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GTlb Ganglioside Changes in Lewis Rat
Serum During Myelination

V. Kolyovska, E. Zaprianova, D. Deleva, A. Filchev* E. Sultanov*

Institute ofExperimental Morphology and Anthropology with Museum, Bulgarian Academy o fSciences, Sofia
*aculty of Veterinary Medicine, University ofForestry, Sofia
** National Center ofRadiology and Radiation Protection, Sofia

Ganglioside G Tlb was suggested to play arole in mediating the interactions between axons and oligodendro-
cytes, needful for myelination and maintenance the integrity of myelin sheath. In this study, the relative
distribution of GT b was determined in Lewis rats serum during the different brain myelination periods, A
high level of G T1b was detected in the serum just before the onset of brain myelination and of the time of
active myelination compared to the GTIb level after the completion of myelination. This finding further
support the concept concerning the role of GT1b in mediating the interactions between axons and oligoden-
drocytes. An apparent correlation was observed between the GTIb levels in the rat brain during the different
periods of its myelination (determined in our previous studies) and the GTIb levels in the serum. Therefore,
serum G Tlb gangliosides could be monitored as markers of myelination and remyelination in the brain.

Key words: ganglioside GTlb, serum, myelination, axon-oligodendrocytes interactions.

Introduction

Gangliosides are a family of sialic acid-containing glycosphingolipids highly enriched in
the nervous system [19]. Trey are the major sialoconjugates in the brain. Gangliosides are
mainly located on the surface of plasma membranes of neurons [9], glial cells [22] and in
myelin of the central nervous system (CNS) [1]. The most abundant gangliosides in the
adult mammalian brain are GM1, GDla, GDIb and GTIb. They undergo characteristic
changes in content and composition during development [18] and therefore could be used
as markers for the different phases of brain maturation (synaptogenesis, myelination). We
first reported [3, 4] significant ganglioside changes in rat and mouse medulla oblongata
during the different periods of myelination. In the rat brain in the premyelination period
and at the period of active myelination, the predominant ganglioside fraction was GTIb.
Ganglioside GTIb was suggested to play a role in mediating the interactions between
oligodendroglia and axons [15] needful for myelination and maintenance the integrity of
myelin sheath.



Gangliosides occur also in non-cell-associated forms in blood, lymph, saliva and
other body fluids. Changes in gangliosides in certain pathologies are reflected by their
composition and blood serum levels [6, 7,11,14,25,26]. Therefore, information on blood
serum gangliosides in normal and pathological states is of considerable importance [5].

There are no data concerning the serum ganglioside changes during brain myelina-
tion. In the present study the relative distribution of GT1b was determined in the sera of
Lewis rats during the different period of myelination, characterized morphologically and
histochemically by us in previous investigations [23].

Materials and Methods

Serum Samples

Sera were obtained from fifteen 9-day-old Lewis rats (the period of premyelination)
(I group), fifteen 18-day-old Lewis rats (the period of active myelination) (Il group)
and from twenty-five 3-months old Lewis rats (the period after completion of myelina-
tion) (111 group).

The relative distribution of four gangliosides (GM3, GM1, GDlaand GTIb) in
the serum of Lewis rats of the three animal groups was recalculated on the basis of
densitograms.

Isolation of serum gangliosides was performed by the method of 1linovetal. [8].
It includes the following stages:

a) dehydration of the sample by azeotropic distillation of the mixture of serum water/
n-propanol = 1:10 (v/v);

b) total lipid triple extraction with cyclohexane; chloroforrmmethanol =1:1 (v/v) and
chloroform:methanol = 1:2 (viv);

c) non-polar lipids removal by preparative TLC with a mobile phase: chloroform :
methanol: 0,3 % CaCl2= 30:18:4 (vivIv);

d) elimination of the blood sugar by Sep Pak technique accordingto Williams
and M ¢ C 1u er [20];

e) HPTLC ofthe ganglioside fractions with a mobile phase: chlorofomumethanol: 0,1
M sodium lactate = 55:40: 10 (V/iv/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) and GM3 ganglioside (Sigma) were used as a test mixture for identification.
Four independed analysis and quantification were conducted for each experimental group.

The relative distribution of five serum gangliosides (GM3,GM1,GD 1a, GD 1b and
GT1b) in the serum of Lewis rats during the premyelination period, the period of active
myelination and the period after completion of myelination was recalculated on the basis
of densitograms (Fig. 1).

The Student’s t-test was used to determine statistical differences between the groups
using P value of less than 0,05 as the level of confidence.

Results

During the myelination of Lewis rats brain the relative proportion of GT1b in the serum
increases from 14.30% at the premyelination period (I group) to 24.00% during the period
of active myelination (Il group). The relative content of GTIb decreases to 5.17% in the
serum of Lewis rats after the completion of myelination (111 group) (Fig. 2).
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Fig. 2. Percentage Distribution of GTIb in the Serum of Lewis Rats during the Different
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period of active myelination; 111 group —period after completion of myelination)



The difference in relative proportion of G TIb between third group and the first and the
second groups was statistically significant (p <0.05) (Table 1).

Table 1 Relative Percentage of Major Gangliosides in the Serum of Lewis Rats during
the Myelination in the Brain

Gangliosides I group 11 group 111 group
(«=15) («=15) («=25)
GTlb 14.30 + 0.07 24.00 = 0.05 5.17 = 0.04
GDIb 42.20 = 0.06 20.71 + 0.04 6.94 + 0.07
GDla 290 = 0.10 37.06 + 0.06 19.07 £ 0.05
GM1 6.00 = 0.08 5.14 = 0.07 12.75 + 0.04
GM3 34.20 = 0.04 13.09 + 0.08 56.07 + 0.03

I group —premyelination period; 1l group —period of active myelination; 111 group
—period after completion of myelination.

Discussion

The present study shows a high level of GTIb in the sera of Lewis rats before the onset of
myelination and during the active myelination in the brain in comparison with the period
of completed myelination.

The onset of myelination in rat brain is around the 10th postnatal day. For the begin-
ning of this procees the myelinating oligodendrocyte must recognize the axon to be myeli-
nated. The strategic location of gangliosides on the outer surface ofthe neural membranes,
coupled with the great variability possible in the configuration of their oligosacharide
chains makes them excellent candidates for selective intercellular recognition and/or ad-
hesion molecules [10].

Tiemeyeretal [15] have reported that rat brain membrans contain a high-affinity
structural specific protein for GTIb. They demonstrated that this receptor is found on
central nervous system myelin and suggested that it may be positioned to mediate interac-
tions between oligodendroglia and axons. On the other hand, Y angetal. [21]and Col -
li nsetal. [2] have proposed that GDla and G Tlb serve as complementary ligands for
myelin-assosiated glycoprotein (MAG). MAG, a minor constituent of oligodendrocytes, is
localized predominantly to the periaxonal glial plasmolemma [16]. Because of its periax-
onal location, it is postulated that MAG may mediate axon-glial interactions [17]. The
studes of Sh eikh etal [13] on GM2/GD2 synthase knockout mice supported this
hypothesis.

During the period of active myelination (17-20 postnatal days in the rat brain), when
the compact myelin membrane is being formed, the interactions between oligodendrocytes
and axons continue to be of great importance [24]. Since GTIb gangliosides play arole in
mediating these interactions, the findings in our previuos studies [4] that GTIb fraction is
predominant in the brain during premyelination period and during the active myelination,
do not seem to be surprising. These results are in full concordance with the data presented
here demonstating a high level of GTIb in serum of Lewis rats during the above men-
tioned myelination periods. There is an apparent correlation between the GTIb levels in
the brain and in the serum during the myelination. The existence of such correlation is due
to the fact that the blood-brain barrier in rats is not fully developed until postnatal day 24
[12]. Therefore, serum GTIb gangliosides could be used as markers of myelination, remy-
el'ination and demyelination (when the interactions between axons and oligodendroglia are
disturbed). We recently first reported a significant decrease of relative portion of GTIb in
the brain of Lewis rats with chronic relapsing experimental allergic encephalomyelitis, a
demyelinating disease [27]. In the serum of these animals there was a significant decrease
of GTIb (unpublished observations).
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In conclusion, the data presented in this study clearly demonstrate for the first time
that the content of GT1 b in the serum of Lewis rats alter considerably during brain myeli-
nation. This finding further support the concept concerning the role of GTIb in mediating
the interactions between oligodendroglia and axons, needful for myelination and mainte-
nance the integrity of myelin sheath. Therefore, serum G TIb gangliosides could be moni-
tored as markers of myelination and remyelination in the brain.

Acknowledgments. We thank Ginka Zaharieva for excellent technical assistance.
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Neuronal Degeneration at the Earliest Stages
of Multiple Sclerosis

B. Sultanov

Institute ofExperimental Morphology and Anthropology with Museum,
Bulgarian Academy ofSciences, Sofia

In recent years, has become more evident that neuronal damage is an early pathological sign in multiple
sclerosis (MS). In our study, we analysed cervical spinal cord specimens from MS patients, died accidentally
during the first five years of disease duration. A severe degeneration of anterior horn neurons was detected
in the specimens from two patients suffered of MS only one year. This finding reveals for the first time
neuronal injury very early in MS pathogenesis. It further support the concept of multiple sclerosis as a
neurodegenerative disorder. The data ofthe present investigation argue once again for the early neuroprotec-
tive treatment of MS patients.

Key words: multiple sclerosis, cervical spinal cord, neuron, degeneration.

Introduction

Multiple sclerosis (MS) is considered to be prototype ofacquired primary demyelinating
disease in the central nervous system (CNS) with extensive myelin loss and relative pres-
ervation of neurons [10]. According to this concept neuronal and axonal injury is not a
dominating feature of early MS and is believed to occur as a consequence of demyelina-
tion. However, recent imaging and morphological studies has challenged this historical
view of preserved neuronal and axonal integrity at the earliest clinical stages of MS [11].
Proton magnetic resonance (MR) spectroscopy by monitoring levels of N-acetylaspartate,
a putative marker of axonal integrity, has been particularly illuminating by showing indi-
rect evidence of neurodegeneration in both lesional and non-lesional brain tissues from
the earliest stages of MS [3]. Fillip p ietal. [4 used MR imaging and spectroscopy to
study abnormalities in the brain of patients with MS. They concluded that axonal and
neuronal injury occurs early in the course of MS, leading to widespread damage even
before the disease is diagnosed clinically. K u h 1m a n n et al. [6] investigated the
occurrence ofacute axonal damage determined by immunocytochemistry for amyloid pre-
cursor protein (APP) which isproduced in neurons and accumulates at sites of recent axon
damage. Most APP-positive axons were detected within the first year after disease onset. In
previous electronmicroscopic studies of ours we observed axonal degeneration which pre-
ceded demyelination in the spinal cord of Lewis rats before the onset of clinical symptoms
of chronic relapsing experimental allergic encephalomyelitis (CREAE), an animal model
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of MS [15]. Neuronal death also in the preclinical stage of EAE was reportedby Hob om
et al. [5]. However, there are no data illustrating directly neuronal injury in early MS.
Therefore, the aim ofthe present study was to look for neuronal changes during the early
stages of MS analysing cervical spinal cord sections from clinically defined MS patients,
died accidentally during the first five years of the disease.

Materials and Methods

Cervical spinal cord sections from 9 multiple sclerosis cases and from 5 control cases were
used in this study from the large pathomorphological collection in the Department of
Neuropathology at the Institute of Psychiatry and Neurology in Budapest, Hungary. All
MS cases were patients with clinically defined MS [according to 9]. Three ofthem suffered
of early MS (course of the disease of one year) and five of them have MS for 3-5 years.
Causes of death included myocardial infarction (seven cases) and suicide (two cases). The
controls were patients who died of nonneurological diseases and without pathological
changes within CNS.

Sections were stained using routine neuropathological staining for neurons, glia and
myelin (Nissl staining and luxol fast blue staining).

Results
Severe degeneration of motoneurons in the anterior horn, demonstrated by Nissl staining,

was detected in the sections ofthe cervical spinal cord oftwo patients suffered of MS with
only one year course of the disease (cause of death —suicide) (Fig. 1and Fig. 2). Demy-

Fig. 1. Degenerated motoneurons in the anterior horn ofthe cervical spinal cord of a patient with early MS
(one year course). Nissl staining (x 250)
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Fig. 2. Severe destruction ofanterior horn neurons of the cervical spinal cord of another patient with early
MS (one year course). Nissl staining (x 200)

Fig. 3. Demyelination oflateral pyramidal tract in the cervical spinal cord of a patient with early MS (one year
course). Pallor of the pyramidal tract. Luxol fast blue staining (x 100)
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elination of lateral pyramidal tract in cervical spinal cord was present, detected by the
pallor of the tract after luxol fast blue staining (Fig. 3).

Degenerated anterior horn neurons were not found in the sections of the cervical
spinal cord of others MS cases and of controls.

Discussion

The analysis of specimens from patients dying accidentally at earliest stages of MS (one
year duration of the disease) revealed neuronal degeneration of anterior horn neurons in
the cervical spinal cord. The cervical spinal cord has been chosen for the analysis of
neuronal changes in early MS for two reasons:

a) multiple sclerosis in the spinal cord is a common presentation of the disease.
Involvement of the long tracts leads to muscular weakness, sensory loss or paraesthesiae
and bladder disturbances;

b) the cervical part is the most common site for MS plaques in the spinal cord [1].
Neuronal degeneration so early in MS pathogenesis was not described. Our findings are in
accordance with the observations of L assm an n [7] concerning the lesions in CREAE.
He found in one animal in addition of demyelinating plagues an extensive anterior horn
neuron destruction.

As it was mentioned above, neuronal cell death was detected to occur even before the
onset of clinical symptoms of EAE [5]. The authors analysed the mechanism and kinetics
of retinal ganglion cell (RGC) apoptosis by combining an electrophysiological in vivo
assessment of the optic pathway with the investigation of RGC counts. They found that
RGC death together with decreased visual acuity values was present before the appearance
of clinical symptoms of EAE. N i c ot et al. [8] investigated the expression of genes
encoding proteins that play critical roles in ions homeostasis, exocytosis, mitochondrial
function and impulse conduction in the Lewis rat lumbar spinal cord during the clinical
course of acute EAE. The results of their study concerning the regulation of gene expres-
sion in EAE indicate early neuronal dysfunction.

In our previous study an increase of G D 1a ganglioside, one ofthe major human brain
neuronal ganglioside fraction, was observed in the serum of patients with MS during
their first attacks of the disease [14]. It was suggested that this increase is connected
with the neuronal damage in early phases of MS pathogenesis.

Our findings and the data of the others authors cited above provide evidence of early
neuronal injury in MS and EAE. They further support the concept of multiple sclerosis as
a neuronal ganglioside ganglioside disease [12]. For the firsttime Zaprianova[13]
suggested that the neuronal disturbance could have some as yet undemonstrated role in
MS.Chaudhuri andBehan [2] proposed that MS is not an autoimmune disease but
a genetically determined disorder characterized by metabolically dependent neurodegen-
eration.

In conclusion, the present study reveals for the first time a severe degeneration of
anterior horn neurons in cervical spinal cord of MS patients, died accidentally during the
first year of the disease. The detection of neuronal injury at the earliest stages of MS argue
once again for the early treatment of MS patients with agents directed towards neuronal
protection.

Acknowledgements. | am grateful to Dr. Katalin Majtenyi, PhD for the priviledge of using her pathomorpho-
logical collection for my study.
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Changes ofthe Glycolipid Content
in Rat Brain and Brain Subcellular Fractions
in An Experimental Model of Cerebral Ischemia
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In this study, we present data from our examinations of the changes of glycolipid content in rat brain and
different brain subcellular fractions in a model of cerebral ischemia. In control rats, the total glycolipid
content was the highest in nuclei and the lowest in the brain homogenate. Gangliosides and cerebrosides
were the major glycolipid classes and they ranged from 34% to 72% and from 28% to 66% of total
glycolipids in different subcellular fractions, respectively. Cerebral ischemia led to increase of total glycolip-
ids with the largest increase in the homogenate and microsomes — 89 and 20 times the control values,
respectively. The total glycolipid content was the highest in the brain homogenate and the lowest in myelin.
The accumulation of glycolipids may be interpreted as a physiological adaptive response to ischemia.

Key words: glycolipids, cerebral ischemia, subcellular fractions, rat brain.

Introduction

Glycolipids are important constituents of cells and their concentration is highest in the
nervous system. Beyond structural functions, glycolipids play a variety ofbiological func-
tions, including cellular recognition and adhesion as well as signalling [1,9, 12]. These
lipids can serve as tumor markers and membrane regulatory factors [3]. A number of
studies have shown that gangliosides are immunogenic and they participate in multiple
sclerosis pathogenesis [10].

Membrane lipid degradation plays an important role in the pathogenesis of ischemic
brain damage, but there is little information on changes in total glycolipids, cerebrosides
and gangliosides. The present study was undertaken to evaluate the level of glycolipids in
brain homogenate and different subcellular fractions from both normal and ischemic rat
brains.

Materials and Methods

Three-month-old male Wistar rats were used in the experiment. Animals were subjected
to cerebral ischemia according to the model of Smith et al. [7] with minor modifica-
tions.
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Brain subcellular fractions were isolated according to the method described by Ven -
kov [11]. Lipids were extracted according to the technique described by K at e s[13]. The
content of total glycolipids was determined according to Ham i 110 n et al. [2]. Glycolip-
id classes were separated by thin-layer chromatography using the following eluate:
chlorofomr.methanokwater 65:25:4 (v/v/v). The Perkin-Elmer scanning spectrophotome-
ter was used to estimate the concentration of migrated spots.

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

Results

The content of total glycolipids in brain homogenate and different subcellular fractions is
shown in Table 1 In control rats, total glycolipids had the highest concentration in nuclei
(0.54+0.04 mg/g/ml) and the lowest in the brain homogenate (0.181 £0.02 mg/g/ml). Gan-
gliosides and cerebrosides were the two main glycolipid classes and they accounted for
34% to 72% and for 28% to 66% of total glycolipids in different subcellular fractions,
respectively (Fig. 1).

Table 1. Changes ofthe glycolipid content in rat brain after cerebral ischemia

Brain fraction Gangliosides Cerebrosides Total glycolipids
Horn Control 0.068+0.01 0.112+0.01 0.181+0.02
Ischemia 4.744+0.06 11.354+0.06 16.098+0.12
p<0.001 /< 0.001 /< 0.001
Nuc Control 0.216+0.02 0.324+0.03 0.54+0.04
Ischemia 1.363+0.05 2.006+0.05 3.368+0.04
/< 0.001 /< 0.001 /< 0.001
Ms Control 0.212+0.03 0.082+0.05 0.294+0.04
Ischemia 2.503+0.04 3.372+0.05 5.875+0.04
/< 0.001 /< 0.001 /< 0.001
Myel Control 0.107+0.03 0.118+0.03 0.225+0.04
Ischemia 0.093+0.004 0.307+0.02 0.4+0.02
ns /< 0.001 /< 0.001
Syn Control 0.227+0.04 0.23+0.4 0.457+0.08
Ischemia 0.443+0.05 0.614+0.03 1.057+0.05
/< 0.001 0.1</<0.05 /><0.001
— MTt Control 0.161+0.05 0.317+0.02 0.478+0.U5
Ischemia 1.526 +0.05 1.349+0.06 2.875+0.09
/< 0.001 /< 0.001 /><0.001

Hom=homogenate; Nuc=nuclei; Ms=microsomes; Myel=myelin; Syn=synaptosomes; Mit-mitochondria.
Values are expressed in mg/g dry lipid residue/ml, n—5, ns - indicates no significant difference.

In the brains of rats subjected to cerebral ischemia, we found increased levels of total
glycolipids, gangliosides and cerebrosides in all subcellular fractions (Table 1). The in-
crease of total glycolipids was the highest in the homogenate and microsomes - 89 and 20
times, respectively. Gangliosides made up to 23-53% of the total glycolipids in different
fractions (Fig. 1). The brain homogenate contained the highest amounts of gangliosides
(4.744+0.06 mg/g/ml) and myelin the lowest (0.093+0.004 mg/g/ml). Cerebrosides ac-
counted for 47 to 77% of total glycolipids in different fractions (Fig. 1). The highest
concentration of cerebrosides was observed in the brain homogenate (11,354+0.06 mg/g/
ml) and the lowest (0.307+0.02 mg/g/ml) in myelin.
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Discussion

In this study, we examined the changes in glycolipid content of rat brain homogenate and
brain subcellular fractions in an experimental model of cerebral ischemia.

In controls, we found the highest content of total glycolipids in the nuclear fraction
and it can be suggested that these lipids influence the membrane-mediated processes in the
nuclei. Nuclei contained the highest amounts of cerebrosides in comparison to the homo-
genate and the other subcellular fractions. Gangliosides in the nuclear membrane proba-
bly play a key role in maintaining the nuclear Ca2+homeostasis. Some studies suggest the
presence of limited intranuclear pools of gangliosides [4].

Gangliosides are probably synthesized in the membranes of endoplasmic reticulum
and this explains the observed high content of gangliosides in microsomal fraction. This
proposition is supported by studies on subcellular distribution ofthe enzymes involved in
ganglioside synthesis [9].

In myelin cerebrosides together with the polar head groups of phosphatidylserine and
phosphatidylinositol provide a polyanionic surface array. Strong interactions with both the
positively charged myelin basic protein at the cytosolic and hydrophobic domains of pro-
teolipid protein at the extracytoplasmic surface might contribute to the tight compaction
ofthe multilayer membrane system [1].

Synaptosomes contained the highest amounts of gangliosides in comparison to the
homogenate and the other subcellular fractions and these results are in agreement with
previous reports [14]. These data suggest the specific role of gangliosides in synaptic trans-
mission. Gangliosides are thought to be functional in memory formation too [6, 8].

In mitochondria gangliosides probably influence the Ca2+homeostasis and ionic bal-
ance and contribute to the high permeability of the mitochondrial membrane.

In the brains of rats subjected to cerebral ischemia, we found an increase in both
gangliosides and cerebrosides in all subcellular fractions. As a result the total glycolip-
ids estimated increased from 2 to 89 times in different fractions. The high concentration
of glycolipids and especially gangliosides can apparently be explained by their neuro-
protective effect. It issupposed that gangliosides can acutely reduce the extent of CNS
injury by protection of membrane structure and function [5]. Another hypothesis sup-
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ports the view that gangliosides may promote neuronal regeneration through modula-
tion of trophic factors.

The high content of cerebrosides after ischemia probably makes the membranes steadier
and it appears to be a protective and compensatory mechanism against ischemic damage.
Most probably, cerebrosides contribute to a dense network of H-bonding between three
hydroxy groups of cholesterol, the hydroxy group ofthe sphingosine, the hydroxy groups of
the acyl chains and the amide bond ofthe sphingolipids [1].

In conclusion, the present results show that cerebral ischemia disrupts to a great
extent the brain lipid metabolism and in particular the glycolipid metabolism. The accu-
mulation of glycolipids may indicate the energy disturbances and concomitant restriction
of glucose supply to the ischemic brain and may be interpreted as a physiological adaptive
response to ischemia.

Acknowledgements: This study was supported by National Science Fund of Bulgaria (NSFB) under Contract
MU-L-1512/05.
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Human mast cells are divided into two subsets: mast cells with reactivity for tryptase but not chymase (MCT)
and reactive for tryptase and chymase (MCTQ. We investigated the MCTand MCTCsubtypes in human livers
containing metastases from gastrointestinal cancers and in the common bile duct in obstruction. We have
found that there were increased numbers of mast cells (MCTand MCTQ in the surrounding liver parenchyma
and in liver metastases originating from gastric, colorectal and pancreatic cancers. In the common bile duct
with obstruction we detected greatly increased numbers of mast cells. Among the studied mast cell types
MCTCones were the most numerous.

The ultrastructural appearance oftryptase- and chymase-positive mast cells showed three different
types of granules, concerning the content of the reaction product (altered granules). These types were
observed in the livers with metastases and in the inflamed common bile duct. In conclusion it can be stated
that mast cells in human livers with metastases and in the inflamed common bile duct increased in numbers
and showed signs of activation.

Key words: mast cells, immunocytochemistry, liver, holedoch.

Introduction

Mast cell heterogeneity is a key issue in mast cell biology [5], but its nature in humans is
a subject of uncertainties.

Although the immunopathological role of mast cells has been acknowledged, these
cells have aroused much controversy and confusion. One explanation for the contradictory
opinions on mast cell function arises from their heterogeneity, which can express itself as
differences in histochemical, biochemical, and functional characteristics.

The main criterion for mast cell differentiation in rodents is formalin resistance. In
humans, mast cells are distinguished by their content of the mast-cell-specific proteases,
chymase and tryptase [18,22]. Tryptase and chymase are released from mast cells follow-
ing IgE-mediated activation. In contrast to the findings in rat, where both mast cell serine
proteinases are of chymotryptic specifity, only one human mast cell proteinase, chymase,
displays this activity whereas the other enzyme, tryptase, is of tryptic specifity [3].

18



Human mast cells are divided into two subsets: mast cells with reactivity for tryptase
but not chymase (MCT) and reactive for tryptase and chymase (MCTQ. The human mast
cell chymase belongs to the group ofalpha chymases [4]. It is found predominantly in
connective tissue mast cells and to a lesser extent in mucosal mast cells [4, 7]. Mast cell
tryptase expression is largely confined to mucosal mast cells [4]. In humans, the differen-
tiation of mast cells into mucosal or connective tissue phenotypes is less clear cut than in
rodents [17]. Mast cells with variable granule morphologies immunolabelled for tryptase
and chymase have been described in human lungs, skin and small intestine [4, 7].

Mast cells are intimately involved into the “cross-communication” between the ner-
vous and immune systems [28, 30]. Mast cells have been shown to release some neuropep-
tides such as vasointestinal polypeptide (VIP) [8] and substance P (SP) [29, 32]. Biogenic
amines secreted by these cells act together with the released biologically active peptides
from endocrine cells at mucosal sites [11] thereby contributing to neurophysiological and
neuropathological processes.

The role of tryptase- and chymase-positive mast cells for the fibrogenesis, epithelial
cell proliferation, metaplasia and inflammatory cells recruitment is already described in
other diseases [1, 2, 6, 31].

The biological role of mast cells in liver metastases and in cancer growth still remains
speculative. Mast cells contain various bioactive substances such as histamine, heparin,
etc. that appear to stimulate both mitogenesis and angiogenesis [6, 24,25], which may be
detrimental for cancer patients. On the other hand, mast cell-derived tryptase stimulates
fibroblasts [26], leading to fibrosis, which can form the stroma of metastasis or may limit
tumor growth. Therefore, the study of the density of mast cell subpopulations (MCTCand
MCTQ and granule morphology in “normal” livers and in liver metastases from gastric,
colorectal and pancreatic cancers elucidated mast cell heterogeneity and functions in
humans.

A great amount of mast cells was already noticed in the common bile duct in second-
ary cholangitis [15]. It will be interesting to disclose the structural morphology and the
proportions of the different subsets of these cells and also to discuss their role in physio-
logic and pathologic conditions. It is also interesting to study the structural morphology
and the density of mast cell subpopulations (MCTand MCTQ in livers containing metastas-
es from gastric, colorectal and pancreatic cancers.

Materials and Methods

Liver metastases. Liver tissue was collected from 30 patients with colorectal («=15),
gastric («=8), pancreatic («=7) cancers. The “normal” liver tissue was obtained from 5
patients operated with diagnostic purpose (explorative laparotomy). Controls had no previous
history of liver diseases [13].

Extrahepatic bile duct. Surgically resected specimens from the lower part of the common
bile duct (at 2 cm distance from the papilla of Vater) were collected from 50 patients (19
men and 31 women), aged between 31 and 81 years. Twenty-six patients (9 men and 17
women) had calcium-bilirubinate stones in the common bile duct, 3 had pancreatic can-
cers (two men and one woman) and two patients had stenosis (one male and one female).
All these lesions caused acute obstruction and extrahepatic jaundice. The biopsy speci-
mens of these patients showed secondary chronic exacerbated cholangitis. Eighteen pa-
tients (7 men and 11 women) had previous attacks of calculous obstruction and one wom-
an had stenosis, but at the time of operation showed only secondary chronic sclerotic
cholangitis. Biopsy samples were collected after resection of the common bile duct for
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drainage and stone extraction. As controls, we obtained 5 specimens from patients (3 men
and 2women) who had died of myocardial infarction and had no pathology ofthe biliary
pathways. Informed consent had been previously obtained from each patient [14].

Cryostat sections cut from one sample were prepared for light and ultrastructural
immunocytochemistry. The remainder of the tissue was embedded in paraffin wax for
routine histology. The methods were described earlier [13,14,15].

Immunochemicals. The antibodies used were mouse anti-human mast cell tryptase
[clone AA1 (M7052)], mouse anti-human serotonin (N1530 from Dako, Glostrup, Den-
mark), mouse anti-human mast cell chymase [clone CC1 (MCA1930)], rabbit anti-human
VIP (PEPA41 from Serotec, Oxford, UK), and rabbit anti-human substance P (PEPA40
from Serotec). The DAKO (Glostrup, Denmark) immunostaining detection system kit, the
LSAB 2 System and HRP (K0675), was used together with either 3,3-diaminobenzidine
(DAB; from Sigma, St. Louis MO, USA) or 3-amino-9-ethylcarbazole (AEC; from Dako)
as the chromogen.

Results and Discussion
Mast cells in human livers with metastases

We have found an increased numbers of mast cells (MCTand MCTQ in the liver parenchyma,
situated around metastases, originating from gastric, colorectal and pancreatic cancers, as
compared to controls (2.9 v.s. 0.6 cellsymm2p=0.003 for MCTand 8.6 v.s. 0.7 cells/fmm2,
p=0.004 for MCTQ. Mast cells were largely located in portal tracts surrounding metastases
(13). In the sinusoids there could rarely be observed mast cells. Therefore, we can state
that liver sinusoidal mast cells do not increase in parenchyma surrounding metastases
from gastric, colorectal and pancreatic cancers [13]. The number of mast cells was great in
the stroma of metastasis (6.9 +4.8 cells/fmm2for MC11n22.8 + 14.7 cells/mm2for MCTQ.
Therefore, these cells actively participate in the metastatic process [13].

The current study indicates that human liver mast cells do not react with VIP and SP
in “normal” liver or in the presence of metastases.

Two theories have been advocated in literature about intratumoral mast cells. The
first is that mast cells may play a role in tumor growth and angiogenesis forming tumor
stroma [16, 25]. The second is that mast cells exert cytotoxicity on tumor cells by immu-
nologic mechanisms [12]. In the current work, a relatively large number of mast cells was
present in the stroma of metastases and around them, suggesting that the connective tissue
formation in liver malignancies may be associated at least in part with the presence of mast
cells.

The ultrastructural immunocytochemical localization of tryptase and chymase re-
vealed 3 distribution patterns of the antigen in mast cell granules: granules with darkly
precipitated reaction product, electron lucent granules without reaction product and elec-
tron lucent granules with sparse reaction product (altered granules). Mast cell granules
with MCTGphenotype had larger diameters (over 0.203 pm) as compared to granules
positive only for tryptase (about 0.13 pm) [(7]. The mast cells, described by us in human
liver had granules with larger diameters about 0.45 pm. Morphologically, they looked like
mast cells with MCTGphenotype.On the basis of localization of tryptase (Fig. 1) and chy-
mase (Fig. 2) and the mean diameters of granules, these mast cells resembled tryptase/
chymase-positive (MCTQ as described by G raigetal. [7] in human lung, intestine and
skin.
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Fig. 1. Tryptase-positive mast cell with many electron dense granules in the portal
tract of a liver with metastasis from gastric cancer (x 4400)

Fig. 2. Chymase-positive mast cell in the liver with metastasis from gastric cancer.
Most of the granules are altered with electron-lucent matrices, having sparse amount
of reaction product (x 7000)

The “altered granules” with discrete and focally located DAB reaction product observed
by us, resembled to these described earlier [4,19]. The immunoreactivity of mainly chymase
and less for tryptase was largely lost in these “altered granules”. This can be explained with
the degranulation process of mast cells [4]. Chymase and tryptase labelling densities in our
study were related to electron dense portions of granules including particulate and lattice
patterns, as reported for heparin and histamine [9].
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In conclusion, our immunocytochemical ultrastructural study suggested that most of
chymase- and tryptase-positive mast cells showed granule diversity with many “altered”
granules, considered as a state of activation.

Mast cells in the human common bile duct
with obstruction

In the common bile duct with biliary obstruction we detected greatly increased numbers of
mast cells [14,15]. Among the studied mast cell types MCTGpositive ones were the most
numerous (mean value of 62.9 £ 14.6 cells/fmm2 p<0.0001, Wilcoxon Signed Rank test.
VIP-positive mast cells were less in number (26.7 + 6.6 cells/mm2), followed by SP-positive
mast cells (24.7 £ 6.3 cells/fmm32), and then by mast cells producing only tryptase MCT
(11.3 £ 7.8 cells/mm32. In addition, some SP-, VIP-, and S-100-positive nerve fibers were
observed around glands beneath surface epithelium and in muscle layer. Tryptase-positive
mast cells could be found near the nerve cell bodies of multipolar neurons of the ganglionated
myenteric plexus. SER-positive nerve fibers and endocrine cells were also found in
hyperplastic glands.

Ultrastructural analysis: Tryptase-positive mast cell granules were small and large,
electron-dense, particulate or with scrolls (Fig. 3). Chymase-positive mast cell granules
were large as lattice and grating configurations and particulate structure were characteris-
tic for them. The reaction product in both types of cells was precipitated in three different
patterns: in large amount over electron-dense granules; or it was sparse over electron-
dense regions of the granules (altered granules); or there were observed electron lucent
granules without reaction product. We interpreted this as a sign of activation. VIP-positive
mast cells contained electron-dense or particulate granules (Fig. 4). SP-positive mast cell
granules were mainly of particulate/beaded pattern (Fig. 5) [14,15].

Fig. 3. Tryptase-positive mast cell in the common bile duct of a patient with
chronic cholangitis (x 20 000)
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Fig. 4. VIP-positive mast cell granules in the common bile duct of a patient with
chronic cholangitis (x 20 000)

Fig. 5. SP-positive mast cell in the common bile duct of a patient with chronic
cholangitis (x 20 000)

VIP-, SP- and chymase-labelled granules are commensurable (with mean values and
standard deviations of 0.385+0.14; 0.357+0.8 and 0.360+0.10, respectively,p>0.05, t-
test). Tryptase labelled granules were two types: large ones with mean value ofthe diameter

23



0f 0.256£0.04 [um, and small granules with mean value of the diameter 0.10910.04 urn.
Both types tryptase-positive granules appeared to be significantly smaller than all the other
studied granules (p<0.0001, t-test).

Similar prevalence oftryptase-positive mast cells has been reported in human liver
diseases [23], at mucosal sites [4] and in lung [7]. Chymase-positive mast cells have been
found predominantly in collagen rich connective tissues and to a lesser extent at mucosal
surfaces [4].

It is already known that mast cells play a major role among the immune effector cells
involved in neuroimmune communication [30]. Previous studies revealed an intimate as-
sociation between mast cells and neurons in peripheral nervous system [28]. In our study
mast cells were detected near the nerve cell bodies of multipolar neurons comprising the
ganglionated myenteric plexus. Because of this proximity mast cells appear to act as bi-
directional information carriers between the neurons and immune system. It has been
reported that nerve endings are remodeled at the acute phase of inflammation due to the
degeneration and during recovery stage due to regeneration [27]. Nerve growth factor
(NGF) and SP released from peripheral sensory nerves are the cause for mast cell degran-
ulation. The liberated by the mast cells histamine, in turn, activates peripheral sensory
nerves [30]. On the other hand, SP may also trigger immune responses (in neurogenic
inflammation) via binding to neuropeptide receptors located on other immune cells, such
as T-cells, B-cells and macrophages, thus generating immune responses [20,30,32]. There-
fore, our finding of mast cells near nerve fibers and nerve plexuses implies their role in
neuroimmune interactions during chronic inflammation. We found ganglionated myenter-
ic plexus and many S-100- and NSE-positive nerves in the vicinity of mucous glands in the
lower part ofd. choledochus situated near the sphincter of Oddi. We also observed many
serotonin-positive endocrine cells from the EC type with small discoid granules in that
region of choledochus. Thus, it can be supposed that lower part of the large bile duct,
participates in the regulation of motility and mucous and hormonal secretion ofthe biliary
pathway.

In two previous reports it was shown that skin mast cells in atopic dermatitis [32] and
intestinal mast cells in ulcerative colitis [29] are SP-positive. In the current study, we also
found SP-positive mast cells and nerve fibers in the inflammatory infiltrate in secondary
cholangitis caused by bile obstruction. This suggest that prolonged chronic inflammation
caused by biliary toxins stimulates mast cells to synthesize SP within their granules that in
turn may stimulate sensory neurons to release more SP resulting in prolonged inflamma-
tion. So, SP in chronic inflammation could be released from both peptidergic nerves and
SP-positive mast cells. It stimulates inflammatory cells involved in chronic inflammation
[20, 32], as well as mast cells themselves, which may explain the significantly increased
population of activated mast cells observed in the choledochal wall.

The great number of YIP-positive mast cells in secondary cholangitis could be ex-
plained with the need of smooth muscle relaxation in the obstructed bile duct [10,15] and
of increased mucus secretion from hyperplastic glands in choledochus as a result of biliary
intoxication [15,21].

Since the large bile duct in chronic cholangitis has a thin mucous layer and a thick
connective tissue layer (caused by chronic inflammation) the mast cells belong to various
subsets. It is known that human mast cells at mucosal sites have more scroll granules
(tryptase-positive) and connective tissue mast cells possess “lattice” or “grating-like” con-
figuration in their granules (chymase-positive) [4].

In our study, the large bile duct tryptase-positive granules were electron-dense, par-
ticulate or with scrolls. Similar granular morphology was reported also for tryptase-posi-
tive mast cells in the human lung [4,7]. Choledochal chymase-positive mast cell granules
were mainly of the particulate and beaded pattern. The ultrastructural immunocytochem-
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ical localization oftryptase and chymase revealed 3 distribution patterns of the antigen in
mast cell granules: granules with darkly precipitated reaction product, electron lucent
granules without reaction product and electron lucent granules with sparse reaction prod-
uct (altered granules). On the basis of localization of tryptase and chymase and the diam-
eters of granules (large and small in size), these mast cells resembled tryptase/chymase-
positive as described earlier [7] in human lung, intestine and skin. The observed “altered
granules” resembled those reported earlier by Beiland Pam m er [4]. The decrease or
lack of immunoreactivity mainly for chymase and less for tryptase in the observed “altered
granules” can be explained with the degranulation process of mast cells [4].

VIP- and SP-positive granules were electron-dense and particulate. Their diameters
and appearance were like chymase-positive granules. Further investigations with co-local-
ization are necessary to determine whether SP- and VIP-positive mast cells could be also
chymase-positive.

Therefore the presence of such variety of mast cells, nerves, ganglionated plexus and
endocrine cells in the lower part of the human large bile duct (at a 2 cm distance from the
sphincter of Oddi) suggest the importance ofthis segment in the regulation of the process
of motility, evacuation of bile in the duodenum, hormonal secretion, and some other
physiological functions in human.
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The localization, density, shape and dimensions of mast cells in prostate glands of 9 sexually mature clinically
healthy male cats, aged 1-2 years were investigated following euthanasia. The material was fixed in Carnoy’s
fixative, dehydrated, embedded in parrafin and stained with toluidine blue. The localization and the shape of
mast cells were observed via light microscopy whereas the density and their dimensions - by an eyepiece
micrometer. The data were statistically processed (Descriptive statistics, Data Analysis, Excel). It was found
out that the predilection site of mast cells was in prostatic stroma. A considerable concentration of mast cells
was observed in the interstitium by the glandular epithelium unlike the peripheral subcapsular stroma. Single
mast cells, located by the basal membrane ofthe glandular epithelium, intraepithelially and intraluminally in
tubuloalveolar parenchyma were detected. The shape of mast cells observed in feline prostate gland was most
commonly fusiform and more rarely, oval cells were encountered.

Key words: mast cells, prostate gland, tomcat.

Introduction

The data referring to mast cells in mammalian prostate glands are relatively scarce and
they are primarily about men and rats, both in normal and pathological states.

In the urogenital tract of humans, rat and mice, mast cells are found out in the
connective tissue under the epithelial layers adjacent to blood and lymph vessels and
peripheral nerves [6, 8,9].

Localization of mast cell in the genitals of male rats showed that both their number
and density were high [5].

The density of mast cells in the ventral part of prostate in the rat during puberty was
high and decreased considerably with age [7].

The localization and the number of mast cells in human male genitals and especially
in prostate gland, vary depending on the influence of exogenous and endogenous factors
such as stress, allergy, inflammations and vascular thrombosis [1,3,6,12]. Their density is
significantly altered in benign and malignant prostatic lesions thus determining their role
in the specific prevention of tissue metaplasia. The increased concentration of mast cells
and the difference between the density in the intratumoural and peritumoural prostatic
regions evidenced their biological importance in these processes [2,4,11].
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The mast cell profile in prostatic lesions is always changed and therefore, is a confi-
dent marker of initial pathology of the gland [1].

The lack of data about the localization, density, shape and dimensions of mast cells in
feline prostate gland motivated the present study in order to reveal their functional role in
the prostate of these animal species.

Materials and Methods

Prostate glands of 9 clinically healthy, sexually mature male European shorthair cats (at
the age of 1-2 years), weighing 2.8-4 kg were studied. The cats were euthanized i.v. with
200 mg Thiopental (Biochemie, Austria).

The material was fixed in Carnoy’s fixative for 4 hours, then put in 70° ethanol for 12
hig_)f_urs, dehydrated in an ascending ethanol series, cleared in xylene and embedded in par-
affin.

The cross-sections (5-7 pm) were stained with 0.1% solution of toluidine blue in
Mclvane’s buffer, pH 3 [10].

The localization and the shape of mast cells were determined via light microscopy
and their density (in mm2 and dimensions (in pm) were measured with an eyepiece
micrometer.

The data were statistically processed (Descriptive statistics, Data Analysis, Excel).

Results and Discussion

The total area of studied histological sections was 204 mm?2 the stromal area being 132
mm2(64.7%) and the parenchyma - 72 mm2(35.3%).

From 2992 observed mast cells, 2924 (97.7%) were into the glandular stroma and the
other 68 (2.3%) —into the parenchyma. The mast cells counts in stroma were 22.15 per
mm2 whereas in parenchyma - 1.06 per mm2

The average mast cell counts in the stroma of a histological section was 328.22 +
26.01, standard deviation 78.04 and in parenchyma: 7.56 + 2.54, standard deviations 7.35.
The minimum and maximum values of these parameters were between 212 and 453 cells
in the interstitium and between 0 and 21 in glandular parenchyma.

The length of cells in the interstitium varied from 10.2 pm to 34 pm (mean 21.08 +
0.67 pm), whereas in parenchyma reached 34 pm (mean 11.26 + 1.33 pm).

The width (thickness) of mast cells in stroma varied between 6.8-17 pm (mean 9.14
+ 0.26 pin) and in the parenchyma reached 17 pm (mean 6.07 £ 0.71 pm).

The light microscopic studies showed that the predilection site of mast cells was in
prostatic stroma, particularly within the interstitium surrounding the glandular epithelium
(Fig. 1) and sometimes they communicated with the basal membrane of parenchymal cells
(Fig. 2).

In single cases, intraepithelial localization of mast cells was observed, as well as cells,
penetrating into the tubuloalveolar glandular lumen (Fig. 2).

The considerable density of cells into the interstitium (Fig. 3) was relatively lesser
than the density closely to the glandular parenchyma (Fig. 1) and higher than the density in
the periphery under the capsule (Fig. 4).

A higher concentration of mast cells was observed especially around the venous ves-
sels ofthe stroma than around the arterial ones (Fig. 4).

Often, the observed cells were near the interstitial lymphoid cell clusters (Fig. 3).
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Fig. 1L Mast cells (me) located in the trabecular interstitium (ist) between glandu-
lar lobules (Ib) (x 400)

Fig. 2. Mast cells (me) located between the basal membrane and interstitium (ist)
ofthe glandular epithelium and penetrating the tubuloalveolar lumen (lu) (x 400)
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Fig. 3. Single mast cells (me) among the connective tissue cells of the stroma
(x 400)

Fig. 4. Mast cells (me) located in the prostatic myoelastic stroma immediately
under the glandular capsule (x 400)

The density of studied cells was relatively reduced from the central towards the pe-
ripheral parts of glandular stroma (Fig. 4 and Fig. 1).
The most typical shape of mast cells in feline prostate in this study was fusiform and

rarely oval (Fig. 1and Fig. 3).

For the first time, intraepithelial and intraluminal localization of mast cells in the
tubuloalveolar parenchyma of feline prostate gland was observed. These data add further
knowledge about mast cell localization in mammalian prostates, that is known to take
place only in the interstitium [5, 6, 7, 8, 9].
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The predominant stromal localization of mast cells in feline prostate looked like
their occurrence in rats, mice and humans [6, 7, 8, 9].

The placement of mast cells of feline prostate in the connective tissue was similar to
the predominant interstitial fibromuscular prevalence ofthose cells in benign, malignant,
inflammatory and vascular prostatic lesions, thus suggesting about the affinity of mast cells
to the connective tissue component of the gland [1,2, 3,4,11, 12].

Considering the opinion of G a 11i [6] it could be assumed that the mast cells in the
storoma of feline prostate possibly participate in the local immune competency.

The considerably high concentration of mast cells in the glandular stroma (328.22) vs
their density in the parenchyma (7.56) allowed us to imply an involvement in the motility
of stromal smooth muscle cells, vascular tone regulation, microcirculation and the local
organ homeostasis.

The relatively larger dimensions (length and width) of mastocytes in the interstitium
vs those in the parenchyma are suggesting about their active role in the connective tissue
part of the prostate in cats.
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Axonemal microtubules responsible for sperm motility are more stable than cytoplasmic microtubules but
the reasons are still unclear. We subjected mouse and human spermatozoa to nuclear matrix —intermediate
filaments (NM—F) extraction including sequental detergent, high salt and nuclease treatment. This proto-
col has been applied to other cell types and reported to dissolve all structures except nuclear matrix and
intermediate filaments. In spermatozoa, however, axoneme was retained. Electron microscopic observation
of extracted sperm whole mounts showed presence of microtubules in all parts of the tail. To determine
whether microtubules had preserved their appearance owing to axonemal compononts other than tubulin,
we performed immunofluorescent and immunoelectron microscopic localization of tubulin in extracted
cells. Tubulin labeling was not diminished in treated spermatozoa compared to untreated controls. It could
be concluded that in the non-physiologic conditions ofthis approach, sperm microtubules showed remark-
able intrinsic stability comparable to that of intermediate-type filaments.
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Introduction

Progressive motility and, hence, fertilizing capacity of the spermatozoon depends on the
microtubular cytoskeleton of its tail —the axoneme. Axonemal microtubules are known
to be considerably more stable than their cytoplasmic counterparts but few studies have
addressed this issue specifically. The difference could be partly attributed to the fact that
most cytoplasmic microtubules normally undergo transition between polymerization and
collapse called dynamic instability [3]. However, axonemal microtubules are also likely to
be intrinsically more stable because of their composition. Unlike cytoplasmic microtu-
bules, they contain intermediate filament Tike proteins called tektins [6]. The general sym-
metry of axoneme is preserved even after extraction of 80% of tubulin, which leaves thin
tektin-rich filaments at microtubule positions [7]. A procedure known to dissolve cyto-
plasmic microtubules is the nuclear matrix and intermediate filaments (NM—F) extrac-
tion including sequental Triton X-100 treatment, high salt extraction and nuclease diges-
tion [1,2]. We subjected mouse and human spermatozoa to NM—F extraction and then
assessed the structure and tubulin content of their microtubules by microscopic and im-
munocytochemical methods.
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Materials and Methods

Specimens from 4 mice and 9 normozoospermic patients were used for this study. Mouse
spermatozoa were obtained from vas deferens and human spermatozoa from ejaculates.
Cells were subjected to NM—F extraction as described earlier [5] with the following more
important steps: permeabilization for 10 min at 4°C with 10 mM HEPES buffer pH 6.8,
100 mM NacCl, 300 mM sucrose, 3mM MgCl2 0.5% Triton X-100,1.2 mM phenylmeth-
ylsulfonylfluoride (PMSF); extraction for 10 min at 4°C with 10 mM HEPES pH 6.8, 250
mM (NH4,S04 300 mM sucrose, 3mM MgCl,, 0.5% Triton X-100, 1.2 mM PMSF;
digestion at room temperature for 20-40 min in 10 mM HEPES pH 6.8,50 mM NacCl, 300
mM sucrose, 3mM MgCl,, 0.5% Triton X-100,1.2 mM PMSF 100-200 pg/ml DNase I.

For routine whole-mount electron microscopy, cells were adhered on formvar-coat-
ed grids either before or after extraction, fixed with glutaraldehyde and Os04and stained
with uranyl acetate.

For immunofluorescence, extracted and unextracted spermatozoa were processed as
in [9]. After fixation with methanol and acetone, they were treated for 1 h at room temper-
ature with anti-alpha tubulin monoclonal antibody TU-01 (Prague, Inst. Mol. Genet., di-
luted 1:50; for detailed description of this antibody see [8]). FITC-conjugated anti-mouse
polyvalent Ig (Sigma) diluted 1:100 was applied as second antibody for 30 min at room
temperature.

Immunocytochemical detection of tubulin was performed also at electron micro-
scopic level. Unextracted spermatozoa were processed for pre-embedding immunogold
electron microscopy as described earlier [4] with the following more important steps:
incubation with TU-01antibody, diluted 1:50, overnight at 4°C; incubation with anti-
mouse 1gG-10 nm or 5nm gold conjugate (Sigma), diluted 1:20, for 2 h at room temper-
ature; postfixation, embedding and sectioning. Extracted spermatozoa were treated as whole
mounts on grids with the same first and second antibody, fixed and observed without
uranyl acetate staining. Positive and negative controls were used in all variants of the
immunocytochemical reaction.

Results

Most extracted axonemes showed remarkable preservation of microtubules in all parts of
the tail (middle, principal and end piece), although signs of collapse could often be seen at
their ends. Virtually all mouse spermatozoa contained at least several microtubules even at
end piece level. Human axonemal microtubules were slightly less stable, being present in
the end piece in about 80% oftails (in the remaining cells distal fibrous sheath was “emp-
ty”, devoid of microtubules). When spermatozoa were left to adhere to grids before extrac-
tion, end piece microtubules retained parallel position (Fig. 1A), while in cells extracted
in suspension they generally had broom-like or more complex appearance (Fig. 1B).

Immunofluorescent staining for alpha-tubulin was observed in the entire sperm tail
and its intensity was not diminished by extraction (Fig. 2). Immunoelectron microscopy
showed localization of colloidal gold labelling to axonemal microtubules both in pre-
embedding sections of unextracted spermatozoa and inwhole-mount preparations 0ofNM—
IF extracted cells (Fig. 3).
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Fig. 1 End piece microtubules
A - of human spermatozoon extracted on the grid (x 22 500); B - of mouse
spermatozoon extracted in suspension (x 16 000)

Fig. 2. Immunofluorescent detection of alpha-tubulin in mouse sperm cells
A - unextracted (x 1000); B - extracted (x 1000)



Fig. 3. Immunogold detection of alpha-tubulin in human sperm tails
A - preembedding section of unextracted cell (x 42 000); B - whole-mount of
extracted cell (x 26 000)

Discussion

The NM—F procedure had been developed to extract all cellular structures except inter-
mediate filaments and nuclear matrix and had been shown to solubilize cytoplasmic mi-
crotubules [1,2]. For that reason, it was surprising that in our experiments sperm axone-
mal microtubules were retained. Their extraction resistance was higher in mouse than in
human sperm tails, consistent with the general mechanical inferiority of human spermato-
zoa to their rodent counterparts.

Although the microtubules appeared to be relatively well preserved, it was not clear
whether they still contained most of their tubulin or had preserved their appearance owing
to other extraction-resistant axonemal components such as tektins [6, 7]. To check the
latter possibility, we examined the presence of tubulin in extracted cells by immunocyto-
chemistry at light and electron microscopic level using monoclonal anti-tubulin antibody.
The immunofluorescent and immunogold labelling for tubulin showed no apparent de-
crease intreated spermatozoa compared to untreated controls.

In conclusion, our experiment underscored the remarkable stability of sperm micro-
tubules. Subjected to NM—F chemical dissection, they showed resistance comparable to
that of intermediate-type filaments. Because the conditions were non-physiological, this
resistance could not be attributed to lack of dynamic instability but presumably was an
intrinsic property of their composition and structure.
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Serotonin (5-hydroxytryptamine, 5-HT) as a neurotransmitter and gut hormone is an important element of
the not yet completely examined brain —gut axis which is part of the diffuse neural-endocrine system. Being
one of the regulators ofthe gut motility, secretion and visceral sensitivity serotonin is the trigger of patho-
physiological mechanisms of some of the symptoms of the gastro-intestinal disorders. The aim ofthis study
is ultrastructural and morphometric characterization of the enterochromaffin (EC) cells of the gastro-
intestinal mucosa, one of the basic source of the serotonin in the human body. The EC cells are examined by
means of electron microscope and morphometric methods in material ofthe biopsy specimens from stomach
and duodenum of human. Character istics of the different types of serotonin receptors located in the
structures - smooth muscle cells, neural fibers and neurons of the intestinal wall are also performed based on
literature data.

Key words: enterochromaffin cells, serotonin, serotonin receptors, gastrointestinal tract.

Introduction

Serotonin (5-hydroxytryptamine, 5-HT) can be found in great amounts in plants and ani-
mals. It was discovered in 1930 by V. Erspan er et al. [11]. They extracted a substance
that can contract the smooth muscle cells of the uterus and the intestines from enterochro-
rnaffm cells of the gastrointestinal mucosa. They called it enteramin. In 1948 J. Green and
J. Page extracted vasocontractive substance from blood serum. After the molecular struc-
ture of serotonin was discovered enteramin turned out to be its analog. In 1951 they
synthesized serotonin chemically [7]. After that the study of its functions began. The total
amount of serotonin in the human body is about 10 pg. 95% of it is located in the gas-
trointestinal tract. 90% of the gastrointestinal serotonin is located in the enterochroma-
ffine (EC) cells of the covering epithelium and the glands. 10% are located in the mast
cells of the wall of the gastrointestinal tract. The aim of this study is to carry out the
making of ultrastructural and morphometric characteristics ofthe enterochromaffin (EC)
cells of the gastro-intestinal mucosa.
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Materials and Methods

The materials about the morphologic research of the EC cells were obtained by fibrogas-
troscopy on 6 female patients, 45 —72 years old from the MBAL “St. George” Clinic of
Gastroenterology in Plovdiv. The biopsy specimens were taken from the body and antrum
pylori of the stomach and superior portion of the duodenum.The biopsy specimens were
removed and prepared for TEM according to the routine protocol. Examination and mi-
crophotographs were done with TEM “Philips CM 12”. Morphometric study: A) Deter-
mining the saturation index of the secretory granules in the endocrine cells by the method
of W.Creutzfeld [1]. The granules are determined as 1—empty; 2 —half-empty (with
small quantity of material); 3 —half-full, and 4 —full. The saturation index o( the gran-
ules of each endocrine cell is determined by multiplying the number of granules at each
level of saturation by the corresponding coefficient (1,2, 3,4) and dividing the obtained
value by the sum ofthe granules in the cell. B) Determining the cytoplasmic distribution
coefficient of the secretory granules by the methodbyChomerikiand Morozov
[13].The microphotographs ofthe different endocrine cells done with the same magnifica-
tion are divided into control areas 0f0,5-0,25 cnf each. The number ol the areas with high
granule concentration (2 and more granules) —Az2 and the number of the areas with low
granule concentration (1 or no granules) —A1 are determined. The ratio between A2 and
Al represents the coefficient of granule distribution.

Results

Enterochromaffine (EC) cells can be found in all parts of the gastrointestinal tract. But the
greatest amount of EC cells is in its proximal parts —stomach, duodenum, jejunum. In the
stomach they are located in the body and the antrum. EC cells are located in the whole
length of the stomach glands but mostly in their basal parts. They are cone shaped with a
narrow apical part turned towards the lumen ofthe gland and awide basal part that lays on
the basal lamina and often forms tentacles. The secretory granules ofthe EC cells are
polymorphic with rod-like or biconcave shape and a narrow light halo. They have high
electron density (Fig. 1). There are 3types of EC cells based on the ultrascructural charac-
teristic of the granules and the types of the secretory products —EC 1, EC2 and ECn. EC 1
cells are located mainly in the stomach. Their granules are polymorphic, mostly prolonged
or oval. Their size is 200-300 nm. They contain serotonin and substance P (Fig. 2). EC2
cells are located in the small intestine and the colon. There are mainly oval shaped gran-
ules in the their cytoplasm sized 200-400 nm, that contain serotonin and motilin (Fig. 3).
The ECn type cells are mostly located in the duodenum. They have small and middle sized
granules with moderate electron density that contain serotonin. Based on their ultrastruc-
tucal characteristic and the coefficients discovered by morphometric researches we found
out that EC cells show different morpho-functional stages. There are: 1 Stage of increased
synthesis; 2. Stage of relative secretory rest; 3. Stage of increased secretion. In the stage of
increased synthesis the EC1 cells have a big loose young granules that are detatched from
the trans-surface of the dictiosomes. The young granules of the EC2 cells are numerous
and filled a substance with low electron density. They increase their sizes and form a
gritted progranule with osmiffil covering membrane. During the next ripening the core of
the granules becomes homogeneous with high electron density (Fig. 4). The saturation
index of the granules is 3.2310.3. During the stage of relative secretory rest the cyto-
plasm of the EC cells is filled with ripe granules that are full of secretion (Fig. 5). The
saturation index of the granules is 3.45+0.3. In the stage of increased secretion the disin-
tegration of the granules begins. Their diameter increases, the electron density of the core
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decreases, the halo ofthe membrane disappears. Remnants of a dispersed substance can be
found later in the core of the granule. In the end there is only a membrane skeleton left
(Fig. 6). The saturation index ofthe granules is 2.9510.2.

Fig. 1L Enterochromaffine cell EC2 type in duodenal gland. The basal part of the cell with polymor-
phic secretory granules with high electron density and narrow light halo. TEM (x 1500)
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Fig. 2. Fragment from an EC1 cell in stomach gland. Polymorphic, mostly prolonged, rode-like or
oval secretory granules, size 200 - 300 nm. TEM (x 2350)



Fig. 3. Fragment from an EC2 cell in duodenal gland. Secretory granules
with oval or biconcave shape, size 200 - 400 nm. TEM (x 2350)
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Fig. 4. Fragment from an EC2 cell in duodenal gland. Stage of increased synthesis. Young gritty
progranules with low electron density. TEM (x 5000)



Fig. 5. Fragment from an EC2 cell in duodenal gland. Stage of relative secretory rest. Ripe secretory
granules with high electron density, narrow light halo and covering membrane. TEM (x 10 500)
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Fig. 6. Fragment from an EC2 cell in duodenal gland. Stage of increased secretion. Secretory
granules with decreased electron density. Half-empty granules with remnants of a dispersed sub-
stance. TEM (x 3900)

The changes in the distribution index in the granules in the cytoplasm show an acti-
vation of the secretory processes. In the stage of increased synthesis the granules are
uniformly dispersed in the whole cytoplasm. The number of the Al fields with low density
ofthe granules is lower than the number of A2 fields with high density ofthe granules. The
distribution index of the granules is 0.70+0.3. In the stage of relative secretory rest the
granules occupy mainly the basal part of the cell. The number of the Al fields with low
density of the granules increases and the distribution index starts to decrease —0.38+0.3.
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In the stage of increased secretion the granules are concentrated to the highest degree.
There are mostly Al fields with low electronic density. The distribution index of the
granules decreases to 0.36+0.2.

Discussions

Our results of the granular contents in the 1-4 scale (empty —full) are identical with the
results of other authors. Accordingto T za n ev a [9] the saturation index of the granules
ofthe EC cells is 2.8-3.7£0.3. The secretion of serotonin from the EC cells is an answer to
many different factors: A) lumenal —the increased amount of acid in the duodenal con-
tent or the presence of hypertonic glucose solution; B) blood and nervous factors —intes-
tinal ishaemia, sensory and vagal stimuli; C) mechanic factors —the increase of the in-
tralumenal pressure mechanical obstruction; D) infectious factors —viruses, bacterial
toxins. The release of serotonin is thought to be calcium-dependant or voltage dependant
calcium channels. Many receptors are present on the EC cells that stimulates or inhibits
their activity. There are: adrenoreceptors (a2a, a2b, bl and b2), muscarinic M3, GABA-A,
nicotinic, acetylcholine, histamine-2 and serotonin (auto and paracrine) receptors. Unex-
pected receptors are olfactory (SCR, HGL, HFL, QIL, and EVA), vomeromasal and pher-
omone receptors (putative pheromone receptor) [10]. It appears that EC cells may analyse
chyme, similar to other intraepithelial sensors in the airway or blood system. This data
shows the important role of the EC cells and serotonin in the already discovered brain —
gut axis. The function of serotonin is exerted upon its interaction with specific receptors.
In 1957, Gaddum suggested that 5-HT interacted on two different receptors in isolated
tissues, one on smooth muscle and one on nervous tissue. Since dibenzyline selectively

Table 1 Localization and distribution of serotonin receptors in the body

Type Subtype Localisation
5-HT1 1A CNS
1B only in rats
1C Pi. choroideus
ID CNS
smooth muscle cells in blood vessels
IF no data
1P gastrointestinal tract —afferent somatic and vagal
neurons in submucosal plexus
5-HT2 2A platelets
2B smooth muscle cells in blood vessels
2C only in rats
5-HT3 smooth muscle cells

gastrointestinal tract afferent somatic and vagal
neurons in myenteric plexus
5-HT4 CNS
heart
gastrointestinal tract smooth muscle cells
nociceptive nerve

5-HT5 5A no data

5B no data
5-HT6 CNS, limbic system
5-HT7 CNS, limbic system

gastrointestinal tract smooth muscle cells
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antagonized smooth muscle, and morphine was selective for nervous tissue, these recep-
tors were named “D ”;and “M” receptors respectively [8]. Nowadays several serotonin
receptors have been cloned and are identified in seven groups. Group one (5-HT1) in-
cludes the 6 subtypes. Group two includes 3 subtypes. Group five includes 2 subtypes
(Table 1).

Most of those receptors are coupled to G-proteins that affect the activities of either
adenilate cyclase or phospholipase Cy. The 5-HT3 class of receptors are ion channels.
Some of serotonin receptors are presynaptic and others are postsynaptic. The cloning of
new types of 5-HT receptors continues. Serotonin and its receptors play an important role
in the regulation of different processes in the gastrointestinal tract —resorption of nutri-
ents, gland secretion, motility and sensitivity. 5-HT3 and 5-HT4 receptors are discovered
in the smooth muscle cells of the gastrointestinal tract [5]. 5-HT1 receptors are located in
the smooth muscle cells ofthe circular muscle ofthe colon and 5-HT7 —in the longitu-
dinal muscle [3]. 5-HTIp receptors are found in the afferent somatic nerve fibers of the
submucosal plexus [4]. 5-HT3 receptors are located in the somatic and vagal neurons and
nerve fibers of the myenteric plexus [12]. The detailed study of the functions of serotonin
in the gastrointestinal tract that are carried out through different types of receptors as well
as the creation of specific antagonists and agonists for these receptors reveals new trends in
the therapy of the functional gastrointestinal disorders. Nearly 7 of 10 adults are affected
by one or more functional gastrointestinal disorders, such as irritable bowel syndrome
(IBS), gastroesophageal reflux disease and functional dyspepsia. Serotonin plays a key role
in the pathogenesis ofthese disorders. Serotonin is released from the EC cells, psychoso-
matic mechanisms or from the mast cells during inflammatory processes. 5-HT3 receptors
take part in the complicated vomit reflexes during functional gastrointestinal disorders as
well as in therapy of cancer diseases. The blocking of these receptors by 5-HT3 antagonists
interrupts the afferent impulses to the vestibular system, the cerebral cortex and the chemore-
ceptor trigger zone located in floor of the fourth ventricle that regulates the physiological
emetic centre. 5-HT3 and 5-HT4 receptors take part in the gastrointestinal sensitivity.
They are located in vagal and visceral nociceptive neurons that activate different pain
systems. The fibers ofthose neurons transmit signal from the viscera to the specific lamine
ofthe dorsal horn, nuclei of the thalamus and cerebral cortex [2]. Using distal colonic
stimulation, several studies have demonstrates alterations in regional brain activation in
patients with IBS compared with healthy control subjects.There is such a difference in the
activity of the visceral nociceptive stimuli in the anterior midcingulate cortex, insula and
dorsal pons (in the region of the periaqueductal grey) [6].

Conclusion

Being one ofthe regulators of the gastrointestinal motility, secretion and sensitivity seroto-
nin plays a key role in many symptoms of gastrointestinal diseases. EC cells that secrete
serotonin are filled in different degrees with secretory granules. The granules are poly-
morph, rod-, biconcave or oval shaped with a light halo and high electronic density. By the
means of a morphometric study and ultrastructural characteristic we defined coefficients
that show 3 different morphofunctional states ofthe EC cells: stage of increased synthesis,
stage of relative secretory rest and stage of increased secretion.
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EDS selectively and temporary destroys Leydig cells in the adult rat testis and thus suppresses serum and
intratesticular testosterone levels. Testosterone withdrawal results in marked increase ofgerm cell apoptosis
and disturbance of spermatogenesis. We aimed to identify more precisely the apoptosis of germ cells at
ultrastructural level. The present study provides detailed description of different phases of apoptotic pro-
cess. We distinguished the specific appearance ofapoptotic features in different germ cell types, spermatogo-
nia, spermatocytes and round spermatids. The specificity of apoptotic manifestation involved the manner of
chromatin clump condensation and localisation as well as pattern of cellular organelles disintegration. In situ
detection of DNA fragmentation and ultrastructural investigations in tandem with biochemical studies on
spontaneous and induced apoptosis, open new perspectives for understanding the importance of germ cell
death in normal and pathological events in the spermatogenesis.

Key words: EDS, apoptosis, spermatogenesis, electron microscopy.

Introduction

Apoptosis is an active cellular process of gene-directed self-destruction. In vivo apoptosis
is detected primarily in proliferating tissues such as the epithelium of the adrenal cortex,
the germinal centers of lymph nodes, and the seminiferous epithelium of the testis [11].
Germ cells at different stages of the spermatogenic cycle possess their own physiological
features and respond differently to exogenous stimuli. To date, much data are available
showing that germ cell apoptosis is found spontaneously [1,4] and also it can be induced
by exposure to hyperthermia [16,7], chemotherapeutic drugs [13], radiation [5] and chem-
ical agents such as ethane dimethanesulfonate (EDS). EDS is known to destroy selectively
Leydig cells in the testis and thus suppressed serum and intratesticular testosterone to
undetectable levels [7].

Adult mammalian spermatogenesis is a testosterone-dependent process. Despite de-
cades of studies, however, the mechanism (s) by which testosterone regulates spermatoge-
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nesis remains uncertain. It has been shown that cell loss by apoptosis occurs normally
during spermatogenesis [6, 9]. Recent studies have shown that testosterone withdrawal
from the rat testis results in increased germ cell apoptosis [12,18, 19], suggesting that
testosterone may function as a cell survival factor, in some way protecting germ cell from
apoptotic death.

The molecular mechanism by which testosterone does so, however, has not yet been
elucidated. The regulation of apoptosis is dependent upon specific gene production. Bcl-2
multigene family is known to includes antiapoptotic genes Bcl-2, Bcl-x (promote cell
survival by inhibiting apoptosis) and pro-apoptotic genes Bax, Bad, Bak (induce cell death
by blocking the ability of Bcl-2 to inhibit apoptosis. An alternative and more rapid way for
programmed cell death is mediated by Fas pathway. Fas lygand isa transmembrane protein
that can initiate apoptosis by binding to Fas-receptor expressing cells activating caspase
enzyme cascade [21]. Ever since itwas proposed as a model of cell death [8,13], apoptosis
has generally been visualized by its morphological feature. In this study, rat testes exposed
to EDS treatment were examined histologically and by TUNEL method (terminal trans-
ferase-mediated digoxigenin-11-dUTP nick end labeling) as well as by electron microsco-
py. The examination was undertaken to identify more precisely the different stages of
apoptotic process at ultrastructural level.

Materials and Methods

Adult male Wistar rats received a single intraperitoneal injection of EDS at dose of 75
mg/kg body weight. The animals were killed on days 1, 3, 7, and 21 after treatment. One
testis was fixed in Bouin’s solution, embedded in paraffin, and examined by light micro-
scope. In situ assay of apoptosis: apoptotic cells were detected by using terminal deoxynu-
cleotidyl transferase (TdT)-mediated digoxigenin-11-dUTP nick end labeling (TUNEL)
method that resulted in a high degree of specificity and low background staining [14] and
the quantitative assessment of apoptosis was performed according method ofWoo lver
id geetal. [21]. Electron microscopy: testicular fragments were fixed in 2.5% glutaralde-
hyde in 0.1 M cacodylate buffer, 1% osmium tetraoxide and embedded in Durcupan.
Electron micrographs were made on an Opton EM 109.

Results

As we previously have shown [2] first signs of seminiferous epithelium regression were
manifested three days post EDS treatment by marked increase in frequency of apoptotic
germ cells identified by specific TUNEL method. The highest values of parameters for
quantification of germ cell apoptosis (the number of apoptotic cells per tubule; the per-
centage of tubules with apoptosis and the apoptotic index) were found by 7 day after EDS
which corresponded to the lowest plasma level of testosterone.

Electron microscopy confirmed the apoptotic nature of germ cell degeneration - at
various phases of destruction apoptotic cells were surrounded by healthy neighbours. Ul-
trastructural observations revealed a unique set of degenerating germ cells, which were
characterised by intense chromatine condensation, the shrinkage of cellular components
and fragmentation of nuclear materials. Apoptotic cell death is characterised by nuclear
and cytoplasmic condensation and usually affects single cells or small groups of cells in an
asynchronous fashion. According to these features, the process ofapoptosis of germ cells
could be divided into three discrete stages: early, intermediate and late according to A 1-
lan et al. [1]. Apoptotic cells in the basal compartment of seminiferous tubules were

4 Acta morphologica et anthropologica, 12 49



spermatogonia. We were also able to find the three stages of apoptosis (Fig. 1A, B, C). In
early stage of apoptosis the cheterochromatin was condensed and arranged in several sharply
defined clumps which abutted against the nuclear membrane. The cytoplasm exhibited
many vacuoles and dilated cisternae of the endoplasmic reticulum. The mitochondrial
destruction also can be observed. Further, in the intermediate stage a massive clump of
chromatin was present in the centre of nucleus and the cytoplasmic organelles were degen-
erated and as a result the whole cell profoundly diminished in size compared with intact
spermatogonia (Fig. IB). Finally, further disruption of the nuclear and cellular remnants
was recognised and apoptotic bodies were formed (Fig. 1C).

More advanced germ cell types, spermatocytes and round spermatids also underwent
apoptosis and they passed through the same stages of apoptotic process. The nucleus of
apoptotic pachytene spermatocyte contained increasing amounts of chromatin. A dilata-
tion of perinuclear space, cytoplasm vacuolisation and destruction of cellular organelles
were observed (Fig. 2A). Final stages of apoptosis showed extensive shrinkage of nucleus
and cytoplasm (Fig. 2B). The early apoptosis of round spermatids showed small clumps of
cheterochromatin in the nucleus which were not seen in intact cells (Fig. 3A). In the later
phase of apoptosis, the amount of chromatin increased and shrinkage ofthe cell with the
complete condensation of the chromatin were appeared (Fig. 3B). In latest phases ofapop-
tosis it is not possible to recognise the defined germ cell types and stages of differentiation.

Discussion

Testosterone withdrawal induced by EDS is a useful model for the in vivo investigation the
possible role of apoptosis in the control of spermatogenesis, a phenomenon which can be
considered as a result of an intriguing integration among cell proliferation, cell differenti-
ation and cell death [20].

Although some biochemical features of apoptosis are now available, the in situ iden-
tification of DNA fragmentation by TUNEL technique and electron microscopy are the
most reliable methods for detection of apoptosis.

The present study provides detailed description of different phases of apoptotic proc-
ess. Itwas confirmed the apoptotic nature of dying cells from different stages of germ cell
differentiation-spermatogonia, pachytene spermatocyte and round spermatids. \We were
able to visualise the common apoptotic stages described by A 11anetal. [1], Koj iet al.
[10]. Moreover, we distinguished the specific appearance of apoptotic features in different
germ cell types, spermatogonia, spermatocytes and round spermatids. The specificity of
apoptotic manifestation involved the manner of chromatin clump condensation and local-
isation as well as pattern of cellular organelles desintegration.

Several studies have indicated that spermatocytes and spermatids that died spontane-
ously or were killed by cytotoxic agents did not appear to be apoptotic [17]. In contrast,
other authors based largely on the TUNEL methods have reported that cell death by
apoptosis can be induced in spermatocytes or spermatids by hormonal changes or hyper-
thermia [3,15]. The apoptosis could be triggered by many signals including the Fas and Fas
ligand system and/ Bcl-2 family in the developing and adult testis [12,18,21]. Nand iet
al. [12] showed that EDS injection induced Fas-mediated germ cell apoptosis as a result of
androgen ablation indicating an important role for testosterone in germ cell survival via
suppression of Fas.

Recently Sh owetal. [17] proposed an alternative hypothesis about mechanism of
spermatids death, so called anoikis involving loss of the attachment ability to the Sertoli cell
(attachment-dependent cell from basal membrane) in contrast to apoptosis of less matured
germ cells (spermatogonia and spermatocytes) induced by testosterone withdrawal.
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flg l(El%(t)ro)n micrographs of spermatogonia at different stages of apop-
0Sis (x

A —sp ermato%omum at early stage of apoptosis; B.—an intermediate
stage of apoptotic spermatogonium; C —Ilate apoptotic stage with forma-
tion of apoptotic bodies
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Fig. 2. Electron micrographs of spermatocytes at different stages of apoptosis (x 7000) pachytene spermato-
cytes in intermediate (A) and more advanced (B) state of apoptosis

Fig. 3. Electron micrographs of round spermatids (x 4400)
A —two intact round spermatids; B —two spermatids in late stage of apoptosis

52



In situ detection of DN A fragmentation and ultrastructural investigations in tandem
with biochemical studies on spontaneous and induced apoptosis, open new perspectives
for understanding the importance of germ cell death in normal and pathological events in
the spermatogenesis. Apoptosis which happens selectively to certain spermatogenic cells
maintains normal spermatogenesis. However, unbalanced apoptosis could lead to sperma-
togenic dysfunction and infertility. Thus, a thorough understanding of the apoptosis mech-
anism might uncover the causes for many testicular failures and help to find efficient
strategies against these defects.
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ofthe Influence of IFN-y on the Erythroid (BFU-E
and CFU-E) and Myeloid (CFU-GM) Progenitors in vitro
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The addition of different doses of IFN-r (5000 U/ml once or 200/400 U/m| —every second day) to cultured
in vitro purified and enriched human hematopoietic CD34+ progenitor cells stimulated significantly their
proliferation and differentiation to erythroid and myeloid lineages. The cytokine enhanced the formation of
primitive erythroid colonies (burst-forming unit-erythroid —BFU-E) and myeloid colony-forming units
(granulocyte/macrophage —CFU-GM). IFN-y exhibited weaker stimulatory affect on colony-forming unit
—erythroid (CFU-E). Compared to the CFU-GM colony formation, BFU-E were more sensitive to the
effect of IFN-r. CD34+ hematopoietic colony formation in vitro was quantitatively influenced not only by
IFN-r but also by culture medium.

Key words: interferon-gamma (IFN-y), human hematopoietic CD34+ progenitor cells - purified and
enriched’, BFU-E, CFU-E, CFU-GM.

Introduction

CD34+ hematopoietic progenitor cells are the most commonly used cell population for
in vitro assays. Recent reports suggest that CD34 antigen is involved in the onset of hema-
topoietic cell proliferation and adhesion [4, 7]. The antigen expression decreases when
maturing hematopoietic cells loose their capacity to form colonies in vitro.

Interferon-gamma (IFN-y) is an inflammatory cytokine known to act in vitro (when
added to bone marrow cultures) as inhibitor of erythroid cell proliferation [8,9,14]. The
results demonstrating the inhibitory effect of IFN-y on human hematopoietic progenitor
cells suggest that it is mediated by accessory cells as T-lymphocytes and macrophages [8,
12]. On the other hand there are reports showing the synergistic effects of IFN-y with SCF
and IL-3 and thus IFN-y stimulates hematopoiesis [10]. The cytokine switches monocyte
differentiation to macrophages instead of dendritic cells [3]. Due to the bipotent activities
of this inflammatory cytokine [2, 5, 9, 10,12, 13], special attention must be paid to its
affects on the hematopoietic progenitor cells —both in vitro and in vivo.
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When added to in vitro cultures of erythroid/myeloid cells the affects of IFN-y
depend on the cytokine’s doses, duration time, the other growth factors present in the
culture medium as well as on the degree of cell maturity (differentiation).

The aim of the present work is to investigate the affects of different doses of IFN-y
on hematopoietic (erythroid and myeloid) colony formation in vitro (in semi-solid agar
cultures of purified and enriched human hematopoietic CD34+ progenitor cells).

Materials and Methods

1. Cell cultures

Purified (92% purity) and enriched (5%) human hematopoietic CD34+ progenitor cells
(kindly provided by the Laboratory for Immune Biology, Internal Medicine, Innsbruck,
Austria), were thawed, washed with Flanks Balanced Salt Solution —FIBSS (PAA Labora-
tories, Austria) and centrifuged for 15 min at 1050 rpm. After the first centrifugation the
cells were washed, centrifuged again (10 min at 1000 rpm), resuspended in Iscove’s
Modified Dulbecco Medium (IMDM), counted and plated in 4-well Nunc Petri dishes at
a density of 2.5x103well for the purified and Ix1 04cells/well —for the enriched cells.
Each sample was performed in three parallels. The two phase semi-solid agar cell cultures
were prepared in the same Petri dishes with 0.3% agar.

The superficial liquid layer ofthe cultures contained: IMDM, 10% fetal calf serum
(FCS —Gibco), 2% bovine serum albumin (BSA-Sigma), 6 U/ml erythropoietin (Erypo-
Janssen-Cilag Pharma), 2x104M mercaptoethanol, 4 mM glutamine and recombinant cock-
tail —RC [consisting of recombinant human IL-3 —50 U/ml and recombinant human
stem cell factor (SCF) — 10 U/ml (Chemicon)].

Besides in RC, purified and enriched human CD34+ hematopoietic progenitor cells
were also cultured in 20% agar leukocyte conditioned medium —Agar-LCM (CellSys-
tems Biotechnologie Vertrieb GmbH), supplemented with 10% FCS, 2% BSA, 6 U/ml
Epo, 2x10'4v1 mercaptoethanol and 4 mM glutamine.

IFN-y (Rentschler Biotechnologie GmbH & Co0.KG) was added at different doses
(5000 U/ml —once; 200 U/ml and/or 400 U/ml —every second day) to the liquid phase
ofboth experimental systems at time of hematopoietic cell cultivation.

The agar cell cultures prepared were incubated at 37°C in humidified air of 5% CO.
for 14 days. After incubation cell colonies were scored on inverted microscope. The agar
layers were fixed in glutaraldehyde, mounted on glass slides and stained with May-Grun-
wald/Giemsa to confirm colony identity and their cytological characteristics [6].

2. Scoring criteria for hematopoietic colonies’ identification

In order to classify the colonies as erythroid burst-forming-unit (BFU-E) and colony-
forming unit-erythroid (CFU-E) as well as colony-forming unit-granulocyte/macrophage
(CFU-GM), the following scoring criteria [1,6] were used:

—CFU-E consists of less that 65 cells which are fully hemoglobinized after 14 days of
incubation;

—BFU-E consists of more than 65 cells which form colonies with at least two clusters
or bursts. They could or could not be fully hemoglobinized after 14 days of incubation:

—CFU-GM colonies are morphologically identified as having a dense central core of
not well distinguished undifferentiated cells, surrounded by a less dense halo of more
differentiated myeloid cells (granulocyte/macrophages).
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3. Statistical analysis

To investigate quantitatively whether the applied doses of IFN-y influence significantly
and in different ways hematopoietic colony formation, the Student’s t-test was used. A
difference is assumed to be significantly large ifp<0.05.

Results and Discussion

a) Influence of IFN-y on the formation of erythroid - BFU-E and CFU-E colonies

The erythropoietic effect of the IFN-y was better expressed when the cytokine was added
in vitro in small portions (200 and/or 400 U/ml - every second day); weaker stimulatory
effect was observed at high single dose —5000 U/ml.

The stimulatory effect of IFN-y was well defined quantitatively in both culturing
conditions: at low doses —p<0.005, at high dose —p<0.05 for purified andp<0.001 for
enriched cells (Table 1).

Table 1 Quantitative analysis of the influence of IFN-y on erythroid and myeloid colony formation

Type of Cell type Culture Control IFN-y concentration
colonies medium samples 5000 U/ml 400 U/ml/2 d 200 U/ml/2 d
once
CD34+ Number of hemato aoietic colonies / 0.5 ml
BFU-E —purified Agar-LCM 27 49.25"* 47.75* 47.7*
RC 59 70.25 83.5" 79.75**
—enriched Agar-LCM 37.75 50.5* 62** 59.5*"*
RC 95 141" 144 5% 143%**
CFU-GM  —opurified Agar-LCM 44.25 52.25 435 415
RC 235 27.25 36+ 34.5*%
—enriched Agar-LCM 19.7 30.5* 34* 35.75%**
RC 175 30.5" 27%* 23

- p<0.05; *p<0.01;  p<0.001; *** [><0.005.

BFU-E showed higher proliferation and colony formation activities (2.2 fold increase
for purified and 2.5 —for enriched cells) when the erythroid progenitors were cultured in
RC compared to Agar-LCM (p<0.005 for purified andp<0.001 for enriched). When the
cytokine was added to cultured in Agar-LCM purified cells a 1.8 fold increase of colony
formation was registered (at dose 5000 U/ml p<0.001 andp<0.05 for the low doses re-
spectively). When the same population was cultured in RC a 1.2to 1.4 increase (5000
U/ml IFN-y; 200 and 400 U/ml/2 days respectively) was observed.

The results from the quantitative analysis (presented in Fig. 1a, b) have shown that the
addition of IFN-y to the semi-solid agar cultures stimulated the formation of the imma-
ture erythroid colonies by BFU-E progenitors.

Unlike high cytokine concentrations, low doses of IFN-y have more significant syner-
gistic effects with SCF and IL-3 in the RC culture medium. The quantitative analysis for
the enriched CD34+ hematopoietic cells has shown that when they were cultured in
Agar-LCM, the addition of IFN-y resulted in 1.3 (5000 U/ml IFN-y) and 1.6 (200/400
U/ml/2 days) fold increase in the number of erythroid colonies. In RC culture conditions,
a 15increased colony formation was seen.

The results presented in Fig. 2a, b show that CFU-E colonies develop better in Agar-
LCM. In case of the enriched cells a clear stimulatory affect of the cytokine is observed.
For the purified cells only the high dose IFN-y (5000 U/ml) stimulated insignificantly
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Controls IFN-g-5000 U/ml IFN-g-400 IFN-g-200
U/ml/2d U/ml/2d
Culture conditions Culture conditions

Fig. 1. BFU-E colonies formed by cultured in Agar-LCM and RC
a —purified and b —enriched CD34+ hematopoietic progenitor cells

colony formation in Agar-LCM. Therefore, the effect of IFN-y is possibly inhibitory for
both cell populations cultured in RC. This means that the culture conditions are important
for the stimulatory or inhibitory effect ofthe cytokine.

12

10

Controls IFN-g-5000 IFN-g-5000 IFN-g-400 IFN-g-200
urml umir2d umii2d
Culture conditions Culture conditions

Fig. 2. CFU-E colonies formed by cultured in Agar-LCM and RC
a —purified and b —enriched CD34+ hematopoietic progenitor cells

The degree of cell maturity (differentiation) can be also a determining factor for the
IFN-y effect in vitro: more IFN-y receptors are found on mature red blood progenitors [11].

b) Influence of IFN-y on the formation of mixed-granulocyte/macrophage colonies
(CFU-GM)

IFN-y added in vitro at single high dose (5000 U/ml) stimulated significantly CFU-GM
colony formation from purified CD34+ hematopoietic cells (1.2 fold increase in Agar-
LCM). The same cytokine dose enhanced myeloid colony formation by enriched cells (1.5
fold, p<0.05) as well. The effect of IFN-y was even stronger (1.7 to 1.8 fold increase) when
the low concentrations were used (200 and/or 400 U/ml/2 days; p<0.001 and p<0.05,
respectively —Table 1). In the latter case, a possible influence of the accessory mono-
nuclear cells (in the buffy coat fraction) could be considered [9]. Surprisingly, no such stimu-
latory effect was observed for the purified CD34+ cells in the same culture conditions.
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The addition of exogeneous IFN-y at single dose 5000 U/ral stimulated 1.2 times
myeloid colony formation by purified cells, cultured in RC. The same cytokine dose in-
creased 1.7times the number of CFU-GM colonies developing from enriched hematopoie-
tic cells in the RC culture medium. In these experimental conditions, the low IFN-y con-
centrations stimulated myeloid colony formation by the enriched cells: 1.3 times at dose
200 U/ml/2 days and 1.5 fold —at 400 U/ml/2 days. The same low cytokine concentra-
tions increased 1.5 times the number of GM-colonies by purified CD34+ cells.

The quantitative analysis has shown that more CFU-GM colonies were formed when
the hematopoietic cells (purified and enriched) were cultured in Agar-LCM than in RC
(p<<0.05 for purified and insignificant difference —for enriched). When the purified CD34+
cells were cultured in Agar-LCM a 1.9 fold increase in the number of myeloid colonies
was observed (compared to that in RC). For the enriched cells in Agar-LCM a 1.1 fold
increase was seen.

The results show (Fig. 3a, b) that the in vitro addition of high and low doses IFN-y
stimulated quantitatively but in a different manner mixed CFU-GM colony formation by
human CD34+ hematopoietic progenitor cells.

Controls IFN-g-5000 IFN-g-400 IFN-g-200
U/ml U/mi/2d U/ml/2d
Culture conditions Culture conditions

Fig. 3. CFU-GM colonies formed by cultured in Agar-LCM and RC
a —purified and b —enriched CD34+ hematopoietic progenitor cells

Conclusions

The effects of different doses IFN-y exogeneously added to in vitro cultured (in semi-solid
agar) human CD34+hematopoietic progenitor cells cannot be described as “only stimula-
tory or inhibitory”. Our results are in agreement with the data that the influence of the
cytokine on erythroid (BFU-E and CFU-E) and myeloid (CFU-GM) colony formation
depends on IFN-y doses, degree of hematopoietic cell maturity as well as on cell culture
conditions.
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The onset of spermatogenesis in prepubertal males is marked by the first wave of mitosis in quiescent
prospermatogonia. Since Sertoli cells at that time are nonmature and do not mediate hormonal regulation
signals, it is hypothesized that this event is under the direct control of paracrine growth factors FGF 1or
FGF 2. We have used a Day 2 mouse testis organ culture assay to identify factors that may control this
process. Recombinant FGF 1, FGF 2 and FGF 7 were tested. The DNA synthesis in quiescent prosper-
matogonia was identified immunocytochemically by using Cell Proliferation kit. In control testes the per-
centage of labelled germ cells was 10, while after 24 h cultivation in presence of 100 pg/ml FGF 2 the mitotic
activity of prospermatogonia increased up to 57%. FGF land FGF 7 stimulated mitotic activity to a lesser
extend compared with FGF 2. It is concluded that growth factors from FGF’s family play a key role in
paracrine regulation ofthe firstwave of prepubertal spermatogonial proliferation in mammals.

Key words: Fibroblast Growth Factors, prespermatogenesis.

Introduction

Different factors are known to stimulate DNA synthesis, proliferation and/or differentia-
tion of germ cells in the adult testes. In the rat testis activin A increases H-thymidine
incorporation by differentiating spermatogonia [7], whereas inhibin decreases their num-
ber [8]. IL-la, IGF —l and IGF - Il stimulate DNA synthesis of differentiating sper-
matogonia in adult seminiferous tubules in vitro [9]. Thus several growth factors appear
to regulate the proliferation of spermatogonia in adult testes but none of these data dem-
onstrate the stimulation of DN A synthesis by the “totipotent” prospermatogonial cells on
neonatal animals [5]. Using Sertoli cell secreted media isolated from rat prepubertal Ser-
toli cells we stimulated prospermatogonial proliferation up to 5-10 fold over the controls
in organ culture [4]. We hypothesized that Sertoli cells secrete growth factors, probably
FGF’s family, acting as a local mitogenic factors on male germ cells.

Fibroblast growth factors make up a large family of polypeptide growth factors, found
out from nematodes to humans. In vertebrates 22 members of FGF’s family range in
molecular mass from 17 to 34 kDa and share 13 —71% amino acid identity. FGF’s have
a high affinity for heparin sulfate proteoglicans and require heparin sulfate to activate one
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of four cell-surface FGF receptors [11]. FGFs are involved in many biological processes
acting through kinase receptors. To date, based on recent evidences, FGF anf TGFP fam-
ily members are the only growth factors implicated in regulation of DNA synthesis in
prospermatononial stem cells during the first mitotic wave in postnatal testicular devel-
opment.

The aim of the present work was to study the effect of some members of FGF’s
family, namely recombinant FGF 1, FGF 2 and FGF 7 on mouse prospermatogonial
proliferation.

Materials and Methods

Materials

Male conventional 2 days old mice were supplied by animal breeding farm ofthe Bulgar-
ian Academy of Sciences (Sofia). Dulbecco’s modified Eagle’s medium (DMEM) and
bovine serum albumin (BSA) (Sigma), OCT compound (Miles, Scientific), Procelloidin
(Fluka Chemica-Biochemica), Organ culture dishes (Falkon, Becton-Dickinson), Cell pro-
liferation kit (Amersham) were used. Recombinant Fibroblast growth factors 1,2 and 7
were kindly provided by Prof. Anthony R. Bellve (Columbia University, New York, USA).

Tissue culture

Tissue culture were prepared as described previously [6]. Briefly, 2-day-old mouse testes
were cut into 2 segments, placed on permeable celloidine membrane and placed in an
organ culture dish containing DMEM supplemented with 2% BSA and 5-bromo-2-deox-
yuridine (BrdU) (control). In the experimental groups the medium was additionally sup-
plemented with FGF 1,2 or 7 in doses of 1, 3,10, 30,100 and 300 pg/ml. The explants
were cultured at 37°C with 5% C 02 At 24thh the explants were immersed in OCT com-
pound, snap-frozen in liquid nitrogen and cryosectioned at 5 pm.

Immunocytochemistry

Sections mounted on slides were fixed in Carnoy’s fixative. The incorporated BrdU was
detected by using Cell proliferation kit. The sections were countersatined with Harris’s
haematoxylin and mounted in Canada balsam.

Statistic analysis

At least 100 prospermatogonia were counted in three different testicular segments, each
done in triplicate. Statistical analysis was performed by Student’st-test.

Results

On day 2 post partum (p.p.) mouse testis is composed of seminiferous cords and intersitial
tissue. In the cords two cell types are well distinguished: Sertoli cells and prospermatogo-
nia. Nonmature Sertoli cells are situated on the basal membrane. They are cylindric in
shape, small in size (5-7 pm in diameter) with dark nuclei. In 2-day-old mouse testis
Sertoli cells actively proliferate and intensively incorporate BrdU (Fig. 1 and Fig. 2).
Prospermatogonia are located in the center of the seminiferous cords. They are big,
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round cells (about 20 pm in diameter) with pale nucleus and 2-3 nucleoli (Fig. 1, Fig. 2).
In control testes of all groups the percentage of labelled prospermatogonia was about 10
(Fig. 3,4, 5). Dose-response curve of FGF1 application showed stimulation ofprosper-
matogonial germ cell proliferation up to 27% at a dose of 100 pg/ml (Fig. 3). FGF 2
stimulated BrdU incorporation up to 57% at a dose of 100 pg/ml (Fig. 4). The effect of
FGF 7was similarto FGF 1with maximum stimulation up to 31% at a dose of 30 pg/ml
(Fig. 5). After incubation with maximally effective doses of FGF 2 many prospermatogo-
nial cells were localized between Sertoli cells on the basal membrane of the testicular
cords (Fig. 2).

Fig. 1 Section from 2-day-old mouse testis, incubated 24 h in DMEM and BrdU only (control). Prosper-
matogonia are not labeled (arrows) (x 100)
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Fig. 2. Section from 2-day-old mouse testis, incubated 24 h in presence of DMEM, BrdU and 100pg/ml
FGF 2. Labelled prospermatogonia in the center ofthe seminiferous cords and between Sertoli cells on the
basal membrane (arrows) (x 100)
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Fig. 3. Percentage (mean = SD) of labelled prospermatogonia of 2-day-old mouse testis, 24 h after culture
in presence of different doses FGF 1
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Fig. 4. Percentage (mean + SD) oflabelled prospermatogonia of 2-day-old mouse testis, incubated 24 h in
presence of different doses FGF 2
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Fig. 5. Percentage (mean + SD) oflabelled prospermatogonia of 2-day-old mouse testis, 24 h after culture
in presence of different doses FGF 7
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Discussion

It is known that growth factors in general stimulate cell proliferation and/or differentiation
by interacting with cell-surface receptors. Using RT-PCR we showed previously that FGF
land FGF 2mRNA is detected in day-4 mouse testis. We suggested that at lest two FGFs
are present in the mouse testis at the onset of spermatogenesis (FGF 1and FGF 2) and
prospermatogonia have at least one FGF receptor prior to the onset of spermatogenesis —
FGFR —2 [12]. Lately it was found an expression of MRNA for FGFR —1,2, 3and 4 in
fetal, immature and adult testis [2]. It is suggested that ligands FGFs 1- 5and 8 can signal
through these receptors [3]. Our results indicate that not only FGF - land FGF- 2 but
FGF —7 as well is able to stimulate prospermatogonial DNA synthesis and probably acts
through the above mentioned receptors. In addition FGF-7 stimulates DNA synthesis in
exocrine pancreatic cells in diabetic and control rats in vitro [10], thus being a universal
mitogen for a wide variety of cell types.

The application of FGF 2 resulted in changed localization of many prospermatogo-
nia from central location to periphery in the seminiferous cords. It is known that after
increasing in gonial cell number, the ratio between germ and Sertoli cell is changed and
the process of differentiation starts [1]. The first sign of germ cell diferentiation is change
in their localization from the center to the periphery of the cords between Sertoli cells.

In conclusion FGF 1, FGF 2 and FGF 7 stimulate the first wave of mouse prosper-
matogonial proliferation. FGF 2 is the most efective growth factor acting not only on germ
cell proliferation but on male germ cell differentiation as well.
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Whole blood viscosity (WBV) and hematometric indices of erythrocytes as red blood cell count (RBC),
mean erythrocyte volume (MCV), hemoglobin (HGB), hematocrit (HCT), mean hemoglobin content of
erythrocytes (MCH), HGB/HCT values (MCHC) and red blood cell distribution width (RDW) have been
studied in a group of 15 chronic opioid addicts under methadone maintenance therapy with mean age 26.53
+ 7.34 years. WBV elevation and changes in MCY HGB, HCT, RDW were found in intravenous drug users
compared to healthy individuals as well as RBC decreased leading to an increase in MCH and MCHC values.
Correlation analysis suggested that the correlation among the RBC, HGB, HCT and WBYV was the closest.
Heroin macrocytosis (heroin macrocytic anemia) was established, related with the increased RDW in chronic
heroin abusers. The results are in accordance with data revealing abnormal effects of alcohol and other drugs
on whole blood rheology and hematometric/morphometric characteristics of erythrocytes.

Key words: whole blood viscosity, erythrocyte hematometric indices, chronic heroin abusers, heroin
macrocytosis (heroin macrocytic anemia).

Introduction

The current circulating opiate concentrations in the blood and the hematometric indices
ofthe erythrocytes (RBC, HGB, HCT, MCY MCH, MCHC and RDW) are provided by
blood and/or by plasma measurements. Hemorheological parameters and their relation-
ships with the hematometric indices, influencing on blood rheology have not been studied
yet despite the importance of the knowledge for better understanding the blood flow,
blood cells’and blood vessels’abnormalities, observed in chronic heroin abusers [2, 8, 9].
The aim of the study is to investigate the changes, resulting under the effect of heroin on
WBYV and erythrocyte hematometric indices in heroin abusers under methadone mainte-
nance therapy.
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Materials and Methods

Whole blood heparinized samples from 15 chronic (HIV-seronegative) heroin addicts (3
female and 12 male; mean age 26.53 + 7.34 years) under methadone maintenance therapy,
obtained from the National Center for Addictions in Sofia have been studied. Blood
samples were collected with heparinized tubes and rheological measurements were com-
pleted within 3 hours after sample preparation. Whole blood viscosity (WBV) was mea-
sured using a rotational viscometer Contraves Low Shear 30 (Switzerland) with the stan-
dard measuring system MS 1/1 at a steady flow over a shear rate range of 0.0237 s~*to
128.5 s lat temperature 37°C. The results have been compared with a control group of 19
healthy subjects (9 female and 10 male; mean age 34.84 i 4.06 years). The hematometric
indices of erythrocytes (red blood cell count (RBC), mean erythrocyte volume (MCV),
hemoglobin (HGB), hematocrit (HCT), mean hemoglobin content of erythrocytes (MCH),
HGB/HCT ratio (MCHC) and red blood cell distribution width (RDW)) were analyzed by
automated cell counter. Student st-test for determining differences in the mean values of
the examined parameters at level of significancep<0.05 was used. Relationships between
the WBV and the erythrocyte parameters were evaluated using the simple correlation
coefficient (r). Statistical analysis was done on MATLAB 6.5.

Results and Discussion

It was found that the mean whole blood viscosity values of the investigated group of heroin
abusers were elevated (31.61 at mean shear rate 28.47 s_1) compared to that of healthy
persons (21.53) over the whole shear rate range (Table 1). These elevations were statisti-
cally significant at higher shear rates range (20.4 s~\p = 0.1; 94.5 s~\p = 0.05). At low
shear rates the standard deviations were more than 50% of the mean. No significant diffe-
rence was found in RBC between the control group and that of heroin abusers, although
the red blood cells number of heroin addicts was lower (Fig. 1). It was determined that
there are significant differences between HGB (p<0.05), MCV (p<0.05) and RDW (p<0.005)
in erythrocytes of normal individuals and heroin addicts: increased values of MCV and
RDW in heroin addicts and decreased HGB content in their erythrocytes were obtained
(Figs. 2, 3and 4). HCT was insignificantly decreased in chronic heroin users (43.37 £
4.04) compared to the control samples (44.37 + 3.97). The values of MCH and MCHC
were increased in heroin addicts (MCH = 51.79 + 8.57; MCHC = 355.84 + 99,3), al-
though statistically insignificant compared to the controls (MCH =29 + 1, MCHC = 330
—IfO- Linear correlation analysis shows that WBYV in intravenous drug users correlates
positively (p<0.05) only with the changes in the hematometric indices of erythrocytes —
RBC, HGB and HCT. The simple correlation coefficient (r) in heroin addicts varies be-
tween r = 0.5 - 0.6 at different shear rates (Fig. 5). RBC of drug users was decreased leading
to an increase in MCH and MCHC values (negative relationship —p<0.05).

The elevation of WBV at low as well as at high shear rates suggested that RBC aggre-
gation and rigidity are probably increased, and the latter one is statistically significant. The
observed decreased RBC count and blood HGB levels in heroin addicts support our previ-
ous and other data [1,6, 8,10] for high prevalence of anemia among chronic opioid users.

It is well known fact [4] that a low hemoglobin level is associated with an increase in
RDW. We supposed that increased RDW in chronic heroin abusers is in accordance with
their low hemoglobin levels. Increased RDW was also reported in cases of nicotine and
alcohol abuse [7]. RDW is a coefficient of variation of mean RBC volume and is consi-
dered as a biomarker for the nutritional status of patients (vitamin Bp, folic acid and iron
deficiency [7]). Having in mind that elevated RDW has been obtained only in pathological
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Table 1. Whole blood viscosity at different shear rates in healthy individuals and drug abusers

Shear rates (s ) Whole Blood Viscosity (mPa.s)
Healthy subjects («=19) Drug abusers («=15)

0.0237 75.11 + 4281 113.96 + 75.68
0.0596 46.22 + 21.88 72.09 + 55.02
0.1102 37.56 + 16.46 61.21 + 41.77
0.512 2278 + 9.27 30.41 = 14.64
1.285 16.98 + 7.44 21.76 = 7.84
5.96 9.73 + 4.07 1198 + 3.23
11.02 7.72 + 2.02 9.84 + 243
20.04 6.48 + 1.49 8.28 + 1.8I
51.2 52 + 0.89 6.53 + 1.25"
94.5 461 £ 071 583 + 1.1"
128.5 446 + 0.77 5.83 + 0.99

Data represent mean value + SD;' p<0.1, " p<0.05

RBC count (T/L)

Fig 1 Red blood cell count (RBC) in healthy sub-  Fig 2. Hemoglobin (HGB) in healthy subjects
jects («=19) and in chronic heroin addicts (n—15)  («=19) and in chronic heroin addicts («=15)

Groups Groups

Fig 3. Mean erythrocyte volume (MCV) in healthy ~ Fig 4. Red blood cell distribution width (RDW) in
individuals («=19) and in chronic heroin addicts healthy individuals («=19) and in chronic heroin
(«=15) addicts («=15)
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0.7

Shear rates

Fig 5. Correlation coefficient (r) between RBC, HGB, HCT and WBV
(at different shear rates) in chronic heroin addicts (n1=15)

states (e.g. in both —micro- and hypochromic anemias —[4]), we suppose that increased
RDW as well as lower RBC and HGB levels, could indicate suboptimal nutritional status
in heroin abusers. In addition, changes of the erythrocyte membrane properties, enzyme
activities and the level of lypoperoxides were also determined among chronic opioid users
[2, 9]- The low HCT values in the group of heroin addicts confirm the observed data in
mice, experimentally treated with a synthetic analogous to heroin —buprenorphine [1].

We hypothesize that the changes in WBV and in the hematometric indices of erythro-
cytes (RBC, HGB, HCT, MCV MCH, MCHC and RDW) of chronic heroin abusers could
be associated with heroin-induced negative effects on early bone marrow hematopoiesis
(erythropoiesis —[7]). Opioids, shown originally to bind to specific receptors in the brain
and on red blood cells as well [8] influenced early bone marrow progenitors affecting their
proliferation/differentiation and hematopoietic colony formation [5].

Our data show that elevated MCV of erythrocytes —heroin macrocytosis, is one of
the principle red blood cell morphometric abnormalities in heroin addicts. Similar results
(increased MCV) were observed in alcohol abusers in state of excessive ethanol consump-
tion and were defined as “alcoholic macrocytosis” [3, 7].

We suggest that further detailed studies will evaluate whether the increased RDW and
MCV as well as lower RBC, HGB and HCT levels, observed by us in chronic heroin
abusers, result in heroin macrocytosis (heroin macrocytic anemia). On the other hand,
RDW and MCV could be simultaneously used as sensitive quantitative indicators in
medical diagnostics for establishing the possible origin of heroin macrocytic anemia (as it
is pointed outby RomeroArtazaetal. [4] for early diagnostics of microcytic and
hypochromic anemias). The results obtained could be also of clinical usefulness optimiz-
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ing the treatment of some complications associated with chronic drug abuse, such as hy-
poxemia, major ischemic syndrome, circulatory disturbances, hypertension, cardiac ar-
rhythmia, acute myocardial infarction.
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The aim of the study was to evaluate cytotoxic and antiproliferative activities in vitro of a newly synthesized

mixed ligand Cu(ll) complex CuaBAMP)(dipy)Cl4 The permanent cell line LSCC-SF(Mc29), established
from a transplantable chicken hepatoma induced by the myelocytomatosis virus Mc29, was used in the
experiments. The effects of the compound on cell viability and proliferation were studied by neutral red
uptake cytotoxicity test (NR), trypan blue dye exclusion technique (TB), colony-forming assay and single cell
gel electrophoresis. It was found that CuABAMP)(dipy)Cldexpressed significant antitumour properties in
vitro. Thus, applied at concentrations > 10 (xg/ml the compound inhibited completely colony-forming ability
of chicken hepatoma cells in semisolid medium. The IC®(concentrations that reduced cell viability/prolif-
eration by 50%) established by NR and TB were found to be in the range 1 — 10 pg/ml. The ability of
CuaBAMP)(dipy)Cl4to induce DNA damages in the treated cells was also observed.

Key words: copper, Mannich bases, pyrazolone, cytotoxic/antiproliferative activity, tumour cells.

Introduction

The potential antineoplastic activitiy of different metals and metal compounds have been
under special interest during the recent years because of the following main reasons: 1) It
has been found that the disturbed balance in the essential metal metabolism of mammals
results in increased susceptibility to infections and malignancies; 2) Being involved in the
regulation of some definite processes of the animal organisms several metals are biological
response modifiers [6,19]. Copper is an essential element involved in many biochemical
reactions supporting life. It is a part of the active site of at least 60 enzymes and takes part
in many key biological processes including cellular respiration, DNA and RNA replica-
tion, maintenance of cell membrane integrity, and sequestration of free radicals. This
metal is also important for the normal functioning of the immune system [3, 12, 18].
Different copper containing compounds have been reported to express antineoplastic prop-
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erties in vitro and in vivo [4, 8,11,14, 15,16]. It was found in our previous investigations
that some Cu(l, 1), Co(ll), Fe(ll, 111) and Ni(Il) 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 hu-
man and animal tumour cell lines [7, 9,10]. In order to continue the investigations in this
field the aim of the study presented here was to evaluate the antitumour activity in vitro a
newly synthesized mixed ligand copper (II) complex containing the above-mentioned
Mannich base BAMP as well as 2,2-dipyridyl as a coligand.

Materials and Methods

Compounds. The copper (1) complex Cu,(BAMP)(dipy)Cl4was obtained by direct synthe-
sis between CuCl,.2H,0, 2,2-dipyridyl and the Mannich base N,N'-bis(4-antipyrylme-
thyl)-piperazine (BAMP) in ethanol. The green microcrystalline product was filtered off,
washed with ethanol and dried over CaCl, in air. Yield: 48 %. Analytical data were ob-
tained by a Perkin-EImer Model 240C elemental analyzer. Electrical conductivities were
determined on a WTW LF-340. Infrared spectra of the solid complex (KBr pellet) were
recorded on an IR BIO-RAD FTS 135 spectrometer. Magnetic measurements were car-
ried out on polycrystalline samples with a Faraday-type magnetometer.

For biological experiments, the compound was dissolved in dimethylsulfoxide (DMSO,
Serva) and then diluted in culture medium. The final concentration of DMSO in the stock
solution of Cu,(BAMP)(dipy)CI4(10 mg/ml) is 10%. The stock solutions were stored at
4°C and used ho more than two weeks after their preparation.

Cell lines and cultivation. The permanent cell line LSCC-SF(Mc29), established from a
transplantable chicken hepatoma induced by the myelocytomatosis virus Mc29, was used in
the experiments [2]. Cells were grown as monolayer cultures in a combination of medium H-
199 and Minimum Essential medium (AppliChem, Germany), supplemented with 5-10%
fetal bovine serum (Cambrex, Belgium), 100 U/rnl penicillin and 100 ]4g/ml streptomycin.
The cultures were maintained at 37°C in a humidified CO, incubator.

Neutral red uptake cytotoxicity assay. The cells were seeded in 96-well plates (Cellstar) at
a concentration of 2x 104cells/well. At the 24thh cells from monolayers were washed and
covered with media modified with different concentrations ofthe compound tested (each
concentration in 6to 8 repetitions). Samples of cells grown in non-modified medium served
as a control. After 24 h and 48 h incubation periods, each plate was examined under inverted
microscope to identify systematic cell seeding errors and growth characteristics of control
and treated cells. Alterations in monolayer morphology were registered by an adapted to an
inverted microscope digital camera and a computer program EDS-1000E IS.

Neutral red uptake cytotoxicity assay was performed as describedbyBorenfreu
ndand Puerner [13]. Relative cell viability, expressed as a percentage of the untreated
control, was calculated for each concentration.

Trypan blue dye exclusion test. The cells were cultured and treated with the complex
investigated as described for neutral red uptake cytotoxicity assay. After 24 h and 48 h
incubation periods cells were tripsinized and counted after mixing (1:1/ vol:vol) with 0.2%
solution of trypan blue (1:1/vohvol).

Single cell gel electrophoresis. The alkaline variant of Single cell gel electrophoresis
(“Comet Assay”), modified by O liveet al. [17]. The comets in the gel were stained with
0.5 [Xg/ml ethidium bromide and visualized by a fluorescent microscope.
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Colony-forming assay. Tumour cells (approximately 103cells/well) were suspended in
0.45% purified agar (Difco) in medium containing different concentrations (ranging from
1to 200 g/ml) ofthe mixed ligand copper (I1I) complex and layered in 24 well microplates
(Cellstar). The presence/absence of colonies was registered using an inverted microscope
during 20-day period.

Statistical analysis. The data are presented as mean + standard error of the mean. Statis-

tical differences between control and treated groups were assesses using one-way analysis
ofvariance (ANOVA) followed by Dunnett post-hoc test.

Results

Elemental analysis of the compound. Cu2C38H42N802C14 (911.71) Found: C 51.02; H
4.71; N 12.33; ClI 15350; Cu 13.82; requires C 50.06; H 4.64; N 12.29; ClI 15.55; Cu
13.94 %. IR spectrum (KBr cm“):— 1620 s (phenyl ring), 1584 s (C=C/C=N), 1520 m
(dipy), 1158 w (C-0O), 1130w (C=C/C=N), 1126 s (C-N al) cm*“1 Far IR: 635 m (py), 609
w (M-0), 598 w (M-N al), 362 s (M-ClI), 315 s(M-Cl), cm~".Magn. Mom. 1.97 BM.

Spectric and magnetic properties. In the infrared spectra of the complex, bands belonging
both to the pirazolonic and dipyridyl ligands can be noticed, some of them were modified
as a result of coordination. Thus, the intense band at 1662 cm-1 assigned to the Vc=0 mode
in the free ligand is missing in the spectrum of the complex and a weak peak in the 1158-
1185 cm*1region, attributable to the v(C-O) appears. These denote the coordination of
antipyrine ring through carbonylic oxygen. Additionally, the presence of V(C=C/C=N)
shows the stabilization of antipyrine. The shift of V(C-N) toward lower frequencies proves
the implication of piperazine in coordination.

The value of the magnetical moment is according to the octahedral geometry ofthe
complex.

Neutral red uptake cytotoxicity assay. The data about the effect of CuZBAMP)(dipy)Cl4
on neutral red uptake in LSCC-SF(Mc29) cells are presented in Fig. 1and Table 1 No
uptake of the vital dye was detected when the complex was applied at concentrations of
100 |4g/ml and 200 |ig/mI for 24 h and 48 h. Administered at lower concentrations the
compound was also found to reduce significantly cell viability as compared to the control.
Thus, only 8.24% + 0.69 (p <0.01) and 60.03% =+ 4.08 {p < 0.01) viable cells were found
after 48 h treatment with 10 |[4g/ml and 1|4g/ml Cu,(BAMP)(dipy)CI4 respectively. The
ICH)(the concentrations producing 50% reduction of neutral red uptake) were calculated
to be 3.1 |[4g/ml = 0.3 (24 h) and 2.8 |4g/ml £ 0.2 (48 h) (Table 1).

Table 1 Inhibitory concentrations (ICH) of Cu2BAMP)(dipy)Cl4for LSCC-SF(Mc29)
tumour cell line

Period of treatment NR B

Total number of cells Cell viability
24 h 31+03 8.6 £ 0.6 58 + 0.4
48 h 28 £ 0.2 51 + 0.3 36 £0.2

NR - the concentrations (pg/ml) ofthe compound that reduced the neutral red uptake into LSCC-
SF(Mc29) cells by 50% as compared to the control;

TB - the concentrations (pg/ml) of the compound established by the trypan blue dye exclusion technique
that reduced the total number of cells/cell viability by 50% as compared to the control.
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Fig 1. Changes in viability and proliferation of LSCC-SF(Mc29) chicken hepatoma cells treated for 24h (A)
and 48h (B) with different concentrations (1, 10, 100, 200 pg/ml) of CuABAMP)(01py)C1": effects on
neutral red uptake (NR) as well as influence on total cell number (TB-N) and cell viability (TB-V) estab-
lished by trypan blue dye exclusion test. The figure represents data summarized from three independent
experiments
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Trypan blue dye exclusion test. The results obtained using trypan blue dye exclusion test
are summarized in Fig. 1and Table 1

Cytopathological changes. An increase in number of the rounded-up cells, as well as
formation of acellular zones were observed after 24 h and 48 h treatment of LSCC-SF(Mc29)
cells with 1or 10 |4g/ml CuZBAMP)(dipy)CIl4(Figs. 2, 3). Applied at higher concentra-
tions (100,200 |4g/ml) the compound was found to induce complete cell destruction.

Fig. 2. Monolayer of LSCC-SF(Mc29) tumour cells treated for 24 h with
10 pg/ml CuaBAMP)(dipy)Cl4 Orig. x 6.3

Fig. 3. Monolayer of nontreated LSCC-SF(Mc29) tumour cells. Orig x 6.3
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Colony-forming assay. CuZBAMP)(dipy)Cl4was shown to suppress completely the colo-
ny-forming ability of chicken hepatoma cells in semisolid medium when used at concen-

trations” 10 |Ug/ml.

DNA damages. DNA damages were observed in about 65% of LSCC-SF(Mc29) tumour
cells cultured for 48 h in the presence of 100 [ig/ml CuZBAMP)(dipy)Cl4 The total num-
ber of the treated cells was found to be reduced by ~ 84% as compared to the control.

Discussion

The need to find a safe and highly selective cure for neoplastic diseases remains a major
challenge for modern science. The discovery of the antitumour efficacy of cisplatin and
some related platinum complexes has stimulated the search for other metals with antican-
cer properties [6, 15]. In the literature there are data that different copper containing
compounds possess antineoplastic activity in vitro and in vivo. Thus, some diphenylphos-
phinoethane-copper (I) complexes express significant cytotoxic properties against Chinese
hamster ovary (CHO) and human ovarian carcinoma (PA-1) cell lines as well as on cells
obtained from human ovarian carcinomas [11]. Copper (I1) complexes of thiosemicarba-
zones showed encouraging cytotoxic effect against HT-29 (human colon adenocarcinoma)
cells [14]. The 2-furfural semicarbazone and thiosemicarbazone copper complexes dem-
onstrate pronounced cytotoxic activity against human lung MB9812, colon SW480, ovary
1-A9 and uterine HelLa-S3 carcinomas [16].

It was found in our previous investigations that some copper (I, 1) complexes with
Mannich type ligands - N,N'-bis(4-antipyrylmethyl)-piperazine (BAMP) and N,N'-tetra-
(antipyryl-1 -methyl)- 1,2-diaminoethane (TAMEN) exhibited antineoplastic effects in vit-
roon human (8-MG-BA) and animal (LSCC-SF-Mc29, LSR-SF-SR) tumour cell lines [7].
On the basis of their cytotoxic activity these copper (I, I1I) complexes were graded as
follows: CuZBAMP)(NCS)4> Cu2ZBAMP)I3> Cu(TAMEN)(NO3r In addition, it was
also shown that applied at concentrations ranging from 1to 200 (Ig/ml both ligands -
BAMP and TAMEN, did not reduce significantly the viability and proliferation of tumour
cells examined [10]. In order to continue the investigations in this field in the study pre-
sented here we report for the first time the data about synthesis, spectral and magnetic
properties and antitumour potential in vitro of a mixed ligand copper (I1) complex
Cu2BAMP)(dipy)Cl4 containing Mannich base BAMP and 2,2-dipyridyl as a coligand.
The decision to start the investigations on biological activity of this compoundnamely on
LSCC-SF(Mc29) chicken hepatoma cells was not occasional because this cell line was
proved to be highly sensitive to the cytotoxic and cytostatic effects of different metal
complexes [7, 8, 9, 10], alkaloids [1] and photosensitizers [5]. The results obtained re-
vealed that CuABAMP)(dipy)Cl4expressed promising antitumour activity in vitro. This
compound decreased significantly viability and proliferation of LSCC-SF(Mc29) cells in a
time and concentration-dependent manner and induced DNA damages in the treated cells.
Cu2BAMP)(dipy)Cldwas found to be much more effective than Cu,(BAMP)(NCS)4and
CuZBAMP)I3 For example, the ICX(48 h) of CUABAMP)(NCS)4that reduced the neutral
red uptake in chicken hepatoma cells was calculated to be 70 Jig/ml + 2.6 [7], whereas for

Cu2ZBAMP)(NCS)4was 2.8 |ig/ml 0.2. Copper complexes examined in the study present-
ed here as well as in our previous experiments differ from each other in ligand (BAMR
TAMEN or BAMP + 2,2dipyridyl) and anion (NCS-, I~ N03, Cl-). Each of these com-
ponents (ligands and anions) as well as metal ions influences in different way physico-
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chemical and biological properties of the complexes obtained which could explain the
differences in their cytotoxic effects. A series of experiments with different copper com-
plexes with Mannich type ligands are underway to study the relationship between the
structure and physical and chemical properties of these compouns, and their biological
activity. Additional investigations are also planned to clarify the potential antitumour

properties of Cu,(BAMP)(NCS)4on several tumour and nontumour human and animal
cell lines as well as the mechanism(s) ofaction of this complex.
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Role of FGF1, FGF2 and FGF7 in the Development
ofthe Pancreas of Diabetic Hamsters

M. Inchovska, V. Ogneva, Y. Martinova

Institute ofExperimental Morphology and Anthropology with Museum,
Bulgarian Academy o fSciences, Sofia

It has been established that in the early postnatal development after treatement with streptozotocin (STZ)
the pancreas has the ability to regenerate B-cells. Little is known about the role of fibroblast growth factors
(FGFs) in the development of the pancreas. That is why we have investigated the effects of FGF1, 2 and 7,
in vitro, on proliferation and differentiation of the diabetic hamster pancreatic epithelial cells in the early
postnatal development. The following methods have been used: cultivation, H.E. staining, P.A.F staining
and histoautoradiography. Our results have shown that in diabetic hamster pancreases at the age pnd 5 FGF2
acts as a strong stimulator of ductal epithelial cell proliferation and new islet formation.

Key words: fibroblast growth factors, diabetes, pancreatic cells, proliferative activity.

Introduction

Fibroblast growth factor receptor (FGFR) signalling has been implicated in processes of
proliferation and differentiation in many organs, including the pancreas [12]. Numerous
studies show that impairment of FGFR signalling in pancreatic p cells leads to diabetes,
indicatir}g that FGFR signalling plays a crucial role in controlling glucose homeostasis [1,
7, 8, 12].

It is well known that the formation of new p cells in the pancreas is a result of two
processes: differentiation of ductal precursor cells that further assemble into islets, a
process also called neogenesis, and proliferation of preexisting differentiated p cells [3,
10, 18]. It has been established that the injection of STZ at birth destroys 80% of the p
cells thereby inducing a depletion of pancreatic insulin stores and a severe hyperglycemic
state [2, 4, 14]. Various studies demonstrate that P cell regeneration that follows p cell
destruction after STZ treatment involves both p cell proliferation and neogenesis [5, 9,
18_]|._ It has not yet been established whether the new P cell masses display insulin secretion
ability.

Studies in the field of recovery of pancreatic islet B cells after STZ treatment in the
early postnatal development give us grounds to investigate the effect of FGF1, 2and 7 on
the development of diabetic hamster pancreas in this period.
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Materials and Methods

We induced experimental diabetes in female hamsters during the first 24 hours after mat-
ing of female and male hamsters by intraperitoneal STZ administration at a dose of 65 mg/
kg. For the study we used only these animals from the litter that had a blood glucose level
above 11 mmol/1. We have studied three groups of diabetic hamsters: 20 hamsters at age
pnd 1, 20 hamsters at age pnd 5, and 20 hamsters at age pnd 10. Pups were decapitated,
their pancreases were dissected and cut into small segments. One or two segments from the
isolated pancreases were cultivated in each well of 96 —well plates. For the preparation of
organ cultures from pancreases we used Iscove‘s medium, supplemented with fetal bovine
serum (FBS) and 100 U/ml penicillin and 100pg/ml streptomycin. In the three groups of
hamsters incubation medium was additionally supplemented with 4, 10 and 100 ng/1
FGF1, FGF2 and FGF7. We had also control wells in the present experiment in which
pancreas segments were not treated with the fibroblast growth factors and STZ. The
pancreatic pieces were incubated at 37 °C with 5% C 0 2for 48 hours. After 48 hours, the
medium was supplemented with 3H-thymidine in concentration 2 ptCi/ml for 8 hours.
Then the pancreatic segments were fixed in Bouin‘ssolution for 24 hours, embedded in
paraffin, sectioned and stained with H.E. and RA.F according to routine procedures. After
14 days of exposure the autoradiographs were stained with haematoxilin —Bomer. The
proliferative activity of pancreatic cells was determined by the labelling index (LI) accord-
ing to the formula: LI (%) = number of labelled nuclei / number of counted nuclei x 100.
From every slide of the experimental groups we estimated 200 cells. Statistical analysis
was made by Student's t-test. The results are expressed as mean percentage + S.E.

Results

The H.E. stained slides have shown well developed ductal epithelium on the periphery of
the slides as well as acinar cells in the central part of slides obtained from pancreases of
diabetic hamsters at age pnd 1and treated with FGF1 at a concentration of 4 ng/1 (Fig. 1).
The histoautoradiographic study showed an increased proliferative activity of pancreatic
epithelial cells in the three groups of diabetic hamsters —pnd 1, pnd 5and pnd 10, and in
all concentrations of the investigated FGFs. We have observed a large number of prolifer-
ating ductal cells as well as proliferating cells around the ducts on slides obtained from
pancreases of the diabetic hamsters at age pnd 5and treated with FGF2 at a concentration
of 10 ng/1 (Fig. 2). We have also observed proliferating exocrine cells on slides obtained
from pancreases of the diabetic hamsters at age pnd 5and after treatment with FGF1 at a
concentration of 4 ng/1.

Slides stained with PAF provided additional knowledge about the role of FGFs in the
early postnatal development of the pancreas of diabetic hamsters. We have observed insu-
lin - synthesizing cells in the ductal epithelium on slides obtained from pancreases ofthe
diabetic hamsters at age pnd 5treated with FGF1 at a concentration of 4 ng/1 as well as on
slides obtained from pancreases of the diabetic hamsters at age pnd 10 and treated with
FGF1 at a concentration of 10 ng/1 (Fig. 3). Insulin-synthesizing cells scattered throughout
the acinar cells have also been detected on slides obtained from pancreases of the diabetic
hamsters at age pnd 5 and treated with FGF2 at a concentration of 4 ng/1 (Fig. 4). We
could also see insulin - positive islets of Langerhans on slides obtained from pancreases of
the diabetic hamsters at age pnd 5 and treated with FGF1 at a concentration of 100 ng/1#

(Fig. 5).
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Fig. 1. Ductal epithelial cells in pancreas of diabetic hamsters at age pnd 1after treatement with
FGF1 at a concentration of 4 ng/1 (x 25)

Fig. 2. Autoradiograph of diabetic hamster pancreas at age pnd 5 after treatement with FGF2 ata
concentration of 10 ng/1 (x 5)
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Fig. 3. Insulin - synthesizing cells in the ductal epithelium of diabetic hamster pancreas at age pnd
5 treated with FGF1 at a concentration of 4 ng/1 (x 25)

Fig. 4. Insulin - synthesizing cells scattered throughout the acinar cells in diabetic hamster pancreas
at age pnd 5 after treatement with FGF2 at a concentration of 4 ng/1 (x 25)



Fig. 5. Insulin - positive islets of Langerhans in diabetic hamster pancreas at age pnd 5 after
treatement with FGF1 at a concentration of 100 ng/1 (x 100)

We have determined the proliferative activity of pancreatic cells by the labelling
index (LI). The control for experiments for pnd 1had labelling index 4,2 + 0,4%, control
for experiments for pnd 5had labelling index 6 %, control for experiments for pnd 10 had
labelling index 6+ 0,4%.

FGF1 has shown the strongest effect (18,7 + 0,6%,p< 0,05 in comparison with the
control) at age pnd 5and at a concentration of 10 ng/1 and the lowest mitogenic effect - (7
+ 1,6%) at pnd 1and at a concentration of 100 ng/l. FGF2 has displayed the strongest
mitogenic effect (26,2 + 0,4%, p< 0,01 in comparison with the control) at a concentration
of 10 ng/1 and at age pnd 5 and the lowest (13+ 0,4%,p< 0,001 in comparison with the
control) —at a concentration of 4 ng/1 and at age pnd 1 FGF7 has shown the strongest
mitogenic effect (16,2 £ 0,6%, p< 0,05 in comparison with the control) at a concentration
of 10 ng/1 and at age pnd 5and the lowest effect (5,5 + 1,6%) —at a concentration of 100
ng/l and at age pnd 1

The most prominent stimulatory effect (26, 2 + 0,6 %,p< 0,01 in comparison with
the control) was registered at a concentration of 10 ng/1 of FGF2 and at age pnd 5and the
lowest mitogenic effect —(5,5 + 1,6%) was registered at a concentration of 100 ng/1
FGF7 at age pnd 1

Discussion

It is generally admitted that the process of neogenesis mostly takes place during natal and
early postnatal development. Stein er etal., consider that B cells have a poor regenerative
activity and that treatment with STZ leads to B cell destruction and irreversible diabetes [16].
Conversely, in rats treated with STZ at birth or at age pnd 2,3 a destruction ofthe B cell mass
causes diabetes followed by a rapid reappearance of B cell masses [2,9,14].
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While data related to the development the pancreas accumulate, little is known about
the factors that control the proliferation and differentiation of the B cells in normal and
diabetic animals. It is established that FGF1, FGF2 and FGF7 are among the growth
factors that are expressed in B cells. That is why the purpose of our study was to establish
the effect of these FGFs in the early postnatal development of diabetic hamsters and to get
a further insight into the process of regeneration of beta cells after treatment with STZ.

It is accepted that all endocrine cells of the Langerhans islets arise from the ductal
epithelial stem cells through sequential differentiation [11,15, 17]. Yamamotoetal.
reported that most of the cells that had BrdU —positive nuclei after in vivo treatment with
STZ were ductal cells, and only a few pancreatic islet cells showed positive reaction to
BrdU. Therefore, division of ductal epithelial cells is promoted after loss of B - cells [20].
In our study most of the cells that had 3 - thymidine marked nuclei after in vivo treat-
ment with STZ were epithelial cells of ducts.

Our results have shown that in diabetic hamsters pancreases at age pnd 5 FGF2 acts
as a strong stimulator of ductal epithelial cell proliferation and new islet formation.
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A new fluorogenic substrate for histochemical localization of dipeptidyl aminopeptidase IV / CD26 (DPP
IV; EC 3.4.14.5) is synthesized —Gly-L-Pro-6-hydrazido-2-hexyl-1,8-naphthalimide and applied for the
histochemical visualization of the enzyme in tissue sections of rat organs. Upon the enzyme action the
substrate is hydrolyzed and the fluorochrome N-hexyl-6-hydrazino-1,8-naphthalimide is liberated, which
reacts instantly with an aromatic aldehyde, e.g. piperonal (3,4-methylenedioxybenzaldehyde; PPL), present-
ed in the incubation medium to form a water-insoluble orange hydrazone, which fluoresces in brilliant red
when excited by green light (kexcit = 540 nm; kemiss = 620 nm). The enzyme locations are visualized by
red fluorescence at a minimal or none background noise. The newly developed histochemical technique is
used successfully for the fluorescent detection of DPP IV in all its locations, including the capillary bed
endothelium, which has not been achieved by now.

Key words: Dipeptidyl aminopeptidase 1Y naphthalimide derivatives, fluorescent histochemical meth-
ods, synthetic enzyme substrates, enzyme histochemistry.

Introduction

Dipeptidyl aminopeptidase IV (DPP 1V EC 3.4.14.5) is a serine type membrane-associat-
ed exopeptidase with ubiquitous expression. The enzyme hydrolyzes preferably X-Pro
dipeptides from the amino-terminal of different oligo- and polypeptides at pH optimum
7.8 [5]. The enzyme is recognized as cell differentiation factor CD 26, expressed in T
lymphocytes plasmalema [8] DPP 1V plays an important role in regulatory processes such
as T-cell activation, cell migration and invasiveness [10], digestion of proline containing
peptides (mainly collagen) [1], etc. According to some present studies the enzyme was
proposed as a specific marker for malignant transformations in the kidney [14]. Aberrant
DPP 1V expression was also detected in human hepatocellular carcinoma [15]. Obviously,
the enzyme has a very important role in different biological processes and reasonably a lot
of research groups are interested of it.

The histochemical visualization of DPP 1V in normal and pathologically altered
tissues is now performed exclusively by chromogenic methods [6]. There are also fluoro-
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genic substrates, e.g. X—Pro-rhodamide 110 [11], Ala-Pro-2-cresyl violet [16] and Gly-
Pro-4-methoxy-2-naphthylamide [7] but they are applicable for the enzyme detection only
in cultured cells and not in tissue sections.

In the present paper we propose a new fluorogenic substrate for dipeptidyl ami-
nopeptidase IV - Gly-L-Pro-6-hydrazydo-2-hexyl-1,8-naphthalimide, synthesized by us,
and a novel fluorescent technique for the enzyme localization, based on it. Using the here
presented histochemical method we visualized the enzyme in tissue sections of different
rat organs.

Materials and Methods

Synthesis of thefluorochrome. The fluorochrome N-hexyl-6-hydrazino-1,8-naphthalim-
ide (HHNI) was synthesized as follows: Acenaphthene (Merck, Germany) was brominated
by N-bromosuccinimide in dimethylformamide after R o0 ss et al. [13]. 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 boiling it in absolute ethanol for 12 hours to give 6-bromo-N-hexyl-1,8-naphthalimide
[2]. The fluorochrome —HHNI was obtained from the brom-containing compound and
hydrazine monohydrate in dimethylsulphoxide at 60°C using potassium fluoride as auxil-
iary reagent and tetrabutylamonium sulfate as a catalyst by a novel procedure, which will
be published elsewhere.

Synthesis ofthe substrate. The DPP IV substrate —Gly-L-Pro-6-hydrazido-2-hexyl-
1,8-naphthalimide (Gly-L-Pro-HHNI) was synthesized from HHNI and Boc-Gly-L-Pro
(Bachem, Switzerland) by N,N,N",N'-Tctramethyl-0-(benzotriazol-1-yl)uronium tetraflu-
oroborate (TBTU) procedure [9]. The Boc-protection was cleaved in 4N HC1/ dioxane to
obtain the substrate as hydrogen chloride salt.

Tissue treatment and incubation. Mature Wistar rats of both sexes were decapitated
under ether anesthesia. Pieces of kidney, small intestine, epididymis, liver, heart and spleen
were removed and frozen immediately in liquid nitrogen. Ten pm thin sections were cut
on cryotome Reichert Jung (Nussloch, Germany) at-25°C and mounted on gelatinized
glass slides. Half of them were covered with 0.75 % celloidin for one minute at room
temperature; the other sections were left free of celloidin fdm. Both types of sections were
incubated in liquid solutions, consisting of 0.25 to 0.5 mM of the substrate (Gly-L-Pro-
HHNI) and 1mg/ml aromatic aldehyde (piperonal, anizaldehyde, terephthalic aldehyde or
antracen-9-carbaldehyde), dissolved in buffer (0.1 M HEPES, 0,1 M phosphate or 0,05-
borax/boric acid), at pH 7.8. The incubation lasted for 60-120 min at 37°C, because of the
different enzyme activity levels in the examined rat organs. All the samples were post-fixed
in 4 % neutral formaldehyde and embedded in glycerol-jelly. Control sections were incu-
bated only in buffered aldehyde (in the absence of the substrate).

The sections were studied under fluorescent microscope OPTONIM 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

6-Substituted-1,8-naphthalimides are highly fluorescent compounds, which are used as
dyes for cotton, wool, silk, synthetic fibers and plastics [12]. The 6-hydrazino-2-alkyl-1,8-
naphthalimides are found to possess unique electrochemical properties and, though re-

cently synthesized, are already used in conducting and magnetic materials as well as in

87



nanotechnology [17]. They fluoresce in green when excited by blue light (Aexcit = 430 nm,
Aemiss = 540 nm) [3], whereas their hydrazones with aromatic aldehydes, possessing an
electron donor group at para-position show a large batochrome shift in the fluorescent
spectra (Xexcit = 540-580 nm, Aemiss > 600 nm), i.e. they fluoresce in red when excited
by green light. In the present study, we use the unique properties of these compounds to
develop a novel fluorescent histochemical procedure for the visualization of dipeptidyl
aminopeptidase 1V on the basis ofthe substrate Gly-L-Pro-HHNI, synthesized by us. Our
investigations show that the enzyme hidrolyzes the substrate, and as a result the fluoro-
hrome 6-hydrazino-2-hexyl-1,8-naphthalimide, which is the primary reaction product, is
liberated. Fluorescence of the last compound coincides with the tissue autofluorescence.
To avoid this, we use aromatic aldehyde, as a coupling agent, to obtain orange hydrazone,
which marks the places of enzyme activity. From the tested aromatic aldehydes, best re-
sults were achieved with piperonal. Its hydrazone shows stable red fluorescence, when
excited with green light (Texcit 540-580nm). At this wavelength, tissue fluorochromes are
not excited and we observed enzyme localization at the lack ofbackground noise. The best
visualization results were obtained in 0,1 M phosphate buffer. Sixty minutes of incubation
was needed in organs where the enzyme activity is high (liver, kidney, small intestine).
DPP IV activity was observed respectively in the glomeruli and in the brush-borders of
convoluted tubules in kidney (Fig. 1), strictly in the brush border of small intestinal en-
terocytes (Fig. 2), and there is a reaction product in bile canaliculi and sinusoids in the
liver (Fig. 3). In epididymis and spleen the enzyme activity is lower and ninety minutes of
incubation period was necessary. DPP 1V activity was visualized in the epididymis the
reaction was seen in principal and basal cells of the channels (Fig. 4) and in the spleen the

Fig. 1. Kidney. DPP IV activity in glomeruliand  Fig. 2. Small intestine. The reaction product is
in the brush-border of convoluted tubules (x 200)  strictly localized in the brush border of small in-
testinal enterocytes (x 200)



Fig. 3. Liver. Enzyme reaction in bile canaliculi and Fig. 4. Epididymis. The reaction is seen in princi-
liver sinusoids (x 500) pal and basal cells of the channels (x 200)

Fig. 5. Spleen. Reaction product in the sinusoids of
the red pulp and in the surrounding lymphocytes, no
reaction in the white pulp (x 500)
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reaction product was localized in sinusoids of the red pulp and in the surrounding lym-
phocytes; no reaction was detected in the white pulp (Fig. 5).

In a previous paper [4], we proposed synthetic fluorescent substrate for amino
peptidase N —L-Ala-6-hydrazido-2-butyl-1,8-naphthalimide in a similar visualization
procedure, by which we obtained a strict visualization of the enzyme in all its locations. In
comparison with this technique, the present substrate possesses a longer alkyl chain and
the final reaction product —the hydrazone, has even more amorphous appearance. An
important achievement of the here proposed synthetic fluorescent substrate is that it per-
mits to visualize DPP 1V activity in the glomeruli, sinusoid capillaries of spleen red pulp,
liver sinusoids and bile canaliculi and in heart capillaries, which has not been done so far
with the known fluorescent substrates [6].

The novel histochemical procedure for DPP 1V visualization, proposed by us can be
used to detect enzyme activity in all its locations and to compare qualitatively the enzyme
levels in normal and pathologically altered tissues and organs.

Acknowledgement. This work was supported by the National Science Fund of Bulgarian Ministry of Educa-
tion, grant No 1527/05.
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A Case of Invasive Mola Hydatidosa
in the Uterine Tube
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We present a case of invasive hydatid mola as one of the forms oftrophoblast proliferation of the chorial villi
that vary in invasiveness and are classified under the common entity trophoblastic disease.

The case presented deserves interest as a rare localization of invasive hydatid mola in the uterine tube in an
ectopic pregnancy. For the last 30 years (1994-2004) only 40 cases have been reported in literature.

Key words: hydatid mola, trophoblastic disease, ectopic pregnancy.

Introduction

Gestational trophoblastic disease is a collective notion which unites morphologically sim-
ilar, but clinically diverse proliferative and other disruptions of the structure of the tro-
phoblast. A portion of these pathological conditions belong to the tumour-alikes, while
others are real tumours. Nosologically, the gestational trophoblastic disease includes En-
dometritis Syncytiale, Mola Hydatidosa, Mola hydatidosa invasiva, Chorionepithelioma,
and trophoblastic pseudotumour at the site of placentary implantation. Mola Hydatidosa
(MH) is a typical facultative precancerosis of the chorioepithelioma. The tubar localisa-
tion of MH is encountered extremely rarely and usually implies a diagnostic error. In this
article we will describe one of our clinical cases to focus physicians’ attention to this
condition and to recall some clinical and non-clinical methods that assist in diagnosing it
expediently and correctly.

Materials and Methods

A twenty-five-year-old single female admitted to the Clinic of Obstetrics and Gynecology
at the University Hospital of Plovdiv with symptoms of acute abdomen. Status on admis-
sion: slightly swollen abdomen, peritoneal irritation in the right inguinal region, pale skin
and mucosi. Gynecological status: uterus hardly palpable due to muscle defence. Uterine
tubes and parameterium: without infiltrative changes, with palpatory tenderness on the
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right. Cavum Douglasi: not swollen, painful. Ro: no free gas under the diaphragm dome;
isolated hydroaeric shadows in the right abdominal half. Ultrasonography: uterus: no ab-
normality detected; dimensions of the right ovary: 23 m m/10 mm with doubts of amniotic
sac in the area of the right uterine tube; left ovary and uterine tube without abnormalities.
Presence of free liquid in cavum Douglasi. Puncture of the same: aspiration ofblood and
blood coagulates. The diagnosis - graviditas extrauterina, ruptura tuba dextra, haemoperi-
toneum —Iled to an emergency laparatomy. In situ: 800 ml free blood and blood coagu-
lates in the abdominal cavity. Uterus: no abnormalities detected, left ovary and tube: no
abnormalities detected, right uterine tube: ruptured in the isthmic section and necrotically
altered. Classical salpingectomy was performed.

Results

Histopathological findings: the tissue material from the uterine tube was processed using a
routine methodology and stained with haematoxylin and eosin (HE). The biopsy prepara-
tions (323-325/8.01.2001) provided histological verification: uterine tube with evidence of
tubar pregnancy and tubar abortion —discrete decidual alterations in the mucose, presence
of chorial villi in the lumen and wall. Haemorrage and rupture ofthe uterine tube wall.

Due to the retention of high levels of human choriongonadotropin (HCG) in the
serum, in the postoperative period after the tubectomy, the physician in charge requested
a second review of the histological preparations. The meticulous examination of the sec-
tions established the presence of villi with singnificantly increased volume; swelling; a
decreased number of cells and avascularisation of the villi stroma; growth ofthe tropho-
blastic epithelium with manifestations of significant trophoblastic dysplasia (Figs. 1,2, 3).
At places, trophoblastic nuclei cluster and exceed 5-8 rows. They also exhibit significant
changes in size, form, and colouration (polymorphism and hyperchromasia). The cytotro-
phoblast and the syncytiumtrophoblast exhibit significant cellular polymorphism and vas-
cularisation (Figs. 2,3). The tube wall is heavily stratified. A large number oftrophoblastic
cells, some with atypical, abnormal shape, and whole chorial villi migrate through the
mucose and the muscle layer to the serous lining (Fig. 4). A group of villi are situated
paravasally in the nearby paratubar tissue (Fig. 5).

On the basis of the stromal and trophoblastic manifestaions described above, we
decided on tubar pregnacy with characteristics of MH. Regarding the topology of the
process, the idiosyncrasies of the morphological course of the tubar pregnancy, and lack of
evidence of invasion of molar structures in other genital organs, in the pelvis or extragen-
itally, we abstained from diagnosing invasive MH.

The patient was discharged in good condition, with recommendations for clinical
monitoring and periodical follow-up ofthe HCG titer.

Discussion

The incidence of MH is 1per 1400 pregnancies in Europe [1], so it is a relatively rare form
of gestational trophoblastic disease. Ectopic tubar MH has been described in only 40 cases
in world literature [3].

The most prominent risk factor discussed in the literature is the presence of a hus-
band older than 40. The age of the mother is also important: women over 45 almost never
develop MH. If the patient has had a previous MH, the risk increases by more than 25%
[2]. Other risk factors are: previous abortions (regardless of whether they are spontaneous
or induced), surgical intervention, oral contraceptives that have been taken for 2.5 to 10

93



Fig. 1 Chorial villi with swelling and avascularisation of the stroma; trophoblast proliferation with consid-
erable trophoblast dysplasia. HE staining (x 10)

Fig. 2. Chorial villi with swelling, cell deprivation and avascularisation of the stroma; trophoblast prolifera-
tion. HE staining (x 40)
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Fig. 3. Segment of a chorial villus with expressed swelling of the stroma, expressed trophoblast proliferation
with dysplasia. HE staining (x 40)

Fig. 4. A cluster of chorial villi resembling molar villi with pcrivasal localization in the adjacent paratubal
tissue. HE staining (x 40)
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Fig. 5. Migration of a large number of atypical, abnormal cytotrophoblastic and syncytial cells in the uterine
tube wall. HE staining (x 40)

years. Potential risk factors are: smoking, alcohol, dieting, socio-economic factors, infec-
tious agents like the papilloma virus, and exposure to pesticides and herbicides [2].

Tubar MH can be expressed with the symptoms of acute abdomen, as in our case. To
avoid misdiagnosis, the physician should consider anamnestic data of previous conditions,
gynecological status, ultrasonographic findings, etc. An important characteristic of MH is
the possibility of producing large quantities of HCG, although there are cases of ectopic
tubar MH with low HCG levels [3]. As a noninvasive and repeatable method, a colour
doppler examination can lead to a precise diagnosis in such unclear cases.

One DNA analysis shows that MH can become invasive [1].

MH and invasive MH should not be confused with choriocarcinoma despite the sig-
nificant proliferation of the cytotrophoblast and the syncytiotrophoblast. There are no villi
in the case of chorioncarcinoma [2]. Invasive MH also exhibits metastatic foci in the
vagina, lung, ligamentum latum uteri several weeks after after its removal [4].

We found in the literature that mola hydatiosa forms as a result of fertilisation of an
abnormal (anuclear) egg cell with a haploid 23X sperm cell, which then doubles (a com-
plete MH has a 46XY or a 46XX karyotype).

Conclusion

The contribution of our research work isto demonstrate that MH developing in an ectopic
tubar pregnancy is difficult to diagnose clinically. In such a case, the correct histopatho-
logical diagnosis is of primary importance. The case we described corroborates the chal-
lenges related to the diagnosis and the course of the disorder.
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Lichen actinicus is a sub-type of Lichen ruber planus, which occurs predominantly in dark-complexioned
young adults after prolonged exposure to sun and has a distinct photodistribution. The histological findings
are as variable as the morphology of the clinical lesions. They are only partly like those of classical Lichen
planus. The constant findings are marked pigmentary incontinence and the lymphocytic infiltrate in the
papillary dermis. We present a patient with Lichen actinicus with two different types of lesions. We discussed
the morphological and histopathologic variants of the disease.

Key words: Lichen actinicus, Lichen ruber planus, morphological types, histopathological findings.

Introduction

Lichen actinicus (LA) is a disease of young people of Oriental extraction with a distinct
photodistribution. The lesions develop on the face and on the upper part of the hands.
They appear usually in the spring and summer with improvement and even complete
remission in winter. The histologic changes are only partly like those as classical Lichen
planus (LP). They are as variable as the morphology of the clinical lesions.

Emphasizing the role of sunlight the disease has been defined as a subtype of LR
called LA [1]. For a long time it was told to be confined to subtropical countries [1,2, 3].
Eighty-three per cent of reported patients were of Oriental origin (Iraq, Egypt, North
Africa, Afghanistan, Yemen, India, Turkey, Bukhara) [1]. From this point of view it was
named Lichen planus subtropicus. Thirty to forty per cent of LP seen in the Middle East
were of these subtype [2]. However, the original reports of this condition were clearly
Italian in origin [4]. Other authors propose another name of the disease —Summertime
actinic lichenoid eruption (SALE) [5]. The point that LP subtropicus only delineates a
predominant and not unique geographic distribution and does not stress the role of light in
the pathogenesis.

Materials and Methods

Our patient is a 32-year-o!d white woman. She complains of dark macules, distributed all
over her face. The had appeared before one year, after sun exposure in August. She hasn’t
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pruritus but has been treated for 20 days with topical corticosteroid without effect. 1-
following winter months she has noticed an improvement as the pigmented lesions becarr.;
grayish-white. After sun exposure next year the lesions became darker and larger and she
also obtained violaceous papules on the dorsum ofboth hands. She has neither family
history of skin disease nor internal disease. She doesn’t take any medications. The patient
followed laboratory investigations including complete blood counts, ESR, blood sugar,
hepatorenal function test, HIV serology, urinalysis and immunological parameters includ-
ing antinuclear antibodies, anti-Sm, anti-s DNA, anti-n DNA, anti-Ro, anti-La antibod-
ies, C, and C4complement. Biopsies were taken from a macule on the face as well as the
lichenoid papules on the hand. Direct immunofluorescence and phototesting were also
performed.

Results

On physical examination it was observed that our patient has a skin phototype IV. Pig-
mented macules were seen all over her face —on forehead, nose and chin. Violaceous flat
topped lichenoid papules arranged linear were distributed on the dorsa ofthe hands. The
mouth, scalp and nails were normal. Routine investigations were in normal limits. Immu-
nological parameters were negative except the antinuclear antibodies which were in titer
1:40. Minimal erythema dose was elevated in phototesting. Direct immunofluorescence
was negative. Hematoxylin-eosin section from the face showed an epidermal atrophy, hy-
perkeratosis and smooth dermo-epidermal junction (Fig. 1). Melanin uncontinence was
prominent. Lichenoid lymphocitic infiltrate could be seen in the papillary dermis. There
was no deep dermal infiltrate or follicular plugging. The biopsy of the lichenoid papule
from the hand revealed typical picture of so-called interface dermatitis (Fig. 2). Pseudoa-
cantosis of the epidermis and obliterated dermo-epidermal junction could be seen. Some
colloid bodies were present in the lower epidermis. A high-hugging lymphocitic infiltrate
could be seen in the upper dermis obscuring the dermo-epidermal junction.

Fig. L Skin biopsy from lesion on the face: epidermal atrophy, hyperk-
eratosis, smooth dermo-epidermal junction, marked melanin unconti-
nence, Lichenoid lymphocitic infiltrate in papillary dermis (x 100)
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Fig. 2. Skin biopsy of the lichenoid papule from the hand: typical picture
of so-called interface dermatitis (x 50)

The patient was treated with whitening lotion with cojic acid and a cream with Mex-
oryl XL for the lesions involving the face and with Methylprednisolon aceponat for the
lesions distributed on the hands. Two months later she was slightly improved and she was
recommended to use all the seasons photoprotecting cream.

Discussion

LA occurs or exacerbates after sun exposure, with recurrences in the spring and summer,
and improvements or spontaneous remissions in the winter months. It affects almost ex-
clusively the photoexposed parts of the skin, mainly face and dorsa of the hands. Morpho-
logically, LA can be quite variable with several types of lesions:

1 Annular hyperpigmented plaques. This is the most common variety.

2. Pigmented form. This appears as chloasma-like lesions.

3. Dyschromic type. This consists of whitish pinhead papules with a tendency to
coalesce.

4. Typical lichenoid papules. They are invariably present.

The histopathologic findings in LA differ according to the morphological type.

Typical lichen planus histology has been described in some of reported articles [2,6,
7]. Some of the epidermal cell degenerated in so-called colloid bodies.

This change, which proceeded the formation of the dermal infiltrate, together with
the liquefaction necrosis of the basal-cell layer, are the most characteristic features of early
LE Some colloid bodies are seen also in the biopsy specimen taken from the papules from
the hand of our patient. AccordingtoKatzenellenbogenfl] histologic features
showed an overlap pattern between LP, lupus erythematosus, actinic dermatitis and irradi-
ation dermatitis. In another group of patients lichenoid and non-specific inflammatory
reactions were observed [8]. The only feature common to all types was marked pigmentary
in continence. Our case confirmed this finding.

It isimportant to differentiate LA from lupus erythematosus and polymorphous light
eruption as histologic differentiation may be somewhat more difficult. Microscopically
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LA shows no thickening of the basement membrane, and the infiltrate is confined to the
upper part of the dermis without involment of adnexal structures. LA differs from poly-
morphous light eruption by the absence of the papillary dermal edema and the deep der-
mal infiltrate seen on it later.

Having in mind the clinical and especially the histologic findings of LA it is more
than clear that there is a close relationship between these disease and LP More investiga-
tions will help us to understand why exactly the dark people suffer and what is the role of
the light of the pathogenesis of this entity.
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We studied a series of 10 patients with livedo reticilaris. Four of them were diagnosed as livedo vasculitis or
so called segmental hyalinized vasculitis, two with idiopathic livedo reticularis and four of them were with
Syndroma Sneddon. Histological examination of livedoid network disclosed in all cases the presense of
thrombotic occlusion of venules and capillaries in papillary and reticular dermis, with occasional fibrinoid
necrosis of the vascular wall, sparse perivascular lymphocytic infiltrate and variable extravasation of erythro-
cytes. In biopsy specimens obtained from areas adjacent to, but not involved by ulceration arteriolar throm-
bosis was also seen. Neither neutrophils nor nuclear dust were ever presented.

Our findings show that the capillary and venular thrombosis is the common histological hallmark of
livedo reticularis, suggesting that vascular occlusion, but not leucocytoclastic vasculitis, is the primary event
ofthe clinical condition: livedo reticularis.

Key words'. Livedo reticularis, livedo vasculitis, Syndroma Sneddon, morphology, histopathology.

Introduction

Livedo reticularis (LR) is a persistent violaceous reticulated skin pattern usually found
on the extremities and rarely trunk. Its coloration is due to the stagnation of blood in
dilated superficial capillaries and venules, and implies pathologic changes in the deeper
larger vessels. Normal skin areas are clearly demarcated from affected ones [1]. This
type of lesion may occur on cold exposure in healty people or in avariety of pathologic
states characterized either by blood hyperviscosity or by pathology in the arterioles,
capillaries, or venules of the skin [2]. LR occurs in connective-tissue diseases such as
systemic lupus erythematosus, thrombotic disorders such as thrombotic thrombocytopenic
purpura, idiopathic thrombocytopenia. It is a main clinical sign of atheromatous vascu-
lar disease and occlusive vasculopathies, such as Livedo vasculitis (LV) [3,4]. It could be
found also in cerebrovascular thrombosis as Syndroma Sneddon [5] and antiphospholip-
id syndrome [1, 6].

Materials and Methods

We have reviewed the hystopathologic findings in 10 patients with skin manifestation of
LR. Four patients carried a diagnosis of LV (3 females and 1 male, mean age 31 years).
Clinically they were characterized by focal purpuric painful lesions of the lower legs (three
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of the patients had necrotic ulcerations around the ankles), livedo like areas of hemosid-
erinic hyperpigmentation, reticulate of atrophie blance (stellate porcelain-white atrophic
scars) and signs of LR.

Four patients (4 females, mean age 64 years) had Syndroma Sneddonps with LR
distributed on the extremities, cerebrovascular accidents and negative anticardiolipine an-
tibodies.

Two ofthe patients (2 females, mean age 25 years) included in the study were diag-
nosed as idiopathic LR as they had only the skin lesion of cyanotic discoloration ofthe legs
(cutis marmorata). Ten skin biopsy specimens, taken from all the cases were examined.
They were fixed in 10% neutral-buffered formaldehyde solution, processed routinely, and
stained with hematoxylin-eosin.

Results and Discussions

The histological findings from the patients with LV showed results of microthromboses in
dermal vessels. Some blood vessels in upper derma were with swollen endotel, some were
dilated, as the others were with partly or totally obstructed lumen because of microthrom-
boses (Fig. 1). The histopathological findings from the lesions from patients with LV were
homogeneous,showing thromboses mostly in medium and upper dermal vessels, endothe-
lial swelling, segmental signs of hyalinization, extravasated erythrocytes and a variable
grade of perivascular lymphocyte imfiltration (Fig. 2). Idiopathic LR showed morpholog-
ical changes consisted of thickned wall and endothelial cell oedema that were caused
stenosis of the vessels. Sparse round-cell inflammatory infiltrate in the dermis round the
vessel was presented (Fig. 3).

Fig. 1L Some blood vessels are with partly or totally obstructed lumen because of microthromboses.
HE (xI50)
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Fig, 2. Microvascular thromboses, slight perivascular lymphocytic infiltration in the upper dermis,
without leucocytoclasis, segmental hyalinization of the dermal vessels. HE (x 80)
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Fig. 3. Thickened wall and endothelial cell oedema that caused stenosis of the vessels, sparse
roundcell inflammatory infiltrate. HE (x 250)
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Fig. 4. Prominent endothelial cell oedema of capillares and post capillary venules. One of the
capillaries is totally obturated with a plug by a thrombus. HE (x 250)

Thrombosis in the dermal vessels were found also in the biopsies from the lesions
from patients with Syndroma Sneddon. It was seen that the capillary was with a totally
plugged lumen as thrombosis existed. Prominent endothelial cell oedema of capillaries
and post capillary venules was seen. One of the capillaries was totally obturated with a plug
by a thrombus. Sparse round-cell infiltrate was seen round the vessels (Fig. 4).

Our findings show that capillary and venular thrombosis is the common histological
hallmark of LR, suggesting that vascular occlusion, but not leucocytoclastic vasculitis, is
the primary event of these clinical conditions. The mechanism of LR is unclear, but we
think that the vasculopathy with occlusion is the main histopatological sign of LR. We
didn’t see the features of vasculitis. It could be demonstrated histologically when ulcer-
ation coexist with LR in systemic lupus erythematosus and neutrophils and nuclear dust
could be seen [7].

Because of the histological absence of leucocytoclasia and the common finding of
dermal vessel microthromboses, the hypothesis of a vasooclusive pathogenesis could be
accepted.
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of the 20thCentury till the Beginning

of the 214 Century
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The secular changes of physical development in 19-20 years old youths during 20lhcentury are evaluated, and
the specificity of physical development in students at this age at the beginning of the 214 century is
characterized. Anthropometrically are studied 72 Bulgarian male students and 70 female ones during 2002
in Sofia City. The secular changes are assessed at universal body features: stature; body weight; chest
measurements; biacromial and bicristal diameters. The secular trend is traced out using analogous data of
youths at the same age from the beginning of the 20l century. The secular changes point out that the
investigated in 2002 male and female youths are taller than the ones of previous generations lived during the
20thcentury. Deceleration of body weight and chest circumference is available after the 80s. A tendency for
gracilization of body diameters is observed after the 80s, more strongly expressed among young females.

Key words: secular changes, physical development, anthropometry, youths.

Introduction

The human physical development is characterized by a complex of morphological and
functional peculiarities on which normal human development and health depends during
different ages. Indicators for physical development most often are the basic morphological
and physiological features. Their realization after birth depends as on heredity, so on
environmental factors —geographical, social, economical, etc. The changes of basic char-
acteristics in human physical development that come in the course oftime are denoted as
“secular trend” and are well known to the experts who work in the field of anthropology
and medicine. These changes affect as the increment and decrement of body measure-
ments, so the rate and velocity of body and sexual maturation. During the past century
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were discussed mainly the processes of increment in stature and body massiveness and of
the speeded maturation, as well, i.e. the processes of acceleration. In last two decades,
however, more and more experts gain results (published in many scientific papers), which
make them to speak about acceleration delay and even about deceleration in some charac-
teristics of human physical development. During 1993-2001 in the Department of An-
thropology at the Institute of Experimental Morphology and Anthropology with Museum,
Bulgarian Academy of Sciences was carried out a wide anthropological investigation in-
cluding 7-14 years old schoolchildren from Sofia City. The data about secular changes in
children from Sofia City, from the beginning till the end of the 20thcentury, show that the
increment of stature, body weight and chest circumference has delayed between the 70s
and 80s, while at the end of the century a tendency of gracilization is observed [8,9]. In the
symposium “Secular growth changes in Europe”, edited by E. Bodzsar and C. Susanne, are
summarized results of different investigations carried out in Europe during the last hun-
dred years. Stoev, Yordanov[12] have studied the secular changes in children,
adolescents and adults in Bulgaria after literature data, emphasising mainly on the matura-
tion terms and the brachycephalization process. The data about France display increment
of mean stature during the period 1900-1990 (mainly between 60s and 80s), after which a
tendency of deceleration is observed [3]. A study of children and youths in Sweden estab-
lished acceleration delay at the end of the 20thcentury [6]. In Great Britain were carried
out investigations (1974, 1980, 1994) for adults aged from 18 till 24 years that show
increment of mean stature 12,5 cm for 18-year-old males, and 9,5 cm for 20-24 years old
ones, while the increment for females is lower than 5.0 cm [10]. Stefancic et al. [11]
has established that secular increment of stature, body weight and biacromial diameter
delayed around the 80s in 7-18-year-old children and adolescents from Ljubljana, con-
cemingthe period 1939-1992. In Russia the investigations from the end of 19thcentury
till 1980 in children and adolescents aged 0-15 years and in adults (20-29 years) showed
intensive secular changes till 1970, followed by stabilization and deceleration of somatic
features [4]. In the closing paper [2] E. B. Bodzsar and C. Susanne summarised that
greatest are the acceleration changes of growth and development in children and adoles-
cents from Europe at the end of the 70s and the beginning of the 80s within the 20th
century. After this period acceleration delay has been observed, while positive secular
changes still are available.

In literature was not established purposeful anthropological study of young Bulgari-
ans (19-20 years old) made after 1980 with a view to use this information for assessment
of secular changes in this age group during the past century.

The aim ofthe present work isto evaluate the tendencies of secular changes in physical
development of 19-20 years old youths during the 20thcentury and to characterize the spec-
ificity of physical development in same age students at the beginning of the 21 century.

Materials and Methods

In the period March-May 2002 were investigated anthropometrically 72 Bulgarian male
students and 70 female ones aged 19-20 years from Saint Kliment Ohridski University of
Sofia and Technical University, Sofia. The mean age is 19.49 years for males and —19.57
years for females. The programme includes 20 directly measured features, 18 derivative
ones, body proportions and indexes, and their distribution into rubrics and categories. In
the present work secular changes of the following anthropometrical features are discussed:
stature, body weight, bicristal and biacromial diameters, transversal and sagittal chest di-
ameters and chest circumference. The anthropological characterization is made by the
classical method of R. M artinand K. Sa 11er [7]. Standard anthropometrical
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instruments are used. The investigated by us sample claim not to be representative for the
present generation of 19-20 years old Bulgarians, but still we expect to get a notion about
specificity of physical development for this generation Bulgarians compared to data about
different generations of their coevals lived during the past century.

To trace back the secular changes of physical development in 19 years old youths
during the 20thcentury are used corresponding data from investigations of:

m St Vateyv, astudy carried out in 1907, published in 1939 [13];

e B.Yanev etah, astudy carried out in 1960, published in 1965 [15];

m B.Yanev etah, astudy carried out in 1970/72, published in 1982 [16];

m P Slanchevet ah, astudy carried out in 1980/82, published in 1992 [14].

Results and Discussion

Stature

The evaluation of metrical changes in stature during the past century shows that for the
entire period (1907-2002), young men became 10.9 cm taller, and young women —7.2 cm
taller (Table 1, Fig. 1). During the first half of the 20thcentury till 1960, the increment is
3.7 cm in young males and 1.6 cm in young females. As a whole, the stature increment is
bigger —respectively 7.2 cm in male youths and 5.6 cm in female ones since the second
half of the past century till the beginning of the 21¢one. Interesting information gives the
analysis about stature changes made after decades concerning the second half of the past
century. The acceleration observed at the beginning of the 20thcentury delayed between the
60s and 70s —the stature being almost the same in both sexes. In male youths this tenden-
cy is preserved till the 80s. In female youths is available slightly stature increment (2.6 cm)
between the 70s and 80s. Greater are the acceleration changes for both sexes between 1980
and 2002, being more underlined for young men i.e. the 19-20 years old males have
already stature of 178.78 cm and the females of 164.0 cm at the beginning of the 214
century. This data differ from the results obtained by many European scientists [3, 6] who
established a delay of stature secular growth around the 80s of the past century. This
difference, probably, could be due to the fact that we have investigated students in 2002,
who distinguish by their higher stature, well known from the literature [1, 5]. Series of
studies in students are carried out in Hungary (Debrecen town) during the period 1930-
1992. Bod zsar [1] observed stature decrease in the period 1942-1951, a fact explained
mainly by the worsened social conditions of life after the World War 1l. The stature in-
creased considerably after 1950, as for one decade only it raised at an average of 2.31 cm.
In the Technology Institute, Budapest City, investigations of students are carried out dur-
ing the period 1976-1985. Gy en is [5] established stature increment of 2.17 cm in young
women and of 2.81 ¢cm in young men.
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Table 1 Secular changes in basic anthropometrical features

Features Males Females
St. Vatev, B. Yanev B. Yanev P Slanchev Our data, St. Vatev, B. Yanev et B. Yanevet P Slanchev Our data,

1907 etal., 1960 etal., 1970 et al., 1980 2002 1907 al., 1960 al.,, 1970 etal., 1980 2002

Stature n 196 527 650 372 72 44 451 444 355 70
mean 167.9 171.6 171.3 172.3 178.8 156.8 158.4 158.8 161.4 164.0

SD 6.3 6.3 5.9 6.6 6.0 6.0 5.9 5.1

Biacromial n 528 372 72 451 355 70
diameter mean 39.2 41.0 41.2 35.0 35.4 34.8
SD 2.3 24 2.0 1.9 2.9 1.9

Bicristal n 528 372 72 452 355 70
diameter mean 28.4 29.0 27.2 27.7 27.4 25.4
SD 2.0 1.8 1.6 2.1 35 15

Transversal n 518 372 72 452 355 70
chest diameter mean 27.9 28.9 29.5 24.8 25.2 24.9
SD 1.9 2.2 2.0 1.6 2.4 1.6

Sagital chest n 528 372 72 451 355 70
diameter mean 20.0 20.8 20.9 18.0 17.8 17.7
SD 1.8 2.2 1.7 1.6 2.3 15

Chest circum- n 579 528 658 372 72 34 450 446 355 70
ference mean 85.9 90.2 88.5 89.6 87.4 76.6 78.2 775 79.4 73.0

SD 4.7 5.2 5.4 5.8 5.5 6.9 7.2 4.4

Body weight n 196 526 652 372 72 44 434 444 355 70
mean 58.8 67.0 67.6 71.2 70.4 53.2 57.4 57.8 58.4 52.4

SD 7.8 7.9 7.5 8.6 7.3 8.8 8.9 7.0
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Fig. 1 Secular changes of stature
1—males; 2—females

Body weight

Body weight changes show that the young men studied by us are 11.6 kg heavier compared
to their coevals investigated in 1907, while the young women are 0.8 kg lighter than their
coevals examined at the beginning of the 20thcentury (Table 1, Fig. 2). Opposite to the
stature, whose increment is more tangibly during the second half of the past century, the
body weight growth is more significant for both sexes till 1960 —8.2 kg in male youths
and 4.2 kg in female ones. Body weight changes studied after decades concerning the
second half of the 20th century show that similar to stature, between the 60s and 70s is
available an acceleration delay for both sexes. In female youths this tendency remains till
the 80s. In male youths, however, is established body weight increment (3.6 kg) between
the 70s and 80s. It should be noted that body weight is greatest for both sexes during the
80s. After this period our data trace out a deceleration tendency that is more strongly
expressed in females who have lowest body weight compared to all their coevals, as well.
The males investigated in 2002 have mean body weight of 70.40 kg, being 0.8 kg lighter
than the males examined during the 80s, and the females have respectively mean body
weight of 52.4 kg being 6.0 kg lighter. The results obtained are in unison with the data by
other European authors who reported about an acceleration delay in body weight estab-
lished after the 80s.
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Fig. 2. Secular changes of body weight
1— males; 2 —females

Chest circumference

The secular changes of chest circumference repeat to a great extent the ones ofbody weight
but they are more slightly expressed (Table 1, Fig. 3). The investigated in 2002 male youths
have 1.5 cm larger chest circumference compared to their coevals studied in 1907, while
the females examined at the beginning of the 213 century have 3.6 cm smaller chest cir-
cumference. For the entire nearly hundred years period the investigated by us female
students could be distinguished by smallest chest circumference. During the first half of
the 20thcentury, an increment of chest circumference for both sexes is.observed better
expressed in young men (males —4.3 cm; females — 1.6 cm). For the entire period under
study (1907-2002), the male youths investigated in 1960 and the female ones examined in
1980 have greatest chest circumference. Analyzing the metrical changes of chest circum-
ference after decades, concerning the second half of the past century, a certain decrement
of chest circumference is established between the 60s and 70s (1.7 cm in male youths, and
0.7 cm in female ones), while it turned into poor increment between the 70s and 80s (1.1
cm in male youths, and 1.9 cm in females). The data about youths studied at the beginning
ofthe 21¢ century compared to the youths examined during the 80s show considerably
chest circumference decrement, better underlined in young women (2.2 cm smaller chest
circumference in male youths, and 6.4 cm smaller —in female ones), i.e. a deceleration of
this anthropometrical feature is available again after 1980 for the Bulgarian youths that is
observed also in other European countries.

Chest diameters

The changes for both chest diameters —transversal and sagital, which determine also the
chest form, are traced out in 20 years intervals: 1960-1980-2002 (Table 1, Figs. 4, 5).
Smallest are the chest measurements in the 19 years old males studied during 1960. The
chest diameters in young men increase consecutively till the end of the past century and
the male youths, investigated at the beginning of the 214 century, have biggest chest mea-
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Fig. 4. Secular changes of transversal chest diameter

1—males; 2—females

8 Acta morphologica et anthropologica, 12

2002

113



22 T

21
20 -
19 -
16 k2 k2 1
1960 1980 2002
Year

Fig. 5. Secular changes of sagital chest diameter
| —males; 2 —females

surements. Differences in secular changes of transversal and sagital chest diameters are
established in young women. From 1960 till 1980 the increment of transversal chest diam-
eter is 0.4 cm for female youths, and throughout next 20 years it decreases and becomes
equal to the transversal chest diameter for 19 years old women studied in the 60s. Oppo-
site to the transversal diameter, the sagital chest diameter decreases, even very little (from
18.0 up to 17.7 cm) during the entire 40 years period.

Biacromial diameter

The analysis about this diameter is made again in 20 years intervals (Table 1, Fig. 6). The
data show underlined sexual differences, similar to those for chest diameters. Narrowest
shoulders have the young men investigated in the 60s. The male youths, researched in the
80s, have 0.8 cm bigger shoulder breadth compared to the previous generation. The young
men studied by us (2002) have nearly the same biacromial diameter (41.2 cm) as the males
examined during the 80s (41.0 cm), i.e. acceleration delay is available. In young women
the biacromial diameter increases insignificantly (only 0.4 cm) between 1960 and 1980,
while during the next 20 years period it decreases gradually, and the young women inves-
tigated at the beginning of the 21d.century have smallest shoulder width (34.8 cm).

Bicristal diameter

The bicristal diameter increment is 0.6 cm for males from 1960 till 1980 (Table 1, Fig. 7).
For the period under study (1960-2002), the bicristal diameter is biggest in young men
examined during the 80s. Opposite to the males, in females the bicristal diameter decreas-
es during the entire period under investigation, the decrement being more slightly ex-
pressed between the 60s and 80s (0.3 cm) and considerable between the 80s and the
beginning of the 21slcentury (2.0 cm). It had to be underlined that bicristal diameter is
significantly smaller in male and female youths studied at the beginning of the 214 century
(mean bicristal diameter is 27.2 cm in male students and 25.4 cm in female ones), com-
pared to their coevals born in the past century.
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Fig. 7. Secular changes of bicristal diameter
1—males; 2 —females

According to the summarized comparative analysis about body diameters is established a
tendency of body gracilization after 1980 that is in unison to the results obtained in the
Department of Anthropology at the Institute of Experimental Morphology and Anthropol-
ogy with Museum, Bulgarian Academy of Sciences for 7-14-year-old children [8, 9]. It is
obvious that at the end of the 20thcentury the decrement of body diameters during child-
hood and puberty retains in youth.
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Conclusion

The results obtained about specificity of physical development in 19-20 years old students
who are investigated at the beginning of the 21g century on the background of secular
changes in their coevals examined during the 20thcentury show:

» a tendency of young males and females studied at the beginning of the present
century to be taller than the ones examined during the 20thcentury;

* body weight and chest circumference to be smaller compared to these measure-
ments in the generation researched in the 80s;
it . altendency of gracilization in body diameters after the 80s, more strongly expressed
in females.
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Hand Clasping and Arm Folding
in Bulgarians from South Bulgaria
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The incidence of the hand clasping and arm folding types has been studied in 1524 Bulgarians (711 males and
813 females) aged 30-39 from the three parts of South Bulgaria —South-West, South Central and South-
East, In both sexes the L-type ofhand clasping and arm folding is prevalent with its percentage dropping from
the West to the East. The intersexual differences are statistically significant only with respect to the arm
folding. The observed territorial varieties of the hand clasping and arm folding frequencies are statistically
insignificant in both sexes. The relationship between both asymmetries is statistically insignificant.

Key words: functional asymmetry, hand clasping, arm folding, intersexual differences, territorial
differences.

Introduction

Hand clasping (interlocking of the fingers ofthe hands) and arm folding (crossing over of
the fore-arms in front of the chest) represent manifestations of the functional asymmetry
of the upper limbs in the man. L ut z [17] was the first to describe both ways of crossing
the fingers of the hands. In the first case the right thumb is situated over and is defined as
the R-type whereas the other with the left thumb is placed over the thumb and is defined as
the L-type. Analogous are the cases in the crossing of the fore-arms over the chest de-
scribed by W ien er [25]. A number of authors show an interest in that problem starting
from the beginning of the 20-th century and up till our day. The interest is directed mainly
to the factors accounting for the development of these asymmetries, the relationship be-
tween them and the impact of sex, age and race. Even now there is no unified opinion
about their character. Both L u t z [17] himself and a variety of other authors support the
thesis of a genetic control over them [7, 8,18,19, 20, 26]. Other investigators assume that
there is no adequate evidence for such a control [5, 25]. Accordingto L ourie [16] arm
folding in contrast to hand clasping is an anthropological marker of a lesser importance
and that genetic control is more evident in hand clasping. L aiand W a 1s h [13] suggest
that more probably the habit formed at an early age rather than the genetic factors deter-
mine the hand clasping types. Leguebe[14] marks the combined impact of the factors
determining hand clasping. According to some authors sex and age do not exert an influ-
ence on the asymmetries under study [2, 9] and according to others they do affect them
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though to a lesser degree [18]. A number of authors do not find a correlation between hand
clasping and arm folding or if they record one it is very weak [2,22,23, 25] while accord-
ing to others such a link exists [11,12,15, 21]. Sar n a et al. [24] based on literature data
prove by statistical analysis that the manifestation of these asymmetries is not a random
phenomenon. These asymmetries together with other features are used in anthropological
studies on different populations [1,15].

The studies on that problem in our country are comparatively very scanty. Boev and
Todorov[3] have investigated 238 individuals of both sexes from three ethnic groups
and have found a very high percentage of the R-type of hand clasping especially in the
Bulgarians. M u tafo v [27] has studied a control group of 1500 schoolchildren where the
L-type of hand clasping was predominant. Ka r ev [10] has studied 2100 schoolchildren
and has also found a higher per cent of the L-type in both asymmetries. Filcheva [6]
has carried out a research on 1511 Bulgarians from North Bulgaria where the L-type is
dominant among males in both asymmetries while in women it is prevalent only in the
case of arm folding.

The aim of the present study is to trace the incidence of the hand clasping and arm
folding types in Bulgarians from the three regions of South Bulgaria —South-West, South
Central and South-East and to look for intersexual and territorial differences aswell as for
an association between both asymmetries.

Material and Methods

Atotal of 1524 Bulgarians of both sexes (711 males and 813 females) aged from 30 to 39
years living and descending from the three parts of South Bulgaria—South-West, South
Central and South-East were investigated. The regions under study encompass four admin-
istrative areas —Sofia, Plovdiv, Haskovo and Bourgas (according to the administrative ad
territorial division of Bulgaria from 1987). The persons under study were living and orig-
inate from these regions. The study was carried out parallel to the National programme
“Anthropological characteristics of the Bulgarian people” (1989-1993) realized by the
department of Anthropology of IEMAM at the BAS. It was performed by the help of the
conventional methods (4, 14) and the x2-test has been used in the comparative analysis.

Results and Discussion

Hand clasping

The L-type is prevalent in both sexes for the whole of South Bulgaria whose percentages
are of close values (Table 1). This confirms the opinion of other authors that the L-type is
prevailing in Europe [22]. The itersexual differences are statistically insignificant (P>0.05).
In both sexes in the three regions of South Bulgaria the L-type is prevalent with a highest
percentage in South-West Bulgaria especially inwomen and beginning to drop down from
the West to the East (Table 2). The territorial differences observed are statistically insignif-
icant (P>0.05).
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Table 1 Per cent distribution of hand clasping types among a population of South Bulgaria

Sex
n
Males 329
Females 384
Both sexes 713

f =014, k=1, P> 0.05

R —type

%
46.27
47.23
46.78

L —type
n %
382 53.73
429 52.77
811 53.22

Total

711
813
1524

Table 2. Comparison ofthe frequencies of hand clasping types between populations
from three regions of South Bulgaria

Region

1. South - West Bulgaria
2. South Central Bulgaria
3. South - East Bulgaria

Total

Arm folding

Sex

Males
Females
Males
Females
Males
Females
Males
Females

R - type
n %
108  44.63
126 42.86
125 46.82
146 49.83
96 47.52
112 49.56
329 46.27
384 47.23

L - type

n %
134 55.37
168 57.14
142 53.18
147 50.17
106 52.48
114 50.44
382 53.73
429 52.77

Total

242
294
267
293
202
226
711
813

Comparison
groups

Males
1-2
1- 3
2-3
Females
1- 2
1-3
2-3

X2

0.24
0.37
0.02

2.87
231
0.01

In both sexes for the entire South Bulgaria the L-type is predominant with a much higher
percentage than that of the R-type especially in the males (Table 3). This fact is also in
accord, as inthe case of hand clasping, with the tendency for predomination of the L-type
in Europe [19]. The intersexual differences are statistically significant (P <0.05). In both
sexes in the three regions of South Bulgaria the L-type is prevalent also in the men, being
much more common than the R-type. By contrast to the hand clasping a clear-cut tendency

Table 3. Per cent distribution of arm folding types among a population of South Bulgaria

Sex
n
Males 260
Females 347
Both sexes 607

X2=592, k=1, P >0.05

Table 4. Comparison of the frequencies of arm folding types between populations

R —type

from three regions of South Bulgaria

Region
1 South - West Bulgaria
2. South Central Bulgaria
3. South - East Bulgaria

Total

Sex

Males
Females
Males
Females
Males
Females
Males
Females

%
36.57
42.68
39.83

R —type
n %
89 36.78
122 41.50
94 35.21
131 44,71
77 38.12
94 41.59
260 36.57
347 42.68

L —type

451
466
917

L —type

n %
153 63.22
172 58.50
173 64.79
162 55.29
125 61.88
132 58.41
451 63.43
466 57.32

%
63.43
57.32
60.17

Total

242
294
267
293
202
226
711
813

Total

711
813
1524

Comparison
groups

Males
1-2
1- 3
2-3
Females
1-2
1-3
2- 3

x
k=

0.14
0.08
0.42

0.62

0.00
0.50
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iii the percent distribution for the region is not observed in this type of asymmetry (Table
4). The found territorial differences are statistically insignificant (P >0.05).

The per cent distribution ofthe combinations between the R-types and the L-types of
hand clasping and arm folding was traced. In both sexes for South Bulgaria as a whole the
per cent of the combination between the L-type of hand clasping and the L-type of arm
folding is of highest values (LL). Ranking second is the combination between the R-type of
hand clasping and the L-type of arm folding (RL). The per cent of the combination be-
tween the R-type hand clasping and R-type arm folding is of lowest values ((RR) (Table 5).
The intersexual differences are statistically insignificant (P>0.05). This tendency in the
combination between both asymmetries is preserved with respect to their territorial distri-
bution in both sexes where the differences are statistically insignificant (Table 6). The
sought association between both asymmetries is statistically insignificant (Table 7). Com-
pared with the data of Filcheva [6] about Bulgarians from North Bulgaria significant dif-
ferences were established only with respect to arm folding and in the case of the males at
that (r = 9.44, k= 1, i3<0.05).

Table 5. Percentdistribution of hand clasping / arm folding combinations among a population
of South Bulgaria

Sex RR RL LR LL Total
n % n % n % n %

Males 115 16.18 213 29.96 145 20.39 238 33.47 711

Females 171 21.03 213 26.20 174 21.40 255 31.37 813

Both sexes 286 18.77 426 27.95 319 20.93 493 32.35 1524

X=1.23, k =3 P>005

Table 7. Relationship between hand clasping and arm folding among
a population of South Bulgaria

Hand clasping Arm folding

Right Left Total
Right 286 426 712
Left 319 493 812
Total 605 919 1524

X=012, k = 1, P >0.05

Conclusion

The incidence of the hand clasping and arm folding types in Bulgarians from South Bulgar-
ia corresponds to the parameters typical of the Europoid race. The L-type prevails in both
sexes and in both types of asymmetry, especially in arm folding. The intersexual differenc-
es are statistically significant only in the case of arm folding. The observed territorial
variations in both types of asymmetry are statistically insignificant. The most common
combination between than in both sexes is LL where the intersexual differences are also
statistically insignificant. The study of these types of asymmetry adds to the morpho-
functional characteristics of the individuals under study and they deserve their position in
the complex anthropological characterization of modern Bulgarian population.
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Table 6. Comparison of the frequencies of hand clasping / arm folding combinations among the three regions of South Bulgaria

Region

1 South - West Bulgaria
2.South Central Bulgaria
3. South - East Bulgaria

Total

Sex

Males
Females
Males
Females
Males
Females
Males
Females

36
54
43
68
36
49
115
171

RR

%
14.88
18.37
16.10
23.21
17.82
21.68
16.18
21.03

71
72
82
78
60

213
213

RL

%
29.33
24.49
30.71
26.62
29.70
27.88
29.96
26.20

52
68
52
61
41
45
145
174

LR

%
21.49
23.13
19.48
20.82
20.30
19.91
20.39
21.40

83
100
90
86

69
238
255

%
34.30
34.01
33.71
29.35
32.18
30.53
33.47
31.37

Total

242
294
267
293
202
226
711
813

Comparison
groups

Males
1- 2
1- 3
2-3
Females
1- 2
1- 3
2-3

121
0.78
0.37

3.27
2.38
4.75
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The aim of the study isto assess comparatively the degree and direction of correlations between anthropo-
metrical features in fullterm and preterm newborn infants. During 2001 and 2003 a total of 219 healthy
fullterm and 60 conditionally healthy preterm newborns in Sofia are investigated anthropometrically. In this
paper, the relationships among 17 from 42 directly measured anthropometrical features are analyzed. The
relationships’ degree is estimated according to correlation coefficient’s values, while direction —according
to their sign. The generalized results from comparative evaluation of correlation structures in the investigat-
ed two groups of newborn show that the regular dependencies between anthropometrical features, which
ensure optimum control over the impending metrical growth changes in fullterm infants, are already formed
after birth. The formation of these dependencies in the preterm newborns is still not completed at their
birth.

Key words', anthropometrical features, fullterm newborns, preterm newborns, correlation’s degree,
correlation’s direction.

Introduction

The detailed characterization of human physical development during the prenatal and
postnatal period is a basis for estimation of norm and its deviations along the specific for
every ontogenetic stage processes of the organism’s growth and development [1,5].

The harmonious body development and mainly the proportionality between body
dimensions in postnatal ontogenesis are based on dependences between different anthro-
pometrical features ensuring optimum control of their growth and development. The last
weeks of intrauterine growth and the period immediately after birth are most important
for the formation of these dependencies. The correlations between investigated anthropo-
metrical features are discussed rarely in the publications about physical development of
newborns [2, 3, 6, 7].

The aim ofthe present study is to assess comparatively the degree and direction of
correlations between different anthropometrical features in fullterm and preterm newborn
infants, with a view to enrich the knowledge of physical development specificity in both
groups of newborns.
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Material and Methods

A total of 219 healthy fullterm babies (38-42 g.w.) — 110 boys and 109 girls and 60
conditionally healthy newborns (30 boys and 30 girls) of 1st grade prematurity defined by
a body weight (between 2500 g and 2000 g) and morphological maturation of 34 - 37 g. w.
are studied anthropometrically. The investigation was carried out between 2001 and 2003
in the section of Neonatology at 2nd SOGHAT *“Sheynovo” —Sofia.

In this paper, the correlations among 17 from 42 directly measured anthropometrical
features are analyzed for boys and girls from both newborns’groups. The relationships’
degree is estimated by correlation coefficients’values, according to the scale proposed by
Kalinov [4]: “very low” correlation (r <0.29), “low” (r = 0.30 4 0.49), “moderate” (r
= 0.50 1 0.69) and “high” and “very high” correlation (r > 0.70). The significance of
correlation coefficients is reported at P < 0.01 and P < 0.05.

Results

The existence, direction and degree of correlations between anthropometrical features in
boys and girls from both newborns’ groups are presented in eight correlation matrices
(Tables 1-8). The significance of dependencies between the studied features is given on
tables 1,3,5,7. Tables 2,4, 6 and 8 demonstrate the degree and direction of the significant
correlations between each couple of features, as the lower coefficients than 0.30 are not
marked.

Significance ofthe correlations

The statistical significant coefficients between couples of anthropometrical features are a
basis for the assessment of biological information concerning the specificity of awaited
relationships between them.

Almost all correlation coefficients of fullterm boys and girls are statistically signifi-
cant (Tables 1, 3). That’swhy the relationships between anthropometrical features of full-
term newborns are already formed ensuring their independent development.

The correlation structure of the significant dependencies in preterm newborns is
quite different. The statistically significant correlations in both genders are relatively rare
(Tables 5, 7): in boys 22.22 % or 34 from a total of 153 correlations and in girls 18.95 %
or 29 from a total of 153.

Marked sexual differences in the structure of significant correlations in both groups
of newborns are not established but differences between groups are very well expressed.

Degree ofthe correlations

At this stage of the analysis will be estimated the correlations’ degree between four anthro-
pometric features, considered as the most important and informative characteristics of
newborns’ physical development, and other studied features (Tables 2, 4, 6 and 8).

The stature in fullterm newborns correlates positively by high significance (P < 0.01)
with all anthropometric features included in the correlation matrix and correlations’strength
is of “low” to “high” degree. The bigger stature in both genders goes along with bigger
body weight (correlation of “high” degree), longer torso and extremities, and bigger bitro-
hanterial breadth and body and extremities circumferences (correlation of “moderate”
degree). In fullterm boys the correlation (“moderate” degree) of stature with biacromial
and bicristal diameters and of stature with body mass index (BMI) is stronger, compared
with girls (“low” degree).
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Table 1 Correlation structure ofthe dependences between investigated features in fullterm boys - graphical image

Insignificant coefficients of correlation
Significant coefficients of correlation in P < 0.05
Significant coefficients of correlation in P <0.01
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Table 2 Correlation structure ofthe dependences' degree between investigated features in fullterm boys

Features Head Head Stature Torso Biacr. Chest Bier, Bisp. Bitroh. Chest U )p({)er
breadth  circumf. length  breadth breadth breadth breadth breadth  circumf. | gn grth
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Sum of 6SF 0.34 0.44 0.49 0.43 0.48 0.66 0.66 0.47 0.57 0.62 0.36

Lower
extr. h

lengt
0.34
0.49
0.59
0.46
0.54
0.36
0.52
0.53
0.58
051

0.57

041
0.44
0.59
0.42
0.29

Arm
circumf.

0.42
0.49
0.55
0.52
0.53
0.59
0.61
0.51
0.59
0.69

0.81
0.78
0.71
0.68

oot weight
041 0.59
0.45 0.71
0.60 0.78
0.49 0.70
0.57 0.64
0.66 0.72
0.68 0.78
0.56 0.62
0.62 0.75
0.77 0.88
0.44 0.60
0.44 0.59
0.81 0.78
i 0.81
0.81 1
0.72 0.87
0.74 0.75

BMI

0.48
0.65
0.37
0.57
0.57
0.68
0.72
0.54
0.64

0.76

0.42
0.71
0.72

0.87

0.71

Sum
6SF
0.34

0.44
0.49
0.43
0.48
0.66
0.68
047
0.57
0.62

0.36

0.29
0.68
0.74
0.75

0.71



Table 3.Correlation structure ofthe dependences between investigated features in fullterm girls - graphical image

Insignificant coefficients of correlation
Significant coefficients of correlation in P < 0.05
Significant coefficients of correlation in P <0.01
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Table 4. Correlation structure of the dependences' degree between investigated features in fullterm girls
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Table 5.Correlation structure ofthe dependences between investigated features in preterm boys - graphical image

Insignificant coefficients of correlation
Significant coefficients of correlation inP < 0.05
Significant coefficients of correlation inP < 0.01



Table 6.Correlation structure ofthe dependences' degree between investigated features in preterm boys

Features
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Table 7. Correlation structure ofthe dependences between investigated features in preterm girls - graphical image

Insignificant coefficients of correlation
Significant coefficients of correlation in f < 0.05
Significant coefficients of correlation inP < 0.01
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Table 8. Correlation structure ofthe dependences' degree between investigated features in preterm girls

Features Head Head  Stature Torso Biacr. Chest Bier. Bisp. Bitroh. Chest Upper Lower  ,Ann Thigh Baod BMI Sum
breadth  circumf. length  breadth  breadth  breadth breagth breadth  circumf. ep r. extr.  circumf. urcu?nf. welgxt of
leneth leneth 6SF
Head breadth | 0.62 0.40 0.45 0.46
Head circumf. 0.62 1 0.40
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Bicr.breadth i 0.84 0.45
Bisp.breadth 0.84 1 0.37
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Upper  extr.
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Thighcireumf. ¢ 45 0.54 0.44 0.37 038 041 0.47 1 0.75
Body weight  0.46 0.40 0.64 0.36 0.69 0.48 0.44 0.75 1 0.44
BMI -0.40 0.44 1 0.47
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In preterm newborns, the stature correlates significantly with fewer features, as some
coefficients of correlation are negative. The stature correlates with body weight by a strength
of relationship of “moderate” degree (r = 0.64) only in girls. In preterm boys this correla-
tion is at the borderline between “low” and “moderate” degree (r = 0.49). The bigger
stature in both genders goes along with longer upper extremity, while in the girls also with
longer lower extremity and bigger thigh circumference. The stature in boys has relation-
ship of “moderate” degree with torso length (r = 0.51).

Body weight is another basic characteristic of individual’s physical development,
which in fullterm newborn infants correlates significantly and positively with all measured
anthropometrical features. Correlations of “high” degree are established for both genders
between body weight and stature, torso length, head circumference, chest circumference,
extremities’ circumference, BMI and the two pelvis diameters —bicristal and bitrohante-
rial. In boys with higher degree is still the correlation between bigger body weight and
thicker subcutaneous fat tissue (SFT). This correlation is of “moderate” degree in girls.

The dependences of “moderate” degree have lower values of correlation coefficients
in girls than in boys. In the fullterm newborns from both genders, the body weight corre-
lates by “moderate” degree with the sizes of head, with biacromial and bispinal diameters,
chest breadth, as well as with the sizes of upper and lower extremities.

In preterm newborns the established relationships between body weight and other
features are lower, and the correlations’ degree is mostly “low” and rarely “moderate”,
than in fullterm babies. Correlation of “high” degree exists only between body weight and
thigh circumference in girls (r = 0.75). In both genders body weight correlates by “moder-
ate” degree with upper extremity length. In preterm boys, body weight correlates by “mod-
erate” degree with head and chest circumferences also, and in girls —with stature. The
correlations between body weight and all the rest features are of “low” degree.

The other two basic features head circumference and chest circumference for the
assessment of newborns’physical development in fullterm newborns correlate also with all
the measured metrical features.

The bigger head circumference in both genders is related by “high” degree with the
bigger head breadth. Correlation of “high” degree in boys is observed still with body
weight (r = 0.71), while in girls the strength of this dependence is of “moderate” degree (r
= 0.67). In both genders the head circumference correlates by strength of “moderate”
degree with stature, chest circumference and BMI, and in girls with arm circumference and
total quantity of SFT, too. The strength of relationships between head circumference and
torso length, body diameters and extremities’ circumference is of “low” degree.

In the correlation matrices of preterm newborns are observed considerably less number
of significant correlations being only two in girls.

In contrast to fullterm babies, the strength of relationship between head circumfer-
ence and its breadth for preterm is of “moderate” degree. The correlation with body weight
(r = 0.64) in boys is of “moderate” degree too, while in girls the strength of this relation-
ship is of “low” degree (r = 0.40). In preterm boys the head circumference correlates with
stature, chest circumference and lengths of upper and lower extremities too, and the strength
of relationships is of “low” degree.

The chest circumference in fullterm babies correlates positively with the anthropo-
metrical features included in correlation matrices, as the coefficients are predominantly of
a “moderate” degree. The bigger chest circumference in both genders goes along with
bigger chest breadth, circumferences of extremities, body weight, BMI and SFT thickness
(“high” correlation), as the correlation with body weight (r =0.88) is highest. In girls the
relationships of “high” degree exist with bicristal and bitrohanterial diameters also, while
in boys these correlations are of “moderate” degree. The chest circumference size in full-
term newborns for both genders is more weakly related (“moderate” correlation) to the
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sizes of stature, torso length, and upper extremity’s length, head circumference, biacromial
and bispinal diameters. Except the described dependences, in fullterm boys correlations of
“moderate” degree of chest circumference with lower extremity’s length and arm circum-
ference are observed also. In girls the chest circumference correlates with same strength
with head breadth, aswell.

In preterm newborns between chest circumference and other anthropometrical fea-
tures few significant correlations are established, and they are mainly of “low” degree.
Only the relationship between chest circumference and body weight in girls is of “moder-
ate” degree (r = 0.59), while in boys it is of “low” degree (r = 0.36).

In fullterm newborns the relationships between the rests anthropometrical features
are positive having mainly “moderate” degree, while in preterm babies they are predomi-
nately “low” and negative correlation coefficients are established. For both groups of new-
borns the correlations between the three pelvis diameters are of “moderate” to “high”
degree. In fullterm boys and girls the correlations between pelvis breadth and other metri-
cal features, as well as the correlations between body and extremities circumferences, body
weight, BMI and thickness of SFT are of the same degree. This type of dependencies
reflects the relationships between body weight and SFT thickness, as well as its accumula-
tion on body and extremities and the increment of their circumferences. In preterm new-
borns these correlations are mainly of “low” degree. In regard to the thickness of SFT, the
significant correlation’s coefficients are less. These results show that the formation of
relationships between body weight, body and extremities circumferences and SFT thick-
ness in preterm newborns is still not completed, while in fullterm babies these dependen-
cies are already formed.

Discussion

In fullterm newborns from both genders, all relationships between the features are signif-
icant, while in preterm babies the significant correlations are about five times rarer. High
significance of relationships between head circumference, stature and sitting heigh in full-
term newborns are reportedby Karapetrov [2], and significant correlations between
stature and body weight and between head circumferences and chest circumferences are
established byDundova [3]

The correlations between separate couple of features in fullterm babies are very well
presented in the three degrees - “low”, “moderate” and “high”. The tendency to higher
coefficients of correlation, although weakly manifested, is observed in boys, than in girls.
In this attitude, our results confirm these received by other authors [5]. The preterm new-
borns have less significant correlations and its degree is lower. The relations of “low”
degree are most, these of “moderate” degree are rarer and relationships of “high” degree
are single.

The established correlation structures between basic anthropometrical characteristics
ofphysical development and other studied features describe tendencies to mutually related
processes of anthropometrical features’ growth and development after birth.

In fullterm newborns the body and extremities’ lengths correlate by “moderate” strength,
as well as between themselves, and with the relevant breadths and circumferences. These
relations are a basis for future development ofbody proportionality. The established val-
ues of correlation coefficients between the features mentioned above are close to these
describedby Semerdjievaetal. [6land Karapetrov[2].

In preterm newborns the body and extremities’ lengths correlate between themselves
mainly. The relations between lengths, breadths and circumferences, which determine their
proportional development, are either missing or very slightly manifested.
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The body and extremities’ breadths and circumferences in fullterm newborns corre-
late by “moderate” and “high” strength, as between themselves, so with body weight, with
SFT thickness and body nutritional status (BMI).

In preterm newborns the small number of the established significant correlation co-
efficients about body and extremities’ breadths and circumference characterizes mainly
the relationships between features of close topical belonging. This result shows that in
preterm newborns the formation of relationships between breadths and circumferences
and other metrical features is not completed, yet.

Conclusion

The generalized results from the comparative assessment of correlation structures in full-
term and preterm newborn infants allow the following conclusions to be made:
 In fullterm newborns, the regular dependencies between anthropometrical iea-
tures, which ensure optimum control over the impending metrical growth changes,
are already formed at birth. This correlation structure is a basis for future harmo-
nious and proportional body development.
* In preterm babies, the formation ofthese dependencies ensuring optimum control
over the impending metrical growth changes is not completed at their birth, yet.

References

1. Falkner.F, J.M.Tanner. Human Growth (2"dEdition). New York and London, Plenum Press,
1987, 1-537. . . ,

2.Karapetrov, Gr. Correlations entre le perimetre de la tete, la stature et la taille assis pendunt la
croissance. - Bull. De I'Assoc. des Anatomistes, 54cCongres, Sofia, No 146, 536-538.

3.4 yHpaoBa, P. lToHrUTyAnHaNnHO npoyyBaHe pacTexa Ha geua oT 0 4o 3-roguiuHa Bb3pacTt (KaHz.
fauc.). 1978, 1-158.

4. KanwuHos, K. CTaTUCTMUYeCKN MeTOAM B MOBELEHYECKUTE U couuanHuTe Hayku. Codus, HBY,
2001, 79 c.

5. Pesnep,X.,X.3rrepc, N Kwonby, E. KypT, K BarHep. Kputepum n Hopmatusu HoOpMasnbHOro
COMaTUYeCKoro pasBuTuA OT Neprosa HOBOPOXKAEHHOCTMN O OKOHYaHUA Nepuoja cospesaHmns. - B
Mpo6neMun NOCTHaTa/bLHOrO COMaTONCUXMYECKOro pa3suTtusa. M., MeguuunHa, 1974, 49-107.

6.Cemeppaxuesa, P, . Beneaunkosa, M. 50xXMKoB. ®nU3nyecko pasButue Ha feua 4o 3-
roguilHa Bb3pacT B bbarapus, - ViHhopmaumoHeH 6onetuH, 1, 1972, 1-195.

7.4 unposckKu, M. MeanKo-aHTPOMOMOrMYHO U3CNefiBaHe Ha fiel,a OT NepUoANTE KbpMayecTBO U PaHHO
netcTBO (KaHg. auc.). 1986, 1-298.



Institute of Experimental Morphology and Anthropology with Museum
Bulgarian Anatomical Society

Acta morphologica et anthropologica, 12
Sofia « 2007

Subcutaneous Fat Tissue in Children Aged
from 3till 6 Years (preliminary report)

Y. Zhecheva

Institute ofExperimental Morphology and Anthropology with Museum,
Bulgarian Academy ofSciences, Sofia

The development of Subcutaneous Fat Tissue (SFT) is morphological characterization with high ecological
sensitivity and specificities connected with age and sex. The aim of the present work is to characterize the age
and sexual differences of subcutaneous fat tissue thickness and its distribution in children aged from 3to 6
years. The data presented are part of a detailed anthropological investigation started in June 2004 in Sofia
kindergartens. Data about 440 children (210 boys and 230 girls) at 3, 4, 5 and 6 years are included. The
thickness of9 standard skinfolds and the total quantity of SFT are analyzed. The total quantity of SFT in all
the examined ages is larger in girls. The age differences show that SFT accumulation happens basically during
the periods 3-4 and 5-6 years. Sexual differences of total quantity SFT are biggest in 5years old children and
smallest at the age of 3.

Key words: subcutaneous fat tissue, skinfolds, sexual differences, age differences, children.

Introduction

From birth till adulthood in the anthropometrical characterization occur great changes,
which accompany the morphological maturation of human body [3]. The changes them-
selves are connected with individual’s sex and his physiological status. The Subcutane-
ous Fat Tissue (SFT) thickness is an important morphological characterization for the
assessment of physical development in children. It possesses great eco-sensitivity and
age-sexual specificity, and gives valuable medico-anthropological information about physical
and health status of the growing up organism [2, 4].

The aim of the present work is to characterize the age and sexual differences of
subcutaneous fat tissue thickness and its distribution in children aged from 3to 6 years.

Material and Methods

The data presented are part from a detailed anthropological investigation started in June
2004 and carried out till now in kindergartens in Sofia City. The report includes data
about 440 children (210 boys and 230 girls) at the age of 3, 4, 5 and 6 years.
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The thickness of 9 standard skinfolds (in mm) and the total quantity SFT presented
by the 9 skinfolds’ sum are analyzed.

The skinfolds are measured with Holtain skinfold caliper, by the WHO standardized
method approved in 1987 and published in 1989 [1].

The sexual differences are evaluated quantitatively by the Index of Sexual Diffei-
ences (ISD), expressed in Index Units (IU) and computed by the formula:

ISD = 2x [(x boys - x girls) x 100]/ (x boys + x girls).

The zero ISD value shows absence of sexual differences. The positive values point out
priority for boys and the negative —priority for girls.

The metrical data are statistically computed and the established differences are assessed
by the t-test of Student atP<0.05.

Results

The statistical data about each skinfold on body and extremities and the sexual differenc-
es and their reliability are presented in Tables 1, 2, 3and Figs. I, 2, 3; while about the sum
of 9 skinfolds in Tables 1, 2, 3 and Fig. 4.

Subscapular skinfold. The subscapular skinfold thickness concerning the 3years old children
is 529 mm for boys and 5.23 mm for girls. It increases up to 5.61 mm in the 6-year-old
boys and up to 6.43 mm in the 6-year-old girls. The inter-age comparison shows that the
changes of SFT thickness on back during 3-6 years are similar for both sexes. Throughout
the periods 3-4 years and 5-6 years the subscapular skinfold increases for both sexes more
tangible in girls, throughout the period 4-5 years it remains nearly the same for boys and
girls and even a slightly decrement have been observed for both sexes. The sexual comparisons
indicate almost equal SFT thickness on back for both sexes at 3years of age but girls have
always thicker subscapular skinfold from 4 till 6 years of age. The ISD data pointed out
that the sexual differences increase in the ages, being 1.14 1U at 3years (little priority of
boys over girls) and it rises already to 13.62 IU at 6 years - priority of girls over boys. The
sexual differences are not statistically significant in any of the studied age groups.

X-th rib skinfold. The X-th rib skinfold thickness is nearly equal for both sexes at 3 years
of age being insignificantly thicker in boys (boys —4.12 mm, girls —3.93 mm). There are
small changes of the X-th rib skinfold in the ages for both sexes that are more strongly
expressed in girls. The skinfold thickness increases in boys, although slightly, during the
entire studied period. The accumulation of SFT on chest is more clearly displayed in girls
throughout the periods 3-4 and 5-6-years, compared to boys for the same periods. In girls
the SFT thickness decreases between the 4th and 5th year, at the age of 5boys and girls
have equal skinfolds, and girls at 6 have already thicker X-th rib skinfold than boys (boys
—4.45 mm, girls —5.12 mm). Most intensive is the accumulation of SFT on this area in
boys between 4 and 5years, and in girls —between 5and 6 years.

The sexual differences assessed by ISD data are smallest, practically missing, at 5
years of age (0.69 1U) and biggest with priority for girls at 6 years of age (-14.22 1U).
The differences are not statistically significant.

Abdomen skinfold and suprailiac skinfold. The SFT quantity on abdomen area is
determined by the abdomen and suprailiac skinfolds. At 3years of age they are practically
equal for both sexes: in boys respectively 6.81 mm and 3.77 mm, and in girls respectively
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Table 1 Data about skinfolds’thickness in boys

Age n
3 44
4 62
5 59
6 45

Table 2. Dataabout skinfolds’thickness in girls

Age n
3 48
4 69
5 70
6 43

Subscapular

X
5.29
5.39
5.20
5.61

SD
1.16
1.92
2.72
2.85

Subscapular

X
5.23
5.90
5.70
6.43

SD
1.16
1.70
2.02
3.66

X-th Rib
X SD
412 0.86
416 131
435 297
4.44 223

X-th Rib
x  SD
3.93 091
442 123
432 112
512 3.13

Suprailiac Abdominal
X SD % SD
3.77 089 681 2.20
4.07 2.00 731 3.32
375 134 6.78 284
441 232 817 4.74
Suprailiac Abdominal
% SD X SD
3.89 101 6.82 2.16
478 182 8.13 3.00
471 164 844 334
534 312 9.10 4.49

Triceps
% SD
10.03 2.36
991 2384
9.68 2.52
9.90 3.14

Triceps
X ISD
10.35 1.96
11.42 2.80
10.94 2.58
11.12 3.38

Biceps
% SD
487 1.10
476 150
441 1.04
467 184
Biceps
X 15T
4.74 115
5.14 1.27
5.02 1.32
5.46 2.06

T ab le 3. Sexual differences according to the ISD data and the statistical significance by Student’s t-test

Age Subscapular

skin fold

ISD t-test

3 114 0.24
4 -9.03 -1.62
5 -9.17 -1.19
6 -13.62 -1.17

X-th Rib
skin fold
ISD t-test
472 1.04
-6.06 -1.17
0.69 0.09
-14.22 -1.19

Suprailiac Abdominal

skin fold skin fold
ISD  t-test ISD  t-test
-3.13 -0.62 -0.15 -0.03
16.04 -2.12* 10.62 -1.50
-22.70 -3.58* -21.81 -3.01*
-19.08 -1.58 -10.77 -0.95

* Statistically significant differences (P< 0.05)

Triceps
skin fold

ISD t-test
-3.14  -0.71
-14.16 -3.08*
-12.22 -2.79*
-11.61 -1.76

Biceps
skin fold

ISD
2.70

-7.68
-12.94 -2.88*
-15.60

t-test
0.56
-1.61

-1.92

Forearm Thigh Calf Sum of
X SD X SD X SD 9 SF
599 117 1025 2.60 9.22 2.26 60.35
562 113 10.88 458 9.26 3.52 61.36
5.04 0.79 1042 4.02 894 272 58.57
5.06 1.13 11.77 491 9.60 3.08 63.63
Forearm Thigh Calf Sum of
X SD x ~SD~ SD 9 SF
6.19 126 113 2.75 10.08 2.25 62.53
589 124 1341 450 11.15 3.46 70.24
543 130 13.25 4.04 1097 2.84 68.78
524 148 1476 6.00 1091 3.64 73.48
Forearm Thigh Calf Sum of
skin fold skin fold skin fold 9 SF
ISD t-test ISD t-test ISD t-test ISD
-3.28 -0.79 -9.74 -1.88 -891 -1.83 -3.55
-4.69 -1.30 -20.83 -3.19* -18.52 -3.09* -13.50
-7.45 -2.02* -23.91 -3.98* -20.39 -4.13* -16.03
-3.50 -0.64 -22.54 -256* -12.77 -1.82 -14.37
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Fig. 3. Intersexual differences according to the ISD data
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Fig. 4. Sum of the measured 9 skinfolds thickness
1 —girls; 2 — boys

6.82 mm and 3.89 mm. For boys at 6 the abdomen skinfold thickness is 8.17 mm and the
suprailiac skinfold —4.41 mm. Girls at the same age have thicker skinfolds (abdomen
skinfold —9.10 mm, supailiac skinfold —5.34 mm). The inter-age comparisons show that
more intensive is the accumulation of SFT on abdomen area between 5th and 6th year in
boys, and between 3rd and 4th year in girls. Throughout the period 4-5 years, the thickness
ofboth skinfolds decreases in boys, in girls the abdomen skinfold increases insignificantly
and the suprailiac skinfold remains nearly the same.

The sexual comparison displays nearly equal thickness of both skinfolds for the 3
years old boys and girls. Further till 6 years their mean values are bigger in girls. The 1SD
data display an increment of sexual differences till 5years of age when the ISD values are
highest (-21.811U for abdomen skinfold and —22.70 IU for suprailiac skinfold). Statistically
significant are the differences of abdomen skinfold at 5years and of suprailiac one —at 4
and 5years. At 6 years of age, the sexual differences are smaller and this decrement is
better expressed for the abdomen skinfold.

Triceps skinfold. The SFT thickness on back-arm area (triceps skinfold) in the 3-year-old
children have similar values for both sexes —in boys it is 10.03 mm and in girls it is 10.35
mm. The age changes oftriceps skinfold are of a different nature for both sexes. For boys
in the period 3-5 years it decreases, between 5 and 6 years it slightly increases being 9.90
mm for the 6 years old boys, but it reaches not the value for the 3-year-old boys. For girls
the triceps skinfold thickness increases reliably between 3rd and 4th year and achieves its
maximum for the entire period under study at the 4-year-old ones (11.42 mm). A decrement
of the triceps skinfold is observed during the period 4-5 years. Between the 5th and 6th
year the triceps skinfold thickness increases again, at 6 it is 11,12 mm but it is not so high
as for the 4-year-old girls.

The sexual differences of triceps skinfold are smallest at 3 and biggest at 4 years, after
which they gradually decrease remaining considerably high. Statistically significant are the
differences for the 4 and 5-years-old boys and girls. For all studied age groups the SFT
thickness on triceps area is higher for girls.
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Biceps skinfold. The mean value of SFT on frontal-arm area (biceps skinfold) is 4.87 mm
for 3-year-old boys and 4,74 mm for 3-year-old girls. At 6 years of age the biceps skinfold
decreases up to 4.67 mm for boys, and vice versa it increases for girls up to 5.46 mm.
The age changes ofbiceps skinfold for boys are similar to the ones of triceps skinfold, and
more clearly expressed are: the biceps skinfold decrement between 3rd and 5th year and its
increment after the 5th year. The age changes of biceps skinfold for girls are similar to
those of triceps skinfold, but it reaches its maximal mean value at 6 years of age.

The ISD data display that sexual differences of biceps skinfold increase in the ages.
They are smallest, not statistically significant at the age of 3 (2.70 1U) in favor for boys.
After this age till 6, girls have permanently thicker biceps skinfold but statistically significant
are only the differences at 5years of age (—12.94 |U).

The age changes of SFT thickness on arm (biceps skinfold and triceps skinfold) tended
to a SFT distribution that is characteristic for adults, i.e. for boys the tendency is commonly
toward a decrease ofthe SFT thickness on arm, while for girls —it is toward an increase.

Forearm skinfold. The SFr quantity on forearm site during the period 3-5 years gradually
decreases for both sexes. Throughout the 5th and 6th year forearm skinfold thickness
remains the same in boys and it continue to decrease in girls. The forearm skinfold decreases
in boys from 5.99 mm to 5.06 mm and in girls —from 6.19 mm to 5.24 mm during the
period 3-6 years.

Thicker is the SFT thickness on forearm site in girls about all age groups. ISD data
show that sexual differences are smallest at 3 years of age (—3.28 1U) but they are biggest
and statistical significant at 5years of age (—7.45 1U). After this age the sexual differences
become smaller and at the age of 6, being -3.50 IU, they are near to the differences for the
3-year-old children.

Thigh skinfold. Highest is the SFT thickness on thigh site (thigh skinfold) for both sexes
in all age groups. For the 3-year-old children itis 10.25 mm in boys, and 11.30 mm in
girls. At 6 years the thigh skinfold is already 11.77 mm in boys and 14.76 mm in girls. The
age changes are nearly the same for both sexes. Throughout the 4th and 5th year the thigh
skinfold becomes slightly lower in both sexes and in girls —even unnoticeably. After 5
year_slofage, the SFT thickness on thigh site increases again for both sexes, more intensively
In girls.

A The sexual comparison displays that for all investigated ages, girls have larger quantity
of SFT on thigh. The sexual differences are smallest at 3 years and only at this age they are
not statistically significant (-9.74 IU). Biggest are they in the 5-year-old children (-23.91
IU) and at the age of 6 the sexual differences slightly diminish.

Calf skinfold. The thickness of calf skinfold is 9.22 mm in 3-year-old boys and 10.08 mm
in 3-year-old girls. At 6 years of age it is 9.60 mm for boys and 10.91 mm for girls. In the
age, the changes ofthis skinfold thickness are different for both sexes. In boys between 3rd
and 4th year the calf skinfold practically didn’t modify, between 4th and 5th year it decreases,
and between 5th and 6th year it increases noticeably. Girls accumulate larger quantity of
subcutaneous fat tissue on calf site in the period 3-4 years and after this age till 6 the calf
skinfold thickness slightly decreases.

The intersexual differences assessed quantitatively are smallest for the 3-year-old
children (—8.91 1U), as it is for the rest skinfolds, and they increase till the 5th year when
the differences are most clearly expressed (-20.39 IU). At 6 years of age the sexual
differences become smaller, in view of the fact that the calf skinfold thickness decreases in
girls and it increases in boys.
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Sum of 9 skinfolds thickness. The total quantity of measured SFT thickness is presented
by the sum of 9 skinfolds. The tendency and intensity of age differences are comparatively
equal for both sexes. The accumulation of SFT happens basically during the periods 3-4
and 5-6 years, as the total quantity of SFT increases throughout the 3rd and 4th year more
noticeably in girls than in boys. Between 4th and 5th year a tangible change in the total
quantity of SFT is not observed. The sum of 9 skinfolds for boys aged 6 years is about
5.43% higher compared to this for the boys aged 3years, and for girls the percentage is
three times higher—17.51%.

The results described could be explained by the first physiological extensmn malnly
of the extremities, that could be observed during the period 4-6 years (in girls it happens
one year earlier) [3].

The results about sexual comparison of the 9 skinfolds thickness sum display that
girls have larger quantity of SFT than boys in all studied age groups. The intersexual
differences assessed by the 1SD data are smallest in the 3-year-old children (—3.55 1U)
and biggest —in the 5-year-old ones (—16.03 1U).

Conclusions

1 The total quantity of SFT thickness in the period 3-6 years of age is greater in girls
compared to boys.

2. The inter-age differences display that the accumulation of SFT happens mainly i in the
periods 3-4 and 5-6 years of age in both sexes.

3. The sexual differences of total quantity SFT are biggest at the 5years old children and
smallest at 3years old ones.
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An attempt is made to correlate age at menarche with the somatotype in young adults. Data of 542 university
students in Sofia, mean age 22,1 at the investigation (1986) are analysed according the permanent residence
place. Somatotype is evaluated after Heath-Carter, age at menarche —by recalled age method. The results
show high differences between students from towns (higher mean age at menarche, higher mesomorphy and
endomorphy) and cities (lower mean age at menarche, lower mesomorphy and endomorphy). The differenc-
es can be traced also in their curves of correlation age at menarche-somatotype. These curves are opposed one
to the other. The results set the limits of normal age at menarche in city residents from 11.25 to 14.24 years
and show that the connection age at menarche-somatotype is more complicated than usually accepted.

Key words: age at menarche, somatotype, university students, young adult age, city-town differences.

Introduction

The interrelations of sexual maturation and somatotype have been object of various studies
[1, 2, 6]. In such studies usually is looked for these relations in adolescence period. In
present study an attempt is made to correlate age at menarche with the somatotype in
young adults, when the processes of growth, development and maturation are more or less
over. The interrelations of age at menarche and somatotype have been traced on the back-
ground of the urbanization level.

Material and Methods

For the purpose of this study the individual data of 542 young female students in Sofia
universities (mean age 22.1 years in the moment of investigation —spring 1986) are
analysed according the permanent residence place. They were near 9 years since their
menarche (mean age at menarche 13.2 years). The students were classified according the
population and the status of their residence place in 1975 census (the most close to their
adolescence). The following groups have been used:

10 Acta morphologica et anthropologica, 12 145
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1) villages;

2) small towns (less than 25 thousands);

3) big towns (25 — 100 thousands);

4) cities (above 100 thousands);

5) Sofia —migrants (since it is possible that some of them have reported the place ot
temporary residence as a place of permanent);

6) Sofia —native born (born in Sofia).

Students’ somatotype is evaluated after Heath-Carter’sschedule [9,12]. Data of age at
menarche are collected by the recalled age method (retrospective). The crude mean values
ofthe separate somatotype components by age groups have been adjusted by the method of
moving average [10].

Results and Discussion

The analysis of the material has found significant differences between the subsamples as in
the mean age at menarche (from 12.95 to 13.61 years, p < 0.01) but also in the separate
components of the somatotype (endomorphy from 4.26 to 4.90, p < 0.05; mesomorphy
from 3.46 to 4.40,p < 0,001; ectomorphy from 1.76 to 2.45,p < 0.01). As the reader can
see, these differences are most sharply expressed in the mesomorphy (Table 1, Fig. 1). On
the basis of these differences the investigated students can be divided in two major groups
—aqirls from the towns and girls from the cities (including Sofia and the migrants in it).
The students from towns show higher mean age at menarche combined with higher meso-
morphy and endomorphy (Table 2) - mean somatotype mesomorph-endomorph. The
students from cities show lower mean age at menarche combined with lower mesomorphy
and endomorphy - mean somatotype mesoendomorph. These significant differences are
present also ifthe somatotype is traced by age at menarche according the residence (Fig.
2). The curves of correlation between age at menarche and somatotype in city and town
girls, which have been found, were completely different and opposed one to the other.

Table TI.Ageatmenarche and somatotype in the investigated students by residence

Residence N Ageat  Somatotype —components Somatotype
menarche
Endo- Meso- Ecto-
momhv  momhv momhv

Village 3 M 12.95 4.90 4.12 1.76 Mesoendomorph
SD 1.67 1.70 1.19 1.03

Small town 59 M 13.61 4.47 4.40 1.95 Mesomorph-endomorph
SD 1.30 1.37 1.08 0.98

Big town 148 M 13.35 4.55 452 2.18 Mesomorph-endomorph
SD 1.42 1.19 1.09 1.13

City 93 M 13.04 4.40 3.46 2.20 Mesoendomorph
SD 1.26 0.96 0.92 1.15

Sofia (migrants) 72 M 12.95 4.26 3.47 2.45 Mesoendomorph
SD 117 1.39 0.96 1.08

Sofia (native 134 M 12.97 454 3.52 2.28 Mesoendomorph
SD 1.25 1.43 1.12 1.18

Total 542 M 13.15 4.50 391 2.19 Mesoendomorph
SD 1.34 1.37 1.15 1.13
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352
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Fig. 1L Mean somatotype (M+m) and mean age at menarche by residence
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Table 2 Ageat menarche and somatotype in the investigated students by united groups

Residence

Village

Town

City

Total

N

207

299

542

SD

SD

SD

SD

Age at
menarche

12.95
1.67
13.42
1.39
12.99
1.23
13.15
1.34

Somatotype —components

Endo- Meso- Ecto-
morphy  morphy  morphy
4.90 4.12 1.76
1.70 1.19 1.03
4.53 4.49 2.11
1.24 1.06 1.09
4.43 3.49 2.30
1.29 1.02 1.15
4.50 3.91 2.19
1.37 1.15 1.13

Somatotype

Mesoendomorph

Mesomorph-endomorph

Mesoendomorph

Mesoendomorph
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Fig. 2. Somatotype by age at menarche and residence

The small subsample of students - rural residents has an intermediate position. They
are closer to the city residents in mean age at menarche (12.95 years) and in the general
description of their somatotype (mesoendomorph), but in the values of every separate
somatotype component are closer to the town students (Table 2). The composition oft is
subsample has some specific peculiarities, which have been discussed in details in our
former paper and explain the early upset of menarche [11]. It can be presumed that the
similarity of their somatotype to the somatotype of city students is due to the reasons
discussed in the cited paper. Ifwe analyse the somatotype by age at menarche in village
students, we come to a curve similar to the curve in city students, but shifted to the curve
in town students. ..C, .. anr,

It is interesting that the city residents with age at menarche from 11.5 to 14 years
(more strictly from 11.25 to 14.24 years) show practicalle the same somatotype - 4.56 :
3.52:2.20 (Table 3, Fig. 2). Variations can be found only in students with earlier or later
age at menarche. These both cases present lower endomorphy and higher ectomorphy. In
author’s opinion these are the limits of the normal age at menarche in a city population
(11.25 to 14.24 years). Around the middle of this interval (12.75 years) concentrate the
data of mean age at menarche in city and well urbanised populations in Bulgaria and in
whole Eastern Europe in the last quarter of 20thcentury [4, 7, 8].
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Table 3. Periodisation of the age at menarche and somatotype in the investigated students
by united groups

Residence Age at N Somatotype components Somatotype
menarche Endo- Meso- Ecto-
morphy  morphy  morphy
City < 1124 25 M 3.80 3.52 2.70 Mesomorph-endomorph
SD 1.20 0.81 1.05
11.25-14.24 232 M 4.56%* 3.52 2.20% Mesoendomorph
SD 1.43 1.04 1.15
14.25 < 42 M 4.05* 3.30 2.57* Mesoendomorph
SD 1.29 101 1.12
Town < 11.24 14 M 5.89 4.46 1.32 Mesoendomorph
SD 1.46 131 0.64
11.25-13.24 75 M 4.64* 433  2.12***  Mesomorph-endomorph
SD 1.14 1.56 1.05
13.25-15.24 101 M 4.20* 4.66 2.30 Endomesomorph
SD 1.13 1.02 1.12
15.25 < 17 M 4.88*  4.15(*) 1.62* Mesoendomorph
SD 1.24 1.07 1.02
Village < 1274 15 M 4.10 3.77 2.00 Mesomorph-endomorph
SD 1.50 1.03 1.07
12.75-14.24 13 M 6.00** 3.96 1.08**  Mesoendomorph
SD 1.65 1.42 0.61
14.25 < 8 M 4.62* 5.06*  2.44**  Endomesomorph

SD 1.25 0.42 0.94

* P <0.05 * —p <0.01, ** —P <0.001, (*) —P < 0.10 in comparison to the former subsample
by age at menarche

As far as city residents cluster in three subgroups (with early, medium and late me-
narche), in town residents can be traced four subgroups. These with early menarche (less
than 11.24 years) present a strongly expressed endomorphy (5.89) and their mean somato-
type is mesoendomorph. In students with menarche from 13.25 to 15.24 (named conven-
tionally “later than medium™) is very typical that the mesomorphy is more expressed than
the endomorphy (besides the lower endomorphy). Thus their mean somatotype is endome-
somorph. Such predomination ofthe mesomorphy is not typical for the female somatotype
in general. It distinguishes them from the group with menarche “earlier than medium”
(11.25 to 13.24 years) with mean somatotype mesomorph-endomorph. At last in town
residents with menarche later than 15.25 years can be found a higher endomorphy.

Despite their small number, village residents divide also in three subgroups with
statistically significant differences between them: with early (less than 12.74 years), medi-
um (12.75-14.24 years) and late menarche (over 14.25 years). They are similar to the city
residents in this fact that in the medium group can be found again the girls with the highest
endomorphy and the lowest ectomorphy and mean somatotype mesoendomorph, and in
the girls with early menarche the mean somatotype is mesomorph-endomorph. In the
group of village girls with late menarche, however, a similarity to the town girls with
menarche “later than medium’ can be found (a mesomorphy higher than endomorphy and
mean somatotype endomesomorph).

In the literature usually is given a simple relation between age at menarche and
somatotype —earlier maturation correlates higher endomorphy [1]. The somatotype of
students with early menarche in both early maturing samples (city and village residents —
mesomorph-endomorph) deviates from such type of relationship. The somatotype ofthe
late maturing girls from the towns (mesoendomorph) also falls out of such relationship.
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Such a relation cannot explain also the differences in the somatotype and in the age at
menarche according the residence. The results of present study show that the connection
between age at menarche and somatotype is more complicated than usually accepted. Itis
possible that the correlation is under social environment influence too. The Heath-Carter
schedule (according its authors themselves) belongs to the group of somatotyping methods
which estimate the phenotypic (i.e. present) somatotype, and not to the methods, which
attempt to assess the constitutional, unchanging pattern of somatotype [3]. Probably no
significant differences should be found by urbanisation level if a somatotype schedule
assessing the stable ecologically constitution has been used, for example the schedule of
Shtefko-Ostrovsky orofKadanoff-Jordanov [5]. Ahigher mesomorphy in town
and village girls than in city ones has been found in this study. A similar phenomenon has
been found for this period in a comparison of the somatotypes of adolescents from Sofia
and Smolyan and explained on the base of the higher motor activity of the children and
youth in the smaller town [6].

As a conclusion, the author considers that the relationship between social environ-
ment, sexual maturation terms and somatotype (in adolescence and after its termination)
needs additional studies.
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The aim ofthe present work is to present a new method ensuring possibility for individual assessment of
portion between the values of three somatotype components, for evaluation of their eco-sensitivity, for
comparison of somatotype data in different studies, and to show the results of its application in sportive-
medical practice. The method offered is an original illustrative addition to Heath-Carter’s somatotype
method. Our method visualizes three-dimensionally the portion between somatotype components’value.
The graphic method is elaborated and applied on representative data by M. Toteva in 353 individuals studied
longitudinally and 4001 athletes studied transversally. The results from comparative somatotype studies in
not engaged in sports children and adolescents, young but already trained beginners and top-class sportsmen
in different sport disciplines are shown as an illustration of the graphic method offered. The new method is
applicable in morphological control for the assessment of physical development in adolescents and in
sportive-medical practice.

Key words, somatotype components, eco-sensitivity, individual assessment, growing up individuals,
sportsmen.

Introduction

Somatotype is a complex morphological characterization that is considerably genetically
determined [4, 5,10], while its separate components undergo through different changes
during the ontogenetic development [1,11]. Its eco-sensitivity reflects mainly the type of
physical activity in labor, the way of life and sport, the nutritional specificity and nutrition-
al habits, the different diseases, etc. [3, 6, 7, 8, 9].

All purposeful investigations till now show that ages couldn’t affect essentially the
basic somatotype and their changes remain in the same somatotype zone during whole life.
The established changes in the ages express themselves only by moving into neighboring
somatotype categories [2,11]. It depends on the changes of three-somatotype components
during different age periods that reflect the age dependent eco-sensitivity of different body
tissues and systems.

We didn’t found in the special literature purposeful studies giving prominence to the
objective evaluation of eco-sensitivity in the separate somatotype components.



The aim of the present work is to present a new method ensuring possibility for
individual assessment of portion between the values of three somatotype components; for
evaluation of their eco-sensitivity; for comparison of somatotype data in different studies;
and to show the results of its application in sportive-medical practice.

Material and Methods

The method offered is an original illustrative addition to Heath-Carter’s somatotype meth-
od [2] by which could be visualized three-dimensionally the values of the three-somato-
type components, and comparatively medico-biological information to be gain, aswell. It
gives possibility for eco-sensitivity of each somatotype component separately to be as-
sessed as connected with age and sex, so dependent to the effect of different factors.

The construction of graphical somatotype models is done on the basis ofvalues (indi-
vidual or group) for the three-somatotype components. Values are marked on the axes of
three-dimensional system at 120 grades centigrade, which system is a base in Heat-Carter’s
somatotype card, as well. Outwards from center on the left axis are marked the values of
endomorph component, on the vertical axis —of mesomorph component, and on the right
axis —the ectomorph component. By the connection of points on the three axes is formed
atriangle. Fig. 1A illustrates a graphic model of somatopype arbitrarily chosen; being in
this case mesomorph-ectomorph (En 2.44 —M 3.81 —Ec 4.01). Comparatively ispre-
sented also the Heath-Carter’s somato-card ofthe same somatotype (Fig. 1B). The triangle
received by somatotype graphic model gives possibility of portions between the three-
somatotype component values to be visualized. This illustrative method gives also possi-
bilities of the results from studies containing data of multiple observations during child-
hood and adolescence to be compared, a period during which the individual somototype
characteristics are more changeable stimulated by the active growth. Such comparisons
could be made by/or the selection and health morphological control during training pro-
cess in sportive-medical practice, aswell.

The graphic method is elaborated and applied on representative data elaborated by
M. T oteva [11] in a longitudinal investigation of not engaged in sports (non-athletic)
schoolchildren (7-14 years old), advanced young sportsmen (12-17 years old) who are
representatives of 11 sports, and top class sportsmen (mean age: -20.2;$ -23.4) repre-
sentatives of 20 sports. Totally 353 individuals from both sexes are studied longitudinally
and 4001 ones —transversally.

Results

As an illustration of the informative possibilities of the graphical method are presented
results from comparative somatotype investigations in not engaged in sports children and
adolescents (Table 1), beginners but advanced athletes (Table 2) and elite sportsmen en-
gaged in different sports (Table 3).



Fig. 1 Hlustration of somatotype graphical method according to data about 14 years old not engaged in

sports boys Mesomorph-ectomorph somatotype (En 2.44 —M 3.81 —Ec 4.01)
A — Our somatotype graphical model;£ —Somato-card by Heath-Carter

The longitudinal results of boys and girls not engaged in sports show that for boys
aged from 7till 12 years the mean somatotype is balanced mesomorph, at 13 years —
ectomorph-mesomorph, and at 14 years —mesomorph-ectomorph. In girls at 7 years of
age the mean somatotype is central, between 8 and 11 years it is balanced mesomorph, and
at 14years —again central.

The construction ofour somatotype graphic models gives possibility for the age changes
of total somatotype in adolescents established by Heath-Carter’smethod to be worked out
in detail that reflect spatially the quantitative changes in separate components. Ilustrated
in such manner, the age changes of separate somatotype components could be connected
with the quantitative changes in body constitution ofthe growing up and sexually maturat-
ing organism.
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Table 1 Somatotype of not engaged in sports 7-14 years old children (longitudinal data)

Sex
Age
En
M
Ec

2.66
4.34
3.05

2.88
4.66
2.92

Boys

10 1 12
2.90 2.89 2.90
4.46 4.53 4.35
2.90 321 3.32

Table 2. Somatotype of 12-17 years old sportsmen

Sex
Sport
Age
En

M

Ec
Sex
Sport
Age
En

M

Ec

12
1.86
4.52
4.27

12
2.33
3.19
4.12

13
1.63
4.66
4.00

13
2.85
3.59
3.97

Footballplayers

14 15
2.08 2.25
4.92 5.05
3.17 3.00

Field and track athletes

14 15
2.93 3.50
3.60 3.93
3.58 3.14

Table 3 Somatotype of top class sportsmen

Sex
Sport

En
M
Ec

Weght lifters

2.90
6.90
1.00

Men

Acrobats Body builders
2.50 1.70
5.48 7.15
2.08 0.94

13 14 7 8
2.81 2.44 3.04 3.09
4.20 3.81 3.94 4.37

3.51 4.01 3.20 2.77

16
2.40
4.85
3.20

16
3.50
3.31
3.44

Boys
17 12
2.30 2.08
4.92 4.78
3.25 2.50
Girls
17 12
3.94 4.10
3.53 3.42
2.69 3.40
Women
Rhythmic Weight lifters
gymnasts
1.53 3.82
2.89 6.09
491 0.88

Girls
9 10 1 12
3.27 3.21 3.30 3.42
4.36 4.18 4.40 4.18
3.12 2.92 3.01 2.82

Weight lifters

13 14 15
2.35 2.50 2.06
5.26 5.73 5.41
2.16 2.25 2.43

Academic rowing

13 14 15
3.79 4.59 4.75
3.32 4.02 3.38
3.61 3.11 2.85

13
3.48
3.62
3.00

16
2.71
531
3.00

16
4.67
3.86
2.64

14
3.52
3.55
3.04

17
2.25
5.48
1.50

17
4.68
4.82
2.92



For greater clarity we shall illustrate our results only by the somatotype graphic
models ofboys and girls at 7 and 14 years of age. In Figures 2A and 2B are presented the
somatotype differences in the ages separately for boys and girls, which reflect also the
sexual differences in this ages.

A B

Fig. 2. Somatotype graphical models of not engaged in sports 7-14 years old schoolchildren
(longitudinal data)
A —Dboys; .6 —girls

The analyses of detailed data (Table 1) show that in boys at 7 and 9 years is available
slightly increase of endomorphy and mesomorphy, while the ectomorphy decreases. Dur-
ing 9 and 14years of age, however, the endomorphy and mesomorphy already decrease, if
only very few at the expense of the ectomorphy considerable increment.

For girls in the ages, the changes of somatotype components are more slightly ex-
pressed. Between 7 and 9 years, the endomorphy and mesomorphy in them slightly in-
crease, and the ectomorphy remains nearly the same. Between 9 and 14 years the values of
endomorphy and mesomorphy still increase and the values of ectomophy decrease.

By means of our somatotype graphical models are visualized also the specific sexual
differences in somatotype characterization throughout the period 7—14 years. During child-
hood —7 years of age, both sexes have relatively equal ectomorphy, the endomorphy being
greater for girls and the mesomorphy —for boys. At 9 years (pre-puberty) the sexual
differences are similar to those at 7 years. At 14 years of age, however, the sexual differenc-
es of somototype components values are underlined better —the endomorphy in girls is
already considerably greater, while ectomorphy is considerably smaller compared to boys.

The somatotype characterization being a routine method in sportive-medical practice
isvery important for the selection of beginners in sport, and for the morphological control
during training process, as well. By the application of our somatotype graphic models a
precondition for quantity assessment in the differences between somatotype components
ofbeginners and top class sportsmen could be created. In this respect as example we show
the results of somatotype graphic models analysis in 12 years old beginners and 17 years
old sportsmens who were supposed beening trained at least 5 years the respective sport.
Boys are football-players (Fig. 3A) and weight lifters (Fig. 3B); girls are track-and-field
athletes —runners (Fig. 4A) and academic rowers (Fig. 4B).

155



Fig. 3. Somatotype graphical models of 12-17 years old athletes —boys
A —football-players;B —weight lifters

12 years  ............ 17 years

Fig. 4. Somatotype graphical models of 12-17 years old athletes —agirls
A —track and field athletes; B —academic rowers

Mesomorph-ectomorph is the mean somatotype of the football-players —beginners,
and ectomorph-mesomorph ofthe 17 years old male football-players. Balanced mesomor-
ph isthe mean somatotype of the weight lifters —beginners, and endomorph-mesomorph
of the 17 years old weight lifters.

In track-and-field female athletes the mean somatotype is mesomorph-ectomorph at
12 years of age, and for the 17 years old ones it is endomorph-mesomorph. In girls aca-
demic rowers the mean somatotype is central at 12 years of age, and for the 17 years old
ones it is endomorph-mesomorph.

Summarizing the analysis of somatotype graphic models in these sportsmen, it be-
comes immediately obvious that in boys (football-players and weight lifters) the propor-
tion of ectomorph component inside the complete somatotype decreases in the ages, oppo-
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site to those for not engaged in sport boys, by who was established that the proportion of
the ectomorph component increases in the ages during the growing up period. For not
engaged in sport girls was established that the ectomorphy didn’t change in the ages, while
for the girl-athletes, as it is for boy-athletes, the ectomorphy decreases in the course of
ages.

In male football players, parallel with the decrease of ectomorphy, the values of
endomorphy and mesomorphy increase, but in male weight lifters the decrease of ecto-
morphy isaccompanied with mesomorphy increase.

In female track and field athletes the decrease of ectomorphy is accompanied by
increase ot endomorphy and mesomorphy in the ages, while in female academic rowers
thebilncrease of endomorphy is on a small scale and the increase of mesomorphy is consid-
erable.

From sportive-medical point of view it is well known that the athletes’ somatotype is
of a great importance for their sportive achievements. On the other hand, the somatotype
serves as a basis when good evaluation whether someone is appropriate to train the desired
by him sport had to be given. This assessment is based on the somatotype model’s data of
top class sportsmen, by which model on the other hand the morphological control during
training process could be supported.

The presentation of the somatotype for top class sportsmen by our somatotype graph-
ic models extends the quantitative base of somatotype assessment used in the sportive-
medical practice. It could be realized creating standard somatotype graphic models under
sports on the basis of data for respective somatotypes about top class athletes. These mod-
els visualize the information about optimal proportion between the values of separate
somatotype components in mean somatotype for top class sportsmen engaged in the re-
spective sport, and could be used as evaluation criteria in the sportive-medical practice.

In the present paper we present some exemplary standard somatotype graphic models
oftop class sportsmen.

The mean somatotype of top class male weight lifters isendomorph-mesomorph (Fig.
5A). Their standard somatotype graphic model shows that the optimal formula concerning
the proportion between values of the three components is 3En: 7M: IEc.

The mean somatotype of male acrobats is balanced mesomorph (Fig. 5B), the optimal
proportion between each components’value is of the type 2.5En: 5.5M: 2Ec.

The best illustration about merit and necessity ofthe presented graphic somatotype
model to be applied is the one elaborated for top class male body builders (Fig. 5C).

Their mean somatotype is endomorph-mesomorph. The optimal proportion between
values of the three components shows that mesomorphy is 7 times higher than ectomor-
phy, and nearly 4 times higher than endomorphy —1.7En: 7M: IEc.

The standard somatotype graphic model of female top class rhythmic gymnasts (Fig.
6A) shows that the mean somatotype is mesomorph-ectomorph, by which ectomorphy
dominates nearly twice over mesomorphy, whish on its side dominates nearly two times
over endomorphy, i.e. the proportion is of the type 1.5En: 3M: 5Ec.

In female top class weight lifters (Fig. 6B) the mean somatotype is endomorph-meso-
morph. The optimal proportion between its somatotype components is of the type
3.8En: 6M: 0.9Ec.

157



Fig. 5. Standard somatotype graphical models of top class athletes —men
A —weight lifters;/? —acrobats; C —body builders

—rhythmic gymnasts -weight lifters

Fig. 6. Standard somatotype graphical models of top class athletes —women
A —rhythmic gymnasts; B —weight lifters
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By way of example applying our somatotype graphical method is presented the soma-
totype assessment of beginners weight lifter (En 2.08 - M 4.78-Ec 2.50) and of top class
weight lifters (En 2.90 —M 6.90 —Ec 1.00) (Fig. 7). In young weight lifters the endomorph
component values are smaller compared to those in top class weight lifters, and the ecto-
morph component is bigger. The differences are characteristic for the values ofboth soma-
totype components. Clearly could be seen the model ofbody form and structure towards
which initially had to be directed the selection of beginners weight lifter, and later their
training process. Obviously, the suitable training rules for the selected and turned to this
sport individual had to be such that enlarges the mesomorph and lessens the ectomorph
component realized by the increment of muscles mass and skeletal massiveness.

M

Fig. 7. Application of somatotype graphical models when comparing the somatotype of beginners and top
class weight lifters. Somatotype of beginners (2.08 —4.78 —2.50);
standard somatotype model (2.90 —6.90 — 1.00)

Conclusion

The somatotype graphic model and the described results by way of example about its
application show that it can be used as in the preventive medical, so in the sportive-
medical practice.

Evaluating the physical development of children and adolescents by the somatotype
graphical models, the specific interconnected changes of the three-somatotype compo-
nents could be visualized, which attend the sexual body maturation during this dynamic
period on human ontogenesis.

In sportive-medical practice the method ensures objective biometrical data for selec-
tion, assessment and control of athletes’ morphological constitution.

As an original illustrative addition to Heath-Carter’s somatotype method, our graph-
ical method is easy for application and gives direct visual spatial information in self-
dependant or comparative investigations.
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Five large families with hemophilia were investigated. For each propositus a circumstantial family anamnesis
was taken and a detailed genealogical tree of each family was drawn and analyzed. In all the genealogical trees
the typical characteristics of the illness as a X-linked recessive defect were established. On the other hand,
our analysis demonstrated that, despite the genetics of hemophilia and the manner of its hereditary transmis-
sion have been elucidated long ago, the genealogical analysis in hemophilic families is far of having exhausted
its possibilities. In our sample, it allowed to make both social and genetic conclusions. The social applications
concern the Muslim hemophilic families and their behavior concerning the circumcision. The genetic
findings allow to hypothesize that the gene of hemophilia could show its effect with different expressivity.
Among dermatoglyphic findings, the increased asymmetry in hemophilic patients should be noted and this
concerns both finger and palm dermatoglyphics.
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Introduction

The only study of dermatoglyphics of hemophilic patients which we found in foreign and
Bulgarian literature [8] reported dermatoglyphic peculiarities in certain patients, but it
reminded somewhat isolated, probably because of the lack of statistical significance of
most of the findings. On the other hand, numerous studies reported the importance of the
X-chromosome for dermatoglyphic traits. As early as forty years ago Parson s [5]
assumed that the higher dermatoglyphic variability in women is due to different propor-
tions between mother’sand father’s X-chromosomes remaining active after inactivation ot
one ofthem accordingly to Lyon’s hypothesis. Although dermatoglyphic traits are mainly
autosomically determined [6], the possibility for a considerable impact of the sex-chromo-
somes was also widely accepted [3,4]. What is more, itwas concluded that additional X
chromosomes strongly reduce the finger ridge counts [1, 2, 7].

1This article is dedicated to the memory of Professor Dr. Rumiana Mishkova.
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The current study was devoted to dermatoglyphic and genealogical analysis of fami-
lies with hemophilia A and B.

Since the genes ofhemophilia are X-linked, it could be expected that dermatoglyphic
examination of hemophilic patients would reveal relationships , ifany, between the two
packages of genetic information: this determining the lack ofblood coagulation factor V111
or IX and that governing dermatoglyphic patterns and ridge counts as well as their asym-
metry.

Material and Methods

Five large families with hemophilia were investigated, four of them with hemophilia A
(factor’s V111 deficiency) and one with hemophilia B (factor’s IX deficiency), the latter
belonging to the Turkish ethnical community in Bulgaria. The propositi varied in age
between 13 and 30 complete years. They themselves, as well as some of their hemophilic
relatives have been hospitalized and treated many times in the Clinics of Hematology at
the Department of Internal Diseases, Medical University (at the time —High Medical
Institute) —Varna. Among the clinical findings, hemorrhages and posttraumatic intra-
articulation bleedings of retarded type prevailed. A circumstantial family anamnesis was
taken of each patient and a detailed genealogical tree was drawn. Complete dermatoglyph-
ic analysis was carried out in seven patients (all of them Bulgarians with hemophilia A)
whose clinical and laboratory investigation had undoubtedly confirmed the diagnosis. All
the dermatoglyphic findings were compared to criteria elaborated by the first of us [9] on
a large sample of Bulgarians from the same region.

Results

All the pedigrees under analysis showed the typical peculiarities of the hemophilia as a X-
linked recessive defect of the blood coagulation. In most of the cases all the patients
belonging to a given family have received the pathologic gene from a common progenitor
—female heterozygous career.

Fig. 1presents the pedigree of a Turkish family with 7 hemophilic patients; in three
ofthem the diagnosis has been clinically approved and the death of the remaining four at
age between 7 and 12 years because of blooding after circumcision makes the diagnosis
more than probable. The transmission of the pathologic gene could be traced between all
the hemophilic persons in the family and their common progenitor, | —1, Seniha. The
family member 111 -3, Ravie, is an object of particular interest here. She has suffered a
heavy haemorrhage syndrome, with clinics practically identical to those in the hemophilic
men in the same family. Despite Ravie has been hospitalized and treated a lot oftimes, the
clinics of the illness has become more and more heavier and she committed suicide at age

of 23 years.
Concerning the second pedigree, presented in Fig. 2, the hemophilia ofthe propositus
Todor (111 —3) and in his nephew Krasimir (IV -1) could be easily explained with the

presence of hemophilic gene in the heterozygous career Nedialka (11 —1). However, there
are another sue hemophilic men in the same family :the propositus’ father and five other
father’s line relatives. Evidently, all these cases have to do with the very rare accidental
coincidence of two heterozygous careers in the same family; in our case those are Neda (I
—1) and her daughter-in-law (Il — 1), Nedialka.
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Fig. 1. Pedigree of a Turkish family comprising seven hemophilic patients, four of them deceased after
circumcision and three ofthem clinically confirmed. All have received the pathologic gene from a common
progenitor, | — 1, Seniha

Fig. 2. Pedigree with eight hemophilic men. The transmission of the hemophilic gene could be traced to two
distinct progenitors: 1 —1, Neda and 11 —1, Nedialka
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Dermatoglyphic analysis showed that three out of four values of the finger ridge
count of hemophilic patients demonstrated statistically significant differences as com-
pared to the corresponding values in healthy men. The difference is especially expressed in
the total finger ridge count (TFRC): mean values of 169.29 versus 145.64. Of course, the
question arises as to the different contributions of the separate fingers to this difference.
The comparisons realized finger-by-finger showed that, except the fifth fingers of both
hands, all the remaining fingers participle in the total difference with almost equal contri-
butions. As far as the TFRC is an indicator of the model size, it is evident that bigger finger
patterns prevail in hemophilic patients.

The absolute finger ridge count (AFRC) is also higher in the hemophilic patients; the
difference between the latter and the healthy men being especially expressed concerning its
internal structure, i.e. concerning the relationship between its two components, the radial
(RFRC) and the ulnar (UFRC) ridge counts. We found a significantly lower UFRC and
significantly higher RFRC in the hemophilic patients in comparison with the healthy con-
trols.

Undoubtedly, the question arises as to whether these differences are caused by an
unusual proportion between the radially and ulnarly directed finger patterns. Assessment
ofthe radio-ulnar index [9] evidenced that such is the case. Except the first three fingers of
the right hand, a decrease ofthis index was observed on all the rest fingers. As a result, its
mean value was 0.21 in the hemophilic patients versus 0.25 in the healthy men. Conse-
quently, the changed proportion between the ulnar and the radial finger ridge counts is
due to an “ulnarization” of the finger patterns —much more expressed preponderance
ofthe ulnar patterns over the radial ones in the hemophilic patients as compared to the
healthy men.

Concerning the palm dermatoglyphics, the only our finding which corroborated the
corresponding finding of K a leva et al. [8] was the increased occurrence of radial loops
on the hypothenar. Significant differences were found neither in the localization of the
palm triradii, nor in the values of the atd-angle. Neither significant deviations were estab-
lished concerning two ofthe main palm lines, A and D, and, since the sum of the fields of
their endings gives the main line index, MLI, the values of the latter were practically equal
in the hemophilic patients and in the healthy men (14.14 versus 14.04, correspondingly).
On the other hand, considerable differences were established in the other two main lines,
Band C. The line C ended abortively much more often in hemophilic patients than in the
controls. Such an ending was observed in 28.37 % of the hands (right and left) in the
patients versus the normal proportions of 6.85 % for the right hand and 14.37 % for the
left one. In other words, in hemophilic patients this configuration was observed 4-fold
more often on the right hand and two-fold more often on the left hand as compared to the
healthy men. The proportions of the field 5 (5" and 5") ending of the main line B are
higher in hemophilic patients than in the controls (28.57% versus 22.63% on the right
hand and in 71.43% versus 42.73% on the left one). Concerning both lines mentioned
above, the asymmetry is considerably increased in the patients.

Discussion

The analysis of the pedigrees shown in all of them all the typical characteristics of the
hemophilia as a X-linked recessive pathologic trait. On the other hand, our analysis dem-
onstrated that, although the manner of genetic transmission of hemophilia has been estab-
lished a long time ago, the genealogical analysis is very far from having exhausted its
possibilities and perspectives concerning the illness under discussion. In the case of our
study, it allowed us to made contributions in two respects —a social and a genetic ones.
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The social factors should be carefully examined in every single one of the pedigrees
with hemophilia, since they influence considerably the time and the manner of its pheno-
typic occurrence and, still more importantly, the outcome ofthe illness. Thus, the pedigree
of the Turkish family showed that not so much ago even the death of three boys in a given
family because of circumcision was not a contra-indication for the parents to perform this
procedure on the fourth boy and to lose him in this way. It is known that in the Jewish
population, where the same tradition also exists, despite the different religions, the fanatic
application ofthe procedure in question is surmounted long ago and the boys having male
mother’s line relatives with hemorrhages are discharged from subjection to this manipula-
tion. At the same time, in the younger families from the same pedigrees a considerable
effect of the insisting medical advices are observed in this respect. On the other hand, the
increased survival and expected longevity of the hemophilic men address new social and
medical problems to the society.

Among the findings in finger dermatoglyphics, the most important were the increase
ofthe TFRC in hemophilic patients, as an expression of the augmented finger pattern size,
as well as the deviation in the proportion between the UFRC and RFRC, and correspond-
ingly in the proportion between the ulnar and the radial patterns, expressed by the radial-
ulnar index. This is a specific and very interesting change in the finger asymmetry. Con-
cerning the palm dermatoglyphics, the findings about the lines B and C in hemophilic
patients are oriented in the same direction on the right and the left hand; but, being very
different in their extent, the differences increase considerably the palm dermatoglyphic
asymmetry in hemophilic patients. Thus, the endings of the line B in the field 5is aug-
mented by 5.94% on the right hand versus 28.70% on the left and this increases the
asymmetry with nearly 23%. The same event is still more prominent about the main line
C, whose abortive ending showed a 4-fold increase on the right hand versus a 2-fold
increase on the left one.

The finger ridge count is polygenically determined, but it is known that X-linked
genes decrease its values. This explains the lower values in females than in males, as well
as its decrease in X-chromosome polisomies. The observed higher values in hemophilic
patients as compared to the healthy men allow to hypothesize a relationship between the
genes coding the blood coagulation factors and those inhibiting the finger ridge counts, in
which the pathologic condition of the former suppresses the effects of the latter.

Another finding, still more interesting from a genetic point ofview, is Ravie (see Il1
—3inFig. 2), who committed suicide at age of 23 years, exhausted by repeated very heavy
hemorrhage accidents. Theoretically, her complaints could be due to causes other than her
belonging to a hemophilic family, but such a coincidence seems quite improbable. If so,
two other possibilities should be hypothesized, both of them connected with an unusual
expressivity of the gene of hemophilia. First, if the gene has been of very low expressivity
in Ravie, she could be homozygous by such a gene, and because of its marginally low
expressivity, the homozygous combination had not caused the usual letal effect during the
embryogenesis. Secondly, ifthe gene was of very high expressivity, it had not been domi-
nated by the normal one and thus has caused a phenotypic expression quite similar to that
observed in hemizygous hemophilic men belonging to the same family.

Conclusion

Our results show that the genealogical analysis is far from having exhausted its possibilities
concerning the hemophilia. Its application in the present study allowed to hypothesize two
quite probable genetic mechanisms and to make important medico-social recommen-
dations. The findings concerning the increased dermatoglyphic asymmetry in hemo-
philic patients with hemophilia A are more than promising in both theoretical and diag-
nostic respects.
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Sex determination of bones in findings is essential for the anthropological and forensic investigations. It is
possible only with adolescent or adult skeletons because there is not so well expressed sexual dimorphism in
preadolescent children.

In present study we suggest new formula for sex determination ofbones based on the measuring of
distal humerus.
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Introduction

Bone remains give us the possibility to determine the age, sex and even body posture.
Undoubtedly if we make detailed morphometric characteristic of the contemporary
human skeleton we can create standards leading us in evaluation of bone remains from
the past.

pThe problem of sex determination of bone remains, especially when it is connected
with sex determination ofthe humerus or parts of it, is still disputable.

If the investigated bones belong to contemporary people the possibility for exact sex
determination is more significant than in bone findings from the ancient times or those
belonging to evolutionary relatives [5].

Many authors present different methods of sex determination of humeral bone re-
mains and for its distal part [2,4].

Most ofthem think that there are no significant differences in applying these methods
of investigating in contemporary remains and fossils. Others have different opinion [1, 3].

These different methods of sex determination are based on statistic calculations. Most
used are the Discriminant and Cluster Analysis.

Step Discriminant Analysis is statistical method used to determine which variables
discriminate between two or more naturally occurring groups.



Computationally, discriminant function analysis is very similar to analysis of vari-
ance (ANOVA).

Material and Methods

Our study is based on the measuring of 218 distal humera. A number of 138 bones are
taken from cadavers and 80 bones from the ossuary of the Military Museum - Sofia.

Bones are cut at 15 cm proximally from the distal part of the humerus. At the time of
the study we determined more than 30 linear and 10 angular signs. We also created 20
indexes divided into two big groups —common and special.

Results

Measurements are done by conventional anthropometric measuring devices.

First step of our study is to define the signs of division of men and women. Fig. lis a
point diagram of the signs which differs most of all the groups in common. Canonic
variables | and Il are shown at the axes ofthe diagram. It is seen higher level of differen-
tiation of cases at the right side of the graphic Where the distance between the separate
frequencies is bigger.

Fig. 1 Spatial distribution of the frequences by sex and lateralization for man-left (ML), men-
right (MD), women-left (FL), women-right (FD)

The data from the point diagram are confirmed absolutely by the 3 D graphic ofthe
first three canonic variables (Fig. 2). The difference here is abrupt which confirms 100%
the distribution ofthe signs in the classification matrix.
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Fig. 2. Spatial distribution of the groups male left (ML), male-right (MD), women-left (FL), women-right
(FD)m the frame of reference of the first 3 canonic variables

Fig. 3 presents the distribution of the group middle values in the frame of reference of
the First three canonic variables.

Fig. 3. Spatial distribution of the group middle values in the frame of reference ofthe first 3 canonic variables
for groups male left (ML), male-right (MD), women-left (FL), women-right (FD)

In the study concerning division of the signs and indexes by sex, 100% division is find
out in 2 signs - Length of the Lateral Column (LCL), Length of the Medial Column
(MCL) and 5indexes - Index of the Lateral Trochlear Ridge (LPI), Index of the Medial
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Trochlear Ridge (MPI), Length - Thickness Index ofthe Lateral Column (LLI), Length -
Thickness Index of the Medial Column (MLI) High —Length Index of Capitulum (HCI)

(Fig. 4).

SIGN M F
INDEX />=0.45652 />=0.54348
LCL 31.91133 28.38091
LPI 251.3068 352.8643
MCL1 1453383 13.03371
LLI 293.5373 255.6207
Ha 299.5184 280.4488
MPI 1774.45 1710.998
MLI 436.3304 395.6075
CONSTANT -2118.08 -1827.34

Fig. 4. Signs and indexes of 100% division by sex

Such distribution is positive and confirms the division by sex, because as much as the
listed signs are, the bigger is the similarity and more difficult is the division.

Even the first sign divides man and women in 100% in such division.

Additional calculations only of anthropologic signs, with the help of software pro-
gram, showed significant percentage of reliability of the study. This fact gave us the possi-
bility to suggest a formula for sex determination of the individual which bones are found,
using the sign Length ofthe Lateral Column (LCL) of the distal humerus.

This anthropometric sign is measured with the help of gliding caliper at the dorsal
surface ofthe distal humerus. The longitudinal axis of the column needs to be determined
first. LCL isthe distance from the top ofthe lateral epicondyle with the cross point ofthe
corresponding longitudinal axis of the medial column.

Ifabone or abone fragment is found and we need a sex determination, we measure
the LCL sign of the bone. The measured value is multiplied with 38.52956009 and added
with —1046.280762 (constant for males). If the result is nearer to the group constant, the
conclusion isthat the bone or the fragment belongs to male (35*38.52956009—1046.280762).

By analogy the value of LCL is multiplied with 34.86389923 and added with —
856.6347046. If the result is nearer to the group constant for women, the conclusion is that
the bone or the fragment belongs to female (35*34.86389923—856.6347046).

For example - the measured value of LCL is 55.00 mm.

1. LCL = 55 mm —the initial value.

2. 55*38.52956009-1046.280762 = 1072 - multiplication with the constant for
male and addition.

3. 55*34.86389923—856.6347046 = 1060 —multiplication with the constant for
female and addition.

The bigger from two values is closer to the value ofthe constant for males, therefore
the bone belongs to male.

It is possible to create formulas with all the signs and indexes listed above (MCL, LPI,
LLI, HCI, MPI, MLI), having in mind the calculated constants.

170



Discussion

Determination of sex is crucial for any analysis of unidentified human remains, because all
techniques of assessment of age and calculation of stature are different for male and fe-
males.

Suggested formula could take place in sex determination of individuals by found
humeral bones and is of importance in fragment bone findings of the distal humerus.

With the help of Step Discriminant Analysis of signs inclusion in the discriminant
functions it is shown the statistical significance ofthe discrimination of the aggregates. The
classification matrices are the percentage of right determined variations by the chosen
model.

Classification functions are used exceptionally in creating formulas for sex deter-
mination.

The reliability of the suggested formula is more than 95%. It depends on the correct
determination ofthe column axes.

We believe that it could be used in sex determination of skeletal remains and bone
fragments and could have applications in archaeology, anatomy, paleontology and forensic
medicine.
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Finger and palm ridge count for both hands in representative group of 1161 healthy men from 116 settle-
ments in Bulgaria are determined. Computed are: ridge count on each finger, summed finger ridge count on
both hands separately, total finger ridge count; ridge count on each interdigital area, summed palm ridge
count on both hands separately, total palm ridge count. Descendent formulae about ridge count on fingers
and interdigital areas are elaborated. The studied individuals are distributed according to summed finger and
summed palm ridge count, and total finger and total palm ridge count too. Correlations between ridge count
on single fingers and between ridge count on palm interdigital areas are computed. Highest isthe correlation
between ridge count on homologous fingers and between ridge count on homologous interdigital areas in
right and left hand. Data could be used as norm in clinical and medico-anthropological investigations with
theoretical and scientific applied purpose.

Key words: dermatoglyphics, finger ridge count, palm ridge count, correlation dependencies, Bulgar-
ian men.

Introduction

The dermatoglyphic characterization of man is a part of his complete anthropological
characteristics. The dermatoglyphic investigations could be differentiated conditionally in
two sections: the first covering studies of variability in dermatoglyphic features for healthy
populations, and the next investigating the genetic aspects of dermatoglyphics and its ap-
plication in the clinical practice. It is taken for granted that dermatoglyphic features are
determined polygenic but during the early stages of embryogenesis the influence of envi-
ronmental factors hadn’t to be neglected. Dermatoglyphics could be used for the differen-
tiation of inherited and acquired pathology in different diseases. The dermatoglyphic sta-
tus of healthy population had to be known when the diversions of dermatoglyphic charac-
terization are evaluated in different diseases.

The finger and palm ridge count are quantitative dermatoglyphic features used
more rarely than the papillary patterns by themselves. In Bulgaria are available data only
about finger and palm ridge counts of healthy persons from Northeast Bulgaria [7] and
some data about dermatoglyphic investigations of control groups when studying different
diseases [9, 10].

The aim of the present study isto investigate the fmger and palm ridge counts on both
hands in representative group healthy Bulgarian men.
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Material and Methods

Object of the study are the dermatoglyphic prints for both hands of 1161 healthy men from
116 settlements in the country. The digital and palm ridge counts are elaborated after P e-
nrose[5and H o 11[3] methods. The analysis includes: the digital ridge count on each
finger, the summed finger ridge count separately for both hands, the total finger ridge
count; the palm ridge count on each interdigital area, the summed palm ridge count sep-
arately for both hands and the total palm ridge count for both hands. Correlations between
ridge count on the single fingers and between ridge count on the single palm interdigital
areas are computed by the coefficient of Pearson [8]. The bilateral differences are
evaluated by the t-criterion of Student at P < 0.05.

Results and Discussion

Finger ridge count

As it is well known the values of finger ridge count are conditioned by the frequency of
model type finger papillary patterns. The highest ridge count corresponds to the whorl pat-
terns (that’s why they exert greatest influence to the total finger ridge count), followed by
ulnar and radial loops. Highest is the mean ridge count on I-st digit in right (18.44 + 0.17),
and lowest —on IN-nd digit in left (10.60 = 0.20) (Table 1, Fig. 1). The descendent formula
is identical for both hands —I>1V>V>IlI>1l. So, the results obtained corresponds to the
high frequency of whorls and loops on I-st and 1V-th digits and to the high frequency of
arches on 11-nd digits in right and left hand of the investigated Bulgarian men [6]. The
average ridge count is higher on all fingers in right, excepting the LU -rd digit by which the
difference is 0.11 in favor of left. Statistically significant is the bilateral difference for I-st
and IM-nd digits (i = 8.58 and t = 4.11 respectively) while the difference for the rest three
fingers isvery small. Considerably higher isthe mean summed ridge count in right (71.12 +
0.72) compared with its values in left (67.44 + 0.71) (t = 3.64) (Table 1, Fig. 2). We calcu-
lated also the percent distribution of individuals according to the summed ridge count on
both hands separately, i.e. whether the ridge count is equal on both hands, or it is higher in
favor for right or in favor for left. Equal is the summed ridge count in right and in left for
4.67% of the persons. At 61.22% ofthe men the summed ridge count is higher in right, and
at 34.11% ofthem it is higher in left. These data are in unison with these published by Holt
in 1954 for 254 English males —3.9%, 63.4% 32.7% respectively [after 3].

Table 1 Statistical parameters of the ridge count on single fingers and Total
ridge count in Bulgarian males

Sta- Total
tis- Right hand Left hand both
tics hands
| n m v \Y% I —V | 1 w v vV 1=V I-X
n 1091 1081 1104 1098 1112 960 1114 1085 1109 1104 1121 990 858

1844 11.75 1198 16.03 1335 71.12 16.38 10.60 12.09 15.69 13.09 67.44 137.84
560 6.69 585 550 4.83 2238 579 6.63 596 554 448 2237 4355
0.17 020 0.18 017 015 0.72 0.17 0.20 0.18 0.17 0.13 0.71 1.49
30.36 56.95 48.86 34.30 36.17 31.47 35.37 62.54 49.31 35.30 34.26 33.16 31.60
min 0 0 0 0 0 0 0 0 0 0 0 2 4
max 35 30 31 30 25 127 44 29 29 32 27 139 260

<lwmw wn x
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Right hand Left hand

Fig. 1 Ridge count on separate fingers
* —P <0.05

Right Left Total

Fig. 2. Fife fingers’ridge count and total ridge count
* —P <0.05

The distribution of individuals according to the summed ridge count from I-st to V-
th digits shows that most of the males come into the interval 71 —80 ridges in right, which
coincide with the calculated mean value (x —71.12 = 0.72). In left again most are the
individuals who have summed ridge count from I-st to V-th digits getting into the interval
71-80, but the average value falls into the former interval 61 —70 ridges (x —67.44 £

0.71). The frequency distribution of summed ridge count is moved in left, or negatively
skewed for both hands. The non-normality is better expressed in left hand compared with
the right one (Fig. 3).
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Summed finger ridge count

220

Summed finger ridge count

Fig. 3. Distribution of the individuals according to their summed finger ridge count

The obtained total finger ridge count (TFRC) for both hands of the investigated males
is 137.84 + 1.49 (Table 1). The distribution of the individuals according to their TFRC is
asymmetrical, moved in left (Fig. 4). This result is probably determined by the distribution
of summed ridge count in left hand. Analogical are the results in the investigations of Holt,
1955 for 825 English males [after 3] and Karev, 1979 for 1065 Bulgarian males [8]. The
negative skewness in the frequency distribution is accepted by Holt as an indicator for the
influence of comparatively small genes number over TFRC determination. In the case
when big number of genes has an appreciable effect on the TFRC determination, the curve
of frequency distribution had to be similar to the Gaussian one [3].
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Total finger ridge count

Fig. 4. Distribution of the individuals according to their total finger ridge count

Correlation between ridge count on single digits

The values of correlation coefficients about finger ridge count are presented in Table 2.
The highest correlation coefficients are established between the ridge count on homolo-
gous fingers in right and left. The correlation coefficients range from r = 0.725 for the I-st
finger pair to r = 0.786 for the I'Y-th finger pair. High correlation dependence but moder-
ate degree was established for the neighbor finger pair (I11-111, 111-1V and 1V-V). Such
dependence was found about the neighbor fingers ofthe same hand, as well as about the
fingers of different hands within the same pair, as for instance, M-nd left —LLI -rd right, etc.
We suppose that the results obtained are in unison with the advanced hypothesis by De
W i 1d e [1] for the presence of one complete system of finger ridges, which during the
early stage of hand formation in embryogenesis period continue from one digit to another.
Lowest correlation was established between ridge count on the thumb and other fingers.
The correlation coefficients range from r = 0.364 to r = 0.473. Other authors have pub-
lished also similar results about correlation dependence between ridge count on single
digits [3,4].

Table 2 Correlation coefficients between the finger ridge counts

Finger Right Left
I n 11 v \Y | n 11 v \%

Right | 1.000 0.453 0.442 0426 0473 0725 0.434 0.428 0.414 0.452
I - 1.000 0.657 0525 0.511 0435 0.744 0.685 0.552 0.496
L - - 1.000 0.585 0.517 0.401 0.600 0.761 0.600 0.493
v - - - 1.000 0.636 0.364 0.503 0.617 0.786 0.626
\% - - - - 1.000 0.417 0.472 0516 0.616 0.778

Left | - - - - - 1.000 0.443 0.418 0.379 0431
n - - - - - - 1.000 0.655 0.519 0.482
] - - - - - - - 1.000 0.656 0.524
v - - - - - - - - 1.000 0.623
\% - - - - - - - - - 1.000
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Palm ridge count

The results about palm ridge count show that biggest is the number of papillary ridges
found on Il Interdigital Area (1A) (between triradii a - b) in both hands, followed after a
descendent order by IV IA (c - d) and 111 1A (b - ¢). Higher are the mean values ofa-b
ridge count on left hand in comparison to right one, while the ¢ - d ridge count is higher on

right hand compared to left one. Both differences are statistically significant (t = 3.16 and
t = 5.88 respectively) (Table 3, Fig. 5).

Table 3. Statistical parameters ofthe palmar interdigital ridge count and Total
ridge count in Bulgarian males

Sta-

_ Total
tis- Right hand Left hand both
tics hands
a-b b-c c-d a-d a-b b-c c-d a-d a-d
n 1088 1030 1023 978 1111 1025 995 972 885
X 37.29 24.88 34.55 97.03 24.48 33.02 95.74 193.37
S 5.94 5.55 5.78 13.13 5.42 6.23 13.28 25.45
SX 0.18 0.17 0.18 0.42 0.17 0.20 0.43 0.86
v 15.93 22.30 16.72 13.54 22.14 18.86 13.87 13.16
min 20 8 13 55 8 8 45 100
max 66 46 58 154 40 51 141 295
40
35
30
z o5 >gEE3
SS
% 20 $ SSH»
'8 wlv
iX 15
1
10 LLI
5 vXv
0.
a-b b-c c-d a-b b-c c-d Interdigital
areas
Right hand Left hand

Fig. 5. Palm ridge count on separate interdigital areas
* —P <0.05

Considering the three 1A, the summed ridge count a-d is higher in right hand (97.03
+ 0.42) than it is in left hand (95.74 + 0.43) (t = 2.15) (Table 3, Fig. 6). The values of
summed ridge count range from 55 ridges to 154 ridges in the right hand and from 45 to
141 ridges in the left one. As about finger ridge count, we calculated also the per cent
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distribution of individuals who have equal ridge count on both hands, or higher ridge
count in favor for right or in favor for left. The summed palm ridge count is higher on the
right hand for most ofthe males (54.01 %). Least are the individuals having equal summed
ridge count on both hands (6.33%), and 39.66% have higher summed ridge count in left
hand.

5 120 193.

0 Hands

Fig. 6. Palm ridge count on right, left and both hands
* P <0.05

The distribution of individuals after summed palm ridge count a-d shows that most
of them have ridge count within the interval 91 — 100 on both hands. These results
coincide with the established mean values for both hands. The frequency distribution of
the summed palm ridge count is practically symmetrical in contrast to the frequency
distribution of the summed finger ridge count (Fig. 7). ,no0,

The mean value of total palm ridge count (TPRC) for both hands is 193.37 + 0.86
(Table 3). The established minimal total ridge count is 100, and the maximal is 295. The
frequency distribution of the individuals according to their TPRC is almost symmetrical
but slightly moved in left (Fig. 8).
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Summed palm ridge count
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Summed palm ridge count

™ . 7. Distribution ofthe individuals according to their summed palm ridge count

Frequency

Total palm ridge count
Fig. 8. Distribution of the individuals according to their total palm ridge count
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Correlation between ridge count on single interdigital areas

The values of correlation coefficients about palm ridge count are presented in Table 4.
Highest are the correlation coefficients between ridge counts on the single interdigital
areas and the summed palm ridge count (a-d) on same hand, as well as, the correlation
coefficients between ridge counts for the homologous interdigital areas on left and right
hand (with the exception of c-d ridge count). The values range between r = 0.736to r =
0.852. Moderate correlation (r = 0.688) was established between c-d ridge count for right
and left hand. Lowest is the correlation between palm ridge count for the neighbor inter-
digital areas on the same hand. The correlation coefficients range between /o= 0.314tor =
0.417. G. Floris and G. M. Sanciu have investigated 116 men of Sardinian origin and have
established similar to our correlation dependences and coefficients for the ridge count on
interdigital areas a-b, b-c and c-d [2].

Table 4. Correlation coefficients between the palm ridge counts of interdigital areas

Hand Right Left
a-b b-c c-d a-d a-b b-c c-d a-d
Right a—b 1.000 0.391 0.400 0.795 0.744 0.395 0.373 0.647
b—e - 1.000 0.314 0.736 0.393 0.759 0.445 0.680
c—d - - 1.000 0.752 0.421 0.305 0.688 0.621
a—d - - - 1.000 0.688 0.632 0.657 0.852
Left a—b - - - - 1.000 0.376 0.417 0.768
b—e - - - - - 1.000 0.397 0.748
c—d - - - - - - 1.000 0.802
a—d - - - - - - - 1.000
Conclusion

The results in the present representative investigation together with the elaborated and
published data by us till now for another dermatoglyphic features give notion about the
entire morphological characterization of hands’skin reliefin Bulgarian males. The data
could be used also as a norm in the clinical and medico-anthropological investigations
with theoretical and scientific applied purpose.
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We carried out an anthropological research of the skeleton from “A grave with a collective finding of
ornaments in a pot”, site “Administrative Building”, Veliki Preslav. After the pelvis characterization and the
skull features, the sex was determined as male. According to the suture ossification, the age of the buried
individual can be assigned to the beginning of “maturus” (about 40 years of age). In accordance with the
metric and scopic characterizations ofthe skull, the buried individual belongs to the Europeoid anthropolog-
ical type.

Key words: anthropology, skull, Middle Ages.

On December 17th2004 in the Laboratory of Plastic Anthropological Reconstruction at
the Institute of Experimental Morphology and Anthropology the bones from a grave with
a collective findings of ornaments in a pot, Veliki Preslav, site “Administrative Building ’
were brought to be investigated. According to data of the archaeologists Georgi Maistorski
and Tonka Mihailova the grave is single, i.e. it is not in the framework of a necropolis.
Beside the skull to the right a pot is placed in which a number ofwoman’s adornment have
been found. This fact has misled the archaeologists to determine the sex of the buried
individual as female. The skeleton is orientated to the west with the cranium, and lower
limbs to the east. The lower legs and the feet are cut off in the excavation works. The legs
a parallel. The body is stretched downwards from the neck. The cervical vertebrae are
twisted in a curve to the left. The skull is facing north, i.e. to the left. Underneath and
around the skeleton animal bones, an animal tooth and pieces of charcoal are found. The
archaeologists date the finding back to 13th-14thcentury. In the anthropological study car-
ried out mainly by the classical method of R. M artinand K. Sa1ler (1957) [1] the
following was established:

Cranial fragments and bones from the post-cranial skeleton of the individual are
discovered.

The sex determined after the pelvic profile is male.
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The long bones of the limbs are massive, of a well-pronounced relief, i.e. in his life
the person has displayed awell-developed musculature. The lengths ofthe following bones
were measured with the aim of calculating the height:

—right femur —46.3 cm;

—left femur —46.4 cm;

—right humerus —32.2 cm;

—Ileft humerus —31.6 cm;

—right radius —24.8 cm;

—left radius —24.6 cm.

The height of the living individual was calculated to have been 175 cm using the
Trotter-Gleser formula and after Pearson-Lee it amounted to 166 cm [4].

A thickening ofthe edges of the bodies of the cervical and thoracal vertebrae together
with an emergence of exostoses of the lumbar ones is observed [5].

The handle ofthe sternum is separated.

After athorough cleansing and washing of the cranial fragments the skull was re-
stored almost reaching the degree of “cranium” with the skull basis, the zygomatical
arches and the right joint protrusion of the mandible are missing. In its characteristics the
skull confirms the belonging ofthe individual to the male sex. According to the degree of
ossification of the skull sutures the age was established to have been in the age group of
matures (about 40 years).

Ofthe taken skull measures [2] the length of the mandible proves to be very big; also
big are the width of occipital bone, the full facial and the upper face height, the orbital
height, nasal height, the length and width of the alveolar arch, the angular width of the
mandible; of medium size are the skull length and width, the circumference of the skull
taken by glabella, the orbital width, the palatal length, the smallest width of the ramus of
the mandible; small are the smallest width of the forehead, the nasal width, the palatal
width, the frontal width of the mandible, the height of the ramus of the mandible and the
mandibular angle. .

According to the calculated indexes the skull is brachycranic, stenometopic, hypsi-
conchic, leptorrhinic, mesocranic and mesostaphylinic (Table 1).

The vertical skull norm is ovoid. The occipital norm is roof-like and the transition of
the bones ofthe skull vault in profile is smooth. The occipital bone is moderately convex
with a strong relief. The mastoid processes are massive, of a very strong relief, pointed
forward and inward. The frontal bone is comparatively poorly tilted, low and narrow. The
glabella is poorly expressed (degree 2 of the 6-degree scale of P Broca) and supraorbital
arches are of degree 1after the 4-degree scale of R Broca [4]. The frontal elevations are
very poorly expressed.

The shape of the face is a pentagonal one. The orbits are square-shaped, with smooth
angles. The nasal bones are narrow, symmetrical and concave. The shape of the nasal
orifice in irregularly heart-like. Its lower end is anthropina. The zygomatical bones are
slightly jutting out and moderately to the sides. The canine pit is shallow and of a good
relief. The mandible is big, moderately massive, of a very strong reliefand of a low bit wide
ramus. The chin is triangular on a broad basis and moderately protruding. The bite is a
psalydontic one (Figs. 1,2). The tooth formula is:

87 54321|12345678
8 43 | 2345 78
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Fig. 1. A skull from “A grave with a collective finding of ornaments in a pot”, Veliki
Preslav, site “Administrative building”, 13th— 14 h century, male, maturus (about
40 years of age). Norma frontalis

Fig. 2. A skull from “A grave with a collective finding of ornaments ina pot”, Veliki
Preslav, site “Administrative building”, 13th— 14t century, male, maturus (about
40 years ofage). Norma lateralis sinistra
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Table 1 Metric characterization of the skull from “A grave with a collective finding of ornaments
in a pot”, Veliki Preslav, site “Administrative Building”, Male, Maturus (~40)

No No af_ter Dimensions Values Category
Martin
1 1 Skull length 179 average
3 8 Skull width 144 average
4 9 Smallest width of forehead 93 small
5 12 Occiput width 115 large
8 23 Skull circumference throught glabella 522 average
12 47 Full facial height 124 large
13 48 Upper facial height 75 large
14 50 Maxillofrontal width 20
15 51 Orbital width 42 average
16 52 Orbital height 37 large
17 54 Nasal width 24 small
18 55 Nasal height 56 large
22 60 Alveolar arch length 58 large
23 61 Alveolar arch width 65 large
24 62 Palate length 45 average
25 63 Palate width 37 small
26 66 Mandible angle width 105 large
27 67 Mandible front width 44 small
28 68 Mandible length - projectional 90 very large
30 70 Mandible branch height 56 small
31 7la Mandible branch smallest width 34 average
36 79 Mandibular angle 111° small
Indices
42 1(8:1) Skull width-length 80.45 brachycranic
47 13(9:8) Transverse frontal-sincipital 64.58 stenometopic
51 42(52:51) Orbital 88.09 hypsiconchic
52 48(54:55) Nasal 42.86 leptorrhinic
53 54(61:60) Alveolar 112.07 mesouranic
54 58(63:62) Palatal 82.22 mesostaphylinic

The first and second lower molars to the right together with the first lower molar and
the first upper right molar have been lost in life-time. The crown ofthe second lower right
premolar is completely destroyed from the tooth-decay process in life to the degree of
radix. The rest of the missing teeth have fallen out post mortem.

The teeth attrition (abrasio) is strong (degree 3 after A. Zubov) [3]. Periodontal alter-
ations are found on the alveolar projection [5].

Based on a total number of skeletal features it can be asserted with certainty that these
skeletal remains belong to a male of the age of “maturus” (about 40 years). The anthropo-
logical type is Europeoid. No traits typical of the Mongoloid race have been recorded.

The data from the anthropological study of the bone remains categorically prove the
male sex of the buried person. The finds ofwoman’s decoration placed in the pot cannot be
interpreted with relation to the sex.
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The aim of the present study was to determine some anatomo-topographic features of feline prostate gland
using computerized axial tomography (CAT). The study was performed in 7 sexually mature European
shorthair male cats at the age of 1-2 years weighing 2.8-4.0 kg, anaesthetized prior to the examination. The
positive contrast material (Ultravist 300) was applied via both the venous and the urethral routes. The study
was performed with a TOMOSCAN-CX/Q scanner. The pelvis was transversally cut between the L6 lumbar
segment and the pelvic arc. The distance between CT scanograms and the thickness <jfcross-section was 2
mm. The feline prostate was visualized dorsally in the section between the 1 and the 2 coccygeal vertebrae,
laterally in the section of hip joints and femoral diaphyses and caudally to the cranial branch of pubic bones.
Three glandular dimensions were determined: length, width and height. Feline prostate gland is an oval,
homogenous, relatively hyperdense structure with the radiodensity of soft tissue (from 43 HU in native scans
to 54 HU with contrast enhancement).

Key words: tomcat, prostate, computed tomography.

Introduction

Feline prostate gland is situated far behind the urinary bladder. The species-specific long
preprostatic urethra is located over the anterior symphyseal rim. The gland is situated
behind the cranial border of pelvic symphysis under the ventral wall of the rectum. Both
glandular lobes embrace the prostatic urethra dorsolaterally and are separated by a dorso-
median sulcus [6].

Initially, a computed tomographic study of healthy prostate was performed in human
male [12,13]. In men, the gland appeared as a homogenous oval structure with a radioden-
sity similar to that of soft tissue, length of 2-4 cm, located behind the pelvic symphysis just
under the rectum. Via CT, the prostate iswell visualized and its three dimensions could be
precisely determined. In 30-year-old men, the craniocaudal diameter ofthe gland (length)
was 3 cm, the anterior-posterior (height) - 2.3 cm and the lateral (width) —3.1 cm.

Human prostate isvisualized on CT as a homogenous, oval, infravesical soft tissue
structure whose dimensions increased with age. Its height increased from 2.5 to 3cm and
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the length and width - from 3to 5 cm. Its soft tissue radiodensity was between 40 and 65
HU [14].

[M]i rowitzand Hammerman [9] performed a CT depiction of zonal anatomy
of human prostate by dividing it into peripheral zone and central zone.

Ozdemiretal.[10] performed a CT study of human prostate gland on the distance
between: anterior and posterior glandular surface, the base and the apex, left and right
surface, anterior surface and symphysis, posterior surface and rectum.

Milosevicetal [8] reported the CT localization of prostatic apex in men and
comparing itto the topography obtained via magnetic resonance imaging and urethrogra-
phy, they observed differences in apex visualization depending on method used.

Huguet[5and R orvik[11] studied the normal male pelvis and the prostate
gland via magnetic resonance imaging and computed tomography, suggestign that MR
imaging was more accurate than CT.

Me Lau gh 1lin [7] used computed tomography and MRI for male prostate
visualization, determining three glandular zones: internal, external and anterior fibro-
muscular.

Evelyn etal [3] achieved a precise imaging of prostate in men using computed
tomography, MRI and three-dimensional ultrasonography.

In a CT and ultrasonographic study, Ata lan et al. [1] determined the length of
prostate gland in the dog and its ratio vs the distance from the sacral promontory to the
pelvic symphysis. A prostate length > 70% of this distance was assessed as enlarged and <
70% as normal.

The insufficient literature data referring to CT imaging of normal prostate gland in
domestic carnivores, especially in cats, motivated our study. Our results could be used as
reference data in the diagnostic imaging and the differentiation between normal and patho-
logic feline prostate glands.

Material and Methods

Seven sexually mature, male European shorthair cats at the age of 1-2 years, weighing
2.8-4 kg were studied. Prior to the investigation, the image intactness of the prostate
glands was evidenced via ultrasonography.

The animals were anaesthetized with 0.03 mg/kg atropine sulfate s.c. (Atropinum
sulfuricum, Sopharma), followed by 2 mg/kg xylazine i.m. (Alfazan) after 15 min and 15
mg/kg ketamine (Alfazan) i.m. after another 15 min [2].

In two cats, the CT study was done without contrast enhancement whereas in the
other, a positive contrast material (Ultravist, Schering, Germany, 300 mg I/ml) was ap-
plied slowly intravenously at a dose of 3 ml/kg.

The urinary bladder was catheterized for the intraurethral application of contrast
(1 ml/kg) and 3 ml/kg isotonic physiological saline (Natrii Chloridum 0.9%, Balkan-

harma).
P the study was done using an axial computer tomograph TOMOSCAN —CX/Q
with a table height of 149 cm and FOV = 250. The scan time was 4.5 s, filter 1, 120 kV
anode power and a 100 mA current. A high resolution mode and CT index of 0.5
were used.

The animals were positioned in dorsal recumbency.

In the computed tomography study, the pelvis was cut transversally from the L6
lumbar segment and the pelvic arc with section thickness of 2 mm.

Some of obtained images are presented.
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Results and Discussion

The topography of feline prostate was determined using the following bone markers:
the respective vertebra (dorsally), the hip joints (laterally) and the pelvic symphysis
(ventrally).

The CT transverse image of feline pelvis, scanned through the third sacral vertebrae
(Fig. 1, S3 level), depicts the cranial parts of hip joints and the pelvic brim that ventrome-
dially is scarcely detectable (cranially, it is completely visualized). The non-contrasted
preprostatic urethra is observed dorsomedially to the anterior border of the symphysis,
ventromedially to the hip joints and ventrally to the rectum. Its lumen was hypodense, and
the wall - relatively hyperdense and homogenous. The image of Fig. 1allowed us to
assume that the CT localization of feline preprostatic urethra was in the transverse plane
through the third sacral vertebra, the cranial parts of hip joints and the anterior border of
the symphysis.

Fig. 1 Transverse CT image of feline pelvis through the 3l sacral vertebra (section thickness 2 mm)

Fig. 2 (at the level of C 1) depicts the image of cranial parts of the prostate, evident by
the thickened urethral wall ventrally, laterally and especially dorsolaterally under the rec-
tum. The lumen of prostatic urethra was contrasted (hyperdense) and prostatic areas were
relatively hypodense compared to urethral and rectal walls. The gland was well differenti-
ated from the adjacent soft tissues. The feline prostate image appeared from scanning in
the transverse plane passing through the first coccygeal vertebra and proximal femoral
diaphyses and caudodorsally to the cranial branch of pubic bones.
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Fig. 2. Transverse CT image of feline pelvis through the 1¢coccygeal vertebra (section thickness 2 mm)

The complete CT image of prostate is shown in Fig. 3 (at the level of CI -C2) where
the lumen of prostatic urethra was also contrasted (hyperdense) and glandular lobes were
visulaized dorsolaterally to the urethra under the ventral rectal wall, that is hyperdense
than the prostate itself. The feline gland is a oval, homogenous and relatively hyperdense
structure on the background ofadjacent soft tissues (with the exception of urethral and
rectal walls). It is observed during the transverse scanning of the pelvis between the 1¢and
the 2rdcoccygeal vertebrae (dorsally), the hip joints with femoral diaphyses (laterally) and
caudally to the cranial branch of pubic bones. Its margins are adequately distinguished
from adjacent soft tissue structures.

The radiodensity of feline prostate is a soft tissue one (43 HU —native and up
to 54 HU — wit contrast enhancement). The gland width (lateral dimension) is
9,7 mm, the height (dorsoventral) — 3.1 mm (Fig. 3) and the length (craniocaudal)
—8 mm.

Caudally, the scan between 2rdand 3rdcoccygeal vertebrae, the caudal parts of hip
joints and over the caudal parts of pubic bones, the initial part of membranous urethra is
observed. Its lumen is contrasted (hyperdense) and its wall —comparatively thinned (Fig.
4). At this level, there is no image of the prostate.



Fig. 3. Transverse CT image of feline pelvis between the Idand the 2rdcoccygeal vertebrae (section thickness
2 mm)

Fig. 4. Transverse CT image of feline pelvis between the 2rdand the 3rdcoccygeal vertebrae (section thickness
2mm)
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The soft tissue density of feline prostate gland is similar to that in men [14]. Unlike
men, however [7,9], no glandular zones are present on CT images of male cats.

The glandular dimensions are not analogous to those of human prostate because of
the size of the studied species itself [10].

Unlike human prostate [8], feline prostate lacks an apex and such a finding is not
observed.

Compared to Atalan [1], who defined the length of the gland in dogs and its ra-
tio to pelvic height, we present the three dimensions of prostate — width, height
and length.

Conclusions

The CT image of feline prostate appears during the scanning in the transverse plane through
the first coccygeal vertebra, the hip joints with the proximal femoral diaphyses and caudo-
dorsally to the cranial branch of pubic bones.

An entire image of prostate is seen during the transverse scan ofthe pelvis between 1¢
and 2rdcoccygeal vertebrae (dorsally), the hip joints with femoral diaphyses (laterally) and
caudally to the cranial branch of pubic bones.

Feline prostate gland is an oval, homogenous, relatively hyperdense structure with the
radiodensity of soft tissue (from 43 HU in native scans to 54 HU with contrast enhance-
ment), visulaized dorsolaterally to the prostatic urethra under the ventral rectal wall and
well differentiated from the adjacent soft tissues in the pelvis.

The gland width (lateral dimension) was 9.7 mm, the height (dorsoventral) —3.1 mm
(Fig. 4) and the length (craniocaudal) —8 mm.

At scan of pelvis in the planes through the 3rdsacral vertebra and the 2rdand the 3d
coccygeal vertebra, the prostate gland is not visualized.
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The aim ofthe present study is to determine the possible differences in the anthropometric characteristics of
the wrist bones when they articulate in the wristjoint complex with os lunatum type I, or type Il. Thirty six
sets of macerated bones were studied scopically and anthropometrically after Martin, Sailer (1957). 936
measurements were taken and 864 indices were calculated separately for wrist bones with os lunatum type
I and type Il. Wrist bones in the wrists with the lunate bone type Il are bigger than those with type I. The
enlargement for the proximal wrist row is mainly in proximo-distal direction, and for the distal wrist row —
mainly in dorso-volar direction. The differences between the wrists with os lunatum types | and Il show that
there are two types wristjoint complexes: with and without hamate-lunate joint. They also differ from each
other anthropometrically which also affects their biomechanics.

Key words: anthropometry, wrist bones, os lunatum, types.

Introduction

The variations ofthe anthropometric characteristics of the wrist bones are of great interest
for the explanation of the complicated biomechanics [2,17] ofthe wristjoint complex [7,9,
11,14]. In the last decade special attention is given to the variations ofthe lunate bone. This
is due to its central position within the wrist joint complex. For this reason the lunate bone
is often described as a “nucleus of the wrist joint” [6] or as a “key to a Roman arch” [13].

It iswell known that the lunate bone has two main types —os lunatum type I and os
lunatum type 11 [15]. In the literature there are great differences in the occurrence ratios
between type I and type Il os lunatum [15] —from 27:73 to 50:50 [5,12,16]. However, in
the literature there is no data ifthe variations in the anthropometric characteristics of the
lunate bone type | and type Il correlates with the variations of the anthropometric charac-
teristics of the other wrist bones. The research on this problem is important for the distinc-
tion of the biomechanics in the wrist joint complexes with different types of the lunate
bones. The complexity of the problem deepens because ofthe fact that every main type of
os lunatum has two corresponding sub-types [5], thus greatly enhancing the possible vari-
ations of the wrist bones.
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The aim of the present study is to determine the possible differences in the anthropo-
metric characteristics of the wrist bones when they articulate in the wristjoint complex
with os lunatum type I, or os lunatum type II.

Material and Methods

Thirty six sets of macerated wrist bones form the collection ofthe Department of Anato-
my, Histology and Embryology, Varna Medical University “Prof. Dr Paraskev Stoyanov”,
Varna, Bulgaria were studied following all the ethical rules of work on cadaver material.
The type of os lunatum was determined scopically according the Viegasetal. (1990)
[15] classification using magnifying glass (x3). The scopical observation of the lunate bone
revealed that 16 out of 36 wrist bone sets had os lunatum type I, and 20 had type II.

Anthropometrical examination. The anthropometrical measurement included the basic
anthropometric characteristics ofthe wrist bones —length, width and height. All the wrist
bones were measured anthropometrically by the method ot Martinand Sa1ler (1957)
[10] by using calliper-gauge with possible variation of up to 0.1 mm as follow: the length
was measured in proximo-distal direction, the width —in radio-ulnar direction and the
height —in dorso-volar direction. Totally 936 linear measurements were taken. In addi-
tion 864 indices were calculated, separately for the wrist bones from the wrists with the
lunate bone type I and for the wrist bones from the wrists with the lunate bone type I1.

Statistical analysis. The data was analyzed in Microsoft Office Excel 2000. The following
statistical methods were used:

* Analysis of variance

* Nonparametric analysis (Pearson x 2)
The statistically significant differences were evaluated by the Student’st-test. The level oi
significance was accepted at p<0.05.

Results and Discussion

The anthropometrical measurements revealed that the basic metrical characteristics of the
wrists with the lunate bone type I and type 11 differ (Tables 1-8).

The basic anthropometrical measurements of the scaphoid bone of the wrists with the
lunate bone type Il are greater than the same measurements oftypes I. The bone is greater
in proximo-distal direction and in radio-ulnar direction. Index 1is greater and indices 2
and 3 are smaller (Table 1).

Table 1 Basic metrical characteristics and indices of os scaphoideum

Indicators and indices after Martin, No and standard error in the wrists with
Sailer (1957) os lunatum 0s lunatum
tvpe | (tz=16) tvoe Il G=20)
Greatest length of os scaphoideum 1 24.63 + 0.61 2642 £ 0.64:
Width of os scaphoideum 2 14.7 + 0.40 15.82 + 0.49
Greatest width of os scaphoideum 2a 15.96 + 0.39 17.01 £ 0.49
Height of os scaphoideum 3 1051 + 0.27 10.63 + 0.39
Greatest height of os scaphoideum 3a 13.13+ 0.40 13.98+ 0.43
Index length - width of os scaphoideum 1 59.78 + 1.17 60.11 + 1.71
Index length - height of os scaphoideum 2 43.07 + 1.56 4046 + 1.43
Index height - width of os scaphoideum 3 72.10 £ 2.37 67.88 + 2.53

*p<0.05
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The basic anthropometrical m ™ * *

Mean and standard errc
Indicators and indices after Martin, No os lunatum os lunatum
Sailer (1957) type | f/i=16) tvpe 1l (n=20)
15.29 + 0.48

Length of os lunatum ; 12.9610.43 14.2110.38***
Greatest width of os lunatum 3 16.5310.42 17.9110.35***
Greatest height of os lunatum 1 84.9011.59 85.1611.46
Index length - width of os lunatum 2 92.5811.82 93.2711.19
Index height - length of os lunatum 3 78.5312.09 79.3111-38

**p<0.025; ***p<0-0125

The basic an.hropomelrical

the lunate bone type Il are greater-than J/1esa

Acorresponding sizeon
No. 3“Greatest heightof

winch same w directlon and longer in
es 1and 3are smaller (Tabie 3).

Table 3. Basic metrical characteristicsand m d m esofostr”?

. - . No Mean and standard ei
Indicators and indices after Martin, os lunatum o0s lunatum
Sailer (1957) type | f/i=16) t;/;JZGIIl(/Z)ZZBO)
17.19 1 0.46 : :
Greatest length of os triquetrum ; 12.89 1 0.38 13.95 1 0.44**
Greatest width of os triquetrum 3 14.22 1 0.45 1422 1 0.29
Greatest height of os triquetrum 1 134.1513.39 129.513.62
Index width - length of os triquetrum 121.7012.86 126.2313.21
Index height - length of os triquetrum g 110.5912.51 103.0312.43
Index width - height of os triquetrum
*p<0.05
w ex'l isgreater and radices 2 and 3 are smaller
(Table 4).

T ab 1le 4. Basic metrical characteristics and indices ofospisiforme

Vit Mean and standard error in the wrists withj
Indicators and indices after Martin, nnlunatnm




Table 5. Basic metrical characteristics and indices of os trapezium

Indicators and indices after Martin, No Mean and standard error in the wrists with
Sailer (1957) os lunatum o0s lunatum

type | (//=16) type Il (/7=20)

Greatest length of os trapezium 1 15.4+0.38 16.56+0.39**

Greatest width of os trapezium 2 20.27 + 0.37 21.28 + 0.40*

Greatest height of os trapezium 3 15.46 + 0.46 16.86 + 0.52*
Index width - length of os trapezium 1 76.02 +1.41 78.12+1.88
Index height - length of os trapezium 2 100.34+2.60 99.01 +2.23
Index width - height of os trapezium 3 76.53+2.54 79.33+1.02

*p<0.05; **p<0.025

The basic anthropometrical measurements of os trapezoideum of the wrists with the
lunate bone type Il are greater than the same measurements of types I. The bone is bigger
in all directions, but biggest in dorso-volar direction. Indices 1and 2 are greater and index
3is smaller (Table 6).

Table 6.Basic metrical characteristics and indices of os trapezoideum

Indicators and indices after Martin, No Mean and standard error in the wrists with
Sailer (1957) 0s lunatum 0s lunatum
type | (/7=16) type Il (/7=20)
Greatest length of os trapezoideum 1 11.51+0.39 12.74+0.47*
Greatest width of os trapezoideum 2 13.89+0.31 15.12+0.32**
Greatest height of os trapezoideum 3 16.11 £0.3 17.67£0.29***
Index width - length of os trapezoideum 1 83.11 + 2.60 85.05 + 3.82
Index height - length of os trapezoideum 2 7140 + 1.72 72.18 £ 2.31
Index height - width of os trapezoideum 3 86.30 £ 1.43 85.74 + 1.28

*p<0.05; **p<0.0125; ***p<0.0025

The basic anthropometrical measurements of os capitatum of the wrists with the
lunate bone type Il are greater than the same measurements of types I. The bone is
bigger in all directions, but biggest in dorso-volar direction. Indices 4, 5and 6 are greater
(Table 7).

Table 7.Basic metrical characteristics and indices of os capitatum

Indicators and indices after Martin, No Mean and standard error in the wrists with
Sailer (1957) 0s lunatum 0s lunatum

type | (/7=16) type Il (/7=20)

Greatest length of os capitatum 1 21.99 + 0.43 23.06 + 0.43*

Greatest width of os capitatum 2 13.82 + 0.28 15.0 + 0.45**

Greatest height of os capitatum 3 18.44+ 0.33 19.63+ 0.43**
Index length - width of os capitatum 4 63.06 £+ 1.32 64.94 + 1.38
Index length - height of os capitatum 5 84.07 + 1.44 85.17 + 1.20
Index height —width of os capitatum 6 75.28 + 1.90 76.51 + 1.96

*//<0.05; **//<0.025

The basic anthropometrical measurements of os hamatum of the wrists with the luna-
te bone type 11 are greater than the same measurements of types I. The bone is bigger in all
directions, but biggest in dorso-volar and radio-ulnar direction. Indices 1and 3are greater
and index 2 is smaller (Table 8).
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Table 8 Basic metrical characteristics and indices of os hamatum

Indicators and indices after Martin, No Mean and standard error in the wrists with
Sailer (1957) os lunatum 0s lunatum

type | («=16) type Il («=20)
Greatest length of os hamatum 1 20.79+0.59 21.52 + 0.46

Greatest width of os hamatum 2 14.82+0.24 16.4+0.39***
Greatest height of os hamatum 3 20.88+0.40 23+0.43***
Index length - width of os hamatum 1 7191 + 1.76 76.63 £ 2.05
Index height - length of os hamatum 2 99.46 + 1.60 93.88 + 1.99
Index height - width of os hamatum 3 7122 + 1.30 71.27 £ 0.95

***p<0.0025

In conclusion our data present that:

1 Wrist bones of the lunate bone type II:

A. The basic anthropometrical measurements of the wrist bones are greater except
indicator No 3 “Greatest height of os triquetrum”, which is the same with the correspond-
ing size on wrists with the lunate bone type I and indicator “Greatest width of os pisi-
forme” which is greater in wrists with the lunate bone type I.

B. Differences in the measurements in “A” are in the following directions:

—1In os scaphoideum —mainly in proximal —distal and radio —ulnar direction;

—1In os lunatum is greater in all direction;

—1In os triquetrum —mainly in radio —ulnar and proximal —distal direction;

—1In os pisiforme —mainly in dorso-volar and proximal —distal direction;

—In os trapezium —mainly in dorso-volar and proximal —distal direction;

—1In os trapezoideum —mainly in dorso-volar direction;

—In os capitatum - mainly in dorso-volar and radio —ulnar direction;

—1In os hamatum- mainly in dorso-volar and radio —ulnar direction

2. The significant anthropometric differences of the wrist bones according to the type
of os lunatum in the corresponding wrist joint complex give us the reason to distinguish
them in two types:

—uwith lunate-hamate joint;

—without lunate-hamate joint.

Each type has a specific biomechanics and therefore a specific pathology.

The enlargement of the wrist bones of the wrists with os lunatum type 11 for the
proximal wrist row is mainly in proximo-distal direction, and for the distal wrist row —
mainly in dorso-volar direction.

The anthropometric differences between the wrists with os lunatum types I and 11 show
that all the wrist bones with the presence of hamato-lunate joint are larger than those
without it. This fact is very important, because these differences can affect the biomechan-
ics, as well as pathology of the wrist bones and the wrist joints. Because of this the future
examinations of the differences in the wrist joints with os lunatum types I and 1l can
contribute for the better understanding of a biomechanics and the pathophysiology of the
diseases in the wrist, which in very important in occupational and recreational human
activities [1, 2, 3, 4, 8].
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The structure and development of the lower limb vessels are subject to elevated scientific interest due to the
varied heavy pathology affecting these. Histotopographic slices from 16 lower limbs of eight 135 mm to 388
mm long fetuses and longitudinal and transverse slices of isolated main vessels from the lower limbs of six
mature still-born human fetuses were studied. To characterize quantitatively the vessel wall development
two indexes are suggested: average week increment for the investigated period (shows the average speed of
the vessel wall growth in pm/week) and growth index of the increment (shows the average increase of the
vessel wall per mm increase of the crown-heel fetal length in pm/mm). Both indexes show common dynamics
and render the investigated cases comparable. The comparative morphometric analysis allows substantiating
the divergence in the prenatal histogenesis of the wall of the arteries and ofthe deep and the superficial veins
of the lower limb.

Key words: prenatal development, vessel wall, chronic arterial insufficiency, chronic venous insuffi-
ciency.

Introduction

The vascular systems of the upper and the lower limb of the human show principally the
same structure. They are affected, however, by considerably different in character, occur-
rence, duration and severity pathological processes. When compared to the vessels of the
upper limb, the analogical arterial, venous and lymphatic vessels of the lower limb suffer
more often and much earlier from systemic vascular diseases, as well as from specific local
disorders. The Chronic Arterial Insufficiency ofthe Lower Limb (CAILL) and the Chron-
ic Venous Insufficiency ofthe Lower Limb (CVILL) are leading amongst the latter.

The pathological processes affecting the lower limb develop progressively and cause
irreversible changes in the arterial, venous and lymphatic vessel wall. The treatment, in the
best case, slows down the process, but does not stop it [2, 10, 12, 13, 14, 20, 28]. The
reasons for these differences are probably complex. The opinion is formed, however, that
the leading cause is the insufficient adaptation of the lower limb vascular system in the
process of evolution towards upright posture and bipedal locomotion [5, 19, 24]. The
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lower limb vessels are in unfavorable position even during the prenatal ontogenesis,
because before birth they are supplied by blood with lower oxygen contents. The anticipat-
ing in size and mass growth of the lower limb during postnatal life sets higher demands in
front of its arterial system. On the other hand, the haemodynamic conditions in its venous
system worsen through the high hydrostatic pressure. These circumstances burden the
adaptation mechanisms of the lower limb vasculature. Sometimes these mechanisms turn
out inadequate and the respective parts of the lower limb vasculature —arterial, venous or
lymphatic, decompensate. The proof of this hypothesis needs considerable widening of the
insufficient literature data about the mechanisms and dynamics of the discrete changes in
wall of the main lower limb vessels during the phylo- and ontogenesis [6, 7, 8,25]. Clari-
fication of these changes could give valuable criteria for discrimination between normal
mechanisms of adaptation and the initial pathological changes [9,26,27]. Consequently,
the objective of this investigation is to clarify and compare the dynamic of the changes in
the thickness of the wall of the main arterial and venous leg vessels during the prenatal
ontogenesis.

Material and Methods

The study was carried out on cadaver material from the fund ofthe department of anato-
my, histology and embryology at the University of Medicine “Prof. Dr Paraskev Stoy-
anov”, Varna, following all the ethical rules for work on cadaver material. Subject ofthe
examination were:

—histotopographical slices from proximal, middle and distal third of the legs of 16
lower limbs taken from 8 human foetuses with crown-heel lengths of 135 mm, 140 mm,
198 mm, 200 mm, 256 mm, 257 mm, 306 mm and 388 mm;

—Ilongitudinal and transverse slices mostly from the middle third of the legs from 6
lower limbs from 6 full-term human still-borns.

The average age was calculated after the rule of Haase. Slides were stained with
hematoxilin-eosin, orcein, after van Gieson and with the combined method of Weigert-
Mallori. The following vessels were examined:

I group —main arteries of the leg: a. tibialis anterior (Ata), a. tibialis posterior
(Atp);

Il group —deep main veins of the leg: v. tibialis anterior (Vta), v. tibialis posterior
(Vtp);

I11 group —superficial main veins of the leg: v. saphena magna (Vsm), v. saphena
pana (Vsp).

The observation was carried out with Olympus BX50 microscope. Representative
areas of the vessel wall were photographed with Ikegami ICD-840P and Olympus Came-
dia 5.1 digital cameras. With the help of the programs ImageTool 3.0 [17] and ImageJ]
1,35d [1,15] the digital images were processed and the common media-intima thickness
of every captured vessel was measured. On the examined histotopographical slides the
border between adventitia and surrounding connective tissue was quite unclear, therefore
the latter wasnt measured.

Results were analized statistically by means of Student test and factorial analysis of
variance (ANOVA) and parameters ofthe dynamic changes of the vessel wall thickness
were calculated.
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Results and Discussion

The examined vessels were divided in 6 age groups (Table 1).

Table 1 Length and age of the examined fetuses

Lunar Month (LM) Number of fetuses, crown-heel length (mm)
11 3/4 Two fetuses. 135 mm and 140 mm

vV 12 Two fetuses, 198 mm and 200 mm

\ Two fetuses. 256 mm and 257 mm

Vi One fetus. 306 mm

VIl 3/4 One fetus, 388 mm

X Six full-term still-borns

The measurement results are displayed on an extended scatter diagram (Fig. 1). Ac-
cording to the factorial ANOVA the greatest influence upon the dispersion belongs to the
factor “crown-heel length”, which is linked to the fetal age, F=115.26 (Fait= 2.76 for
p=0.01); second in importance is the factor “vessel type” (artery, deep vein or superficial
vein) —F=99.20 (Fait = 4.75 for/>=0.01). Lack of data renders impossible to estimate
statistically adequate the influence of the factor “level of measurement” (proximal, middle
or distal third of leg) on the dispersion. We eliminate the influence of this factor by
averaging of the results from different measurement levels for every investigated vessel of
every fetus (Table 2, Fig. 2).

Table 2. Average results according to the age and investigated vessel

Fetal crown- Average age of Mean common intima-media thickness in um
heel length the fetuses in arteries deep main main
(mm) months (weeks) veins superficial
after Haase Vvei ns
Ata Atn Vta Vvin Vsp Vsin
135 111 24 (15 weeks) 6.53 7.06 2.70 3.46 - 4.10
140 111 Vi (15 weeks) 8.02 6.43 2.87 3.99 7.08 6.19
198 IV A (18 weeks) 13.00 11.39 9.84 10.49 11.62 13.44
200 IV M (18 weeks) 9.13 9.49 11.05 11.26 12.92 14.80
256 V (20 weeks) 11.12 12.67 12.66 12.61 15.37 19.16
257 V (20 weeks) 12.00 17.52 13.30 16.64 - 16.29
306 VI1(24 weeks) 1351 17.47 15.63 1756  21.11 38.96
388 VIl % (31 weeks) 22.14 25.04 15.17 16.52 67.90 57.63
500 X (40 weeks) 47.52 46.47 - 1772 87.08  63.48

The Student test does not show any statistically meaningful differences in the variance
between the vessels from the same group - fat=0.4228, /depars =0.2433, tym, \An=0.3352
y @it~ 2.92, for/?—0.01). The effect of the internal casual and individual aspects was elim-
inated by means of averaging of the results from the vessels of the respective groups for
every age (Fig. 3). Two periods can be distinguished on this diagram. Between I1l and V
LM (Crown-heel length 135-257 mm) the three vessel groups follow common hardly
different linear trend in the increment of the common intima-media thickness. In VI LM
(306 mm) the wall thickness of the superficial veins increases harshly followed in VII Im
(388 mm) by a shift in the development of the arterial wall. Between VI Im and X Im the
common intima-media thickness of the wall of the deep veins remains almost unchanged.
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The found minimal variance is probably due to casual and individual peculiarities.

We calculated two indexes, to characterize the dynamic of the common intima-media
thickness during the prenatal development:

—average week increment for the investigated period —the absolute growth of the
mean intima-media thickness of the vessels between two neighboring age groups, divided
by the difference in the average fetal age in weeks; the resulting numbers express the mean
week growth of the investigated parameter (common intima-media thickness) for the re-
spective period (pm/week) (Fig. 4);

—index of the increment —the absolute growth of the mean intima-media thickness
of the vessels between two neighboring age groups, divided by absolute growth in the
crown-heel length. This index shows the change in the investigated parameter for 1 mm
change in the fetal crown-heel length (pm/'mm) (Fig. 5).

Both indexes express common dynamic throughout the investigated period —15 - 40
weeks from gestation. In the beginning (15-18 weeks) the growth speed of the intima-
media thickness is relatively high for all of the three vessel groups and eventually decreas-
es. A second peek in the growth speed can be observed during 20-31 week for the super-
ficial veins and during 24-40 week for the arteries. In both cases this growth acceleration
is connected to increase in the quantity of smooth muscle cells in the media [11,22].

In our opinion, one ofthe most plausible causes for the harsh increment of the wall
thickness of arteries and superficial veins is the increased burden of the vessel wall. In
arteries this is connected to the increment of the arterial transmural blood pressure [3,4].
In superficial veins the increased load of the vessel wall is probably due to deteriorated
through the posture venous drainage —in the last trimester the lower limbs ofthe fetus are
flexed in the hip and sometimes also in the knee joint. The altered rheological properties
of the fetal blood —physiological erythrocytois and macrocytosis, elevated hematocrit and
decreased erythrocyte sedimentation rate by the pregnancy term, also contribute to the
increase of the vessel wall load [3, 4, 16, 21]. These factors, however, do not exert their
influence upon the wall ofthe deep main veins of the leg. This could be explained through
the effect of two factors, which are absent in the superficial veins:

1) in this period of the pregnancy the muscle pump is already functional,

2) through the arterial wall pulsations the transmural arterial blood pressure is acting

upon the deep veins from the outside in the area where they touch the arteries and renders
the drainage easier. A proof for this is the decrease of the wall thickness of the deep veins
ofthe leg in the same area [23, 22].
The established fluctuation in the developmental dynamic of the main arterial and venous
leg vessels in the prenatal ontogenesis represent undoubtedly an interesting fact. Especially
interesting are the “accelerated growth periods”. The discovered in our previous investiga-
tions qualitative changes in the vessel wall structure in these periods show, that they are
based upon increase in the active contractile elements (smooth muscle cells) and in the
passively elongated elastic fibers [11,22]. This shows that even in these early developmen-
tal stages the vascular system of the lower limb is evolving and adapting to the changing
hemodynamics. This adaptation must be observed in the light of different specific pecu-
liarities of position and interaction ofthe arterial and venous vessels with other surround-
ing structures in the leg region. What is the potential possibility in time for adequate
adaptation of the vessel wall to the constantly changing with age hemodynamic conditions,
is a question that still awaits its answer.
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A Bicuspid Construction
ofthe Pulmonary Valve ofthe Heart
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A case of congenital bicuspid pulmonary valve was found in a cadaver of amale in the age of about 70 years.
The valve was found closed and the valve sinuses were filled with blood. So, the heart had been fixed in the
phase of diastolic closure of the pulmonary valve. The valve described shows a normal position of an outflow
valve of the right ventricle. The right leaflet of the valve is smaller than the left one. There is no evidence for
valve incompetence. The biophysical analysis shows that in this moment both cusps are overloaded —the
pressure on them is to be 50% more than on the normal tricuspid pulmonary valve. Evidently, this is the
reason for strongly manifested fibrosis of the cusps.

Key words: pulmonary valve, bicuspid construction, male.

Introduction

In the literature during recent time are to be found only a few cases of bicuspid pulmonary
valve in humans without any other damage of the heart [5,1]. Emu r a et al. [2] describe
in a men without heart failure a pulmonary valve consisted of two leaflets - the right one is
smaller than the left one. In major cases the bicuspid pulmonary valve was in coexistence
of Fallot’s tetralogy or ventricular septal defect [4]. Ka d ri et al. [3] describe pulmonary
incompetence in an adult due to the congenital absence ofanterior leaflet ofthe pulmo-
nary valve.

An exceptional case of congenital bicuspid pulmonary valve in the neart of a male
was observed. The valve is not combined with other lesions of the heart.

Material and Methods

The heart was discovered during dissecting practice at Medical University of VVarna (Petro-
va, 2000) in a 70-year-old male. The pulmonary valve was examined macroscopically.
Both leaflets were cut into histological slides and stained with hematoxylin-eosin (HE),
orcein, Azan.



Results and Discussion

The valve was found closed and the valve sinuses were filled with blood. So, the heart had
been fixed in the phase of diastolic closure of the pulmonary valve. No evidence of heart
failure was found.

The valve described shows a normal position of an outflow valve of the right ventri-
cle. As regard the construction, it differs greatly from normal tricuspid pulmonary valve.
The cusps are right (RC) and left (LC), intercuspid commissures are anterior and posterior.
The cusps are attached by their convex margins to double-scalloped fibrous thickening in
the wall of pulmonary trunk at its junction with the ventricle. In the region of the valve
there are two prominent dilatations of the vessel wall - sinuses (S), corresponding to the
cusps. The upper margin of each sinus is limited by well-defined supravalval ridge, situated
considerably beyond the level of the free border of the cusps.

Fig. 1 Bicuspid pulmonary valve
RC —right leaflet; LC —left leaflet; S —sinuses

211



The right leaflet of the valve described is smaller than the left one. The concave free
border (FB) is 5.4 vs. 5.9 cm long and 2.0 vs. 2.7 cm high (vertical size in the middle of the
leaflet). The anterior half of the free border ofthe right leaflet is unevenly thickened; the
posterior half is thin and smooth. As awhole the anterior part of the leaflet is thicker than
that ofthe posterior one. In the central part of the leaflet at a distance of 3—4 mm from
the free border there is a fibrous nodular formation (NF). The left leaflet of the valve,
which is bigger than the right one shows similar morphological features, but the thicken-
ings ofthe free border and the leaflet as a whole are better expressed. A strongly prominent
central thickening (fiboroma —F) is located at a distance of 8mm from the free border. In
the rest of the leaflet small protuberances are seen.

Fig. 2. Bicuspid pulmonary valve
FB —free border; NF —nodular formation; F —fibroma

In spite of that, there is no evidence for valve incompetence; the size of the right
ventricle (RV) as regard to the left ventricle (LV) and the thickness of their walls are
approximately normal.

Aortic valve of the heart was a normal tricuspid valve.
Histological investigation shows that the layers of the leaflets are unevenly developed
from place to place. In the thickenings, especially in the central tuberal ones, stratum
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Fig. 3. Right ventricale (RV), left ventricale (LV)

ventriculare is better developed, stratum fibrosum is degeneratively altered, stratum spon-
giosum is with fibrosis. Homogenisation of the structural components and subsequent
hialinisation are seen.

Fig. 4. Aortic valve
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The construction of the bicuspid pulmonary valve described shows that during the
ejection phase of the right ventricular sistole both cusps are moved to the wall by the
ejected blood; during the diastolic closure both valvular pockets are filled with blood and

Fig. 5. Leaflet ofthe pulmonary valve. Hematoxylin-eosin (x 200)

the free borders of the cusps are tightly apposed to each other. The biophysical analysis
shows that in this moment both cusps are overloaded - the pressure on them isto be 50%
more than that on the cusps of the normal tricuspid pulmonary valve. Evidently, this is the
reason for strongly manifested fibrosis of the cusps.
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The Secret of Epigenesis and its Implication
for Cell Therapy
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New molecular mechanism for cell differentiation essential for epigenesis is uncovered. The massive tran-
scription of all meiotic chromosomes along the side-elements of the synaptonemal complex has not been
explained till now. The messengers transcribed are packed with “translation repressor proteins” into mRNP
particles and stored in the ovoplasm, known as “maternal inheritance”. The significance of this immense
ovoplasmic genetic information was not understood. It is logical to admit that during embryonic develop-
ment the highly conservative deblocking proteins are transported by the mRNAs to the nascent DNA strands
ofthe corresponding genes. A stable DNA- protein complex is formed, selectively deblocking the genes and
transforming the heterochromatin into active euchromatin.

In this aspect the ovoplasmic mRNP particles play the role of morphogenes designed to unlock
selectively new genes during epigenesis, which in and of itself represents the molecular mechanism of cell
differentiation.

New avenues are thereby introduced, helping to resolve many unsolved questions concerning the
biology of cell differentiation. A new kind of in vitro gene engineering will make possible the unlocking of
desired genes and create specific cells for the purposes of regenerative medicine.

Key words: epigenesis, cell differentiation, cell therapy.

The molecular basis of cell differentiation is one of the fundamental and most challenging
unsolved problems in the biological sciences. A historical survey shows that during the
“post genomic era” the efforts of researchers to resolve cell differentiation have been
focused on transcriptional mechanisms and substances that switch genes on and off. The
Sanger Institute in Cambridge, UK, and Epigenomics, a Berlin-based Corporation have
focused their research on gene on/off switches, the main goal of their ‘Human Epigenome
Project’ being to study and map DNA methylation, or ‘epigenetic’ changes across the
entire human genome [5]. David Allis from the University of Virginia believes that the
“histone methylation switch” is probably responsible for gene expression or lack of ex-
pression [5]. Histone methylation affects genes packed in nucleosomes in the inactive
heterochromatin. Such type of gene stimulation for transcription is not equivalent to cell
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differentiation [4]. Under normal circumstances a cell has to be already differentiated to
respond to stimuli switching on the gene for function.

All differentiated cells possess specific deblocked structural genes in their active
euchromatin. These genes must receive a signal to activate the promoter, so that RNA
polymerase can begin transcription. At this point, the gene is switched on forfunction or
gene expression. After transcription is terminated, the gene is switched off but the cell
remains differentiated because the gene is deblocked and ready to respond again to the
next starting signal. Gene deblockage occurs only once during embryonic development and
results in DIFFERENTIATION. Activation of deblocked genes in differentiated cells is
repeated and results in FUNCTION [4], see Stem Cells and SelfRenewal). “There are
two distinct levels of regulation in mammalian somatic cells. One level is concerned with

> genomic commitment (i.e. determination) and the other level with the expression oftissue
specific proteins” [1], p. 247. Hence, it is critical when considering epigenesis not to
confuse gene deblockage and the processes of differentiation with gene on)off switches
and the processes ofgene expression orfunction.

Morgan [25] established that gene activity in the earliest embryonic development
is influenced by the ovoplasmic heterogeneity. During cleavage, a variety of ovoplasmic
substances surround the nuclei and activate specific genes. This process, generally termed
nucleo-cytoplasmic induction, has been confirmed repeatedly, as acknowledged by H o p-
p erand Hart[17] who note that “ Basically, the interplay between nucleus and cyto-
plasm is considered to be the force that moves the cell along a specific pathway of differ-
entiation and is thus responsible for development.”

Morgan and his followers made tremendous strides in defining the maternal mMRNAs
in the sea urchin ovocytes [7, 10]. In spite of the large quantities of rRNAs and of other
repeated RN A sequences, these investigators established that there are longer transcripts
packed with special proteins of unknown chemical composition. These proteins prevent
the translation ofthe messengers in the ovoplasm. These messenger ribonucleoprotein
particles (MRNPs), described in the literature as ‘masked mRNAs’, ‘long lived ribonucle-
oproteins’, maternal mMRNA and oogenetic messenger RNPs [18,19,24,30, 31], are thought
to carry the maternal inheritance. It is very probable that Vogt’s fate maps [29] depend on
the specific order in which the RNP particles are distributed in the ovoplasm.

The mRNP particles have been separated and analyzed, but the time and mechanism
of their origin are not known. D avid son et al. [11] believe that the mRNPs are
translated after fertilization but that other possibilities exist aswell, i.e., a regulatory func-
tion is considered but has not been found.

During my extensive investigations of ovopoiesis in amphibia, birds and mammals |
have become intimately familiar with the details of egg maturation, from oogonium to
ovulation and particularly meiosis [2]. Initially, oogonia multiply by simple mitosis, but
after a last DNA replication mitotic division stops and the oogonium enters the prophase
of the first meiotic (reduction) division, thereby becoming a primary oocyte in leptotene
stage. During zygotene and pachitene the duplicated homologous chromosomes fuse as
bivalents or tetrads, at which time segments are exchanged between two non-sister chro-
matids (crossing over), a process responsible for a substantial part of the diversification of
the species.

Under the electron microscope, bivalents show a central element and two lateral
elements, a structure termed a “synaptonemal complex”. The central element is involved
in the crossing over. The lateral elements ofthe synaptonemal complex develop thousands
of DNA side loops (as many as 20000/chromosome in some animals, e.g., salamanders),
which are involved in active transcription of the entire genome. During the next meiotic
phase (diplotene), the bivalents stretch and form “Lampbrush chromosomes” [15], which
continue to transcribe all types of MRNAs. This unique phenomenon needs further exam-
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ination. Translation does not occur in the ovoplasm, because the mRNAs are packed with
special nonhistone proteins found in the nuclei, called translation repressor proteins (TRP)
or Hox proteins, which prevent translation [1], p. 593. Messenger RNAs packed with TRP
do not undergo processing, splicing of introns, or attaching to ribosomes. Instead they are
accumulated in large quantities as long-lived messengers (mMRNP particles) in the egg
cytoplasm.

Some nuclear proteins are synthesized by genes, which contain a homeobox (a se-
quence ofabout 180 nucleotide pairs). Homeobox (Hox) containing genes have been found
in many species including man [16]. The homeobox sequence has been conserved at the
protein level throughout (over) 500 million years of evolution. “These proteins, localized
in the cell nucleus suggest direct involvement in the control of gene expression” [1], p. 937.

Recently more data accumulate indicating that Hox proteins cause morphological
diversity and contribute to body-plan evolution [16, 24, 26]. However, the exact mecha-
nism remains obscure.

The experiments of De Robertis and his school [6,8] indicate the role of home-
odomain proteins in specifying the identity of cells, tissues and body regions. It is in
general assumed that these proteins bind directly specific DNA sequences. However,
“Gooscoid and bicoid proteins can bind to similar target sequences” [6], but do not have
the ability to recognize and bind directly DNA of a given structural gene. The conserva-
tion ofthese special proteins over millions of years is an indication that in combination
with mRNAs they participate in a very important process, essential for epigenesis and for
the conservation of the cytoplasmic genetic memory.

Two main groups of nuclear proteins have evolved during evolution:

1) Histones (basic) to protect and keep genes blocked.

DNA + histones = nucleosomes = heterochromatin = inactive.

Histones dont recognize gene sequences.

2) Hox proteins (acidic) [16, 26], bind with mRNAs (RNPs), to unlock the genes.

DNA + Hox proteins = no nucleosomes = euchromatin = active.

Chromosome banding clearly shows the localization of hetero- and euchromatin in
the condensed metaphase chromosomes. Giemsa C-banding stains the basic histones dark
purple, while the acidic Hox proteins in the euchromatin remain unstained.

The rDNA, which is permanently bound with acidic proteins, appears as secondary
constriction in the satellite chromosomes 13, 14,15,21 and 22 of the human karyotype
[3]. The genes belonging to the housekeeping genome are as well permanently bound with
acidic proteins and are located as tiny light segments in the metaphase chromosomes. In
interphase nuclei, the heterochromatin appears as dark patches while the euchromatin is
dispersed in the nuclear matrix.

Under normal circumstances a structural gene packed with histones cannot be tran-
scribed and belongs to the inactive heterochromatine. It is the complex DNA-Hox pro-
teins that make the gene accessible to RNA polymerase and thus transcribable, as it be-
longs now to the active euchromatin.

Some attempts have been made to explain the connection between nucleohistones
and the acidic nonhistone proteins. The histone displacement model of Ste in et al. [28],
for example, proceeds from the assumption that genomic DNA is permanently bound with
histones. However, the variety of different models connecting nucleohistones and nonhis-
tone proteins suggests that we are far from understanding the transition from inactive to
active chromatin.

The big question is, do histones and nucleosomes exist in the euchromatic syntheti-
cally active genes? Fr an ke et al. [14], using the spreading technique of Miller and
Beatty [23], and electron microscopic observations unequivocally show that the DNA
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of actively transcribed regions is not packed into nucleosomal particles. This isa morpho-
logical proofthat during differentiation acidic proteins replace the histones in an inactive
gene, and so prevent the formation of nucleosomes on the level of the newly syntesized
gene, which is now deblocked and open for transcription. It is generally accepted that
epigenesis is the gradual deblockage of specific genes during embryogenesis.

If histones and nucleosomes are not present in the transcribing genes, methylation
and acetylation cannot interact with them, but would interact with inactive histone-bind
DNA only. An attempt to explain such interaction [13] does not make clear how the
nucleosomes are displaced from DNA and how they get re-formed. Similar mechanism
might cause the massive genome transcription of bivalents during meiotic prophase, but
further research is necessary.

While observing lampbrush chromosomes in various contexts over the years, | re-
peatedly wondered why all the genes are transcribed if the egg follicle does not need their
products. Why are these messengers packed with specific proteins that prohibit transla-
tion? What isthe role and significance of the mRNP particles, containing so much genetic
information stored in the ovoplasm?

Ifthe genes of sperm are protected to prepare them for the long trip outside the male
body, blocked by histones and protamines against extraneous damaging factors, and the
genes in the egg nucleus are blocked as well, then it follows that there must be a natural
mechanism to deblock the specific genes after fertilization. Then it suddenly flashed upon
me that the mRNPs are designed to deblock their own blocked genes by a positive
feedback mechanism. | enjoyed discovering how simple, logical and smart this secret of
the Nature is.

After fertilization the mRNP particles remain inactive, as long as the early embryon-
ic rapid cell cycles are under the control of cyclin-dependent protein kinases [9], and
under the high concentration of histones in the ovoplasm. During the rapid replications,
the newly synthesized DN A adopts the histones and the genes remain blocked. This con-
trol changes markedly as the embryo undergoes gastrulation (species specific differences
are possible). The mRNP particles, depending on their ovoplasmic distribution enter the
nuclei and unfold to read the sequences of their complementary DNAS at the time of
replication. The complementary RNA, synthesized during meiosis recognizes its template
and selectively attaches the deblocking proteins (Fig. 1) to the newly synthesized DNA
strand forming a stable DNA/ Hox protein complex. Thus the gene passes from a blocked
to an unblocked state. Heterochromatin turns into euchromatin, and the gene is perma-
nently deblocked and accessible for RNA polymerase. The embryonic cell, now commit-
ted to transcribe and translate the deblocked gene is differentiated.

The role of MRNA as chaperone and mediator gives answer to the question how the
deblocking Hox proteins find and bind selectively the corresponding genes.

The mRNP particles stored in the ovoplasm appear now to represent the substrate
caring the CYTOPLASMIC GENETC MEMORY, or the MORPHOGENES, which unlock
selectively new genes. In adult somatic cells, nontranslatibie mMRNPs encoded by the active
genes specific for the given cell, maintain the differentiated state in the long term. The
same compounds interact with the genes oftransplanted nuclei. For instance ifa nucleus
from a differentiated cell is injected in the cytoplasm in another differentiated cell, it
acquires the characteristics of the host cell [1], p.900.

Recent experiments with RNA interference show that “killing the messenger” [12]
stops embryonic development [27], and the embryos die. These observations confirm the
important role of the mRNPs in cell differentiation during embryogenesis. Moreover the
total genome transcription during egg maturation takes on now a new and important sig-
nificance in understanding epigenesis, for it explains the exact and selective deblockage of
genes, which cannot be achieved by methylation or other similar procedures. Instead, the
oocyte displays a remarkable feedback mechanism to selectively unlock new genes
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Fig. 1L A model for deblockage of a gene by maternal mRNP
Sense DNA strands —qgrey; antisense DNA strands —dashline; OA
and OS —the old antisense and sense strands; NS and NA —the
newly synthesized DNA strands; mRNP —maternal messenger
ribonucleoprotein; Black dots — nucleosomes; black squares-
mRNA+ deblocking Hox protein complex; a structural gene (NS)
is present in the newly synthesized sense strand only; the comple-
mentary mRNA recognizes it and the Hox proteins are selectively
attached to the gene (NS), which is now permanently deblocked

during development. The attachment of special proteins by mRNA to complementary
DNA resulting in gene deblockage indicates that in the addition ofthe well known process
DNA-RNA-protein, a feedback mechanism, namely protein -RNA-DNA exists and is
pivotal in the processes of epigenesis. What a wonderful resolution of the theoretical quest
against the dogma [21,22].

Many additional details accompanying the action of the maternal mRNPs need to be
elucidated. However, their fundamentally vital role described herein is obvious (albeit not
recognized till now), and it explains many previously unanswered fundamental questions
regarding the processes of epigenesis.
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Given this new conceptual framework, novel avenues of inquiry are possible Of
immediate concern would be the characterization of the specific non-histone proteins in
meiotic nuclei that pack the maternal mMRNAs and prevent their translation. Once their
composition is known, in vitro transcription of given genes in the presence of these pro-
teins will create mMRNPs, capable of unlocking the desired genes of cells during replica-
tion. With this mechanism in hand, selective transdifferentiation of cells in vitro for use in
cell therapy would provide powerful new medical tools.
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In Memoriam

Spassimir D. Nikolov (1939-2006)

Spassimir Dimitrov Nikolov was born in Bulgaria on
July 23,1939. He graduated from the Medical Universi-
ty in Sofia and was awarded the university doctor’s de-
gree in 1963 (MD). Since 1964 he occupied the posi-
tion of an assistant professor in the Chair of Anatomy at
the Medical University in the city of VVarna. Dr. S. Ni-
kolov specialized in human anatomy under the guid-
ance of Professor G. Schumacher in the Chair of Anat-
omy at the University of Rostock, Professor Schibler in
the Chair of Anatomy at the University of Wurzburg
and in the Chair of Anatomy at the University of Leipzig.
He attained the academic rank Associate professor in
1974 and Professor in 1989.

Dr S. Nikolov got his CSc (PhD) degree by the
thesis “On the microvascularization ofthe main saliva
glands”in 1970 and was awarded the DSc (DMSc) de-
gree (“Ultramorphological characteristics ofthe vascu-
lar endothelial cells in view of their major functional trends”) in 1987.

From 1992 through 2000 Professor S. Nikolov was Head of the Chair of Anatomy,
Histology and Embryology at the Medical University of Varna and serving also as Deputy-
Rector of the Medical University (Varna) for the period 1990-1994.

Professor S. Nikolov was author of over 120 scientific publications, co-author of 3
textbooks of “Human Anatomy” (1995), “Topographic Anatomy of Man” (1998) and “Hand-
book on Exercises in Dissection in Anatomy”(1997). Save for his tutorship of many stu-
dents in anatomy he has been the scientific supervisor of PhD students.

Professor Spassimir Nikolov was member of the German Anatomical Society, an
Honorary Member of the Romanian Society of Anatomists, member of the European
Association of Chemical Anatomy, member of Executive Board ofthe Anatomists’ Society
of the Balkan countries and the Black Sea region. He was a long year member of the
Executive Board of the Bulgarian Anatomical Society and organized a great number of
successful national congresses and symposia with international participation. Due to his
initiative in the city of VVarna have been organized the “International Symposia on Clinical
Anatomy” —the first one in 1994 and the oncoming 8thsymposium will be held in 2006.
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These scientific meetings are known and well-established inthe European and internation-
al morphological community and are linked to his name.

Professor S. Nikolov has been visiting (invited) professor in 8 renowned European
Universities and a participant in a large number of international and national scientific
venues.

Professor S. Nikolov independently of his outstanding and long-lasting university
teacher career was an active participant in many social events. As a municipal counselor in
the city of Varna he was Head of Commission on Education and Science for the period
1991-1999.

On February 8,2006, Professor Spassimir Nikolov passed away in the city of Varna at
the age of 66 after a painful and long illness.

We, all the near and far friends and colleagues of his, will dearly miss him, but we will
do the best we can to continue what he had begun.

Yordan Alexiev Yordanov
Editor-in-Chief
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