle bundles and many nerves (Fig. 4).
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Fig. 4. Presentation o f rectoprostatic septum in section from 
adult male cadaver (A — rectal adventitia, F  — rectal fascia, 
PP — prostatoperitoneal fascia, Pr — prostate, N  — nerve fi
bres, V — periprostatic blood vessels). H&E staining, x  60

Discussion

Our description of rectal adventitia and fascia is similar to this of H. F r i t s c h [3], 
and I. Bissett and coauthors [1]. On the other hand, we do not agree with R. Heald 
and В. M o r a n [4] who believe that rectal fascia is situated only behind the rectum. 
About urogenital fascia we agree principally with the descriptions ofV. M u n t e a n
[7]. We share the view of T. T a k a h a s h i et al. [10] about lateral ligament’s topog
raphy and structure, but we cannot accept the statement of O. J o n e s et al. [5] that 
lateral ligament do not exist really and is “artifact, produced during surgical tech
nique”. Our description of rectal and peritoneoperineal fascia in recto-urogenital sep
tum coincide with this of I. Lindsey and coauthors [6]. However, we did not find two 
anatomical separate layers of peritoneoperineal fascia, as M. Nano et al. [8] presented. 
We believe that “posterior layer” of the peritoneoperineal fascia is in fact the rectal 
fascia; the statement is maintained by A. O p h o v e n  and S. R o t h [9] as well.

In conclusion we can state that rectum with rectal adventitia and rectal fascia 
composes an integrated morphological compartment, separate from other pelvic con
nective tissue.
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The increased exchange of medical professionals in the process of globalization pose a question of mini
mum requirements in medical education. The main recommendations of some international documents 
are moving towards more student-centered and self-directed learning, utilization the advances in com
puting and other technologies in delivering the material, early clinical contact and development of Clini
cal skills learning centers. We shear our experience of applying active learning approaches in teaching 
anatomy. The active learning methods are well accepted from students and the teaching staff. We 
steadily believe that there is a place for innovative approaches in learning anatomy. This is an appropri
ate way to overcome the gap between the basic sciences and clinic and will contribute to training good 
doctors who could be able to practice allover the world.

K ey words: learning anatomy, active methods.

Introduction

The process of globalization led to increased free exchange of medical professionals. 
Our medical education needs conformation to the world standards. There are sev
eral international documents concerning main principles and educational goals that 
have to reach at 2010: “Global Essential Minimum Requirements for Medical Edu
cation” set of global minimum learning outcomes which students of medical schools 
must demonstrate at graduation; “Global standards for medical education and bet
ter health care” recommendations is the re-examination of the medical school edu
cational strategy in reason the educational methods and the assessment to be con
firmed with the new educational aims [12].

Applying the “Global standards” vary in different countries depending of spe
cific health needs. To meet the challenges of increasing health needs permanent cur
riculum changes has inquired. Stress must be given to self-learning and early clinical 
contact which increases motivation and enriches pre-clinical education.

International experience

The answer of the basic question WHY will motivate students to study so bulky sub
ject. In many medical schools a new approach of teaching and learning has searched.
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Anatomy curriculum has structured to show examples of disordered structures be
cause the most of symptoms have better accepted in the anatomy context [2].

Because of these pressures, anatomy experts have endeavored to implement sev
eral approaches of teaching and learning, such as self-directed learning [8], dissec
tion repeated in the clinical year [7], case-based anatomy course and clinical 
anatomy with PBL [9].

The publication of “Tomorrow’s Doctors” by the General Medical Council in 
1993 has triggered a variety of responses from UK medical schools [1].

The recommendations are decrease the curriculum overloading, implementa
tion the clinical aspects in teaching anatomy [3, 5], “vertical” and “horizontal” inte
gration and early clinical contact for better understanding in the context of basic 
disciplines.

In UK different approaches are used. Integration is most appropriately 
achieved by a case-based or a problem-based approach (in Liverpool and Manches
ter) rather than a strictly system-based approach. In the University of Dundee the 
“spiral approach” has devised and is favoured — in the progression through the 
course (the same topic is visited several times in increasing level of complexity — 
through normal structure and function to abnormality and clinical practice).

In the University of Pretoria, South Africa, a clinical anatomy practicum for 
clinic is developed. It is conducted to prepare students for the inspection, palpation, 
percussion and auscultation of the cardiovascular, respiratory, abdominal and uro
genital systems. Standardized patients, cadavers, skeletons, prosected specimens, 
plastinated specimens, X-ray, computed tomography, magnetic resonance images, 
multimedia programs and clinical case studies has used as resources [6].

Anatomy course has integrated in the curricula of many medical schools by 
implementing Clinical anatomy [4, 7, 8, 9, 10].

The human anatomy course in the Youngstown State University, US, is centered 
over a computer software program that presents detailed “step by step” cadaver dis
sections added with anatomy drawings, models and skeletons [11].

Our experience

From 1990/1991 academic year the anatomy curriculum in Medical University of 
Pleven includes 322 academic hours divided in three semesters. The restriction ne
cessitated some changes in the curriculum. During the first semester the anatomy 
lectures was reduced to 8 hours — 4 hours basic knowledge about bones and 4 - 
about bone connections. This material is thought in details in osteology and 
artrology practical and the student’s knowledge is assessed in two colloquiums. The 
topograph anatomy course has removed from the regular lecture course and has 
proposed as facultative during dissections.

We implemented some active approaches in teaching anatomy by which we are 
trying to higher the quality of anatomy knowledge acquired. During first semester, 
we apply elements of self-studying in the courses of osteology and artrology. In a 
part of groups the students are “self-studied” — divided in subgroups they work with 
textbooks, atlases, anatomy preparations (bone and joint samples) and software and 
try to find and learn the objects. Assistants do not explain and show anything and 
only help the students. At the end of the practical different subgroups present some 
objects — bones or joints. The role of the assistant is to coordinate and to control the 
work and to support students when need to specify something. Thus, “the micro-lec
tures” about the simple anatomical objects, which students can see and fine easily
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has avoided. Through a kind of “discovering”, we want to stimulate the curiosity and 
to drive on the self-studying. The most positive in this stile of learning is the relatively 
individualization in studying process — the opportunity different subgroups to work 
with there owns speed and way convenient for students.

During the second semester when students do dissections and study internal 
organs we use so cold “clinical questions”. The clinical questions are short (in few 
words) clinical cases with steadying learning organ or system. On this base, questions 
about macro and microscopic structure of organs were formulated to help students 
in answering the clinical question. For instance, to count the layers of the stomach 
destroyed by perforated stomach ulcus. To answer the clinical questions students 
have to do some independent self-preparing. At the beginning of the practical, they 
do a short incoming test to identify the level of self-preparing and to specify the main 
terms. The work continues with studying preparations from internal organs and ob
servation the histological slides. At the end students try to answer the clinical ques
tion. These elements of active learning are very well accepted by the students. They 
are very interested and active in self-preparing and practical work.

During the dissections, other active learning activities are applied. Student 
group are divided in subgroups of 2-3 persons. Each subgroup is given so cold “clini
cal tasks” — short clinical case about a disease in particular aria or an organ in it. 
Students have to study the area (by self-preparing), to discuss between each other 
and with the assistant what must be done, to dissect the area and at the end to present 
it the other students. After that, the clinical case is discussed. This way of working 
and appearance stimulates the competition (“who will do the work best”). Self-as
sessment is provided.

There is a practice in our department that demonstrators develop interesting 
anatomy objects. These elaborations later become interdisciplinary and are the basic 
point for scientific researches.

The assessment in our department is current — test, self-assessment and peer- 
assessment; periodic — tests and colloquiums and final exam which includes test, 
practical exam and viva voice.

The interim results of active-learning groups do not differ significantly compar
ing with other students (results are higher with a few per cent). Studying the final 
exam results is imminent and future development in clinic. PBL-groups show signifi
cant higher results in the final exam (Table 1).

Conclusions

There is a common tendency to:
•  reduce the anatomy curriculum;
•  stress to active learning activities;
•  look for alternatives in delivering information and learning — internet and 

special software.

T a b l e  1. Results from the final exam 2004 — 2006
Y e a r 2 0 0 3 / 0 4 2 0 0 4 / 0 5 2 0 0 5 / 0 6

M e a n  r e s u l t s 3 . 9 5 4 . 1 2 3 . 4 5

A c t i v e  l e a r n i n g  g r o u p s 4 . 3 5 4 . 2 8 3 . 6 3

S t a n d a r d  l e a r n i n g 3 . 4 4 3 . 9 4 3 . 3 8
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Our proposals

• current optimizing of the basic anatomy course in three semesters by some 
program restructuring;

•  implementation the active learning activities (PBL, active group learning and 
others) with including clinical aspects;

• try to find a way for some anatomy courses as modules in clinic — for instance 
CNS during studying neurology;

• short initiating anatomy courses for post-graduate trainers in sugary, ortho
pedics, radiology, obstetrics and others.

Our permanent goal is keeping traditions to enrich and modernize the anatomy 
teaching with new methods and approaches in reason to do it more attractive for stu
dents and post-graduate trainers, to help them in obtaining steady/stable knowledge for 
the human body which will be the base useful during there entire clinical practice.
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The pattern of substrate use by the heart (fatty acids, lactate, and glucose) and its utilization varies ac
cording to the duration and intensity of workload and hormonal status. Sex hormones play a substantial 
role in regulating glycogen metabolism during exercise. The myocardial collagen matrix surrounds 
myocytes and functions as a medium between them and the circulatory system. This study investigates 
single and combine effect of endurance training and anabolic androgenic steroids (AAS) treatment on 
glycogen and collagen content in rat myocardium. AAS administration resulted in increased glycogen 
in cardiomyocytes and increased perivascular collagen fibres in sedentary rats. The training effects were 
not associated with alterations in either the glycogen or collagen content. Combining both factors - 
training and AAS, was manifested as a reduction in the glycogen amount in the cardiomyocytes and lack 
of changes in the collagen fibres around the vessels, as compared to the single effect of AAS.

K ey words-, glycogen, collagen, myocardium, endurance training, Nandrolone Decanoate.

It is known that glycogen stores, located primarily in the liver and skeletal 
muscles provide a ready source of energy for use during exercise. The pattern of sub
strate use by the heart (fatty acids, lactate, and glucose) and its utilization varies ac
cording to the duration and intensity of workload and hormonal status. To date, it is 
well documented that sex hormones like estrogens and testosterone play a substan
tial role in regulating glycogen metabolism during exercise [9]. Many athletes use 
supraphysiological doses of anabolic androgenic steroids (AAS) aiming to increase 
the glycogen content in tissues and improvement of their athletic performance [2].

Also, an increase in collagen concentration is observed as an integral part of ex
tracellular matrix remodeling in myocardium in response to a variety of pathologies
[8]. Little is known about the influence of AAS and exercise on the glycogen content 
and interstitial collagen in the myocardium.

The aim of the present study was to investigate single and combine effect of en
durance training and AAS treatment on glycogen content and collagen fibers in rat 
myocardium.
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Material and Methods

Forty male Wistar rats (initial body weight 200-220g) were randomly distributed into two 
main groups (я=20) - sedentary (S) and trained (T). The exercised rats trained on mo
tor-driven treadmill with submaximal loading (70-75% VO? max) 5 days per week for 8 
weeks. During the first 2 weeks the duration of the daily training session increased every 
second day. At the end of 2nd week the rats run 40 min daily and this loading was main
tained to the end of the experiment. After second week from the beginning of the experi
ment half of the trained and sedentary rats received weekly either 10 mg-kg'1 Nandrolone 
Decanoate (ND) or Placebo (PL) i.m. for the last 6 weeks.

All the groups: S+Pl; S+ND; T+P1; T+ND were subjected on submaximal run
ning endurance (SRE) and VO tests several times. The day after the last test was 
performed the animals were decapitated after thiopental anesthesia and material 
from the left heart ventricle of each animal was taken immediately. Samples of the 
middle third of the outer left ventricle wall were obtained and fixed in Bouin’s fixa
tive for twenty-four hours at room temperature and than embedded in paraffin. Part 
of paraffin sections (5 м т  thick) was investigated histochemically for glycogen using 
PAS method (McManus, 1948) and the other part - for collagen using Azan method 
(Heidenhain, 1915).

The staining saturation of the PAS reaction and distribution of collagen were 
assessed by specialized software “DP-Soft” (Olympus, Japan) on ‘Microphot’ 
(Nikon, Japan) microscope, equipped with a Camedia-5050Z (Olympus, Japan) digi
tal camera. Measurements were applied on longitudinal sections at equal magnifica
tion (x400).

Data was evaluated for statistically significant differences by two-way ANOVA 
followed by Games-Howell post hoc test. Significance was accepted atP<0.05. The 
results are presented as mean ± SEM.

Results and Discussion

In the sedentary control group PAS staining showed small amounts of glycogen in 
the cardiomyocytes. There was significant main effect of ND treatment on the glyco
gen content in comparison with placebo (15.75+0.42 vs. 9.19+0.42, P<0.001). En
durance training had significant main effect on myocardial glycogen (P<0.001). 
Trained rats presented lower glycogen than sedentary (10.39+0.42 vs. 14.55+0.42). 
There was significant interaction between training and AAS treatment (P<0.001).

ND treatment significantly increased glycogen content in cardiomyocytes of the 
sedentary animals compared with placebo (P<0.001) (Fig. 1). In the trained groups 
ND expressed similar effect on glycogen increasing it’s content in T+ND group 
compared to training per se (P<0.01).

There was no significant difference between the trained (T+Pl) and control 
group (S+Pl). Combination of both factors resulted in an intermediate glycogen con
tent, which in T+ND group compared to the steroid control was significantly lower 
(12.38+0.90 vs. 19.12+0.48, P<0.001).

Cardiomyocytes in the myocardium of the control group (S+Pl) were separated 
by small amounts of collagen in the interstitium (Fig. 2, A). In the perivascular areas 
collagen was slightly presented. There was no significant difference in the percent
age of collagen fibres in the endomysium between all the groups (P>0.05)

An increase in the amount of collagen fibres surrounding the blood vessels of 
greater caliber was observed in the myocardium of untrained, ND-injected animals
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Fig. 1. Glycogen in the cardiomyocytes (in relative units)
*P<0.001, S+N D  vs. S+Pl; **P<0.01, T +N D  vs. T+Pl; #P<0.001, 
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Fig. 2. Collagen fibres in the myocardium, Azan staining
A — sedentary+Placebo; B, b — sedentary+Nandrolone Decanoate; C — 
training+Placebo; D, d — training+Nandrolone Decanoate. Arrows indicate col
lagen fibres, x  400
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(Fig. 2, b). In the myocardium of rats subjected to a submaximum training (T+Pl), 
no increase in the amount of collagen was observed - both around the vessels and in 
the intercellular spaces, as compared to the control (Fig. 2, d). Combining both fac
tors did not alter the amount, neither of collagen in the interstitium, nor around the 
vessels, as compared to the control.

Endurance training did not lead to changes in the glycogen content in the 
cardiomyocytes. These results are consistent with the results obtained by other au
thors who also did not find any changes [2]. The content of connective tissue (mainly 
collagen) in the spaces between the cardiomyocytes also did not change. Similar re
sults were reported by other research teams [6, 8, 10].

AAS treatment in untrained animals resulted in considerable glycogen increase 
in the cardiomyocytes. Being a derivative of testosterone (Ts), ND is capable of acti
vating the processes of synthesis of enzymatic, structural, receptor and contractile 
proteins. Glycogenin, a protein that has been recently found in the muscles and the 
heart, is capable of initiating glycogen synthesis autocatalytically [1]. We hypothesize 
that ND influenced glycogenin activity in synthesizing a new glycogen. Another pos
sible mechanism increasing glycogen content is the activation of lipoprotein lipase, 
as well as the predominant utilization of fats as a substrate [4]. On the other hand, 
glycogen accumulation could be interpreted as a pathologic tendency [5]. An in
crease of glycogen content in cardiomyocytes was found in left ventricle biopsies 
from patients, with coronary heart disease in the presence of areas with permanently 
reduced oxygen supply [3]. The increase in the collagen fibres in the perivascular ar
eas is difficult to assess at this duration of AAS application. If this tendency is pre
served with a more prolonged AAS treatment, this would definitely result in impair
ment of coronary blood flow and oxygen delivery.

On the other hand, endurance training led to decrease in Ts serum levels in the 
animals of the same experiment [7]. This fact could also account for the lack of 
changes in the glycogen and collagen content in the trained group.

Combining both factors — training and AAS — was manifested as a reduction 
in the glycogen amount in the cardiomyocytes, as compared to the single effect of 
AAS application. The levels remained higher, as compared to the independent effect 
of training. Similar results were obtained by Cunha et al. [2], but they found no gly
cogen increase in the myocardium of the steroid control. The lack of changes in the 
collagen content around the vessels in the group of trained animals that received an 
anabolic steroid (T+ND), is a sign of the beneficial influence of training, as com
pared to the single effect of AAS treatment.
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The dense, shape and dimensions of mast cells in the pelvic urethra of 9 sexually mature clinically 
healthy male European shorthair cats were investigated following euthanasia.

The material was fixed in Carnoy’s fixative, dehydrated, embedded in paraffin and stained with
0.1% toluidine blue.

The light microscopy revealed that most mast cells were present in the propria o f pelvic ure
thra. Mast cells were also present in the urethral musculature and the intermuscular stroma. A rela
tively high concentration of mast cells was observed in the internal longitudinal smooth muscle layer. 
The observations on mast cells’ shape and dimensions showed that they were the most elongated in 
the circular muscular layer. The mast cells in the musculature had a fusiform shape, those in the pros
tate lobules — oval and in the propria — oval and elongated. The morphometric data were statisti
cally processed.

Key words-, mast cells, pelvic urethra, tomcat.

Introduction

It is known that the anatomy of feline pelvic urethra has a number of specific fea
tures [11].

The studies about the localization, number and distribution of mast cells of 
tryptase-containing mast cells in human testes with either normal or abnormal sper
matogenesis [14]. In cases with abnormal spermatogenesis, the number of mast cells 
was increased and their shape was rounded or elongated, indicating their degranula
tion. The results evidenced that mast cells and their secretory products were involved 
in the thickening of the wall of convoluted seminiferous tubules and other changes, 
observed in sterile testes.

Human testicular mast cells are divided into interstitial and peritubular. In im
paired spermatogenesis, the number of interstitial mast cells was higher than that of 
peritubular ones. The mast cells in testes were considerably more numerous in steril
ity unlike their lower number in inflammations or neoplasms [1, 4].

The density of mast cells in the ventral part of prostate in the rat was high and 
decreased with age [3].
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The number of mast cells was higher following castration in the connective tis
sue of the ventral prostate in gerbils [9].

Few mast cells were observed in the testicular interstitium of healthy boars. In 
boars with unilateral abdominal cryptorchism, mast cells were few whereas in bilat
eral cryptorchids, there were numerous mast cells [7].

The mast cells in the testicular interstitium of mice were found to be consider
ably more dense in the intact testis after transperitoneal unilateral torsion of the 
other testis [8].

The lack of data about the density, the shape and dimensions of mast cells in 
the pelvic urethra of male cats motivated the present study in order to elucidate their 
role in the function of male urethra in this animal species.

Material and Methods

Pelvic urethras of 9 clinically healthy, sexually mature male European shorthair cats, 
weighing 2.8-4 kg were studied. The cats were euthanized i.v. with 200 mg Thiopen
tal (Biochemie, Austria).

The material was fixed in Carnoy’s fixative for 4 hours, then put in 70° ethanol 
for 12 hours, dehydrated in an ascending alcohol series, cleared in xylene and em
bedded in paraffin.

The cross -sections (5-7 pm) were stained with 0.1% solution of toluidine blue 
in Mclvane’s buffer, pH 3 [6].

The density of mast cells (number, in mm2) and dimensions (in pm) were mea
sured with an eyepiece micrometer and shape were determined via light microscopy 
and their

The data were statistically processed (Data analysis, StatMost for Windows).

Results and Discussion

The total area of studied histological sections was 572 mm2, with the greatest share 
of the external smooth muscle layer (165 mm2 — 28.8%), followed by the middle 
circular layer, the propria with the erectile tissue and the internal longitudinal layer, 
whereas the disseminate prostate area was the lowest one — 36 mm2 (6.3%). Of a 
total of 4060 mast cells studied, the greatest number were observed in the propria - 
1100 (27.3%), followed by the middle circular, internal and external longitudinal 
muscle layers and the lowest - in the disseminate prostate - 33 (0.9%). The greatest 
density of these cells per mm2 was observed in the propria — 9.41 ± 0.68, followed 
by the internal, the circular and the external muscular layer. The lowest density was 
that in disseminate prostate - 0.92 ± 0.24. Mast cells were the longest in the circular 
muscle layer - 16,36 ± 0,33 mm, the shortest - in disseminate prostate - 7.36 ± 1.69 
mm, the thickest - in the propria - 8,22 ± 0,27 mm, and the thinnest - in disseminate 
prostate - 4.23 ± 0,98 mm (Table 1).

The light microscopic study showed that the most significant density of mast 
cells occurred in the propria of pelvic urethra. Significantly higher mast cell density 
was observed in the internal longitudinal smooth muscle layer followed by the middle 
and the external layer. The studies on the shape and dimensions of mast cells showed 
that they were relatively elongated (fusiform) in the circular muscle layer followed 
by the other two muscle layers and the propria and they were oval in disseminate 
prostate (Fig. 1).
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T a b l e  1. Area (mm2) of studied pelvic urethra regions with number and dimensions (|lm) 
of mast cells within

P a ra m e te r  1 EM M M IM P E D P T o ta l

A rea 165 143 110 118 36 572

% 28.8 25 19.2 20.7 6.3 100

N u m b e r 936 1033 948 1100 33 4060

% 23.1 25.4 23.3 27.3 0.9 100

N u m b e r  — 5.671 0 .3 6 7 .2 2 1 0 .3 4 8.62 +  0.61 9 .41+ 0 .68 0 .9 2 1 0 .2 4 6 .9711 .5
m m 2

3.6-8.6 5.5-11.2 5.9-13.4 6.1-14.5 0-3.3 0.92-9.41

M in  — m ax

1.59 1.43 2.57 2.88 1.03 3.36

SD

L eng th 12 .2510 .65 16 .3610 .33 11 .2610 .34 12 .8410 .46 7 .3 6 1 1 .6 9 12.01 +  1.45

M in  — m ax 7.9-17 13.6-19 9.5-15 10.2-16.3 10.2-18.7 7.36-16.36

SD 2.74 1.41 1.45 1.95 7.19 3.23

T h ickness 6 .97+ 0 .34 6.3 +  0.37 6.1710 .31 8 .22 1 0 .2 7 4.23 +  0.98 6.37+ 0 .65

M in  — m ax 4.5-9.5 3.4-6.8 4.8-8.5 6.8-10.2 6.8-11.9 4.23-8.22

SD 1.44 1.56 1.32 1.15 4.14 1.45

EM — external longitudinal muscle layer; DP — disseminate prostate; MM — middle circular muscle 
layer; PE — propria and erectile tissue; IM — internal longitudinal muscle layer

Fig. 1. Mast cells (me), located in the propria (pr) of pelvic urethra and in vicinity of lobules of 
disseminate prostate (pd). x 400
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The present study describes for the first time mast cells in feline pelvic urethra, 
observing a considerable predilectional, connective tissue presence. The obtained 
data added to the knowledge about these cells’ distribution in the interstitial tissue of 
male genitals in rats, mice, boars, gerbils and humans [2, 3, 7, 13, 8, 9].

The data allowed us to support the assumption about the dominating affinity of 
mast cells towards the fibroelastic elements of pelvic urethra [11], corresponding to 
their known localization in the testicular interstitium in rats, mice and men [1, 3, 5, 8].

The considerably higher number of mast cells in the propria of pelvic urethra 
(9.41) and the muscle layers (from 5.67 at the external longitudinal to 8.62 at the 
internal layer) vs their density in disseminate prostate (0.92) suggested their role in 
the motility of fibromuscular elements, the regulation of vascular tonus and the 
microcirculation similarly to that described in the ureter of domestic pigs [10].

In our opinion, the fact that mast cells in the middle circular layer were with the 
most elongated shape compared to the other two longitudinal layers, deserves 
attention. It allowed us to assume that the marked elongation of cells was due to the 
high contractile amplitude of the circular layer.

In conclusion, the results of our study showed convincingly that the relatively 
higher dimensions (length and thickness) of mast cells in the propria vs those into 
the disseminate prostate, were indicative about their more active involvement in the 
connective tissue of feline pelvic urethra.
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The data from the literature sources show variation of the occurrence of the hamatolunate joint (HLJ) 
in the wrist joint between 26.7% to 73% due to the different research methods. Three methods were 
applied on one and the same material in the current study. The aim of this study was to evaluate the 
degree and the circumstances in which these methods can determine the presence of the HLJ. Twenty 
cadaver wrist joint complexes were studied for the presence of HLJ. The methods applied were radio
logical, dissection and macerated bones. In 3 cases the radiological method shows no sign of a HLJ, 
even though such a joint was detected by the two other methods. The radiological method cannot verify 
the presence of a HLJ in the cases where the width of the medial facet of the os lunatum for the os 
hanatum was less than 3mm.

Key words-, wrist joint complex, types of lunate bone, hamatolunate joint, X-ray study morphometry.

Introduction

Recent studies on the presence of the HLJ and the types of the lunate bone that lead 
to the presence or the absence of such a joint show significant difference in the fre
quency of that variation in the wrist joint complex [6, 18]. The radiological study of 
D h a r a p et al. [5] shows that the os lunatum type II (with additional medial facet 
for os hamatum) [16] determines the presence of the HLJ and can be found in 26.7% 
of the studied cases. According to V i e g a s et al. [17] the same type os lunatum can 
be found in 73% of the cases using the wrist dissection (Table 1). In our opinion that 
significant difference is due to the abilities of the applied methods for visual detec
tion of the medial facet of os lunatum — scopical observation of the macerated 
bones, cadaver wrist dissection, radiological, arthroscopical, and MRI images. 
S a g e r m a n e t a l . [ 1 2 ]  estimated that the accuracy of the radiological determina
tion of the different types of os lunatum vary between 64% to 72%. The aim of this 
study was to evaluate the degree and the circumstances in which any of the three 
methods can fail to detect cases with HLJ (e.g. os lunatum type II). The three meth
ods applied on same material were radiological, dissection, and scopical observation 
of macerated bones with present morphometries (Table 1).
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T a b l e  1.
Method of examination Authors, year os Iunatum type os Iunatum type

I-% II - %
Macerated bones Dyankova, S. [61 34% 66%
Dissection of wrists Dyankova, S. [181 44% 56%

Viegas, S. F. [151 39.3 % 60.7%
Vicgas, S. F. et al. [16] 34.5 % 65.5%
Viegas, S. F. et al. [171 27% 73%
AraiT. Ш 42.5% 57.5%

Roentgenography of wrists Aufauvrc. B. et al. [21 44 % 56%
Viegas, S. F. et al. [16] 46.1% 53.9%
Tsude, S., Nakamura, R. [14]

H Contralateral unaffected wrists of patients with trauma 42% 42%
Ш  Contralateral unaffected wrists of patients with

Kicnbbck’s disease 37% 37%
H Bilateral wrists of volunteers 35% 35%

Dharap, A. S. et al. [4] 61.2% 38.8%
Dharap, A. S. et al. [5] 73.3% 26.7%

Arthroscopy Dautel, G., Meric M. [3] 44.9% 55.1%
Thurston, A. J., Stanley J. K. [131 50% 50%

MRI and arthroscopy Malik, A. M. et al. [71 42,5 % 57.5 %
MRI and arthrography Pfirrmann, C. W. A. et al. f i l l 50% 50%

Material and Methods

Twenty cadaver wrist joints from the collection of the Department of Anatomy, His
tology and Embryology at the Medical University — Varna, Bulgaria, were studied 
following all the ethical rules of work on cadaver material. The methods applied 
were antero-posterior radiography with PA-1-3 (60 kV , 10 mA, 1,2 mAXS, 100cm 
FFA); dissection of the wrist joints with measurement of the joint surfaces; scopical 
observation for the number of the joint facets on the distal and the proximal surface, 
and anthropometrical measurement [8] of the macerated bones.

Results and Discussion

The X-ray image of the wrist joint complex without a HLJ presents a continuous oval 
in the mediocarpal joint (Fig. 1, 3—A), while the wrist complex with a HLJ presents 
an interrupted oval (Fig. 2, 3—B).

Fig. 1. Wrist joint complex without Fig. 2. Wrist joint complex with
a HLJ a HLJ
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Fig. 3 A — Wrist joint complex without a HLJ - 
ontinuous oval in art. mediocarpalis', B — Wrist 
joint complex with a HLJ - interrupted oval in 
articilatio mediocarpalis

T a b l e  2
Method of examination Without a HLJ With a HLJ
X-ray images 13 7
Cadaver wrist joints 10 10
Macerated bones 10 10

Fig. 4. X-ray image without visibility of the 
medial facet

Fig. 5. Cadaver wrist joints of the same wrist. 
The width of the medial facet is 1.8 mm

The data obtained through X-ray indicated a presence of the HLI in 7 wrist joint 
complexes while the scopical observation on cadaver material and macerated bones 
revealed such a joint in 10 cases (Table 2).

Three X-ray images indicated no presence of a HLJ while the scopical observa
tion showed its existence (Figs. 4, 5).

The morphometric measurements of the width of the joint facet of os lunatum 
for os hamatum on the wrist material was 1.8 mm, 2.1 mm, 2.8 mm correspondingly 
while on the macerated bones - 1.7 mm, 1.8 mm и 2.5 mm (Table 3).

T a b l e  3
X-ray visibility of the medial facet Cadaver wrist joints Macerated bones

Cases without visibility 1.8 mm 1.7 mm
2.1 mm 1.8 mm
2.8 mm 2.5 mm;

Cases with visibility 3.2 mm ч  5.6 mm 3 mm ч  5.4 mm
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The absolute measurements of the joint surfaces for os capitatum and os hama
tum in case of os lunatum type II and their biomechanical and clinical significance 
are often discussed by different authors. According to V i e g a s et al. [16] the width 
of the facet for os hamatum, measured on cadaver material falls mainly in the 2-3 
mm range; according to P f i r r m a n n et al. [11], who used the MRI method, the 
mean size is 4.5mm. The data of the current study suggests that facets smaller than 
3mm cannot always be detected by X-rays which would result in a classification of 
such wrist joint complexes as ones without a HLJ. This can explain the differences in 
the data of the various studies, especially the data obtained through X-rays.

This fact deserves attention by the clinical practice for two reasons. The litera
ture proves that os lunatum type II can be accompanied by frequent deep erosions of 
the cartilage in the proximal pole of os hamatum [1, 3, 9, 11, 14, 16]. Secondly, the 
presence of the medial joint facet has a significance for the development of the 
Kienbock’s disease [10, 13, 18].

Therefore, we paid special attention to other factors that could help us in de
tecting the presence or absence of the HLJ using an X-ray image. Among these fac
tors is the distance from the proximal pole of os hamatum to the medial end of the 
distal surface of os lunatum. The current study indicated that this distance was 
greater when os lunatum type II was present.

Conclusion

Wrists without a HLJ present a continuous oval in the midcarpal joint while wrists 
with present HLJ present an interrupted oval. The X-ray detection of the medial 
facet is problematic when the facet width is smaller than 3mm. Wrists without a HLJ 
have greater hamato-lunate distance in comparison to wrists with a HLJ.
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The present study aims at examining the extent to which the morphological characteristics of the distal 
radius and ulna and discus articularis are influenced by the different variations of the wrist joint com
plexes (the types and subtypes of the lunate bone and the ulna variant). Twenty cadaver complexes were 
studied for the type and subtype of os lunatum and the ulna variant and 106 macerated radial and 102 
elbow bones (20 of them were taken from the studied joint complexes) were investigated for the mor
phological characteristics of the distal radius and ulna and discus articularis. It was found out that crista 
transversa was developed better at os lunatum subtype (+ ) and minus and neutral ulna variant, whereas 
changes in discus articularis were more dependent on os lunatum subtype (+ ) and ulna plus variant. 
The geometrical proportions of the surfaces of radius and ulna in articulatio radioulnaris distalis are 
also described.

Key words: Distal radius and ulna, discus articularis, os lunatum- types and subtypes, ulna variant.

Introduction

The interest in the morphological characteristics of the bone skeleton of the wrist 
joint complex (WJC) and its variations was greatly increased in the last decade [16]. 
Particularization of this knowledge has great practical importance for the correct 
interpretation of the results given by modern methods of image diagnostics, which 
are rapidly coming into use, and non-invasive methods for studying of carpal kine
matics [1, 3, 8] as well as for dealing with numerous unclear problems of the biome
chanics and pathology of the hand in the wrist area. Distal ends of the radius and 
ulna and of discus articularis (DA) are an important component of this complex. The 
goal of the present study is to clarify the following:

1. How does the type [17] and subtypes [4] of os lunatum and the ulna variant 
correlate with the morphological particulars of facies articularis carpi radii and of 
DA [2, 10, 14, 15, 18]?

2. What is the geometrical ratio in the joint surfaces of radius and ulna in ar
ticulatio radioulnaris distalis [5, 9, 10]?
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Material and Methods

20 WJC from cadavers were studied scopically for:
a. Type and subtype of os lunatum\ b. Ulna variant; c. Openings and erosions of DA.
The distal ends of 106 macerated radial 102 macerated ulnar bones (20 of them 

were from the studied joint complexes) were scopically studied for:
1. Presence and expressiveness of crista transversa [7], dividing/acles articularis 

carpi radii on two fosses — radial (fossa scaphoidea) and ulnar (fossa lunata) [11] by 
an own scale: a. absent: b. partially present and c. fully present (the latter is qualified 
as low, average and high).

2. Geometrical rating of the angles between:
a. facies articularis carpi radii and incisura ulnaris radii-.
b. caput ulnae and circumferentia articularis ulnae which were acute, right- 

obtuse.

Results and Discussion

In the 20 cadaver WJC 10 cases of os lunatum type I and 10 cases with os lunatum type 
II were detected. Only four of WJC with os lunatum type I had just one facet on their 
proximal joint surface i.e. with os lunatum subtype (—). The remaining 16 cases were 
with os lunatum subtype (+). 10 cases were with ulna neutral, 5 - with ulna minus and 
the remaining 5 — ulna plus variant. There were 6 WJC with changes in the DA.

The degree of development (Figs. 1, 2, 3) of crista transversa of the 106 radial 
bones is presented in fig 4.

Fig. 1. Absent crista transversa

Fig. 2. Partially present crista transversa Fig. 3. Fully present crista transversa
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average

Fig. 4. Degree of development of crista transversa on facies articulairs carpi radii (л=106)

The results concerning the presence and development of crista transversa de
pending on the type and subtype of os lunatum and the ulna variant of the study of 
the 20 radial bones which are from the studied WJC, are presented in Figs. 5,6 and 7.

Absent P artially  F ully Fully Flxlly
present present- present- present- 

low  average h igh

□  o s  lu n a tu m  

ty p e  I

O o s  lu n a tu m  

ty p e  II

Fig. 5. Degree of development of crista transversa on facies articulairs carpi radii depending 
on the type of os lunatum (n=20)

average

□  o s  lunatum  

s u b typ e  (-)

□  o s  lunatum  

su b typ e (+ )

Fig. 6. Degree of development of crista transversa on facies articulairs carpi radii 
depending on the subtype of os lunatum (n=20)
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Fig. 7. Dependence of the presence of crista transversa and its development 
on the ulna variant

The analysis of the results showed that the presence and development of crista 
transversa is not influenced by the type of os lunatum but depended considerably on 
the subtype (+) as well as ulna neutral and minus variant [14]. Whether the cause of 
the presence and the height of crista transversa was the presence of a second facet 
on the proximal surface of os lunatum and the shorter ulna, or the second facet was 
formed because of the shorter ulna, is hard to tell but it is obvious that the applying 
of pressure in this part of the radiocarpal joint in these cases is greater.

The changes in DA depend on various factors [6,12,13] — ulna plus variant and 
a thinner DA [10], avascular central zone of DA [11]. This study detected changes in 
DA in joints with ulna neutral (60%) and ulna plus variant (40%) and in joints with 
os lunatum subtype (+) in 37.5% where in 87.5% of the latter erosions of the ulnar 
section of the proximal joint surface of os lunatum were observed [6, 13].

The angle between circumferentia articularis ulnae and the distal surface of its 
head is obtuse in 75 cases, right - in 26 cases and acute only in one case (Fig. 8.), 
whereas the angle between facies articularis carpi radii and incisura ulnaris radii is 
most often right - in 51 cases, obtuse - in 38 cases and acute - in 17 cases.

Fig. 8. Obtuse (1 and 2) and right angle (3) between circumferentia 
articularis and the distal surface of caput ulnae
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T a b l e  1. Dependence of the configuration of the distal ends of radius and ulna on the ulna variant.
Angle on Cases, % Ulna variant.

ulna radius neutral
и=10

plus
/i=5

minus
/i=5

obtuse right 14(70%) 6 (43%) 4(28,5%) 4(28,5%)
obtuse right to obtuse 4 (20%) 2 (50%) 1 (25%) 1 (25%)
right to obtuse right to acute 1 (5%) 1 (100%) -
right to obtuse r'ght________________ 1 (5%) 1 (100%) - -

The results of the present study on 20 pairs matching ulna and radius for the 
geometrical rating of the angles in their distal end depending on the ulna variant are 
presented in Table 1.

The joint surfaces described above are cylindrical in ulna neutral or plus variant 
whereas in ulna minus variant their configuration is conical [9,10]. S c h u u r m a n [15] 
describes three types of relationships between these joint surfaces in the sagittal plane 
and four types in the transverse plane. The significance of these anatomical variations 
for the biomechanics and the pathology of the wrist is still poorly explored.
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Variations of the Hypothenar Muscles
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During routine anatom ical dissections, in two hands, a number o f  variations o f  the hypothenar 
m uscles were observed. In the first case, an absence of the flexor digiti minimi brevis m uscle (FDM B) 
and short muscular bundle between the pisiform bone and the flexor retinaculum were found. In the 
second case, an additional lateral origin o f  the FDM B and unknown variant m uscle, located deep to 
abductor digiti minimi (AD M ) and FDM B, were described. Som e o f  the present variant structures 
may be considered as possible entrapment site for the ulnar nerve at the wrist and must be borne in 
mind by the clinicians.

Key words: hypothenar muscles, variations, ulnar nerve compression, human.

Introduction

Anatomical variations of the hypothenar muscles are common. The knowledge of 
these anomalous muscles is important for the clinical practice because some of them 
may provoke symptomatic compression of the ulnar nerve at the wrist [1, 5].

In this paper, we describe some interesting variations of the hypothenar muscles 
found during anatomical dissections in formol-carbol fixed human cadavers from 
the autopsy material available at the Department of Anatomy, Histology and Em
bryology at the Medical University of Sofia.

Results

In case A (Fig. 1), in a right hand, an unusual arrangement of the hypothenar 
muscles was found. After removing the palmar aponeurosis and the palmaris brevis 
muscle, only two hypothenar muscles were observed. The medial well-defined 
muscle arose from the pisiform bone and from the tendon of the flexor carpi ulnaris 
muscle and inserted into the ulnar side of the base of the fifth finger. Lateral and 
deep to the medial muscle, the fibers of the opponens digiti minimi (ODM) were dis
covered, indicating the obvious absence of flexor digiti minimi brevis muscle 
(FDMB). In addition, an unusual muscular bundle originated from the pisiform 
bone, crossed in lateral and distal direction under the ulnar artery and nerve and
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Fig. 1. Photograph o f the variant 
findings, described in case A  
1 — ADM; 2 — ODM; 3 — variant 
slip extending between the pisiform 
bone and the flexor retinaculum

Fig. 2. Photograph o f  the variant findings, described in case B 
a: 1 — FDMB; 2 — lateral belly o f  the deep aberrant muscle; 3 — ADM . b: 1 — 

FDMB; 2 — lateral belly o f the deep aberrant muscle; 3 — medial belly o f  the 
deep aberrant muscle; 4 — ADM

inserted into the flexor retinaculum. The deep branch of the ulnar nerve innervated 
the medial hypothenar muscle and then pierced the ODM.

In case B (Fig. 2 a, b), in the left hand, a number of variations were observed. 
The FDMB (Fig.2 a) showed two proximal tendons - medial short one originating 
from the hamulus of the hamate bone and additional lateral tendon originating from 
the flexor retinaculum. The latter tendon, located between the ulnar artery and 
nerve, arched over the attachment of an aberrant muscle. The aberrant muscle (Fig. 
2 b) located deep to the FDMB and ADM was composed of two well-defined mus
cular bellies - the lateral one arose from the lateral part of the flexor retinaculum and 
the medial one from the hamulus of the hamate bone. The lateral belly crossed ob-
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liquely the ulnar nerve over the flexor retinaculum and passed in the same direction 
as the FDMB. The aberrant muscle was attached to the antero-lateral surface of the 
base of the fifth proximal phalanx. The deep branch of the ulnar nerve innervated 
the two bellies of the aberrant muscle.

Discussion

The aforementioned variant muscular structures seem to be related to the FDMB 
and ADM and therefore we review the reported variations of these two muscles.

The variations of the ADM are the most frequently described among the hy- 
pothenar muscles [4]. M a c a l i s t e r [ 7 ]  reported three origins, second head, fusion 
with the FDMB, origin only from the pisiform bone and even absence. Other authors 
[2, 3, 5, 6] described an origin from the fascia of the forearm, palmaris longus, fascia 
of the flexor carpi radialis, intermuscular fascia, flexor carpi ulnaris and flexor reti
naculum and dividing into two or three fascicles.

Compared to the ADM, the variations concerning the FDMB seem to occur less 
frequently [5]. M a c a 1 i s t e r [7] reported its absence, presence of an accessory pal
maris slip joined to the FDMB, an unciform origin, presence of a slip to the metac
arpal bone, union to the abductor. L e D o u b 1 e [6] reported an origin from the an
tebrachial fascia and fusion of the ODM and ADM.

In the cases of variations of the hypothenar muscles different relations to the 
ulnar artery and nerve might be observed [3, 8]. These relations define the role of the 
hypothenar muscle variations for the ulnar nerve compression [1, 5]. Additionally to 
nerve compression, an aberrant muscle may be also associated with thrombosis of 
the ulnar artery [9].

The variant muscles described in our report, have a close relation to the palmar 
branch of the ulnar nerve and possibly could cause nerve compression, presented by 
motor and sensory dysfunction. Therefore, the existence of such muscular variations 
should be taken in consideration by the clinicians.
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In order to study the senescent changes o f the rat aortic endothelium, this study examines on en face  
preparations the common morphology of the endothelial cells and the distribution of the mono
nuclear cells, adherent to the endothelium, in four age groups. The endothelium of the young, pu
berty and adult animals was composed of an even layer of elongated endothelial cells with one oval 
nucleus and small number of mononuclear cells. The most prominent findings in old endothelium 
were the presence o f giant multinucleated endothelial cells and the larger number of the mononuclear 
cells adherent to the endothelium. The observations found and their literature explanations are dis
cussed.

Key words-, senescence, aortic endothelium, rat.

Introduction

There are number of studies examining the en face morphology of the endothelial 
cells of the rat aorta in experimental models of different pathologic conditions [4, 5, 
10]. However, the information about the normal senescent of the rat endothelium is 
scarce. Because the en face method of studying the endothelium allows to observe a 
large amount of cells, we used it to examine the common morphology of the rat aor
tic endothelium in different age groups and to describe the characteristics of the 
aortic endothelium in old animals.

Materials and Methods

Male Wistar rats, bred in our laboratory, 1, 3, 6 and 18-month-old, were used for this 
study. Under deep pentobarbital anesthesia, a perfusion fixation with 10% phosphate 
buffered formalin was provided. The aortas were carefully dissected, opened longi
tudinally, then removed, pinned out flat on polyethylene strips and stored in forma
lin. Impregnation of the cell borders and haematoxylin staining of the nuclei, as de
scribed by J o n e s et al. [3] visualized the endothelial cells. The en face preparations 
were made according to the method of J o r i s et al. [5].
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Results

The endothelium of the aortas of the animals from different ages showed differences 
of endothelial cell morphology and arrangement. The presence of the mononuclear 
cells, adherent to the endothelium, also differed between age groups.

The endothelium of the young animals (1-month-old) (Fig. 1) was composed of 
an even layer of small spindle-shaped endothelial cells with their long axes aligned 
parallel to the direction of the blood flow. The cells had one oval nucleus. Only few 
mononuclear cells throughout the endothelium were observed.

The endothelium of the puberty (3-month-old) (Fig. 2) and adult animals (6- 
month-old) (Fig. 3) was presented by an even layer of larger than in young animals 
cells with one oval nucleus. The number of the mononuclear cells, adherent to the 
endothelium, was greater than in young animals.

The endothelium of the old animals (18-month-old) showed areas of similar in 
size endothelial cells and also areas of differently sized endothelial cells (Figs. 4, 5). 
Most of the cells showed one oval nucleus, but also a small number of giant multi- 
nucleated (with two or more nuclei) endothelial cells was observed (Fig. 4). The num
ber of the mononuclear cells, adherent to the endothelium, was larger than in adult 
group. In some areas these cells were detected either scattered throughout the en
dothelium or in small groups (Fig. 5).

'?  £  '  «  - c
% &  ШHi

4  ± m   ̂ .. i 4S j4, ...
HfeMSS™. *4'.
Fig. 1. En face  preparation of the aorta of 
1-month-old rat
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Fig. 2. En face preparation of the aorta of 
3-month-old rat

Fig. 3. En face  preparation of the aorta of 
6-month-old rat

Fig. 5. En face preparation of the aorta of 
18-month-old. Arrows indicate the mono
nuclear cells adherent to the endothelium

Fig. 4. En face  preparation of the aorta of 
18-month-old. Arrows indicate the giant 
multinucleated endothelial cells
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Discussion

The differences in the morphology of the endothelium among the rats from different 
ages represent the normal senescent process of the endothelial cells. In young ani
mals the endothelium is composed of cells of nearly equal size that gradually become 
larger in puberty and adult animals. The differences in the endothelium composition 
of the old rats are due to the increased mean generation time of the endothelial cells
[9]. Such long generation times diminish the ability to replace desquamated cells re
sulting in gradual loss of endothelial cells and presence of giant endothelial cells. In 
our study, in young, puberty and adult animals, the endothelial cells have only one 
nucleus, while in old animals, additionally to the usual cells with one nucleus, a small 
number of giant multinucleated cells is present. According to some authors [2] the 
multinucleated endothelial cells are prominent in newborn and adult animals (up to 
10% of the cell population) and the increasing number of these cells is a character
istic of the aging mammalian and human endothelium [6]. The multinucleated en
dothelial cells are also known to be prevalent in atherosclerotic lesions of human [1, 
7] and present in the rabbit aorta in experimental hypercholesterolemia [8].

Interesting findings presented in our study and most prominent in advanced age 
group were the mononuclear cells adherent to the endothelium. These mononuclear 
cells are variously reported as lymphocytes, macrophages and monocytes [4]. They 
have been observed singly or in small clusters on the endothelium of “normal” labo
ratory animals and suggested a minimal pathologic event [4]. Compared to the young 
animals, the endothelium of the old animals showed an increased number of the 
mononuclear cells.

Even comprising only four age groups, this en face study depicts the main 
changes of the rat aortic endothelium during the postnatal period. To present a more 
detailed information on this topic, a future study is necessary.
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This study presents for the first time en face observation on the endothelium of the human internal tho
racic artery. The normal and some pathologic findings reported correspond to the routine histology 
descriptions of the internal thoracic artery wall. Despite the arterial endothelium of the adult individu
als frequently showed inflammatory cells infiltration, some lipid accumulations were found in only few 
arteries. The present findings and the method of observation of the arterial endothelium could be used 
in future studies and may help in investigating the causes of the internal thoracic artery graft failure.

Key words', internal thoracic artery, endothelium, human.

Introduction

The internal thoracic artery is widely used as arterial graft for the coronary system. 
This artery is relative rarely affected by atherosclerotic changes [1] and showed a 
long-term patency rate [5]. Nevertheless, in some cases, the arterial grafts developed 
some obstruction [2] thus compromising the heart blood supply. Therefore, the de
tailed knowledge on the normal and pathologic histology of the internal thoracic 
artery may help in improving the patency time. Up to now, light microscopically, the 
morphology of the internal thoracic artery has been investigated on routine transverse 
sections [1, 5, 6] and some authors used very oblique sections of the vessel wall [8]. 
These methods are good for the vessel wall investigations but they are not proper for 
studying of an important for the graft functioning structure - the arterial endothelium.

In order to demonstrate the characteristics of the endothelium of the internal 
thoracic artery and to describe the distribution of the possible lipid accumulations, 
we present here our en face study on this artery in humans of different ages and note 
the normal findings and some pathological observations.

319



Materials and Methods

The arterial specimens from 19 humans (14 men and 5 women), aged from 20 to 91 
years, were examined. Parts from the internal thoracic artery were obtained from 
necropsies, within 8-24 hours of death, carried out in the Department of Forensic 
Medicine at the Medical University of Sofia. The arterial specimens were cut longi
tudinally, washed with normal saline, pinned out flat on polyethylene strips and fixed 
in 10% phosphate buffered formalin. Impregnation of the cell borders or 
haematoxylin staining of the nuclei visualized the endothelial cells. A combination 
of Sudan IV and haematoxylin staining was also provided. The en face preparations 
were made thereafter.

Results

On the en face preparations were observed the endothelial cells arrangement, the pres
ence of different populations of inflammatory cells, and rarely lipids accumulations.

The normal or non-affected endothelium was seen primarily in the arteries of the 
young individuals (Figs. 1, 2). It was composed of an even layer of endothelial cells 
aligned parallel to the direction of the blood flow. Only few mononuclear cells through
out the endothelium were observed. No lipid accumulations were detected on Sudan IV 
— haematoxylin stained preparations.
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Fig. 1. En face preparation of ITA of 20-year-old woman. 
Haematoxylin
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Fig. 3. En face  preparation of ITA of 73-year-old woman. 
Haematoxylin

Fig. 2. En face  preparation of ITA of 29-year-old man. 
Silver impregnation
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Fig. 4. F« /ace preparation of ITA of 54-year-old man. Sudan IV 
— haematoxylin. Arrowheads indicate the nuclei of the polymor
phonuclear leukocytes. Arrows show the lipid accumulations

In the endothelium of some of the older individuals, an increased number of 
mononuclear cells (Fig. 3), areas rich in polymorphonuclear leukocytes and small 
areas of lipid accumulations were detected (Fig. 4).

Discussion

Our study presents for the first time the light microscopic en face structure of the 
endothelium of the human internal thoracic artery. Up to now, the en face observa
tion of the internal thoracic artery was presented in only one paper, but this was a 
bovine artery [7]. The en face observations of the internal thoracic artery correspond 
to the findings described on routine histologic sections [1, 6]. Even rich in different 
types of inflammatory cells adherent to the endothelium, the atherosclerotic changes 
of the internal thoracic artery seem to be minimal, even in older individuals. The 
great advantage of the en face method of observations is due to the possibility not 
only to detect pathologic changes, but also to present clearly the localization of the 
inflammatory cells and lipid accumulations throughout the endothelium.

The data present here, concerning the endothelium of non-processed to surgi
cal procedure arteries may help in studying the sometimes reported failure of the 
internal thoracic artery grafts [2]. As seems, even prior to graft suture, some of the 
harvested internal thoracic arteries showed acute lesions concerning the endothe
lium and the subendothelial layer [4]. Such changes could be caused by the surgical 
dissection technique [3] and in future studies could be examined and compared to 
the en face findings presented here.
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The localization and the histochemical features o f mast cells in the urogenital system and especially in 
male genitals in domestic animals are not yet adequately investigated. Until now, the occurrence of mast 
cells in the kidney and the epididymis o f domestic pigs are described.

The aim o f the present study was to determine the localization and some histochemical particu
larities o f mast cells in pelvic urethra, in the disseminate part o f  prostate and in the urethral muscle.

The data o f our studies showed that the main part o f  mast cells were located in the connective 
tissue between glandular lobules and at the boundary between the pelvic urethra and the urethral 
muscle. A considerable amount o f  mast cells were also present adjacently to the epithelium of pelvic 
urethra. Mast cells with an obviously fusiform shape were observed both intraepithelially and near the 
basal membrane o f  epithelial cells.

K ey words', mast cells, urethra pelvina, boar.

Introduction

It is known that the granules of mast cells contain ligands with a significant biologi
cal importance. This is the reason for the continuous interest to species-related, or
gan-, histo- and immunocytochemical features of mast cells during more than thirty 
years.

The localization and the histochemical features of mast cells in the urogenital 
system and especially in male genitals in domestic animals are not yet adequately in
vestigated. The available literature data are mainly in humans and experimental ani
mals [1, 2, 3, 4]. Until now, the occurrence of mast cells in the kidney and the epid
idymis of domestic boars are described [1, 5, 6, 7, 8].

There is a lot of evidence that the visualization of mast cells depends both on 
the type of used fixative and the staining technique [2, 9]. The animal species, subject 
of the studies, is also important.

The aim of the present study was to determine the localization and some his
tochemical particularities of mast cells in pelvic urethra, in the disseminate part of 
prostate and in the urethral muscle.
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Material and Methods

The material was obtained from a slaughterhouse from 12 boars at the age of 6-12 
months from the Danubian White and Landrace breeds. The specimens were fixed in 
Carnoi’s fixative for 4 hours, then put in 70° ethanol for 12 hours, then dehydrated in 
an ascending alcohol series, cleared in xylene and embedded in paraffin. The cross- 
sections (6-8 pm) were stained with 0.1% solution of toluidine blue in Mclvane’s 
buffer, pH 3.

Results and Discussion

The data of performed investigations showed a various distribution of mast cells in 
the pelvic urethra and the disseminate part of prostate in healthy boars.

The principal part of mast cells were observed in the connective tissue among 
the glandular lobules, in the prostate part of pelvic urethra (Fig. 1). Mast cells were 
with a various shape) oval, elongated and irregular) with a clear y — metachromasia. 
Some of them appeared with a high degree of activity (looked like “spilled”). A con
siderable amount of mast cells were observed in the connective tissue at the bound
ary between pelvic urethra and the urethral muscle that embraced it ventrally and 
laterally. The mast cells located among the muscle cells of the urethral muscle were 
significantly few and exhibited a marked fusiform shape. A relatively lower number

Fig. 1. Mast cells (me) situated in the propria (pr) among the glandular lobules
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Fig. 3. Mast cells (me) with a fusiform shape in the epithelium of the urethra (eu)
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of mast cells was observed in the propria among the end glandular tubulous and 
tubulo-acinous tops of parenchyma in the disseminate part of the prostate. Single 
mast cells were observed near the small and medium-size blood vessels of the inter- 
stitium of pelvic urethra. Part of them were situated in the adventitia of arterioles and 
venules, and single mast cells were located at its boundary with the media.

A considerable number of mast cells with oval and elongated shape were ob
served in a close vicinity with pelvic urethra epithelium. Single cells with a markedly 
fusiform shape were observed both intraepithelially and near the basal membrane of 
epithelial cells (Figs. 2, 3).

On the basis of results of previous studies of ours upon the distribution of mast 
cells in the penile urethra and the present data, the following comparisons could be 
made: near the epithelium of penile urethra, single mast cells were observed whereas 
within the epithelial, they were absent. Unlike that, a significant amount of these cells 
were discovered in the epithelium of pelvic urethra.
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The intact human lumbar intervertebral discs were obtained and examined histologically the changes 
that occur with the cells in cartilage end plate (CEP). The objectives of the study were to examine the 
morphologic features o f the CEP at different ages. Hematoxylin-Eosin and Masson-stained slides were 
observed with light-microscopic technique. The material from cadavers and surgical specimens was ob
tained. With ageing the numbers of chondrocytes was changed and apoptosis increased parallel with 
decreasing of the cell density. The quantity of apoptotic cells is greater in old CEP than in younger. 
Different types of cells, thickness and calcification were found.

Key words-, age-related changes, human intervertebral discs, cartilage end plate.

Introduction

Cartilage end plates are parts of intervertebral disc, which lies between the vertebral 
body and annulus fibrosus. They are thin hyaline cartilage plates and form the ana
tomical and physiogical boundary of the disc which facilitates the diffusion of 
nutritients from the vertebra into the disc. Nutrients and metabolites that supply disc 
cells pass through the cartilage endplate [10,12,13]. The cells of the CEP are change 
with ageing [5]. Age-related changes concern all structural components, cells death, 
density and proliferation [4]. With our study we can contribute to the understanding 
of the changes that occur in CEP with ageing.

Material and Methods

Cartilage end plates were examined by routine light-microscopic technique. The ob
tained cadaver and surgical material from IVD of humans at different ages (between 
20 and 60 years old) was fixed in 10 % formalin. Paraffin-embedded material was cut 
on 7 pm sections and stained with Hematoxylin-eosin and Masson.
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Results and Discussion

The changes, the localization and the number of the cells were observed in order to 
determine the age-related changes. CEPs decrease in thickness and disappeared with 
aging (Fig. 1). Apoptosis increased with ageing and cell density decrease [1,2, 3, 6, 7, 
8]. Parallel with this increased the degenerative changes in all parts of the disc. Clus
ters of cells proliferation were formed and concentric tears appeared. The quantity 
of apoptotic cells is greater in old CEP than in younger (Figs. 2, 3). Boos et al. [4] 
described degenerative changes in the morphology of young age. They observed 
some very mild cleft formation.

CEPs, avascular in adults and vascular in degenerative discs play a key role in 
the metabolism of the IVD [9,10]. Decreasing in permeability of the CEP is the main 
cause of degeneration of the disc and depends on the morphologic state of the CEP 
[11, 12, 13] This hypothesis is not clear. With ageing also can be seen a cleft forma
tion and fissures within the CEP (Fig. 4).

Fig. 1. 60 years old (HE, x 250)

Fig. 2. 30 years old (HE, x 150)
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Fig. 3. 25 years old (HE, X 200)

Fig. 4. 40 years old (Masson, x 250)

Conclusion

It is not enough known the process that occur within CEP with ageing. Cluster for
mations and new blood vessels appear with cell proliferation and degeneration. CEP 
decreases in thickness, disappears with aging and the chondrocytes change. These 
changes are very important in order to be understood the problems which occur in 
the disc.
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The object of this study was to examine histochemically some of the causes leading to disc degenera
tion. Our results suggest that nicotinamide adenine dinucleotide phosphate-diaphorase (NADPH-d), 
which is a marker for nitric oxide synthase (NOS) and an indirect marker for nitric oxide (NO), is linked 
with the degenerative changes in the intervertebral disc (IVD).

Key words-, intervertebral disc, degeneration, NADPH-d.

Introduction

NO is a messenger molecule that is synthesized from 1-arginine. It is a result from 
the metabolism of the cells and activates many pathways by diffusing across mem
branes. It is synthesized from three different enzymes: inducible (iNOS), endothelial 
(eNOS) and neuronal (nNOS).

Materials and Methods

The obtained material was from individuals between 21 and 70 years old. We exam
ined 10 controls from cadavers and 12 surgical specimens from patients with disc dis
ease. Our histochemical study was to demonstrate histochemically the NADPH-d.

Results and Discussion

Our findings suggest that NADPH-d reactivity cells were more over in the discs with 
degenerative changes than normal. The lamellas in annulus fibrosus (AF) get more 
disorganized, and the connection between AF and cartilage and plates (CEP) dis
rupts. Many authors report that there is a correlation between proinflammatory 
mediators and the production of NO [1, 2, 4, 5, 6, 7, 10].
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The quantity of the positive NADPH-d cells increase with the increase of de
generative changes in the disc. It is not clear enough this relationship. NADPH-d ex
pression is strongest in the chondrocytes in 50-65 years old individuals (Fig. 1). Dif
ferences between expressions of NADPH-d positive cells in different parts of the disc 
are viewed. The quantity of these chondrocytes in the outer AF (Fig. 2) is greater 
than those in the inner region (Fig. 3). It is not clear whether this is a result of degen
eration or it is a process of normal chondrocyte maturation [11]. On the other hand, 
many NADPH-d positive cells are observed on the border of the vascular canals 
(Fig. 4). This NO may come basely from endothelium. The basely production of NO 
comes from newly formed blood capillaries and granulate tissue around them [3].

The number of positive cells increases with ageing and degeneration respec
tively. The quantity of NO depends on the types of degenerative diseases [12].

Fig. 1. Old IVD, outer AF (x 250)

Fig. 2. Old IVD, outer AF (x 500)
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Fig. 3. Old IVD, inner AF ( x 250)

Fig. 4. Old IVD, outer AF (x 500)
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Fig. 5. Young IVD, AF ( x 500)
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The number of NADPH-d reactivity cell is least in the groups of 25-35 years old 
individuals (Fig. 5). The increased number of NOS-positive chondrocytes in young 
individual is a result of chondrocytes maturation [11]. The material from degenera
tive discs showed greater number of positive cells than normal control discs. With 
this we confirm that NO is a molecule that regulate the cell metabolism and increase 
its quantity parallel with the increase of cyclic tensile stretch [8, 9] and disc degen
eration.

Conclusion

Degenerative changes in IVD are one of the main factors for appearance of low back 
pain. Often the degeneration starts as a result of abnormal mechanical load. This 
strength is related with changes in the cells, proteoglycans and collagen fibers, all 
intercellular and extracellular structures.
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The study covered a material o f 152 affluents of the saphenous veins as well as an operative material of 
60 patients. The considerable number of the direct and indirect affluents without any valves in the out
fall allows us to consider that there is a possibility for a blood reflux into the vasa vasorum of the saphe
nous veins not from the lumen of this vein itself but from the lumen of the affluents that do not possess 
any valves in their outfalls. In case o f hypertension in the principal trunk and its affluents certain con
ditions for the development of reflux to the dermal pool, too, are created which results in oedema, 
microangiopathies and skin ulcerations.

Key words', saphenous vein, valves, vasa vasorum, varicosis.

Introduction

Chronic venous insufficiency of the lower extremity is a widely disseminated disease 
that, according to some authors’ opinion, affects up to and over 50% of the exam
ined populations. There exists a united concept in the literature available that the 
venous hypertension and the stasis related to it represent the first clinical symptom 
of the chronic venous insufficiency. C r o 11 y [2, 3, 4] accepts that the development 
of the varicose process is related with the blood reflux into the vasa vasorum of the 
venous wall from the lumen of the vein. According to V a n c o v [12, 13] and 
M a r i n o v [14], a direct drainage of the vasa vasorum into the lumen of the saphe
nous veins can be observed as an exception only.

Based on our own investigations of the valvular apparatus of the superficial af
fluents of the saphenous veins as well as on the studies of the vasa vasorum of the 
valvular sinus wall of the varicose veins we defined our purpose to clarify the micro- 
circulatory mechanisms that control the chronic venous insufficiency.

Material and Methods

The study covered 152 affluents of the saphenous veins, i.e. 61 direct and 91 indirect 
ones. The investigation of the valvular sinus wall was carried out on an operative 
material taken from 60 patients.
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The provision with valves of the superficial affluents and the localization of the 
valves in it underwent an examination by means of a stereomicroscope. The material 
for the light-microscopic observation of the valvular sinus wall was fixed in a combi
nation of different fixers. Stainings with hematoxylin-eosin (HE), orcein, Azan and 
after the methods of Mallory and of Van Gieson were made use of. The histological 
sections were examined under OLYMPUS BX-500 microscope and filmed by a 
video-camera.

Results and Discussion

Our study demonstrated that the provision with valves of the affluents of the saphe
nous veins, and especially of the indirect affluents places them into an unfavourable 
situation towards the venous hypertension in case of disturbed venous outflow from 
the lower extremities (Fig. 1).

The ‘valvular index’ after V a n c o v [12] concerning the direct affluents 
amounts to 2,06 while that concerning the indirect ones — to 1,28. The great number 
of the direct and indirect affluents without any valves in the outfall allows us to con
sider that there is a possibility for a blood reflux into the vasa vasorum of the saphe
nous veins not from the lumen of this vein itself but from the lumen of the affluents 
that do not possess any valves in their outfalls. In case of hypertension in the princi
pal trunk and its affluents certain conditions for the development of a reflux to the 
dermal pool, too, are created which causes oedema, microangiopathies and skin ul
ceration. According to the present understanding of the topic, the pathological al
terations in chronic venous insufficiency result from a preliminarily programmed

valves valve valves valves valves valves

Fig. 1. Percentage distribution of the number of valves in  the single affluents
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Fig. 2. Vena saphena magna. Vasa vasorum in the valvular sinus wall. HE, x 400

cascade of reactions with numerous signs of inflammation [1, 5, 6, 8]. The venous hy
pertension, blood stasis and hypoxia activate the endothelial cells and leukocytes 
towards an increased expression of adhesive molecules into their membranes 
through which an adhesion of the leukocytes on the endothelial surface and their 
penetration into the venous wall is accomplished (Fig. 2).

The enhancement of the tissue compression on the intramural vessels in the 
venous wall blocks the blood circulation in them which, on its part, leads to hypoxia 
of the venous wall. Besides the other source of oxygen provision of the venous wall, 
i.e. the blood stored ip the lumen, presents with a lowered oxygen concentration.

Under the conditions of hypoxia, the endothelial and smooth muscle cells of the 
venous wall modify their physiological activity as some active substances such as 
growth factors and matrix metal proteinases are produced and thus the elimination 
of NO is suppressed [1, 7, 9, 10, 11]. In aggregate and by definite sequence of incor
poration, these processes realize a venous wall remodeling. At the level of the princi
pal subcutaneous veins and their affluents they manifest themselves with varicosities 
of the veins while at the level of the microcirculatory part of their pool - with skin 
alterations, including even with varicose ulcers.
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During routine tutorial in gross anatomy, we encountered a case (female, older than 60 years) of altered 
gross anatomy of the sacral plexus and the piriformis muscle, and altered passage and distribution of 
the superior and inferior gluteal arteries and their branches. From the lumbosacral trunk and the ven
tral division of S2 arise branches, which form a second plate. This plate is situated behind the sacral 
plexus and passes through the piriformis muscle dividing it into two separate parts. It separates the su
perior gluteal nerve and the common peroneal nerve. The latter leave the pelvis between the two parts 
of the piriformis muscle. The anterior plate of the sacral plexus divides into the inferior gluteal nerve, 
the pudendal nerve and the tibial nerve. The posterior cutaneous femoral nerve begins with two roots 
arising from the two plates of the sacral plexus. The superior gluteal artery has large diameter and its 
descending branch takes over the blood supply of the gluteus maximus muscle. The inferior gluteal ar
tery and the obturator artery arise from a common trunk originating from the posterior branch of the 
internal iliac artery. The inferior gluteal artery leaves the pelvis through the infrapiriform opening. It 
passes behind the tendon of the internal obturator muscle and splits into several branches providing 
blood supply for the latter muscle, the gemmeli muscles and partially for the head of the femur and the 
capsule of the hip joint.

Key words: high origin of the common peroneal nerve, piriformis muscle variation, sacral plexus 
variation, piriformis entrapment syndrome.

The gluteal region is subject to a vast number of serious surgical interventions. Any un
expected variation in its anatomical organization and in the spatial relationship between 
its main blood vessels and nerves can obstruct the work of the inexperienced surgeon. 
Even more, some of the anatomical variations in the gluteal region and the pelvis could 
be manifested clinically through peripheral entrapment syndromes like sciatica syn
drome of unknown origin, piriformis entrapment syndrome etc.
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Material and Methods

During a routine tutorial in regional anatomy of the lower limb we discovered a case 
(female, older than 60 years) of complex variation, which includes altered gross 
anatomy of the sacral plexus and the piriformis muscle, and altered passage and dis
tribution of the superior and inferior gluteal arteries and some of their branches.

Results and Discussion

Normally the sacral plexus represents a triangular plate that is formed by the 
lumbosacral trunk, the anterior division of the SI, and portions of the anterior 
divisions of S2 and S3 nerves and is placed in front of the piriformis muscle 
pointing with its apex towards the infrapiriform foramen. The superior gluteal 
artery passes between the lumbosacral trunk and the anterior division of S2, and 
the inferior gluteal artery passes between the ventral divisions of S2 and S3. The 
apex of the plate points towards the infrapiriform foramen, where it continues 
into the sciatic nerve. The latter passes into the gluteal region between the piri
formis muscle and the gemellus superior muscle and laterally to the inferior glu
teal nerve and artery [10].

In our case from the lumbosacral trunk and the ventral division of S2 begin 
branches, which form a second plate. This plate is located behind the sacral plexus 
and passes through the piriformis muscle dividing it in two parts. It separates the 
inferior gluteal nerve and the common peroneal nerve (Fig. 1). The latter leave the 
pelvis between the two parts of the piriformis muscle. The anterior plate of the sac-

Fig. 1. Pelvic cavity. Sacral plexus
A — anterior plate; B — posterior plate; LS — lumbosacral trunk; SG — superior gluteal artery
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ral plexus divides into the pudendal nerve and the tibial nerve. The posterior cutane
ous femoral nerve begins from both plates of the sacral plexus with two roots form
ing a loop, which covers posteriorly the inferior part of the piriformis muscle. The 
superior and the inferior gluteal artery begin with a common trunk which exits the

Fig. 2. Posterior view of the piriformis muscle
GM — gluteus maximus muscle; PM — piriformis muscle; CP — common peroneal nerve; 
TN — tibial nerve; IGA — inferior gluteal artery (superficial branch of the superior gluteal 
artery); IGN — inferior gluteal nerve; CFP — posterior cutaneous femoral nerve
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pelvis through the suprapiriform foramen and divides in the two gluteal arteries out
side the pelvis so, that the inferior gluteal artery resembles in position and direction 
the superficial branch of the normal superior gluteal artery. In the described case this 
branch is very large in diameter and anastomoses with the lateral circumflex femoral 
artery (Fig. 2). Through the infrapiriform opening passes a small artery beginning 
in a common trunk with the obturator artery. In the gluteal region it passes behind 
the gemellus superior and the tendon of the obturator internus muscle and splits into 
several branches providing blood supply for the surroundings.

In the literature there is no information about the incidence of similar complex 
variation. The incidence of some of the described anomalies is as follows:

- superior and inferior gluteal artery rising in common trunk that divides out
side the pelvis - about 3,5% ( B r a i t h w a i t e ,  1952) [2];

- high origin of the peroneal nerve passing through a divided piriformis muscle 
— about 14.3% (P o k o r n y et al. 2006) [9].

However, similar complex variations in the gluteal region are described often [3, 
5, 7]. The variations of the branches of the sacral plexus and the muscles of the glu
teal region are widely discussed in the literature mostly in connection to the diagno
sis and treatment of the peripheral entrapment syndromes [1,4,6, 8]. Unfortunately, 
in our case there is no data whether the patient has expressed symptoms of entrap
ment of the common peroneal nerve and/or the inferior gluteal nerve. However, con
sidering the literature it is very likely.

Another aspect of the described variation is the modification of the arterial bed 
of the inferior and superior gluteal artery, which leads to altered collateral network 
around the hip joint. Since the hip joint is subject to elevated surgical interest, the 
possibilities for such alteration must be taken into consideration prior to a surgical 
intervention in the gluteal region.

The structure of human body, although based upon common principles, differs 
from one individual to another. Thus inside the human population exist multiple 
variants of the human anatomical structure. The most common variant is known as 
“normal anatomy”. The variants, distinctly deviating from this “normal” variant, are 
labelled “anatomical variation”. In fact if one summarizes the incidence of all ana
tomical variations, one will realize that anatomical variations are occurring in the 
human population at least as often as the normal anatomical variant. That is why the 
healthcare provider must be familiar to the “normal” anatomy and to the anatomi
cal variations as well.
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The goal of current study is to evaluate the dynamic quantitative changes in the wall of the main vessels 
(arteries, superficial and deep veins) of the leg during the childhood and adolescence. Transverse sec
tions of isolated vessels taken from the leg of 26 cadavers (0 to 19 years). The sections, stained with 
hemalaun-eosin and orcein, were measured via ocular micrometer/object micrometer system. Data was 
analyzed by means of descriptive statistics, ANOVA, correlation and graphical analysis. The increment 
of the intima thickness of the superficial veins correlates stronger with the age (r -0,91) while in the ar
teries and deep veins the intima thickness correlates only moderately to considerably with age (r - 0,61). 
The relationships are opposite when the media thickness is observed. Generally, the intima is more un
even along the circularity of the investigated vessel. This is established through the large differences 
between minimum and maximum values of the intimal thickness of the same vessel. The media in the 
three vessel types shows only weak irregularity during the entire investigated age span.

Key words: arterial wall, venous wall, remodelling, quantitative relationship, intima, media.

The quantitative relationships in the wall of the blood vessels deliver valuable infor
mation needed for the prediction, the recognition and the prognosis of the variable 
heavy pathology of the vessel wall. Recently several advanced noninvasive methods 
for the precise estimation of these relationships were developed through successful 
combination of contemporary imaging techniques and advanced digital image analy
sis — multicontrast MRI with multispectral analysis, duplex ultrasound imaging with 
pixel distribution analysis etc. [1, 2, 3, 5, 10, 14, 15]. The correct assessment of the 
results is impossible without the data on the normal quantitative relationships in the 
vessel wall. The data although rich is currently insufficient, which lowers the reliabil
ity of these new methods and hinders their universal appliance in the diagnosis of ar
terial and venous diseases [6, 7, 8, 9, 11, 12, 17, 19, 20, 21].

Aim. This study is part of a project to establish the quantitative relationships in 
the wall of the blood vessels of the lower limb during pre- and postnatal develop
ment, in health and disease and to compare them to the qualitative differences in the
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structure of the investigated vessels [13, 18, 23]. The current goal is to describe the 
dynamic quantitative changes in the wall of the leg arteries and veins during the 
childhood and adolescence.

Materials and Methods

For data collection were used transverse sections of isolated:
— main arteries of the leg: a. tibialis anterior, a. tibialis posterior, a. peronea;
— superficial veins of the leg: v. saphena magna, v. saphena parva ;
— deep veins of the leg: v. tibialis posterior,
taken from the middle and, in some cases, the proximal and distal third of the 

leg of 26 cadavers in the age of 0 to 19 years. The sections, stained with hemalaun- 
eosin and orcein, were measured via ocular micrometer/object micrometer system 
mounted on microscope Zeiss. Data was analyzed by means of descriptive statistics, 
ANOVA, correlation and graphical analysis [4, 16, 22].

Results and Discussion

Our findings are demonstrated in Figs. 1—5.
The first chart (Fig. 1) shows the age dependent variance of the mean intimal 

thickness for the three investigated vessel groups. The data forms rare elongated 
clouds, which are only loosely grouped around the linear trend lines. The trend lines 
for arteries and deep veins show moderate to considerable tendency of the mean in
timal thickness to increase with age. The intima of the superficial veins, however, 
shows clear tendency to rise with age — its trend line is steeper and the data is more 
closely packed around it. The trend lines for the arteries and deep veins are almost 
parallel, which means that the speeds of increment of the intimal thickness are al
most equal in both vessel groups. The steeper trend line of the superficial veins data 
stands for higher speed of age dependent intimal thickening.

The data in the second chart (Fig. 2) is tightly grouped around the linear trend 
lines, which are more steep then the ones in chart 1. This distribution characterizes 
stronger tendency of the mean media thickness of the three vessel groups to increase 
with age. The media of the three vessel groups increases with similar speeds as can 
be seen from the trend lines (almost parallel).

In fig. 3, displaying the age dependent variance in the intima/media index, the 
data seems ungrouped especially in the age between 0 and 13 years. In the rightmost 
parts of the chart (18-19 years) a slight tendency for grouping around the trendlines 
for arteries and deep veins is denoted. This is not enough for conclusion, however it 
is perhaps a sign of a developing trend, which will become visible in the adult age. 
The intima/media index of the superficial veins shows clearer tendency for age de
pendent increment.

The correlation coefficients (Table 1) illustrate moderate to considerable corre
lation between age and intima (r ,Mjma) and strong to very strong correlation between 
age and media (r media) for the arteries and the deep veins. The superficial veins show 
opposite relationship — very strong age correlation of the intima and moderate to 
considerable correlation of the media. The intima/media index correlates only 
weakly with age (rindex).

Figures 4 and 5 illustrate the individual variance of the minimal and maximal
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T a b l e  1. Correlation of intima, media and intima/media index with age
Г intima f  media Г index

Arteries 0.51 0.88 -0.22
Deep Veins 0.64 0.90 0.06
Superficial Veins 0.88 0.56 0.35

thickness of intima and media in arteries. As the minimal and maximal values were 
measured on different regions of the same transverse section, their variance charac
terizes the irregularity of the corresponding part of the vessel wall. Similar graphical 
analysis reveals almost the same relationships of the individual variance of the maxi
mum and minimum values of the intima and media of deep and superficial veins .The 
minimal intima thickness remains thin throughout the entire age period. With in
creasing age in some regions of the intima appear sites of about 5 to 9 times thicker 
than the minimal intima. This is illustrated by the difference between the dotted and 
striped area and especially by the striped peeks in Fig. 5. The difference becomes 
greater with increasing age. Evenmore when comparing the variance of the maximal 
and minimal intimal thickness with the variance of the mean intimal thickness, it 
becomes clear that the age dependent increment in the mean thickness is a result of 
the increment in the maximal values.While these values are sign of irregularity of the 
intima along the arterial circumference, one draws the conclusion that these irregu
lar places increase with age not only in thickness but also transversly, alias the irregu
larities spread over increasing portion of the vessel circumference.

Unlike the intima, the variances in the minimal and maximal medial thickness are 
almost parallel to each other, which creates the impression of regular, determined in
crease of the media thickness. The difference between maximal and minimal values is 
relatively small. Thus the conclusion can be drawn that the media thickness changes 
little and gradually along the vessel wall circumference. Similar graphical analysis re
veals almost the same relationships of the individual variance of the maximum and mini
mum values of the intima and media of deep and superficial veins.

Whether this conclusions are true and what is the exact morphology of these 
irregularities in the arterial wall, remains to be established through a qualitative his
tological examination of the described material.
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Histological Verification
of the Biological Active Points Characteristics (BAP)
D. Sivrev, A. Georgieva, N. Dimitrov
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We tried to find some histological indications for existence of BAE Usually there is a small skin pit cov
ered with thin epithelium in point areas (HE). The connective tissue under the BAP is thinner compared 
with the areas outside of them (Mallory trichrome), and we established small quantity and a specific 
position of the collagen fibers, as well as increased number of blood vessels and nerve terminals 
(A gN 03).

Key words: acupuncture, Mallory, connective tissue, epithelium, active points.

Introduction

The Biological Active Points and the energy channels are used in ancient China even 
at the time of the Chan dynasty (16th- 11th c. BC) [9, 10, 11, 12]. The modern science 
is trying to prove their existence using objective methods and analysis [1]. Most of 
the explorers use physic approaches (measuring the changes in the skin resistance) 
[4, 12], or merely the description of the clinical effect due to the stimulation of par
ticular BAP [3, 7]. Many authors touch the pain as a big medical problem [2, 5, 6,11] 
or describe alternative curative methods [8]. Publications concerning the special fea
tures of the tissue structure are rare. We didn’t find any material about acupuncture 
point structure.

The object of this study is to estimate the presence of histological differences 
between the BAP and the tissues next to them. For the fulfillment of this object we 
selected a few major goals:

1. Estimation of the distinction between the structure and the thickness of the 
epithelial layer.

2. Proving the differences in the structure of the dermal connective tissue.
3. Comparative observation of the quantity of vascular and nerve elements in 

BAP and the tissues next to them.
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Material and Methods

The research is made on a not conserved human corpse, as the samples were taken from 
the regions of the Sanjiao (Qihai RN6; Tienshu ST25) and Dazhui DU14. We used the 
Mallory’s trichrome colouring and haematoxilin-eosin after an including in paraffin 
block, and the silver method of Bodian after the slicing with the freezing microtome.

Fig. 1. HE colouring — Experimental group, x 50 Fig. 2. HE colouring — Control group, x  50

Fig. 3. Mallory trichrome colouring — 
Experimental group, x  50

Fig. 4. Mallory trichrome colouring — 
Control group, x  50
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Fig. 5. Bodian colouring — 
Experimental group, x 50

Fig. 6. Bodian colouring — 
Control group, x  50

Results

In the area of the BAP a small pit (A) covered with thinner epithelium is seen, al
though the difference in the thickness comparing with the controls is not significant 
and could be found in other areas of the preparation (Fig. 1). Similar pits are seen in the 
controls without any connection with the BAP (Fig. 2). However, the connective tissue 
under the BAP is several times thinner compared with the areas outside of them.

On the material treated by the Mallory’s trichrome method on the experimental 
preparations we established a specific position of the collagen fibers (A, A) compared 
with the controls (В, B), as well as increased number of blood vessels (Figs. 3, 4).

Since BAP are not painful during puncture, we expected that free non capsu- 
lated receptors responsible for the sensing of the pain (A) would not be present in this 
part of the skin. There was no difference compared with the controls (B) (Figs. 5, 6).

Discussion

Some authors have described the presence of pits in the area of BAP [8], but it is not 
typical only for them. Our opinion is that the smaller thickness of the epithelium is 
caused by the reduction of stratum corneum, and the thinner stratum papillare de
termines the thickness of.the dermal connective tissue. Using trichrome coloring dif
ference in the quantity and the position of the collagen fibers was observed, which 
added to the reduction of the stratum corneum could be the reason for the lower 
impedance at the BAP

Conclusions

1. Histomorphological differences between the BAP and the tissue areas around 
them are present.
2. The histological differences are mainly concentrated in stratum corneum of the 
epidermis, stratum papillare and in some measure in stratum reticulare of the derma.
3. Combined histological and physiological examination of a significant number of 
BAI1 from most of the channels is needed to establish out of doubt the characteris
tics of the tissue elements in it, compared with areas without BAP
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In the present study a comparison is made between quantitative parameters of the walls o f different 
vessels in the lower limb. It is a point of discussion how much the way and degree of remodelling of the 
venous wall influences the outcome of the auto transplantation procedure. We decide to use I/M index 
as a criterion with high authenticity about changes in the vessel wall. For the assessment we used dia
gram of dispersing and correlative analysis. The results o f quantitative analysis show that this index has 
well expressed correlative dependence with the intimal thickness.

Key words: chronic arterial insufficiency of the lower limb, vessel wall, remodelling.

Introduction

Chronic arterial insufficiency of the lower limb induces changes in the vessel walls 
marked with the term remodelling. It is a point of discussion how much the way and 
degree of this remodelling influence the outcome of the autotransplantation proce
dure. In all cases the objective assessment of vessel wall condition needs qualitative 
analysis as well as quantitative one. It is possible for the both layers - intima and me
dia. In the present study a comparison is made between quantitative parameters of 
the walls of different vessels in the lower limb.

Materials and Methods

A biopsy material from 9 a. femoralis, respectively a.poplitea, 6 v. femoralis and 16 
v. saphena magna taken intraoperatively in the Clinic of Vascular Surgery at Medi
cal University of Varna from patients with chronic arterial insufficiency of the lower 
limb II-III or III-IV degree at the moment of reconstruction with the help of au
tograft saphena bypass from the same limb and III-IV or IV degree, which has led to
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gangrene and amputation, was studied. The biopsy material was fixed in 10% 
formalin and was soaked through paraffin and histovax. Histological sections 
were prepared with 5 pm thickness, colored by hematoxiline-eosine, with Orcein, 
Azan and by the methods of Van Gieson and Mallory. They were studied and 
photographed under Microscope Olympus BX50, equipped with video camera. 
The thickness of intima and media in the arterial and venous walls were mea
sured upon digital images with the help of the program Image tool Version 3.00 
(The University of Texas health Sciences Center in San Antonio.) The transver
sal dimensions (thickness) were measured in radial direction on regular intervals 
along the vessel circumference. On the next stage the proportion intima-media 
was calculated.

In all stages of the study the ethical standards of work with biopsy and necropsy 
materials were kept.

Results

The results from measurement of intimal and media thickness in the three kinds of 
vessels were put in tables. The average arithmetical value, standard deviation and the 
proportion of the thickness intima-media were calculated. The results were graphi
cally presented.

The diagram of dispersing (Scatter plot) about gathering of the points, visually 
presents the availability, types and the intensity of the existing correlations. The pre
sented diagrams of the three vessel types illustrated the positive correlation between 
intima-media and intimal thickness (Fig. 1). At the same presentation towards media 
arbitrarily dispersing of points shows lack of correlation (Fig. 2).

On the next stage as resumed index of the correlation degree we used the cor
relative coefficient of Pearson-R

The assessment of the result was made in both most used for this type correla
tive analysis scales:

Correl{X.Y) =
T ( - Y - X > ( y - y )

l/M

Fig. 1. Diagram of dispersing o f intima
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-1
average min max (7

□  intima 0,690073 0,678515 0,730161 0,503048

ш media -0,43618 -0,5104 -0,33666 0,222119

Fig. 3. Index of correlation Pearson Af

Fig. 5. Index of correlation Pearson VSM

I

0<R<0,3 - slight correlation 
0,3<R<0,5- moderate correlation 
0,5<R<0,7 - significant correlation 
0,7<R<0,9 - high correlation 
0,9<R< 1,0 - very high correlation

-1
average min max j ct

□  intima 0,59452 -0,0626 0,8588110,87193

B media -0,5383 0,00341 -0,4331 j -0,4538

Fig. 4. Index of correlation Pearson VF

II

0-0,2 - slight correlation 
0,2-0,4 - moderate correlation 
0,4-0,6 - significant correlation 
0,6-0,8 - high correlation 
0,8-1,0 - very high correlation

In arterial vessels R presents significant correlation in I st scale and high correla
tion in the II nd scale of I/M index with the intimal thickness. The results about the 
media show respectively moderate negative correlation in I st scale and significant nega
tive correlation in the II nd scale (Fig. 3). About deep veins of the lower limb R presents 
significant and high correlation in the I st scale and high correlation in the i r nd about I/ 
M index with intimal thickness. About the media the results show respectively moder
ate negative correlation in the I st scale and moderate and sighificant negative correla
tion in the II nd scale (Fig. 4). About superficial veins of the lower limb R presents very 
high correlation in I st scale and very high correlation in the ITnd scale of the I/M index 
with the intimal thickness. About the media results show respectively slight correlation 
in both scales (Fig. 5).



Discussion

The presented analysis aims unification of method of assessment of the lower limbs 
vessel conditions under the effect of chronic arterial insufficiency of the lower limb. 
It is obvious that using of absolute quantities in cases of clinical and laboratory re
searches is imprecise because of individual, age, sex, races and other peculiarities of 
every patient. With such motivation we decide to use I/M index as a criterion with 
high authenticity about changes in the vessel wall. The results of quantitative analy
sis show that this index has well expressed correlative dependence with the intimal 
thickness. Vessel media of the three groups presents slight or negative correlation 
with I/M index. We think it’s due to the fact media is more stable to ischemia and 
even in cases with severe damages intima and adventitia keeps its structures.

Changes in I/M index correlate directly with intimal changes and can serve for 
assessment of vessel wall conditions.
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Light microscopic investigations upon mast cell localization in the wall of the anal canal were per
formed in healthy mongrel male dogs at the age of 3-4 years. It was found out that mast cells were situ
ated in the three zones of the anal canal. In the columnar and intermediate zones, they were observed in 
the propria of the mucous coat, near the capillaries and the small blood vessels. In the mucous coat epi
thelium, mast cells were not found out. Mast cells were also present near the anal glands and their out
let ducts. In the smooth musculature of the anal canal, the mast cells were located among the smooth 
muscle bundles and around the smooth muscle cells, whereas in the external anal sphincter - in the peri- 
and the endomisium.

In the cutaneous zone, mast cells were discovered in the derma, near the sebaceous glands and 
their outlet ducts, near the sweat gland tubules, around the hairs and hepatoid circumanal glands 
(HCG). Mast cells were also present in the wall of perianal sinuses and their outlet duct.

The data of these studies allowed assuming that mast cells of anal canal’s wall were involved in 
the local homeostasis and the function of musculature in this part of the intestinal canal.

Key words', mast cells, anal canal, dog.

Introduction

The anal canal of the dog has some specific structural features that are related 
both to the behaviour and communication of animals as well as to the pathogen
esis of a number of pathological states [2, 3, 4, 6, 8]. The data about the pres
ence of mast cells in the intestinal wall in animals are relatively few. These cells 
were described by single authors in the propria and the submucosa of the je
junum in swine [1].

The scarce data about the presence of mast cells in the anal canal of the dog 
motivated the present study aiming to elucidate their functional role on structures of 
the distal part of the gastrointestinal tract in this animal species.

361



Material and Methods

The material for the investigations was obtained from the wall of the anal canals of 
six mongrel healthy male dogs at the age of 3-4 years. The animals were euthanized 
with 5% thiopental solution. Pieces of 1 cm from all parts of the canal’s wall were 
fixed in Carnoy’s fixative for 4 hours at room temperature. Then they were dehy
drated in ascending ethanol series, cleared in xylene and embedded in paraffin. From 
them, longitudinal and transverse cross sections of 6 pm, stained with 0.1% aqueous 
solution of toluidine blue (pH 3) were prepared.

Results and Discussion

During the light microscopic studies of specimens from the anal canal’s wall, mast 
cells were discovered along and across in almost all its parts.

In the columnar and the intermediate zones, the relatively most regular distri
bution of mast cells was observed in the propria of the mucous coat and near the 
capillaries. Such cells were present also under the epithelium of the mucosa, and 
some of them were situated immediately near the basal membrane. Single mast cells 
were located both around the small blood vessels (in the propria and the submucosa) 
and in the vascular adventitia. Mast cells were detected in the subepithelial connec
tive tissue around the anal sinuses and crypts as well. In the interstitium around the 
anal glands and their outlet ducts, a characteristic group of 3-4, less frequently of 
more cells, was observed (Fig. 1). Also, single mast cells were observed immediately

Fig. 1. Mast cells (me) located in the propria (pr), beneath the epithelium (e), in the sub
mucosa (sm) and around the anal glands (ga): la — linea anorectalis. x 100
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near the epithelial basal membrane of glandular alveoli. Similar clusters were discov
ered in the connective tissue around the lymphatic follicles. The mast cells in the 
muscle layer of the wall were situated in the connective tissue stroma among the 
smooth muscle cells and bundles of the internal anal sphincter and of the longitudi
nal muscle layer. In the external anal sphincter, they were predominantly located in 
the perimisium whereas single cells could be also found more deeply.

In the cutaneous zone, mast cells were located mostly in the derma, adjacently 
to sebaceous and sweat glands as well as around the hair follicles. These findings 
confirmed the observation of other investigators, who described a similar localization 
in dogs too [5, 7]. In our studies however, mast cells located near the epithelial basal 
membranes of the glandular acini and sweat gland tubules were found out; more
over, single cells were observed even intraepithelially. Also, it was shown for the first 
time that the major part of mast cells in hairs was located in their connective tissue 
sheath and only some of them — in the epithelial sheath.

In the epithelial layer of the mucosa of all three zones of the canal, mast cells 
were not discovered. The absence of intraepithelially located mast cells in the intes
tinal wall was reported in swine [1].

In the layer with CHG, mast cells were found out in the vicinity with some of 
glandular lobes, and also in the interlobular connective tissue. It should be noted that 
although less frequently, they were observed in the wall of glandular cysts, a similar 
localization being unknown until now.

In the wall of the outlet duct of perianal sinuses, mast cells were distributed 
relatively regularly in the connective tissue, located between the basal membrane of 
the covering epithelium and the sebaceous glands. Also, single cells were observed
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Fig. 2. Mast cells (me) beneath the epithelium (e), in the propria (pr) of the wall of perianal 
sinuses. Single mast cells are situated near the basal membrane and intraepithelially. x 400
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near the epithelial basal membrane of the aforementioned structures. A similar lo
calization of mast cells was observed in the wall of sinuses too, the difference being 
that the respective glands were apocrine. In the muscle layer, the localization of mast 
cells was both in the perimisium and the endomisium. In some instances, an 
intraepithelial localization of mast cells in the covering epithelium was detected (Fig. 
2). A similar position was also observed among the epithelial cells of some of glan
dular tubules, in the surrounding area of which, clusters of 3-4 mast cells were en
countered and a localization immediately near the basal membrane could be fre
quently seen too.

In this study, along with confirming the known data, the localization of mast 
cells in some parts of the anal canal in the dog was described for the first time. The 
presence of these, undoubtedly important cells in the terminal part of the gas
trointestinal tract in the dog, was certainly related to their barrier functions and 
mediating role in inflammations, as well as to the motor function of the striated and 
smooth musculature in the wall.
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Variant Short Muscles of the Dorsum
of the Hand — Extensor Digitorum Brevis Manus Muscle
L. Surchev, G. P. Georgiev, L. Jelev
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The extensor digitorum brevis manus muscle (EDBM) is an additional muscle in the dorsum of the hu
man hand presented in different forms. Here, we report three cases o f this variant muscle found during 
routine anatomical dissections. In the first case, a short extensor to the second and third finger and an 
aberrant tendon of the extensor indicis were noted. In the other two cases, well-defined short extensors 
to the index finger were detected. The previously reported variations of the EDBM are reviewed and their 
possible clinical significance is discussed.

Key words: extensor muscles, hand, variations, clinical significance, human.

Introduction

The “extensor digitorum brevis manus” (EDBM) is a common name of group of vari
ant muscles, originating from the dorsal wrist region and inserting to one or more 
tendons of the extensor digitorum muscle. Thus, sometimes described “extensor 
indicis brevis”, “extensor digiti medii brevis” and “extensor brevis digiti indicis vel 
medii” should be regarded as forms of the EDBM [8]. Despite the presence of nu
merous reports of this muscle [4, 6, 9], it is still less known by the clinicians and is 
frequently misdiagnosed as a dorsal wrist ganglion [9].

In this paper, we describe three cases of EDBM, found during anatomical dis
sections in formol-carbol fixed upper extremities from the autopsy material available 
at the Department of Anatomy, Histology and Embryology at the Medical Univer
sity of Sofia.

Results

Different forms of the EDBM were observed in three right hands dissected.
In case A (Fig. 1), the EDBM was located under the tendon of the extensor 

digitorum to the middle finger and between it and the extensor indicis tendon. The 
variant muscle has a flat spindle-shaped muscular body originating from the dorsal 
radiocarpal ligament. A small tendinous slip from the extensor indicis was attached

365



Fig. 1. Photograph of the extensor digitorum brevis 
manus (black dot) described in case A

Fig. 3. Photograph of the extensor digitorum brevis 
manus (black dot) described in case C

Fig. 2. Photograph of the extensor digitorum 
brevis manus (black dot) described in case B

to the lateral side of the EDBM. Distally, the variant muscle inserted to the extensor 
indicis tendon and to the middle finger tendon of the extensor digitorum.

In case B (Fig. 2), the EDBM was found lateral to the extensor digitorum ten
don. In this case, the variant muscle replaced the usual extensor indicis. It arose from 
the wrist joint capsule and was attached to the index finger tendon of the extensor 
digitorum. A muscle with the same attachment points and location, but having stron
ger muscular body was found in case C (Fig. 3).

In all three cases, a branch of the posterior interosseus nerve from the radial 
nerve innervated the variant muscles.

Discussion

In 1734, Albinus first described the EDBM [6]. It is also known as muscle 
“mannieaux” [3, 4] and was studied during anatomical dissections [1, 4, 6, 8] and in 
living individuals [8, 9]. In the literature, different variations of the EDBM have been 
described. M a c a l i s t e r [ 6 ]  and L e D o u b 1 e [4] reported different insertions of 
this muscle - to the middle finger; to the second and third fingers; to the ulnar side of 
the middle and ring finger; one to the middle and two slips to the fifth finger; to the 
second, third and fourth fingers. R o d r f g u e z - N i e d e n f u h r e t a l .  [8] reviewed 
the literature and stated that the most common insertion was into the index finger, 
followed by this into the middle, and those into the index and middle fingers. Variant 
origins have also been reported - distal end of the radius, dorsal radiocarpal ligament 
and wrist joint capsule [7, 8].

The muscular belly of the EDBM lies distal to the distal edge of the extensor 
retinaculum, so, a physical examination could reveal an elongated swelling in the
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proximal part of the dorsum of the hand, usually between the middle and index fin
ger extensor tendons. Due to this location, the variant muscle is frequently misdiag
nosed as a dorsal wrist ganglion [5]. A close physical examination and the consider
ation that the EDBM becomes more prominent with active extension of the wrist and 
fingers, whereas a ganglion becomes more prominent with wrist flexion, may help in 
diagnosis [2]. In addition, a differential diagnosis with an exostosis, tendon sheath 
cyst, tenosynovitis of extensor tendons, hemangioma, rheumatoid tenosynovitis or 
benign soft tissue tumor could be made [8].

Some authors [7] noted that the EDBM might cause little or no pain. According 
to other authors [9], however, an existing EDBM may cause pain and swelling of the 
dorsum of the hand during a heavy manual work. In all these cases, the good knowl
edge of the muscular variations, presented in our report, may help clinicians in dif
ferential diagnosis with many pathological conditions in the dorsum of the hand.

R e f e r e n c e s

1. C i g a 1 i, B. S., T. K u t o g 1 u, S. C i k m a z. Musculus extensor digiti medii proprius and musculus
extensor digitorum brevis manus — a case report of a rare variation. — Anat. Histol. Embryol., 31, 
2002, 126-127.

2. F e r n a n d e z  V a z q u e z ,  J. M., R. L. L i s c h e i d. Anomalous extensor muscle simulating dor
sal wrist ganglion. — Clin. Orthop., 83, 1972, 84-86.

3. F o n t  e s, V. Note sur le muscle manieux. — C. R. Assoc. Anat., 28, 1933, 289-294.
4. L e D o u b l e ,  A. E Traite des variations du Systeme Musculaire de l’Homme et leur Signification

au Point de Vue de l’Anthropologie Zoologique. Paris, Schleicher Freres, 1897, 203-217
5. L e h r b e r g е r, K., C. T i z i a n. Der musculus extensor indicis brevis-klinisch oft ganglion

verkannt. — Chirurg., 55, 1984, 768-769.
6. M a c a 1 i s t e r, A. Additional observations on muscular anomalies in human anatomy (third se

ries), with a catalogue of the principal muscular variations hitherto published. Trans. Roy. Irish 
Acad., 1875, 1-130.

7. O g u r a, T, H. I n o u e, G. T a n a b e. Anatomic and clinical studies o f the extensor digitorum
manus brevis. — J. Hand Surg., 14A, 1987, 100-107.

8. R o d r i g u e z - N i e d e n f i l h r ,  M., T. V a z q u e z ,  E G o l a n  6, I. P a r k i n ,  J. R. S a n u d o .
Extensor digitorum brevis manus: anatomical, radiological and clinical relevance. — Clin. Anat., 
15, 2002, 286-292.

9. R o s s, J. A., C. A. T r o y. The clinical significance of the extensor digitorum brevis manus. — J. Bone
Joint Surg., 51B, 1969, 473-478.

367



Acta morphologica et anthropologica, 13 
Sofia •  2008

Institute of Experimental Morphology and Anthropology with Museum
Bulgarian Anatomical Society

Durable Preservation of Feline Cardiac Structures 
Via Plastination Methods
D. Vladova, D. Sivrev*, R. Dimitrov**, D. Rostov**, H. Hristov**

Department o f Animals Morphology, Agricultural Faculty, Thracian University, Stara Zagora 
*Department o f Anatomy, Medical Faculty, Thracian University, Stara Zagora 
"Department o f Anatomy, Veterinary Faculty, Thracian University, Stara Zagora

Plastinated semi-transparent slices of cat cardiac structures were obtained. The slices processed accord
ing to the E12 plastination technique, are with dark-yellow to light-brown colour, whereas those 
plastinated with Biodur S10 — light-yellow with clear details. P40 plates are nearly completely trans
parent, but with a light yellowish taint.

Key words: plastination, Biodur, sheet, slices, heart.

Introduction

This experiment is part of a complex research of cardiac structures in the cat and 
represent a coordination approach for comparison and control of the correct inter
pretation of data obtained by other experimental techniques. Plastination is a 
method for a preservation of perishable biological specimens — whole organs or 
parts of them [8, 9]. These techniques use silicone Biodur S10 for plastination of 
whole organs [3,4], epoxy resin Biodur E12 for preparation of body slices [1, 6, 7,11] 
and polyester resin P40 — for brain sheet plastination [2, 5, 10] to obtain durable 
preparations that are safe for human health and are practically permanent [8].

The aim of the study was the visualization of cardiac structures by means of 
plastination technologies. The following tasks were performed with regard to achieve 
our aim: 1. To specify the type of necessary anatomical structures; 2. To determine 
the plastination method for processing of anatomical specimens; 3. To select the 
protective material that should be used for obtaining durable results.

Material and Methods

The experiment was performed with four male cats conforming to all animal welfare 
regulations. After perfusion with 10% formalin and freezing at —35°C, the thorax of
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animals was sectioned with a band saw to 0.6-0.8 mm thick slices (transverse sec
tions). The slices were dehydrated and impregnated according to S10, E l2 and P40 
techniques.

Results

After the processing and the gas-curing phase of plastination, elastic semi-transparent 
slices with a thickness of 0.6-0.8 mm were obtained. The slices processed according to 
the E12 plastination technique, are with dark-yellow to light-brown colour (Fig. 1), 
whereas those plastinated with Biodur S10 — light-yellow with clear details (Fig. 2). P40 
plates are nearly completely transparent, but with a light yellowish taint (Fig. 3).

Discussion

The analysis of this three plastination methods (Table 1) showed that the best opti
cal results were obtained by the P40 plastination technique. These anatomical prepa
rations are completely transparent and give the most complete image for anatomical

Fig. 1. A  E12 plastination technique slice

Fig. 2. A S10 plastination technique slice
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Fig. 3. A P40 plastination technique slice

T a b 1 е 1. Differences in the quality of anatomical preparations, obtained via three plastination techniques 
(using a 5-grade score system)

E12 Transparency ++ Elasticity + Rigidity +++++ Strengths ++++ Durability ++++4

S10 Transparency +++ Elasticity ++++ Rigidity + Strengths ++++ Durability +4-4-4-4

P40 Transparency + + - H Elasticity + Rigidity +++++ Strengths ++++ Durability ++++4

Strengths = tensile and compressive strengths.

details simultaneously with an adequate strength of preparations. They are suitable 
for study of fine cardiac details for a long time without risk of slice damage.

The slices prepared by the E l2 plastination technique are with the least trans
parency and altered colour (the protective medium is dark-yellow to light-brown and 
the cardiac structures are dark brown that reduces the potential for observation of 
their structure). These slices are harder and stronger, but less elastic. They are ap
propriate for observation under any conditions, and the time of their use decreased 
under mechanical stress.

The S10 preparations are with the greatest elasticity, but are less transparent 
than both E l2 and P40 slices. Relatively fewer details could be observed on them, 
they endure sharp mechanical stresses, for instance, falling on the floor, but are 
not resistant to tension — they are easily sheared at excessive stretching. Abso
lutely, they are the least expensive — from points of view of equipment and tech
nology, but their relatively low mechanical strength and low durability makes them 
relatively costly.

Conclusions

1. Human and animal morphological preparations, made by plastination tech
niques, provide a very accurate view about the anatomical structure of processed 
organs. 2. Depending on the applied plastination method, the optical and mechani
cal properties of preparations are different. 3. The choice of a plastination method 
is determined by the purpose of ready preparations, the mode of their use and the
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resources of the respective plastination laboratory. 4. Plastination technologies are 
very promising in the field of morphology as an alternative for elaboration of durable 
anatomical preparations.
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The article presents the history and the development of the ideas in the field of the modelling o f the life 
processes in vitro during the last 68 years in the Institute of Experimental Morphology and Anthropol
ogy with Museum (IEMAM) — Bulgarian Academy of Sciences in Sofia.The aim of the authors is to 
systematise, analyze and discuss the modern trends and scientific contributions published in the scien
tific works in the IEMAM—BAS. In Bulgaria the method of tissue cultures was introduced by academi
cian A. I. Hadjioloff in 1938. Later his Bulgarian scientific morphological school created many original 
methods and obtained important results for the theory and practice.

Key words', tissue cultures, growth factors, monoclonal antibodies, biotechnology.

The modelling of the life processes in vitro is an important and actual medico-bio
logical problem. In the Institute of Experimental Morphology and Anthropology 
with Museum in Bulgarian Academy of Sciences (IEMAM — BAS) these investiga
tions have nearly 68 years history.

The aim of the present study is to systematize, analyze and discuss the modern 
trends and scientific contribution in the field of the modelling of the life processes in 
vitro, published in the scientific works in the IEMAM — BAS during the last 68 years.

In our research the development of these conceptions and ideas were arbitrary 
divided into four periods: The first period is period of origin of the ideas —since 1938 
till 1965. The method of tissue cultures was introduced in Bulgaria by academician 
A. I. H a d j  i o 1 o f f  in 1938 [7]. In 1955 professor J.Jordanov suggested a new 
method for using the vitelline membrane as a sole for cultivation of tissue fragments 
and tumor cells. He has first used the yolk membrane of hen egg and other artificial 
semi-permeable membranes (collodion) in tissue cultures. In 1959 professor J. 
J o r d a n o v  developed a new original method for preparation of nutritional media 
based upon yolk dalysates [8, 9]. In the first period academician A. I. Hadjioloff and 
his Bulgarian scientific morphological school created many original methods and 
obtained important for the theory and practice results.

Second period is empirical — since 1966 till 1976. In 1966 Professor J. Jordanov 
developed an original modification of New’s method, using celoidin membranes.
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Later Professor J. Jordanov and P Angelova applied in 1974 agar organ cultures upon 
celoidin membranes. They studied the impact of drugs upon the differentiation of bird 
and mammalian gonads in vitro. The scientific investigations and contributions of Dr. P 
Angelova, Dr. L. Kancheva, professor J. Jordanov, Y. Martinova, professor M. 
Anastasova-Kristeva and academician A. Hadjioloff concern the morpho-functional dif
ferentiation of avian and mammalian embryonic, pubertal and adult gonads, in vivo and 
in vitro. Their works in the field of tissue culture are related especially to the mechanisms 
of regulation of the gonado- and gametogenesis [1,10].

The third period is biotechnological - since 1977 till 1992. Professor J. Jordanov, E 
Angelova, A. Boyadjieva. M. Kristeva cultured in vitro mammalian gametes and zygotes. 
They showed the important and original criteria of viability of the oocytes and zygotes 
for the in vitro fertilization and after cryoconservation. R Angelova and M. Davidoff 
demonstrated the cellular localization of substance P and neuron-specific enolase-like 
immunoreactivity of mammalian Leydig cells in tissue sections and cell cultures. They 
observed that substance P has a modulatory effect on steroid production by foetal, im
mature and mature gonads of both sexes. A comparison of these results with data ob
tained in vivo and in vitro suggests that Leydig cells may be related to the APUD — or 
the diffuse neuroendocrine system [2].

Professor I. G o r a n o v ,  E. N i k o l o v  a, M. B r a t a n o v  and A. R u s i n o v a  
introduced in IEMAM—BAS the hybridoma biotechnology for production of mono
clonal antibodies [12, 14]. They developed the methods for production of monoclonal 
antibodies against certain viruses and ricketsiae that caused the tick encephalomyelitis 
and yellow fever. The authors generated monoclonal antibodies against lymphocyte 
membrane markers involved in the recognition and presentation of the cells of the im
mune system.

M. C h r i s t o v a  and E. Z a p r i a n o v a  investigated myelination and demy- 
elination in tissue cultures. Their comprehensive studies into the same brain struc
tures in vivo and in vitro suggest that myelinogenesis in tissue cultures has one of the 
same duration and periodicity as in vitro. Tissue cultures from the central nervous 
system are suitable model for studying the pathogenesis of demyelinating diseases 
and the important problems of neurobiology [5].

The last period is period of intensive development and broad application of in 
vitro biotechnology in biology and medicine - since 1993 and during 21st century. A. 
R u s i n o v a ,  L. K a n c h e v a ,  N. A t a n a s s o v a  generated new monoclonai an
tibodies against rat testicular antigens. They showed that the synthesis and cell 
specificity of antigens depend on the testicular development [3,16]. L. K a n c h e v a 
et al. demonstrated the expression of different proteins from cultured Sertoli cells of 
the mammals during different stages of the prepubertal period [11]. The effect of the 
vasoconstrictive peptide endothelin — 1 (ET-1) synthesized by and release from por
cine granulosa cells on the ovarian steroidogenesis (progesterone production) was 
examined in vitro by R. D e n k o v a et al. The authors elucidated the putative role of 
the neuropeptide in the regulation of the steroid secretion. Their findings suggested 
that ET-1, present in the follicular fluid may play an important role in the local regula
tion of progesterone production [6]. E.Y a n e v a et al. showed that ET-1 suppressed 
basal and FSH-stimulated progesterone production by ovarian granulosa cells, but this 
effect is not mediated by prostanoids [19]. K. В a 1 e v a - 1 v a n o v a et al. investigated 
the direct toxic effect of the Lindane on embryonic chick gonads during ontogenesis in 
organ culture [4].

D. K a d i y s k y et al. showed original results for in vitro cellular interrelation
ships between nervous and immune system [20].

Prof. E. Nikolova et al. studied the development of the systemic and mucosal
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immune systems and the morphogenesis of the digestive tract in organ and cell cul
tures with application of milks’ liquid and cellular factors [13].

V. O g n e v a et al. established that the biologically active substances: fibroblast 
growth factor, epidermal growth factor, cholecystokinine stimulated the proliferation of 
the epithelial pancreatic cells during embryonic and postnatal development [15].

E. Z v e t k o v a et al. determined the influence of haematopoietic growth 
factors and biologically active substances stimulating the formation of bone 
marrow colonies [18]. E. N i k o 1 o v a, E. Zv e t k o v a et al. reported an en
hanced cell activation and basal cell proliferation of human and mouse periph
eral blood T-lymphocytes in vitro and in vivo by using Vietnamese Crinum 
latifolium (L.) extracts [17].

During the last 68 years the most outstanding Bulgarian morphologists worked 
in IEMAM-BAS with their wide interests, original ideas and international recognition 
in the filed of modeling the life processes in vitro.
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