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Vasoprotective Properties of Aronia Melanocarpa —
a Histological and Morphometric Study
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The social significance of age-related diseases is determined by their global role in mortality and morbidity,
particularly in economically developed countries. Changes in elastic and muscular arteries walls, resulting
from age-related restructuring and progression of atherosclerotic lesions, underlie coronary heart disease
and cerebrovascular disease. Their prevention through administration of natural products is a research area
with huge potential, and application of natural antioxidants is one of the leading strategies to retard vascu-
lar aging. Aronia melanocarpa juice is a rich source of polyphenols and is characterized by very high anti-
oxidant activity in vitro. The aim of the current study was to investigate the effect of aronia juice intake on
age-related vascular changes of rat aortic walls. We used a model of aging male rats, whose thoracic aorta
walls were subjected to macroscopic, histological (hematoxilyn-eosin), histochemical (orcein) and mor-
phometric studies. The comparative analysis between the target group of old animals supplemented with
aronia juice; young untreated rats and old controls (not supplemented), revealed that aronia-supplemented
animals were characterized with reduced atherosclerotic lesions and a lower level of restructuring of aortic
walls. These data confirm that Aronia melanocarpa juice successfully retards age-related vascular aging,
and can be recommended as a prophylactic tool for healthy aging.

Key words: vascular aging, antioxidants, Aronia melanocarpa.

Introduction

Age-related diseases are social problem with global significance and their prevention
through natural products is a research field with great potential. Cardiovascular damage
is among the main causes of morbidity and mortality in relation to the aging process.
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The morphological changes of the wall of the large arteries, including the aorta are
result from age-related restructuring and virtually create pathophysiological conditions
for deterioration of their functions leading to pathological changes [9]. The application
of antioxidants is one of the strategies to slow the process of vascular aging [4, 5, 6, 7,
8]. Aronia melanocarpa juice is a rich source of polyphenols and as such exhibits a very
high antioxidant activity [2].

The aim of the current experimental study was to investigate the effect of Aronia
melanocarpa intake in the age-related vascular changes in the aortic wall.

Materials and Methods

Black chokeberry (Aronia melanocarpa) fruit juice: Commercially available sterilized
black chokeberry juice, packed in glass bottles (250 ml), was provided by Vitanea Ltd,
Plovdiv, Bulgaria.

In the experiment 22 male Wistar rats were divided into three groups. 14 of them
aged 10 months with initial body weight 418 + 57 g were divided into 2 groups: control
old (CO), which were on a standard diet and tap water ad /ibitum, and Aronia group
(A), which received ad libitum chokeberry juice diluted 1:1 in drinking water and a stan-
dard rodent chow. The daily dose of fruit juice ingested by the animals was 10 ml/kg. The
control young group (CY) consisted of 8 animals aged 2 months with body weight 147
+ 12 g. The experiment lasted 90 days. The experimental protocol was approved by the
Committee on Ethical Treatment of Animals of the Bulgarian Agency for Food Safety.
In the end of experiment animals were euthanized with i.m. Ketamin/Xilazine and the
thoracic aortas were separated and prepared for examination.

Macroscopic and histology examination: Descending thoracic aortas from CY, CO
and A groups of rats were harvested and fixed in 10% formalin. Aorta thoracica was
cleared of the visible connective tissue, cut longitudinally and pressed between two
glass slides. Parts of fixed aortic segments were embedded in paraffin and sectioned
at 5 um. Sequential sections were stained with hematoxylin/eosin and orcein. The
photomicrographs enclosed were taken on Nikon Microphot SA microscope (Japan),
equipped with a Camedia-5050Z digital camera (Olympus, Japan).

Morphometric analysis: All quantitative image analysis was performed using
software“DP-Soft” 3.2, Olympus, Japan. For each study, analysis of histology sections
was performed using at least 5 randomly chosen high-power fields from 5 different sec-
tions from each young (n = 8) and old (n = 7) rat. The thickness of aortic tunica media
(um) was measured from the internal elastic lamina to the adventitial border. Cell den-
sity (cells/50um?) in the tunica media of aortic wall was calculated as mean by count-
ing the number of nuclei in 50/50pum areas of tunica media tissue from 5 sections from
every young (n = 8), old (n = 7) and Aronia supplemented (n = 7) rat.

Statistical analysis: The results were analyzed with SPSS 13.0 statistical program.
Statistical significance between experimental groups was determined by Student’s t-test
and differences were considered significant at P <0.05. The intergroup comparison was
made with one-way ANOVA.

Results
From gross appearance of the intimal surface of the longitudinal section of thoracic

aorta (Fig. 1A) was evident that there were no visible pathological changes in the intima
of the thoracic aorta in the group of young controls. In the group of elderly controls



(Fig. 1B), initial fibrous plaques and focal hemorrhages in atherosclerotic plaques were
observed. There were also single lipid stripes and spots. In aronia-supplemented group

Fig. 1. Gross appearance of the intimal surface of the longitudinal section of thoracic aorta of the ex-
perimental groups: A: controls young, B: controls old, C: Aronia supplemented group, (magn. x 20),
Hematoxylin/eosin staining D: controls young, E: controls old, F: Aronia supplemented group, (magn. x
400), Orcein staining G: controls young , H: controls old, I: Aronia supplemented group, (magn. x 400)
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Fig. 2. A: Thickness of aortic tunica media, CY in comparison with CO p < 0.05; B: Cell density of
aortic tunica media, CY in comparison with CO p < 0.05; C: Number of elastic membranes in aortic
tunica media

(Fig. 1C) the intima was smooth and homogeneous and only single lipid stripes and
spots were observed.

The hematoxylin/eosin stainings of thoracic aorta of the experimental groups are
shown in Fig. 1D, E, F. In the cross-sections of aorta of the young controls (Fig. 1D),
the tunica intima was smooth without abnormal depositions, the tunica media was pre-
sented with evenly and parallel elastic membranes. Their thickness and density were
preserved. Smooth muscle cells, located between the elastic membranes were normal in
size, shape and density, with normochromatic spindle cores. Tunica adventitia was rep-
resented by the usual loose connective tissue. In the crosscut of aorta of the old controls
(Fig. 1E) the tunica intima was with uneven edges with focal plaque-like thickening.
The tunica media was expanded, elastic membranes were separated, and considerably
loosen and thinned, and bended serpentine. Smooth muscle cells were enlarged, with
perinuclear vacuoles and pale cytoplasm. The nuclei of the cells were reduced in size,
with polymorphism and polihromaziya. Some of them had pyknotic form, their orienta-
tion was transverse relative to the elastic membrane. In the crosscut of aorta of aronia
group (Fig. 1F), the tunica intima was smooth, with protrusion of single endothelial
cells to the lumen. The tunica media was presented by evenly placed parallel elastic
membranes in the inner half of the aorta and serpentine bended — in the outer half. The
thickness of the elastic membranes was slightly reduced and their density was stored.
Smooth muscle cells had a normal spindle shape, longitudinally oriented, with pre-
served size, shape and density.

From Fig. 1G it is evident that tunica media in young controls was represented
by smooth, thick elastic membranes, intensely dyed by orcein. The orcein staining in
old controls (Fig. 1H) showed loosening and fragmentation of the paler-colored elastic
membranes. Orcein staining in the Aronia group (Fig. 1I) showed smooth and straight
elastic membranes with preserved integrity and staining intensity closer to that of young
controls.

Data in Fig. 2 demonstrated the results of the morphometric study of tunica me-
dia of aorta thoracica. Regarding the thickness of tunica media (Fig. 2A), statistically
significant differences were established between younger and older controls (p < 0.05).
Differences between old controls and aronia group did not reach statistical significance.
In terms of the number of nuclei in tunica media (Fig. 2B), statistically significant dif-
ferences were detected only between younger and older controls (p < 0.05). Regarding
the number of the elastic membrane in the tunica media, differences between groups did
not reach statistical significance.



Discussion

Our findings demonstrate convincingly that in aronia-supplemented animals, age-rela-
ted changes are discrete and structure of the vascular wall is visibly preserved. This
finding demonstrates the delay in the age changes and the preservation of the vessel
wall under the influence of supplementation with Aronia melanocarpa juice.

Our data confirm that with advancing age the thickness of the aortic tunica media
is increasing statistically significant [9]. Supplementation with Aronia juice leads to a
reduction in its dimensions, though not significantly.

Our data confirms findings from other authors [1, 9] that with increased age, a
decreased quantity of smooth muscle cells is found inside the tunica media, which are
responsible for synthesizing elastin within the aorta.

As recognized by other authors, the amount of elastic membrane does not change
with age [1, 3, 9]. Our results confirm the findings that the quantity of the elastin mem-
branes remains inchanged during aging on account of the deterioration of their quality,
which is clearly demonstrated by staining with orcein. However, as it is evident from
the microphotographs, their quality visibly deteriorates in untreated adult controls and
partially improves in aronia-treated rats.

Age-related physiological changes to the aorta are associated with a progressive
decline in the elastic properties of the aortic wall [1, 3]. Greenwald [3] reported that
conduit arteries become stiffer with age because elastin becomes fragmented, degraded
and replaced by much stiffer collagen. Furthermore, both proteins become stiffer be-
cause of cross-linking and calcification, and these changes are accelerated by uraemia,
hyperglycaemia and oxidative stress [10]. Our results demonstrates that supplementa-
tion with aronia melanocarpa juice preserves the structure of the elastic membranes.

Conclusion

Age-related structural changes in the aortic wall lead to increased aortic stiffness, in-
creasing its diameter and length, reducing its compliance and contractility of the aortic
wall [1, 3]. These amendments violate its functions and are a prerequisite for the emer-
gence of pathologies, some of them fatal. Preservation of aortic wall and delay of age-
related changes are an essential preventive measure for cardiovascular diseases such as
hypertension, aortic dissection, aneurysm and rupture, congestive heart failure, com-
plications of ischemia and stenosis. Achieving this with non-pharmacological agents is
one of the latest strategies in the fight against aging. As a functional food juice, Aronia
melanocarpa shows convincing vaso-protective properties and can be recommended as
a prophylactic tool for healthy aging.
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Study on Fibroblast Activation Protein-a Activity
in an In Vivo Mouse Model of Ehrlich Ascites Carcinoma
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!Institute of Experimental Morphology, Pathology and Anthropology with Museum,
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Fibroblast activation protein-a (FAP-a) is a membrane-associated serine type post-proline cleaving pro-
tease with a very restricted normal tissues distribution but highly active in tumor tissues. In human breast
cancer, FAP-a is expressed both in the reactive stromal fibroblasts and tumor cells. However, the enzyme
role in pathogenesis of the breast cancer is unknown and its association with the prognosis is controver-
sial varying from better to very poor. Animal models could help in elucidating the enzyme involvement
in mammary gland carcinoma. In this study we present our results for FAP-a imaging in normal mouse
mammary gland and in a murine in vivo model of Ehrlich ascites carcinoma (EAC) using a fluorogenic
enzyme histochemical method recently developed by us. We show that FAP-a is not expressed in normal
mouse mammary gland but is highly active in EAC cells. This result proves that mouse in vivo EAC
model can be useful in studies of FAP-a diagnostic/prognostic value for human breast cancer.

Key words: fibroblast activation protein-a, Ehrlich ascites carcinoma, in vivo model, mouse, enzyme
cytochemistry.

Introduction

Fibroblast activation protein-a (FAP-a; EC 3.4.21.B28) is a 170 kDa integral membrane
protease belonging to the S9b subfamily of post-proline cleaving enzymes [14]. This
class of peptidases is known to modify bioactive peptides thus changing their cellu-
lar functions and to have important roles in cancer [16]. Some of the natural FAP-a
substrates include collagen type I, o2-antiplasmin, neuropeptide Y, B-type natriuretic
peptide, substance P and peptide YY [7]. Both immunohistochemical [15] and mRNA
expression [3] studies have shown that in humans and mammals FAP-a has a highly re-
stricted normal tissue distribution. It has been found only in fetal mesenchymal tissues
as well as in healing wounds, single reactive fibroblasts and a distinct set of glucagon
producing pancreatic islet cells (A cells) in adults. On the other hand, FAP-a is present
in stromal fibroblasts of over 90% of epithelial tumors and some sarcomas [for review
see 17]. Based on the above findings, the enzyme is largely considered to be a valuable
marker and a potential therapeutic target for different types of carcinomas. Although
malignant epithelial, neural and haematopoietic cells have generally been found to be



FAP-a-negative, some studies have revealed that the enzyme is expressed also in neo-
plastic cells of mesenchymal origin [15] and epithelial tumor cells of breast, gastric,
and colorectal cancers [reviewed in 9]. It is commonly believed that the over-expression
of FAP-a contributes to the tumor invasion capacity and facilitates sprouting of tumor
blood capillaries [9, 13, 17].

In one of the earliest studies on FAP-a expression in human breast cancer using the
F19 monoclonal antibody, the enzyme molecule has been identified only in the reactive
tumor stroma [5]. Later on, by applying FAP-specific antisera, it has been shown that
the enzyme is expressed in breast cancer cells, as well [8]. Presently, despite the widely
recognized role of FAP-a in human breast cancer, its value as a prognostic marker is
greatly controversial and varies from better [1] to very poor outcomes [6, 8]. Therefore,
more studies on the marker importance of the enzyme in mammary gland carcinoma are
needed, including use of appropriate animal models.

Mouse Ehrlich ascites carcinoma (EAC) is one of the commonly used in vivo ani-
mal models of mammary gland cancer, due to its resemblance with the most rapidly
growing undifferentiated and chemotherapy sensitive human breast tumors [12]. It re-
presents a spontaneous murine mammary adenocarcinoma adapted to ascites form and
carried in outbred mice by serial intra-peritoneal (i.p.) passages. This model has been
widely used for the evaluation of alternative approaches in cancer therapy [10] as well
as the therapeutic significance of natural extracts and synthetic compounds [reviewed in
12]. However, FAP-a expression has not been studied in EAC, thus far.

The aim of the present paper is to compare FAP-a distribution in normal mouse
mammary gland and in tumor cells of EAC in an in vivo mouse model using the fluore-
scent enzyme cytochemical method recently developed by us.

Materials and Methods

The FAP-a substrate 4-(B-Ala-Gly-Pro-hydrazido)-N-hexyl-1,8-naphthalimide (BAGP-
HHNI) was synthesized according to the previously described reaction scheme [2]. The
precise chemical syntheses as well as the spectral analyses of the compounds will soon
be published elsewhere.

Animals and Tissue Treatment

All the experiments were performed in compliance with the Institutional Guidelines for
Animal Experiments of [IEMPAM — Bulgarian Academy of Sciences.

Female BALB/c mice were sacrificed by cervical dislocation 10 days after wea-
ning of the pups. Thoracic and abdominal mammary glands were extracted and im-
mediately frozen in liquid nitrogen. Cryostat sections (10 um) were cut on cryotome
Reichert-Jung (Germany) at —26 °C and mounted on gelatinized glass slides. The sec-
tions were air-dried, covered with 0.5% collodion (Sigma-Aldrich) in acetone: diethyl
ether: absolute ethanol (4:3:3) for a minute at room temperature and used for the histo-
chemical visualization of FAP-a activity.

Ehrlich tumor cell line was maintained in female albino mice, 5 to 7 weeks old
with live body weight 25 g to 30 g, throughout serial weekly intraperitoneal injections
of 1 x 10° viable tumor cells suspended in 0.2 ml phosphate buffered saline (PBS) per
mouse. Mice were sacrificed by cervical dislocation 8-10 days after inoculation and
Ehrlich ascites carcinoma (EAC) cells were collected by a syringe from the abdominal
cavity together with the ascitic fluid. Smears of the aspired EAC cells were made on
gelatinized glass slides, air-dried and fixed in paraformaldehyde vapors for 4 minutes at
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room temperature. Some of the smears were stained with haematoxylin-eosin according
to the classical methods of histology. Other smears were covered with 0.5% collodion
as above and used for the visualization of FAP-a activity.

Incubation Solutions and Controls

Tissue sections and EAC smears were incubated in solutions containing 0.5 mM FAP-a
substrate BAGP-HHNI and 0.5 mg/ml piperonal in 0.1 M phosphate buffer, pH 7.4, sup-
plied with 100 mM NaCl at 37 °C for 16 h. After the incubation, they were post-fixed
in 4% neutral formalin for 15 min at room temperature, slightly counter-stained with
haematoxylin and embedded in glycerol/jelly. Control samples were treated in the same
manner but in the lack of substrate in the incubation solutions. All the preparations were
observed under the fluorescent microscope Leica DM5000B (USA).

Results and Discussion

Fibroblast activation protein-a is widely recognized as one of the most valuable tumor
markers and is considered an important target for developing innovative and more ef-
fective anti-cancer therapies. Although the enzyme is mainly known as a common cha-
racteristic of tumor stromal fibroblasts, a huge number of recent studies have revealed
that it is expressed in many types of epithelial tumor cells [for review see 9]. FAP-a
capacity to hydrolyze collagen type I and a2-antiplasmin is believed to contribute to tu-
mor invasiveness and metastatic ability not only by opening free spaces in extracellular
matrix, but also by releasing different growth factors in the tumor vicinity thus recruit-
ing them in outspread of the tumor cells and blood vessels [9, 17].

In human breast cancer, FAP-a expression has been documented both in the reac-
tive stromal fibroblasts [1, 5] and tumor cells [6, 8]. However, the precise role of the
enzyme in this type of cancer is largely unknown and the enzyme association with
the prognosis is controversial varying from better [1] to very poor [6, 8]. Animal
models of human breast cancer could help in elucidating the enzyme involvement
in the development of mammary gland carcinoma. The most commonly used mouse
model of breast cancer is Ehrlich ascites carcinoma (EAC) [12]. EAC firstly appeared
as a spontaneous breast cancer in a female mouse and was used for sub-cutaneous
transplantations to produce solid tumors. Later, it has been adapted to a liquid form
and injected i.p. to produce ascites form of the mouse breast cancer. EAC is known
to possess great resemblance to highly undifferentiated human mammary gland carci-
nomas and is widely used to evaluate innovative anti-cancer therapies [for review see
12]. However, FAP-a distribution in EAC has not been studied yet. Additionally, it is
well known that FAP-a is a highly conservative protein and mouse enzyme has 8§9%
similarity to its human analogue [11].

Recently, we developed a novel fluorogenic substrate for FAP-a-4-(3-Ala-Gly-
Pro-hydrazido)-N-hexyl-1.8-naphthalimide (BAGP-HHNI) and used it successfully for
the in situ imaging of the enzyme activity in normal and tumor mouse fibroblasts [2].
In this paper we present our results from FAP-a distribution studies in a mouse in vivo
model of EAC. In our experiments we used female mice, which were inoculated i.p. by
EAC cells. The animals were examined every day and their abdominal circumferences
were compared to those of non-treated controls. The experiments showed that 8-10
days after inoculation the mice developed ascites cancer in the peritoneal cavity. After
the animal sacrifice, tumor cells were aspired and FAP-a activity was visualized in cell
smears using our novel substrate BAGP-HHNI according to the cytochemical proce-

11



dure described before [2]. Histochemical preparations of freshly frozen healthy mature
animals’ mammary glands were used as controls by applying the same fluorogenic sub-
strate. No FAP-a activity was detected in the healthy mouse mammary gland (Fig. 1).

Fig. 1. Lack of FAP-a activity in the mammary gland of a mature female mouse as revealed
using the FAP substrate BAGP-HHNI. Ductal epithelial cells (arrows) and dense connective
tissue elements asterisks are all FAP-a-negative. a — light microscopy; b — fluorescent micro-
scopy (x 200)

Both alveolar epithelial cells and dense connective tissue elements proved to be
FAP-a-negative. This result is in compliance with previous findings that normal adult
tissues of humans and mammals do not express the enzyme [3, 15].

The haematoxylin-eosin staining of EAC cells revealed the well-known previously
observed morphological features of this type of tumor cells [4]. EAC cells possessed
comparatively large nuclei and moderate amounts of basophilic vacuolated cytoplasm
(Fig. 2). Different stages of mitosis were also to be seen in the smears.

In our enzyme histochemical study, all the EAC cells proved to be highly FAP-a-
positive (Fig. 3). This result is to show that mouse breast carcinoma cells are FAP-a-
positive just like human mammary gland carcinoma cells.
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Fig. 2. Haematoxylin — eosin stained smear of ~ Fig. 3. FAP-a activity in a smear of Ehrlich

Ehrlich ascites tumor cells. Cells in different ascites tumor cells visualized by means of the

stages of mitosis (arrows); cytoplasmic vacu- newly developed fluorogenic substrate BAGP-

oles (arrowheads) (x 400) HHNI. All the cells are highly positive for the
enzyme (x 400)
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In conclusion, our results show that tumor cells of mouse breast carcinoma express

FAP-a, which represents one more similarity between mouse EAC and human breast
tumors. On the other hand, this result proves that mouse in vivo EAC model could be
useful in the studies of FAP-a diagnostic/prognostic value for human mammary gland
carcinoma.
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The spermatological analysis of ejaculates from two patients suffering of low male fertility and with
diagnosis “migrating” testis syndrome (casuistic cases in adults), reveals cytological characteristics of
different immature spermatogenic cells (“round cells”) as precursors of spermatozoa. The high quantity
of undifferentiated spermatocytes/spermatides in ejaculates is important for early diagnoses of andro-
logical diseases related to male fertility (sub-fertility, infertility). The results from semen assays showed
a high percent (7.3% and 13.5%) of immature (“round”) spermatogenic cells in the ejaculates of patients
—1in correlation with the elevated number of abnormal spermatozoa in probes. The morphological analy-
sis of sperm samples in patients with ascending testis could serve as additional diagnostic and prognostic
tool in the routine everyday andrological practice.

Key words: spermatogenesis, immature spermatogenic cells (“round cells”), ascending testis syndrome.

Introduction

In the process of spermatogenesis, spontaneous degenerative changes in the separated
zones of the seminiferous tubules are possible. These features affect individual cell
types — spermatogonia, spermatocytes (primary and/or secondary), spermatids and
spermatozoa, and some of them pass in the seminal fluid. In pathology of the genital
tract, which could be a result of congenital factors (cryptorhidism, anorhidism, etc.) or
of the influence of different diseases, these changes can include larger regions of the tes-
ticular tissue [7, 14, 20]. In normal conditions, the amount of the degenerated gametes
in the ejaculate is approximately 25% (WHO, 2010). However, in stress conditions, sig-
nificant increase is possible, which could influence the inseminal qualities of the fluid.
The morphological assessment of the seminiferous assay includes the determination of
the mature spermatozoa, but also of other — both cytologically and functionally different
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cell types. In most cases these are immature germ cells — precursors of spermatozoa,
but also leucocytes (e.g. granulocytes, monocytes/macrophages) or epithelial cells from
the urogenital tract. The immature germ cells, together with the leucocytes, usually are
beyond the general group of so called “round cells” [4, 11, 14]. The exact determination
of'the cell types and their differentiation in spermatogenic or non-spermatogenic mature
cells is important not only for a correct diagnosis, but also for the therapeutic approach.
According to the recommendations of the World Health Organization (WHO), if the
“round cells” in the ejaculate probe are more than 1 x 10%ml, they should be determined
as “presenting leucocytes”, because their increased amount could be a sign for inflam-
mation process in the urogenital tract [6, 19]. In this connection, it is of interest to study
the cytological content of the seminal fluid in patients with diagnosis “migrating” testis
— two casuistic cases in adult men. In the scientific literature, the term “migrating”
(elevator) testis (“retractile tests”) [2, 12, 23] is also described as a “retractile testis”
and/or as “a syndrome of ascending testis” [12, 20, 23]. This abnormal gonad state is
usually diagnosed in boys (child and juvenile age — most often around 10 years), but
it is extremely rare in adult men. Unlike in cases of cryptorhidism, despite the scrotal
position of the testes there is a risk of migrating testes (they remain in inguinal duct
and later descend into the scrotum) due to external conditions like cold, nerve stress
of cremaste muscle. As a result, abnormalities in the spermatogenesis are possible,
which are similar to those, established in diagnosed cryptorhidism and/or varicocelle,
due to the abnormal gonad thermoregulation [20, 23].

In this connection, the aim of the present study is to evaluate the quantity and to
characterize the morphology of “round cells” in the samples from semen fluids of pa-
tients with more rare diagnosis ascending testis. The methods of qualitative and quanti-
tative semen analysis, applied by us, after in situ staining of “round cells” in ejaculates,
could be an important diagnostic tool applicable in the treatment of patients with distur-
bances in spermatogenesis and subfertility/infertility-related problems.

Materials and Methods

Semen liquids (ejaculates) from two andrological patients (average 23 and 30 years)
with ascending testis, are examined, and the results are compared with data, obtained
from a control group of 20 fertile healthy men (average 32.45 + 1.59 years).

For a precise clinical diagnosis, in each case the patient’s data (anamnesis), to-
gether with his local clinical status, are carefully investigated.

Sperm Analysis

Spermatological assay includes the qualitative and quantitative analyses of ejaculates
and investigations of individual cells (spermatogonia, spermatocytes, spermatids, sper-
matozoa and other, so-called “round cells”, in seminal plasma — assessed according to
WHO criteria, 2010).

For cytological analysis, the smears from ejaculates are stained by the standard
methods of Papanicollaou and Hematoxyllin/Eosin. The slides are examined light-mi-
croscopically with microscope Leica DM 5000B (at different magnifications).

On the basis of morphological characteristics, the spermatogenic and non-sperma-
togenic (“round”) cells in ejaculates are identified, as:

e spermatogonia (Spg);

e primary spermatocytes (Spc-I);

e secondary spermatocytes (Spc-11);

e spermatids (Spt);
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— round spermatids — rSpt;
— elongated spermatids — elSpt;
e other (non-spermatogenic) round cells:
— granulocytes;
— monocytes/macrophages;
— lymphocytes.

Statistical Analysis

Statistical significance is verified by Student’s #-test. The results are given as MEAN
+ SD.

Results

In the course of the spermatological analysis we obtained a reduced number of mor-
phologically normal spermatozoa in the ejaculates of two andrological patients (with
ascending testis), in comparison with the normal values for the control group. The quan-
titative results are presented in Table 1.

Table 1. Cell number and presence of spermatozoa (including abnormal), as well as undifferentiated
(immature) spermatogenic cells in ejaculates of patients with ascending testis, versus data for the
control group

Number of Normal Abnormal Immature | Immature
spermatozoa spermatozoa | spermatozoa | germ cells | germ cells
(million/ml) (%) (%) (million/ml) (%)
Ascending (n = 1) Normospermia
testis 67 38.3 54 5.59 7.3
(n=2)
(n =1) Oligospermia
19 22.95 63.45 2.97 13.5
Control group
(n=20) 84.79 + 13.57 80.63 18.37 0.86 +0.09 1.0

In one of the patients, the results show oligospermia — significantly decreased total
spermatozoa number (19 million/ml) in the ejaculate, and in the other — normospermia
(67 million/ml). In both cases, especially in that with oligospermia we assessed increased
(> 50%) percent of the spermatozoa with abnormal morphology (Table 1). The high-
est percent is established for the spermatozoa (18.46%), possessing deformations in the
head, but gametes with combined abnormalities also reach significant percent (25.71%)
(Fig. 1).

According to our results, simultaneously with the decrease of total number of sper-
matozoa, an increase in the percent of the spermatogenic “round cells” in the ejaculates
was found, which correlates with the higher percent of the abnormal gametes. The per-
centage of the immature “round” spermatogenic cells in the samples of both patients is
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Fig. 1. Percent (%) distribution of the morphological spermatozoa abnormali-
ties (in head, tail, mixed anomalies) in the two patients with ascending testis
(Patient 1 — normospermia, Patient 2 — oligospermia)

significantly increased (7.3% and 13.5%, respectively), in comparison with the control
group (1%). In Table 2 is presented the percent distribution of the morphologically
immature spermatogenic cells on cytological smears from the patients with “ascending

testis”.

Table 2. Percent (%) distribution of immature spermatogenic cells in the ejaculates of patients with
“ascending testis” (Patient 1— normospermia, Patient 2 — oligospermia)

% Spg Spe-I-11 Spt
Patient 1 3.6 20.7 75.7
Patient 2 3.7 21.4 74.9
Control group (n = 20) - 6.8 93.2

The distribution in Table 2 shows higher percent of the spermatids in all cases,
but unlike in the control group, in both patients we established increased number of
spermatogonia, and spermatocytes. In all ejaculates tested, the leucocytes amounts vary
(0:0.4%).

The microscopical investigations of semen fluids resulted in a precise morphologi-
cal characterization and identification of spermatogenic cells at different stages of cell
maturiration/differentiation: from undiferentiated spermatogonia to mature spermato-
zoa (Figs. 2, 3).

Spermatids (with round or oval nuclear shape) and spermatocytes are the most of-
ten spermatogenic “round cells” identified in the ejaculates of patients with “ascending

testis* (Fig. 2).
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Fig. 2. Spermatocytes and spermatids: a) Spc I; b) Spc
I with two nuclei; c) round Spt; d) Spc II with two nu-
clei; ) degenerating Spt with vacuoles in cytoplasm; f)
degenerating Spt with two picnotic nuclei. Papanicolaou
(x 400; x 600)

Spermatogonia and secondary spermatocytes are also found, but much seldom than
the other spermatogenic cell types. A common morphological feature in the ejaculates
of these patients is the high amount of primary (Spc 1) and secondary spermatocytes
(Spc 1), possessing two nuclei, probably in result of abnormal mitoses (Figs. 2b, d, f).

The presence of similar round cells, but with larger size, possessing four nuclei,
(probably spermatocytes), is more often observed in the patient with oligospermia than
in that with normospermia (Figs. 3d, 3e).

Multinuclear cells, containing two, three or more picnotic spermatide nuclei, are
also established (Figs. 3a, c), as well as the presence of groups (clusters) of cells or
couples of cells, connected to each other by intra-cellular links (“cytoplasmic bridges”)
(Figs. 3g, h).

Another often met finding is the presence of large round cytoplasmic residues
(cytoplasmic droplets), around the mature spermatozoa, with or without agglutination.
Similar accumulation of mature spermatozoa is also established around the round im-
mature germ cells (Figs. 3f, ).

The morphological characterization of the most spermatids (with round or oval
shape of the nucleus) illustrates a high degree of male gamete degeneration, associated
with injured nuclear chromatin condensation and cytoplasm vacuolization (probably
due to apoptotic changes), (Fig. 2e).
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Fig. 3. Round cells and clusters: multi-nuclear cells (a — ¢) with picnotic nuclei (d — e); with four nuclei
(non-finished cell division) (Spc); (f) Spc I and agglutination; (g — h) couple of cells and group (cluster)
of cells; (i) cytoplasmic remedy (droplet). Papanicolaou, HE (x 400; x 600)

The spermatological assays of the ejaculates from both patients demonstrated a
decreased seminal ability with sub-fertility in the case with normospermia, and infertility
in oligospermia, respectively.

Discussion

Undescended testis or cryptorchidism represents the most common congenital abnor-
mality in boys. The main reason of infertility in cryptorchidism is hyperthermia related
to the abnormal position of testis that impaired spermatogenesis [16]. From the clinical
(andrological) and pathological point of view the ascending (migrating) testis demon-
strates similar features to these of cryptorhidism — with impaired gonadal thermo-regu-
lation and abnormal spermatogenesis, falling by this way into the categories of “similar
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diseases” [13, 14, 20]. If these disorders are not treated for a prolonged time period,
they could lead to an increased risk for infertility, but also to development of testicular
tumors in adults [3, 5].

In the current spermatological study, a high percent of immature spermatogenic
cells in the ejaculates of both patients with “migrating testis” diagnosis, is established
—7.3% and 13.5%, respectively. Although we obtained results from two patients only,
the increased amounts of spermatids and spermatocytes in the seminal probes might be
due to pathological seminiferous tubules. The observed groups (clusters) of two, three
or more cells, connected to each other by cytoplasmic connections (“bridges”), but also
the presence of two- and multi-nuclear spermatids (most often with picnotic nuclei),
show an interesting cytological pattern in both oligospermia- and normospermia-diag-
nosed patients. In both cases, the reduced inseminal possibility is associated with the
increased percentage of abnormal spermatozoa, in particular such with deformations
in the head, as well as with mixed anomalies. These results are similar to our previous
data from investigations of patients with pathologies of the male reproductive system
[9, 10], where we also established increased amount of gametes with head anomalies.
In cases with cryptorchidism the spermatozoa with elongated and round heads were
prevailed, but increased number of cells with two heads was also observed. However,
in comparison with the patients with ascending testis, significantly lower amount of the
gametes with mixed anomalies was assessed in the cases with cryprorchidism.

According to many authors [8, 20, 22], the results from histological studies in-
dicate that the spermatogenesis could be affected and injured in all stages of the male
reproductive system development (ontogenesis, puberty and adult age). Different eti-
ological factors could lead to the same and/or to similar structural abnormalities in the
testicular tissue, manifested by decreased germ cells proliferation, abnormal differen-
tiation and hence appearance of “teratological forms” among the mature spermatozoa
as well as elimination of many immature spermatogenic cells. The gametogenesis
abnormalities in cases with cryptorhidism, are often characterized by blocking of the
process at the different phases of spermatocytes and/or spermatids’ development in
the different regions of the seminiferous ducts. The blocking is depending on the sus-
ceptibility of the respective cell populations to the increased temperature in the scro-
tum, as well as to the subsequent hypoxia and oxidative stress [3, 14, 18]. Depending
on the pathological conditions and factors, however, changes in the spermatogenesis
are possible not to occur or they could be in non-equal degree in all tubules, and intact
spermatogenesis might also be established. On the other hand, the changes could be
transitive, in non-constant hypospermatogenesis, associated with intra-tubular disor-
ganization, suppression and/or arrest of the germ cells maturation process. Moreover,
changes could be definitive, characterized by germinal aplasia, tubular sclerosis and/
or progressive peritubular fibrosis in the testis, leading to azoospermia [1, 17]. In the
patients with ascending testis, the cytological observations suggested cell apoptosis
activation in early stages of germ cells development (depending on the time period
of the gonads in hyperthermia conditions), rather than a concrete affection in any
spermatogenic stage.

The established in the current study high percentage of abnormal spermatozoa, as
well as in other disorders of the male reproductive system, suggests altered function of
the epididymis, responsible for further proceses of the spermatozoa capacitation, and
acquisition of motility. The defects in the spermatozoa formation are often connected
with injuries in the cellular DNA and nuclear chromatin structure [15, 24], important in
application of technologies for in vitro-insemination.

Assisted reproduction technologies required precise identification of immature
germ cells sub-populations, for subsequent application in the intra-cytoplasmic injec-
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tions on ICSI technique [21]. The results from the current investigation indicate an
increased content of degenerating spermatids with picnotic nuclei and vacuolized cy-
toplasm, which are not appropriate for such purposes. The nuclear/chromatin defects
that might occur in germ cells and their subpopulations as well as in mature sperma-
tozoa demand careful choice in their using for ICSI procedures.

Additional studies are necessary in cases with ascending testis or similar patholo-
gies (hyperthermia, cryptorhidism, varicocele), for a better clarification of the seminal
fluid cytology and, hence, of the injuries in the human spermatogenesis.

Conclusion

The increased secretion of germ cells (spermatogonia, spermatocytes and spermatids)
in the seminal fluid might be good indicators for the abnormal functions of the testis,
and in this way, could provide information for the stage, in which the arrest in the germ
cells development occurs. Further investigations are necessary due to limited informa-
tion in the literature about the “round cells” presence in the seminal fluid, which also
play a prognostic role for determination of the spermatogenesis defects and could be
useful in the choice of appropriate therapeutic strategies in andrology.
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Multiple sclerosis (MS) is an inflammatory disease in which the myelin sheaths around the axons of
brain and spinal cord’s neurons are damaged by autoantibodies, resulting in demyelination and scarring.
The aim of this investigation was to show clinical significance of the tetanus vaccination and risk of
autoimmune reactions in patients with MS. The risks associated with a number of vaccines have been
investigated in patients with MS. Many patients with MS received immunosuppressive or immunomod-
ulatory therapy, which could make them more susceptible to infectious diseases and might also affect
their ability to respond to immunization. Here, we review the indications for and possible adverse effects
of vaccines in patients with MS, and address issues of vaccination in the context of immunomodulatory
therapy for MS. It is recommended that vaccines in patients with long time suppressed immune system
to be applied very carefully, only if there is proven necessity and close monitoring.

Key words: multiple sclerosis, multiple sclerosis treatment, Glatiramer acetate, tetanus vaccination,
autoimmune reaction.

Introduction

Multiple sclerosis (MS) is primarily an inflammatory disorder of the brain and spinal
cord in which focal lymphocytic infiltration leads to damage of myelin and axons. Ini-
tially, inflammation is transient and remyelination occurs but is not durable. Hence, the
early course of disease is characterized by episodes of neurological dysfunction that
usually recover. However, over time the pathological changes become dominated by
widespread microglial activation associated with extensive and chronic neurodegenera-
tion, the clinical correlate of which is progressive accumulation of disability. Preclinical
investigations show abnormalities that indicate the distribution of inflammatory lesions
and axonal loss (MRI); interference of conduction in previously myelinated pathways
(evoked electrophysiological potentials); and intrathecal synthesis of oligoclonal anti-
body (examination by lumbar puncture of the cerebrospinal fluid) [2].

The initial MS therapeutic strategies were directed at immune modulation and in-
flammation control. Disease-modifying drugs (DMDs) require long-term, regular injec-
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tion or monthly parenteral infusions, which may impact the patient’s compliance. The
aim is to prevent demyelination and to reduce axonal loss. During the different MS
phases patients use various drugs: in attacks — Corticosteroids; immunomodulators —
Interferon beta-1a, Interferon beta-1b (INFs), Glatiramer acetate and Fingolimod [11].

Glatiramer acetate (licensed in 1996) is an immunomodulatory drug currently used
to treat relapsing-remitting MS (RRMS). It is a random polymer of four amino acids
found in myelin basic protein, namely glutamic acid, lysine, alanine, and tyrosine, and
may work as a decoy for the immune system. Glatiramer acetate (GA) is approved by the
Food and Drug Administration (FDA) for reducing the frequency of relapses, but not for
reducing the progression of disability. GA has also been shown to limit the formation of
new MS-related lesions in the central nervous system (CNS) and to reduce brain atrophy
[10]. The role of vaccinations in risk of developing MS or in risk of relapse has not been
well established. The aim of the studies was to estimate the effect of immunizations and
the risk of developing MS in adults as well as in subsequent risk of relapse [4].

Several studies have demonstrated an effect of GA on T regulatory cells (Tregs),
which are potent immunosuppressor cells pivotal in the maintenance of self-tolerance.
However, the role of this cell population in the therapeutic effect of GA has not been
clarified. To clarify the requirement of Treg cells in the therapeutic activity of GA in
an animal model of multiple sclerosis is experimental autoimmune encephalomyelitis
(EAE) was used. GA treatment induces elevation of T-regulatory cells. Selective deple-
tion of these Tregs reduces but does not eliminate the ability of GA to ameliorate EAE.
These findings support the role of Tregs, but not in an exclusive fashion, in the thera-
peutic effect of GA. [1].

Materials and Methods

The patient is a 40-year-old woman. MRI performed with 20 years confirmed clinical
diagnosis of MS, relapsing-remitting variant, satisfying McDonald MRI criteria, with
assigned level 1.5-2 Kurtzke Disability Status. The patient was on therapy with GA
from ten years. From 2005 until year 2014 the patient has been in a remission with two
or three weak exacerbations.

During the normal procedure with GA patient was bitten by a street dog. Doctors
have implemented vaccination with tetanus vaccine. Some time thereafter (2-3 weeks)
suddenly appeared bumps and severe, excruciating pain in the joints. Ultrasound ap-
peared effusion of synovial fluid in the joints of the knees, ankles and wrists. Expressed
were effusions on superolateral bursae and soft proliferation of the synovial membrane.
The complete blood count of the patient is normal. The level of C-reactive protein
(CRP), a marker of long-term inflammatory response in the body is normal — less than
10 mg/L (SI). Symptomatic treatment with medication Movalis (15 mg) was appointed
for ten days. Then, there was a sharp decline in the swelling of the joints. Doubts for
gout were also rejected. Most likely acute pain, swelling and indispositions in the body
are available because of suppressed immune system many years. Perhaps this is a reac-
tion of poorly purified proteins in the vaccine.

The study was conducted in compliance with the principles of the Declaration of
Helsinki 1964 and its amendments (Tokyo 1975, Venice 1983, Hong Kong 1989). Simi-
lar studies have not been performed so far.

In the current investigation, clinical studies were focused on the type, morphology
and evolution of MS lesions using conventional MRI in a patient with RRMS before
GA treatment (Fig. 1) and during the therapy (Fig. 2). MRI was designed to assess the
frequency, extent, and rate of cortical lesions formation in RRMS and their relationship
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with T2 lesion volume, white matter atrophy, and disability. Regrettably, MRI has not
been investigated after the inflammatory response.

Results

MRI results from a longitudinal study

Year 2002 — MRI brain and spinal cord in axial and sagittal planes

Multiple, predominantly small hyperintense foci in the brain white matter loca-
ted bilaterally periventricularly and subcortically towards the convexity, in the basal
ganglia and capsula interna, in all parts of corpus callosum, in the cerebellum, pons,
craniospinal junction and along the cervical spinal cord. These changes are usually seen
in a demyelinating process such as MS with cranial and spinal involvement with cor-
responding clinical and immunologic evidence (Fig. 1).

Year 2005 — Brain MRI in axial plane and cervical spine in sagittal plane
Compared to previous MRI study from 2002 — no dynamic changes; no evidence
of disease progression based on “lesion load on T2”.

Year 2009 — MRI brain and spinal cord in axial and sagittal planes with gado-
linium contrast enhancement (0.1 mmol Gd/kg)

Compared to previous MRI findings from 2005 — no evidence of disease progres-
sion based on “lesion load on T2”. Intact blood-brain and blood-spinal fluid barriers
(Fig. 2).

Year 2011 — MRI brain: T2 imaging in axial and sagittal planes, FLAIR axial and
T1 sagittal planes

Subarachnoid space and brain ventricles — normal. Supra- and subtentorial hy-
perintense foci documented previously on T2 and FLAIR imaging from 2009 persist.
Hyperintense foci noted in cervical cord at C2 level. Pontocerebellar angles appear nor-
mal. Brain ventricular system — normal shape, size and location. No evidence of MRI
findings progression compared to MRI study from 2009 — cerebrospinal demyelinating
process.

The fact that there is no progression on MRI imaging findings from 2005 until
2012 based on brain “T2 lesion load” suggests the protective role of GA treatment.

Discussion

Vaccination against infection becomes important in patients with neuromyelitis
optica spectrum disorder (NMOSD) because they are at an increased risk of infec-
tion due to long-term immunosuppressive therapy. However, it is unclear whether
NMOSD patients under immunosuppression therapy show proper antibody forma-
tion after vaccination. Thus the antibody formation after influenza A (HINI1) vac-
cination in patients with NMOSD receiving rituximab was evaluated [9]. This study
shows a severely hampered humoral immune response to HIN1 influenza vaccine in
patients with NMOSD treated with rituximab, although the vaccination itself is safe
in these patients [9].

Bacterial and viral infections have been shown to induce relapses and accelerate
the progression of MS. Vaccination to prevent communicable disease in such patients
is, therefore, of key importance. Reports of potentially detrimental effects of immuni-
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zation on the course of MS, however, have prompted patients and physicians to adopt
a cautious attitude towards the use of vaccines. The risks associated with a number of
vaccines have been investigated in patients with MS. Many patients with MS receive
immunosuppressive or immunomodulatory therapy, which could make them more sus-
ceptible to infectious diseases and might also affect their ability to respond to immu-
nization. The researchers reviewed the indications for and possible adverse effects of
vaccines in patients with MS, and address issues of vaccination in the context of im-
munomodulatory therapy for MS [12]. Tetanus vaccination is associated with a low risk
of multiple sclerosis in healthy people [6].

That is not indicative of patients with permanently suppressed immunity as pa-
tients treated with GA. The question of a connection between vaccination and autoim-
mune illness (or phenomena) is surrounded by controversy. A heated debate is going
on regarding the causality between vaccines, such as measles and anti-hepatitis B virus
(HBV), and MS. Brain antibodies as well as clinical symptoms have been found in pa-
tients vaccinated against those diseases [13].

Post-vaccination acute disseminated encephalomyelitis (ADEM) has been associ-
ated with several vaccines such as rabies, diphtheria-tetanus-polio, smallpox, measles,
mumps, rubella, Japanese B encephalitis, pertussis, influenza, hepatitis B, and the Hog
vaccine. Researchers review ADEM with particular emphasis on vaccination as the pre-
cipitating factor [7]. In the current study investigations were focused on the tetanus vac-
cination and risk of autoimmune reactions in patients with RRMS. The aim of the MS
treatment is to prevent demyelination and to reduce axonal loss. Vaccination against
hepatitis B (HB), influenza, tetanus, measles, or rubella is not associated with an in-
creased risk of multiple sclerosis or optic neuritis [3].

This is a statement in healthy subjects. In the cases of patients with permanently
suppressed immune response the reaction of vaccination is not the same. Several hun-
dred cases of an acute central demyelinating event following HB vaccination were re-
ported to the pharmacovigilance unit, leading to a modification of vaccination policy
in the schools and the initiation of several studies designed to examine the possible
relationship between the vaccine and the central demyelinating events. The results of
these studies failed to establish the causality of the HB vaccine. Nevertheless, molecu-
lar mimicry between HB antigen(s) and one or more myelin proteins, or a non-specific
activation of autoreactive lymphocytes, would constitute possible pathogenetic mecha-
nisms for these adverse neurological events [5].

Farez and Correale [4] suggest that no significant change in the risk of developing
MS after vaccination was found for BCG, Hepatitis B, Influenza, Measles-Mumps-
Rubella (MMR), Polio and Typhoid fever. They found decreased risk of developing MS
for Diphtheria and Tetanus. Influenza immunization was also associated with no change
in risk of MS relapse. Risk of developing multiple sclerosis remained unchanged after
BCG, Hepatitis B, Influenza, MMR, Polio and Typhoid fever immunization, whereas
diphtheria and tetanus vaccination may be associated with a decreased risk of MS. Fur-
ther research is needed for the remaining vaccines [4].

Kappos et al. [8] evaluated the immune responses in Fingolimod-treated patients
with MS against influenza vaccine (to test for responses against anticipated novel an-
tigens in seronegative patients) and recall (tetanus toxoid booster dose) antigens. Most
Fingolimod-treated patients with MS were able to mount immune responses against
novel and recall antigens and the majority met regulatory criteria indicating seroprotec-
tion. However, response rates were reduced compared with placebo-treated patients.
This should be kept in mind when vaccinating patients on Fingolimod [8]. In some
patients with MS receiving immunizations, concurrent Fingolimod treatment in com-
parison to placebo decreases vaccination-induced immune responses.
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Conclusion

Two problems must be considered in regard to the relationship between vaccinations
and MS: Do vaccinations favor the first attack of MS? Do they increase the short- or
long-term risk in patients with known disease? Answers to these questions are difficult
due to the paucity of reported cases, our ignorance of the precise frequency of neuro-
logical adverse events in vaccines based on prospective studies, and finally by the lack
of'a well established pathophysiology.

In most instances, the role of the vaccine is based on a temporal link between the
injection and the onset of neurological disease, and more rarely to a positive reintroduc-
tion. The mechanism (or mechanisms) of autoimmune reactions following immuniza-
tion has not yet been elucidated. One of the possibilities is molecular mimicry; when a
structural similarity exists between some viral antigen (or other component of the vac-
cine) and a self-antigen. This similarity may be the trigger to the autoimmune reaction.
Other possible mechanisms are discussed. Even though the data regarding the relation
between vaccination and autoimmune disease is conflicting, it seems that some autoim-
mune phenomena are clearly related to immunization (e.g. Guillain-Barre syndrome).

It is recommended that vaccines in patients with long time suppressed immune
system to be applied very carefully, only if there is proven necessity and close monito-
ring. As their immune system is permanently suppressed, it does not respond in the way
that reacts in healthy people.
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The choroid plexus consists of epithelial cells, fenestrated blood vessels, and the stroma, dependent
on various physiological or pathological conditions. In the present study the blood vessels, divided
in four subgroups of the choroid plexus of control and tumor bearing hamsters (TBH), were morpho-
metrically investigated. The investigations were performed on semithin sections examined with the light
microscope using a square grid system. Brain tumor can be classified into two major classes, namely,
primary brain tumor that start in the brain and secondary brain tumor that are generated by the cancer
cells that migrated from tumor developed in other parts of the body. In the present study were observed
statistically significant increase of the luminal diameter of the blood vessels in TBH on the 10" and 30™
day of examination in comparison with control hamsters and metastasis near the brain ventricles. The
morphological changes in the choroid plexus vasculature and structure are evidence for alteration of the
blood-cerebrospinal fluid barrier and probably were a result of secondary metastasis in the brain.

Key words: choroid plexus morphological and morphometrical studies, experimental hamster
Graffi tamor model, brain metastasis.

Introduction

Secondary brain tumors are more common than primary ones and are the most com-
mon cause of tumors in the intracranial cavity. This means that a cancerous neoplasm
has developed in another organ elsewhere in the body and that cancer cells have leaked
from that primary tumor and then entered the lymphatic system and blood vessels.
They then circulate through the bloodstream, and are deposited in the brain. How the
metastatic process is regulated also largely remains a mystery. The development of new
therapeutic approaches for this disease is a difficult challenge, and there is no effective
treatment for almost all the brain diseases. In most of the cases, the major cause of the
failure in the development of drugs to treat brain diseases is the presence of blood-brain
barrier (BBB) [1]. The cerebrospinal fluid (CSF) circulatory system is involved in the
neuroimmune regulation, cerebral detoxification, and delivery of various endogenous
and exogenous substances [2]. The barriers of the brain play critical roles in controlling
the movement of various metabolites, but also drugs, between the blood and the brain
(Blood-Brain Barrier) and the blood and the CSF (Blood-CSF-Barrier). Fundamental
to all brain barrier mechanisms is the presence of intercellular tight junctions between
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intimately opposed cells comprising these interfaces (endothelial cells of the brain ves-
sels — BBB and choroid plexus epithelial cells — B-CSF-B) [8].

Plexus choroideus is highly vascularised structure in the brain ventricles. It pro-
duces cerebrospinal fluid and involves in the synthesis and transport of numerous CSF
components. Choroid plexus has an important role in the homeostasis of nutrients in the
CSF [13]. The transplantable myeloid tumor used in this study originated as a Graffi
murine leukemia virus-induced tumor in newborn hamsters, adapted and maintained to
mature Golden Syrian hamsters [3, 9].

The aim of the present study is to investigate the morphometric changes of the
choroid plexus blood vessels in the experimental hamster Graffi tumor model.

Materials and Methods

Experimental hamster Graffi tumor model

Golden Syrian hamsters, 2 months old, were used in experiments. The experimental
Graffi tumor was primary created by the Graffi-virus in new-born hamsters, and main-
tained monthly in vivo by subcutaneous transplantation of live tumor cells (2x10%ml
PBS) in the interscapular area of hamsters, for keeping the tumor’s survival [3, 9, 10].
The tumor is 100% cancerous, and the animals die usually up to the 30™ day after trans-
plantation. The animals were kept under standard conditions with free access to food
and water.

Histopathological examination

Brain samples from control (healthy) and tumor bearing hamsters (TBH) were taken,
fixed in Carnoy’s solution and embedded in paraffin using routine histological practice.
Tissue sections (5—7 um) were stained by hematoxylin-eosin and examined under light
microscope Leica DM5000B.

Morphometric analysis

We obtained morphometric data from the light microscope Carl Zeiss Jena at 1000 x
magnification using a square grid system. The luminal diameter was measured as per-
pendicular distance across the maximum chord axis of each vessels of control (n = 446)
and TBH (n =431 on the 10" and n = 467 on the 30" day after tumor implantation).

Statistical analysis: Results are reported as mean values + SEM and statistically
analyzed by Student’s t-test using statistical package (STATISTICA, ver.6, Stat-Soft
Inc., 2001), and differences were regarded as significant at p < 0.05.

All studies were performed in accordance to the Guide for Care and Use of Labo-
ratory Animals, as proposed by the Committee on Care Laboratory Animal Resourc-
es, Commission on Life Sciences and National Research Council, and a work permit
No. 11130006.

Results
In the present study changes in the luminal diameter of the choroid plexus blood ves-
sels divided in four subgroups in control (healthy) and tumor-bearing hamsters were

determined. These findings are shown in Fig. 1. Significant changes were observed in
the luminal diameter of capillaries (vessels < 15.0 um in diameter) and large vessels
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Fig. 1. Comparison of morphometric data of choroid plexus blood vessels in con-
trol and experimental hamster tumor model

(> 30.0 pm in diameter) in TBH on the 10" (p < 0.001) (blood vessels diameter of the
3.75-7.5 pm: 5.90 + 0.10 um and 8.0-15.0 um: 10.42 £+ 0.24 pm) and 30" (p < 0.001)
(blood vessels diameter of the 3.75-7.5 um: 5.83 £ 0.11 um and 8.0-15.0 um: 10.40 £
0.25 um; blood vessels > 30.0 um in diameter: 36.70 + 1.23 pm) day of examination in
comparison with control hamsters (blood vessels diameter of the 3.75-7.5 um: 5.54 +
0.09 um and 8.0-15.0 um: 9.38 = 0.21 pum; blood vessels > 30.0 um in diameter: 32.50
+ 0.91 um). The mean luminal diameter of capillaries (blood vessels diameter of the
3.75-15.0 um) was not statistically changed in TBH in comparison with control.

The choroid plexus lies in the brain ventricles as a fibrous network of tissue and
vasculature. It consists of single layer of large cuboidal light and dark epithelial cells,
connective tissue elements and capillary with many fenestrations (Fig. 2). The histo-
pathological studies of
the brain on the 10" and
the 30" day after tumor
implantation are shown
in Figs. 3 and 4. Many
brain vessels and choroid
plexus cappilaries with
destructive changes were
seen in the present TBH
study. Some endothelial
cells of the choroid plex-
us blood vessels were de-
stroyed. There were many
dark epithelial cells and
macrophages in the apical
part of the choroid plexus
epithelial cells. Massive
accumulation of tumor
metastatic cells were de-  Fig. 2. Light microscopic micrograph of the plexus choroideus of
tected in the brain tissue, control hamster in the lateral ventricle. H&E stain (x 5)
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Fig. 3. Light microscopic micrograph of the plexus choroideus of tu-
morbearing hamster (10 days after tumor implantation). H&E stain
(x 10)
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Fig. 4. Light microscopic micrograph of the plexus choroideus of tu-
morbearing hamster (30 days after tumor implantation). H&E stain
(x 10)

lateral ventricle and under ependyma in TBH on the 30" day of examination. Tumor
cells have a similar morphological characteristic to that described in the primary tumor.
Discussion

For the first time brain was examined in experimental hamsters with Graffi tumor to

establish morphological changes in the choroid plexus and brain metastases during tu-
mor progression. Up to present time little quantitative information has been available
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regarding the vessels of the brain, in particular, regarding the vessels of the rat choroid
plexus. The capillaries of the choroid plexus have a large diameter and sinusoidal di-
lations, and showed the presence of occasional short, blind sprouts indicative of an-
giogenesis. Short anastomoses between arterioles supplying the plexuses and venules
draining them were only rarely observed [12].

It was found that the tumor metastasizes lymphatic and haematogenous route.
In our previous studies metastases were observed in regional and non-regional lymph
nodes, in the lung, liver and spleen of TBH. Massive accumulation of tumor metastatic
cells were detected in the brain tissue, lateral ventricle and under ependyma in TBH on
the 30" day of examination. Tumor cells in metastatic lesions have a similar morpho-
logical characteristic to that described in the primary tumor, reported in our previous
studies [9, 11].

Remarkable changes were found in choroid plexus morphology in all tumorbea-
ring hamsters. The significant increases were observed in the luminal diameter of ca-
pillaries and large vessels in TBH on the 10" (vessels diameter of the 3.75-7.5 um by
6.50% and 8.0-15.0 pm by 11.09%) and 30" (vessels diameter of the 3.75-7.5 um by
5.23% and 8.0-15.0 um by 10.87%; blood vessels > 30.0 um in diameter by 12.92%)
day of examination in comparison with control hamsters. Destructive changes of the
brain vessels and choroid plexus capillaries, many macrophages in the apical part of
the choroid plexus epithelial cells and in the CSF, and increased number of dark epithe-
lial cells, were seen in the present study. Most blood vessels in the plexus choroideus
are wide-calibre (10-15 um) fenestrated capillaries, wich included non-fenestrated en-
dothelial segments with some vesicles [4]. Similar changes in the rat choroid plexus
blood vessels and epithelial cells we observed in our previous investigations after low
doses ionizing irradiation [5, 6]. Statistically significant changes in the choroid plexus
blood vessels established in this study are in support of our previous research in which
we found metastatic lesions in the brain ventricles and brain tissue [7]. The choroid
plexus epithelium constitutes a physical barrier between blood and cerebrospinal fluid
(the blood — CSF barrier — BCSFB) by virtue of the complexity of the tight junctions
between adjacent epithelial cells.

Conclusion

Our morphological study of the TBH experimental model clearly demonstrated that
the brain metastasis provoked significant destructive changes in the plexus choroideus.
These morphological changes led to the damage of the BBB and B-CSF-B.
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Infertility affects about 14% of the couples of childbearing age. Several studies show that in about 40%
of couples infertility is due to changes in spermatogenesis. Infertility itself does not threaten the physical
health of men, but it has a major impact on mental and social well-being of married couples. The aim of
our study was to determine the infertility distribution among a group of men with fertility problems, age
range when it is observed, the associated morphological defects in comparison to the WHO criteria and
possible reasons for infertility. The study examines the extent of infertility in age groups and morpho-
logical characteristics of semen analysis. The results obtained clearly reflect the global trend of harmful
factors affecting spermatogenesis associated with lower sperm quantitative and qualitative indicators in
human males.

Key words: infertility men, semen analysis, sperm morphology, reproduction.

Introduction

Infertility affects about 14 % of couples of childbearing age [1]. For many years inferti-
lity is attributed mainly to female factor, whereas the role of the male is highly underes-
timated. Several studies show that about 40% of couples infertility is due to changes in
spermatogenesis. Infertility itself does not threaten the physical health of men, but has a
major impact on the mental and social well-being of married couples. Infertile men are
more susceptible to depression and aggression. Crucial in such cases is exactly prepared
semen analysis and adequate treatment plan. The first step after detecting abnormal se-
men analysis is to precise the reason for infertility. Only comprehensive evaluation of
the data and the relationship between them can give a prognosis for fertility ejaculate.

In Bulgaria the first studies of male infertility began in the middle of the last cen-
tury. In 1978 Nalbanski conducted extensive research among childless couples and
found that in 33.19% of them direct cause of infertility is male infertility [8]. Today,
the percentage is even higher, according to a report by the Ministry of Health [10]. In
year 2010, couples with fertility problems are about 270 000 [9]. The reasons for these
alarming data are probably changed lifestyle and diet, the use of ionizing devices, stress
and many others.
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Objective

The aim of the study was to determine the influence of age on sperm morphological
defects and sterility among group of men.

Materials and Methods

The study was conducted among 74 males, average age of 34.9 years (20-51 years old.)
Families with long (primary or secondary) infertility from Plovdiv that visited “Sal-
manida” AG Center (Obstetrics and Gynaecology Center) in the period from May to
September 2014 were included in the present study.

Each patient signed written informed consent. Semen for seminologic study was
obtained by masturbation after 3-5-day sexual abstinence in a sterile container and
stored at room temperature 18-20 °C. Qualitative and quantitative studies were carried
out to determine the volume of ejaculate and concentration of spermatozoa in 1 ml.
Total sperm count, evaluation of motility and morphology in Kruger strict criteria [3]
were investigated using a light microscope (Olympus) and camera for counting cells
(Makler).

The evaluation of the results was carried out according to the criteria of the World
Health Organization (WHO) [11].

All data were processed with statistical program SPSS 17.0, by applying descrip-
tive and variation analysis

Results

Our study found that only 40.54% of the men have normal sperm parameters respec-
tively with normal fertility (normozoospermia), while the remaining 59.46% expressed
varying degrees of infertility and reduced or lack of fertility.

The largest percentage of patients were with oligoastenozoospermia (25.68%), fol-
lowed by those with astenoteratozoospermia (16.22%). Significantly rarely are diag-
nosed men with oligozoospermia (6.7%) and azoospermia (6.7%), and only at 4.05%
with astenozoospermia and oligoastenoteratozoospermia (Fig.1).

azoospemia
oligoastenoteratozoosprmia
oligoastenozoospermia

aste note ratozoospermia
aste nozoospermia

oligozoospermia

40.54%
0.00% 10.00% 20.00% 30.00% 40.00% 50.00%

normozoospermia

Fig. 1. Semen analysis
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By analysis of the distribution of different types of infertility in age groups we
found oligoastenozoospermia-minute diagnosed with approximately equal frequency
in men between 31-40 years (28.85%) and 41-50 years (30.77%). All other types of
infertility occur mainly in the age group 41-50 years (46.15%) (Fig. 2)

30,77%

OA [%] r 28,85%
12,50%

46,15% 41-50
OAT+azoospemia [%] 28,85% m31-40
12,50%
| m21-30
23,08%
normozoospermia [%] 42.31%

75,00%

T
0,00%  20,00%  40,00%  60,00%  80,00%

Fig. 2. Distribution of patients by age

The results of the morphological characteristics of semen analysis are shown in
the diagram below:

N — Normozoospermia

OA - Oligoastenozoospermia

OAT — Oligoastenoteratozoospermia

20.00 1883

18.00 17.50
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Fig. 3. Morphological characterization of sperm
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The highest percentage of defects was reported in sperm head and sperm flagellum
apparatus in patients with:

e Normozoospermia — sperm head (4.9%), tail (4.07%)

e Oligoastenozoospermia — sperm head (8.83%), tail (8.33%)

e Oligoastenoteratozoospermia — sperm head (18.83%), tail (17.5%).

Discussion

The present study demonstrates that the number of sperm reaching its peak in men aged
21-30 years and it is reduced after 50 years of age. Also it was found that sperm motil-
ity is highest around the age of 25 and lowest after age 50. Comparing the number of
spermatozoa with normal morphology in ejaculate in men aged 21-30 years to men aged
over 50 it was found that the sperm motility decreased by about 50%. Sperm morphol-
ogy determines success in fertilization and embryo development. In sperm morphologi-
cal assessment, the percentage of sperm with normal and abnormal shape, analyzing the
head, the volume of acrosome, neck, middle and caudal part were evaluated. Normally,
more than 14% of sperm should have a normal shape and structure, according to the
criterion by Kruger et al. (1986, 1988, 2010), the deviations are considered abnormal
forms [3]. According to Ilieva and Tsvetkova [6], anomalies in the shape of the head of
the sperm are combined with the pathology of the genital tract, cryptorchidism, epididy-
mal cysts, prostatitis, epididymitis, varicocele, torsio testis. Incorrect placement of the
head, its shape and size can lead to abnormalities in sperm motility and penetration
ability. Numerous studies prove that the violations in the neck and middle part of the
sperm due to anomalies in the construction of axonema — lack of protein dynein, micro-
tubule and fibrils and improper disposal of mitochondria are result of genetic defects.
Morphological studies reported that abnormalities in sperm tail were found in a higher
percentage in diseases such as chronic epididymitis, epididymal cyst and postparotidic
orchitis [5]. It is well known that the cellular or physiological changes in the urogenital
tract increased with age. Testicular biopsies demonstrate narrowing and sclerosis of the
lumen of the seminiferous tubules, reduced spermatogenesis and increased degenera-
tion of germ cells, and atrophy with diminished function of Leydig cells [2].

Changes in the prostate that occur with age, such as smooth muscle atrophy and
reduced water and protein content can lead to reduction in the semen volume and sperm
motility. In addition, changes in the epididymis, associated with age, suppress energetic
movement sperm capacity. Epididymitis is hormonally sensitive tissue that plays an
important role in sperm maturation [7]. Thus, the reduction of the hormonal levels as-
sociated with age may lead to a decrease in mobility in older men.

Second, the aging provides a longer period of impact of exogenic factors on the
reproductive system. Older men have been exposed longer to the carcinogenic effects of
smoking, possibility of diseases, including genitourinary infections than younger men.

Other parameters that may be affected by age include sperm morphology, which is
shown to be a sensitive indicator of status and changes in the epididymis. Several stu-
dies have shown age-related defects in the genetic integrity of sperm. For example, age
is associated with increased aneuploidy in sperm production in humans [4] and mice, as
well as increasing in the frequency of the de-novo gene mutations.
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Conclusion

The results obtained clearly reflect the global trend of harmful factors affecting sper-
matogenesis associated with lower sperm quantitative and qualitative indicators in hu-
man males.
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Ghrelin is a gastrointestinal hormone which performs the function of a ligand for secretory receptors of
growth hormone in the adenohypophysis. In recent years, studies reveal the presence of ghrelin recep-
tors outside the CNS. The aim of the study is an immunohistochemical proof of the presence and locali-
zation of ghrelin receptor GHS-R1 in the human gastrointestinal tract. Biopsy specimens from stomach
—body and antrum pylorus and duodenum are subjected for the expression of ghrelin receptor GHS-R1.
Immunohistochemical study of GHS-R1 found its expression in biopsy material from three locations.
The presence of receptors for ghrelin in the gastrointestinal tract indicates its paracrine action. There are
ghrelin receptors in the epithelial cells of gastric glands and Lieberkuhn crypts of the duodenum that
can directly affect their secretion. By binding to receptors in smooth muscle cells ghrelin also influences
motility of the gastrointestinal tract.

Key words. ghrelin, ghrelin receptor, GHS-R1, gastrointestinal tract.

Introduction

Ghrelin is a gastrointestinal hormone which performs the function of a ligand for secre-
tory receptors of growth hormone in the adenohypophysis (growth hormone secreta-
gogue receptor, GHSR). As a releasing factor for growth hormone ghrelin intervenes in
the regulation of many metabolic processes. In recent years, studies reveal the presence
of ghrelin receptors outside the CNS, in peripheral tissues. Ghrelin receptor GHS-R1 is
established in placenta, lung, uterine myometrium, in vegetative afferent nerve fibers in
the gastrointestinal tract.

The aim of the study is an immunohistochemical proof of the presence and locali-
zation of ghrelin receptor GHS-R1 in the human gastrointestinal tract.

Materials and Methods

The materials about the morphologic research of the EC cells were obtained by fibrogas-
troscopy performed 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
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and antrum pylorus of the stomach and superior portion of the duodenum. There were
no endoscopic pathological changes in the gastric mucosa of these patients.

The material is studied by immunohistochemistry using the ABC method with
primary antibody for ghrelin receptor GHS-R1 (rabbit polyclonal antibody Ghrelin —
Santa Cruz Biotechnology USA) at a dilution of 1:100. Positive response to ghrelin
is presented by fine brown granulation. The specificity of the immunohistochemical
reaction was confirmed by negative controls, the specific antibody was replaced with a
buffer (PBS) or normal non-immune serum.

Results

Immunohistochemical study of ghrelin receptor GHS-R1 found its expression in biopsy
material from three locations — in the stomach body and antrum pylorus and in the
duodenum. In the stomach body mucosa GHS-R1 receptors were visualized by brown
fine granulation in some cells of the fundic glands. These cells were few in number.

g
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Fig. 2. Biopsy specimens from the antrum of the
pylorus. Immunohistochemical expression of
GHS-R1 in the smooth muscle cells of the gastric
wall. Paraffin preparation. Magnification x 40

Fig. 1. Biopsy specimens from the body of the
stomach. Immunohistochemical expression of
GHS-R1 in the fundic glands. Paraffin preparation.
Magnification x 20

Fig. 3. Biopsy specimens from duodenum. Im-
munohistochemical expression of GHS-R1 in the
epithelial cells of the duodenal villus. Paraffin
preparation. Magnification x 40

Fig. 4. Biopsy specimens from duodenum. Im-
munohistochemical expression of GHS-R1 in the
glandular cells of the crypts of Lieberkuhn. Paraf-
fin preparation. Magnification x 40
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They were located mainly in the central parts of the glands unevenly among other epi-
thelial cells (Fig. 1). In the antrum biopsy immunohistochemical reaction is positive
for smooth muscle cells. Bundles of parallel leyomyocytes showed brown granulations
that can cover whole cells (Fig. 2). In the duodenum the receptor is expressed in both
the epithelial cells coating the intestinal villi, and in the glandular cells of the crypts of
Lieberkuhn (Figs. 3, 4).

Discussion

Ghrelin receptor GHS-R1 is a G-coupled peptide. It was first cloned in 1996 from ade-
nohypophysis and hypothalamus [1]. Binding of ligands to this receptor leads to the se-
cretion of growth hormone. In 1999 ghrelin was identified as an endogenous ligand for
this receptor [5]. The receptor has two isoforms — GHS-R1a and GHS-R1b. GHS-R1a
is a mature polypeptide of 366 amino acid sequences and 7 transmembrane domains.
GHS-R1b is an immature polypeptide with 289 amino acid residues and 5 transmem-
brane domains. Recently some authors found the presence of ghrelin receptors outside
of the CNS. O’Brien et al. [4] reported the expression of ghrelin and GHS-R1 in the
smooth muscle cells of myometrium of the uterus during pregnancy, childbirth and in
the uterine wall outside of pregnancy. Ghrelin has autocrine and paracrine effects that
decrease contractility of the leyomyocytes and provide protection of pregnancy [4].
Ghrelin has a number of effects on the cardiovascular system. In vitro and in vivo it has
a powerful vasodilatating effect. Ghrelin decreases the tonus of smooth muscle cells
of the vascular wall. Endothelial cells of the microcirculatory bed express ghrelin and
GHS-R1. In vitro ghrelin stimulates cell proliferation, migration and angiogenesis [3].
There is evidence of GHS-R1 receptor in the gastrointestinal tract of rats and guinea
pigs that affect gastrointestinal motility [2].

Conclusion

The presence of receptors for ghrelin in the gastrointestinal tract indicates its para-
crine action. There are ghrelin receptors in the epithelial cells of gastric glands and
Lieberkuhn crypts of the duodenum that can directly affect their secretion. By binding
to receptors in smooth muscle cells ghrelin also influences motility of the gastrointes-
tinal tract. Evidence of the existence and distribution of ghrelin receptors in the human
gastrointestinal tract is important for the clinical practice — possible therapeutic use of
ghrelin analogues; agonists and antagonists of ghrelin receptors and knowledge of their
side effects and complications.
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A comparative study on the anti-Trichinella efficiency of liposomal Albendazole (LA) and free (unin-
corporated in liposomes) Albendazole (A) has been carried out on an experimental murine model of
the muscle stage of trichinellosis, i.e. when parasite larvae are encapsulated into the muscle tissue and
routine therapy has proven inadequate. The results showed that (LA) yields a 69% efficiency compared
to a slight 36% for (A) applied at equal doses.
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Introduction

Trichinellosis is one of the most detrimental parasitic ailments in the animals and the hu-
man caused by representatives of the Trichinella genus (Nematoda class — roundworms).

The epidemic outbursts in their character-massiveness and unpredictability resem-
ble the ones of many infectious diseases (dysentery, typhoid, tularemia) the complica-
tions being very perilous both in its acute and chronic forms. In the literature known
to us to the present moment no successful treatment of the muscle stage has ever been
reported [2, 3, 4]. That is why our investigations were aimed at the treatment of this
phase of the disease.

Based on the liposomal theory for transferring therapeutic substances to damaged
organs and cells [1] the mechanism of the improved therapeutic activity of (LA) as
compared with (A) is explained by the “delivery” of Albendazole in the muscle cell in
close proximity to the parasite. Thus, the larvae are found at a constant concentration
of the anthelmintic which is detrimental to them while at routine application a higher
concentration of the drug is reported in the patient’s blood while in situ concentration is
insufficient and dwindling very fast with time. The period of demi-eliraination for most
drugs is several hours. A paradox is observed when the parasite is attacked by an insuf-
ficiently high concentration of the anthelmintic which hasn’t capacity to destroy it and
the concentration in the target cell rapidly decreases being at the same time compara-
tively high which leads to toxic effects for the healthy tissues. After the liposome comes
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in contact with the cell either through adsorption or fusion it supplies the intracellularly
active therapeutic substance (Albendazole in our case). Its release gradually started
from the liposome either via the action of the intracellular enzymes (lipases) found in
the liposomes or by diffusion (it passes through the liposome and cell lipid membranes).
This deposition of the active therapeutic substances in situ in the affected organs and
cells provides the increased therapeutic activity as well as for the typical of the liposo-
mal preparations depot-effect, i.e. their retarded and long-term action. This allows for
the preparations to be introduced only once or twice a week. The depot-effect of the
liposomal action is explained by the slow degradation of millions of liposomal vesicles
and the slow diffusion through the bi-layer lipid membrane, especially in the case of the
multilamellar liposomes used in our experiments.

Materials and Methods

Animal Experiments

White mice, weighing around 30 g, were infected per os with 100 Trichinella larvae of
T. spiralis species. On day 35 following the infection, when the muscle stage is well-
expressed, five experimental groups with 30 mice each were formed.

Group 1 — controls, injected with saline i.p. once a week;

Group 2 — experimental, injected with Albendazole dose of 24 mg/kg i.p. once a week;

Group 3 — experimental, injected with Albendazole encapsulated in liposomes at a
dose of 24 mg/kg i.p. once a week.

Three mice of each group were sacrificed each week. The number of live 7ri-
chinella larvae has been recorded in the diaphragms of the mice preliminarily pro-
cessed by the compressor method and the effect of application of the preparation has
been assessed after the diaphragms have been separately digested in artificial stomach
juice and the number of live and dead Trichinella larvae has been registered.

Preparation of liposome Encapsulated Albendazole (LM)

Albendazole substance of pharmaceutical grade (Cipla, India) was encapsulated in
the lipid phase of extrusion type of liposomes. Briefly, freeze-thawed multilamellar
liposomes were subjected to high pressure of argon gas jet homogenization with subse-
quent in line extrusion through 100 nm pore size polycarbonate membrane implemented
by Emulsi-Flex C5 apparatus (Avestin, Canada). Lipid phase consists of 20 mg/ml total
egg yolk lipids. Sodium saline (150 mM NaCl) dissolved in double distilled and sterile
water was used as an aqeous phase of the liposomes. The resulted liposome sterile sus-
pension was used for treatment of the experimental animals.

Preparation of Non-liposome Encapsulated (free) Albendazole

Albendazole substance of the same quality as above was dissolved in sodium saline
using intermittent sonification (2 x 20 s with 1 min pause between). Bath type sonifier
B220, 125 W (Branson, USA) was used.

Results and Discussion
The experimental results of the investigation are presented in Fig. 1. The number

of live Trichinella larvae in the target organ - the diaphragm (data are placed on
the ordinate axis) served as criteria for anti-Trichinella activity during the recording
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period (abscissa). The interpretation of the results is carried out in two aspects - an
intuitive-visual one which readily shows the advantage of LA as compared to A and a
mathematical one which through a detailed statistcal analysis proves the significance of
the obtained data.

Figure 1 shows the diminution of the live Trichinella larvae number under the
action of A and LA in dose (24 mg/kg bw). A linear decrease of the parasite numbers is
registered until their final extermination is accomplished by week 9 to 10.
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Fig. 1. Treatment of experimental muscle phase of trichinellosis with liposomized Albendazole (LA)
and free Albendazole (A). Treatment started 35 days after the infection

The results obtained from the mice treated with liposome-free Albendazole and
liposomal Albendazole are presented in Fig. 1. It is quite clear that after the application
of free Albendazole (A) the larvae number decreases much more slightly, and the most
important — they do not reach zero level despite continuing the treatment. After about
4 to 5 weeks we observed an inefficiency of the therapy, without tendency to reach the
zero level (unlike the case with LA). At the dose of 24 mg/kg A the efficacy is 36%.

The results interpretation shows that LA at a dose of 24 mg/kg leads to a complete
annihilation of Trichinella larvae compared to A at the same dose and there is an up-
ward trend which proves an impossibile annihilation of 7richinella larvae encapsulated
in the muscle cell by free Albendazole. At the dose of 24 mg/kg the efficacy of liposo-
mal Albendazole (LA ) is 69%.

This fact explains the unsatisfactory results obtained in the practice of treating
muscle trichinellosis [7, 6]. The applied analysis clearly demonstrates the advantages
of liposomal Albendazole compared to free one but does not provide strict proofs for
the significance of data which imposed the undertaking of a detailed statistical analysis
which provoked the above-presented conclusions.
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All experimental data have been pretested for correspondence to the normal Gauss
distribution. The data were also checked for presence of extreme values by Grubb on
line test (these are usually very low or very high values compared to others left uncon-
sidered). The Curve Expert version 1.36 (Hans Development, USA) for preliminary
automatic fit with 36 models and interpolation of the viral load with time was used. The
Prism version 2.01 [5] for further detailed analysis of the best fitting linear regression
line and estimation of the best fit parameters and calculation of the theoretical end point
time necessary for obtaining different viral loads was used. The Prism version was also
implemented for construction of the graphs. For data obtained from the therapy with LA
a linear equation was formulated

) y=a+ bx,
and for those obtained from the treatment with free A the equation
2) y=aexp(bx) +c

is exponential with a residual coefficient ¢ differing from the aero with a biological
value, meaning that it defines the number of the live larvae left in spite of the treatment
with the preparation and demonstrates the impossibility for a radical extermination of
the parasite.

From the analysis it has been established that the parameters showing a degree
of correspondence between the experimental data (goodness of fit) and the data of the
theoretical linear curve have a big importance and also prove that the liposomal prepa-
ration leads to a significant extermination of the larvae for a short period of treatment
(about 10 weeks).

Linear-regression analysis of the control for LA shows that it is absolutely horizon-
tal and related to the abscissa (period of treatment), i.e. there is no loss of larvae upon
incubation with saline which means that the anti-Trichinella effect is solely due to the
preparation rather than other factors.

From the analyses is clear that liposomal encapsulation of Albendazole leads to a
considerably improved therapeutic efficiency compared to the one displayed by free,
routinely applied Albendazole. It is expressed not only in the quantitative augmentation
of the larvocidal effect but also in the cardinal alteration of the model (equation) of the
mechanism of action of LA compared to A. The latter kills the larvae after an expo-
nential dependency (equation 2) with lack of efficiency (plateau) despite the continu-
ation of drug administration. The mathematical model LA shows the effect as a linear
regression with a progressive diminishing of larvae number accomplishing their total
annihilation in the end.
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The 70kDa family of stress proteins is highly conserved showing structural and functional homology.
In mammals several isoforms exist: a constitutive isoform of Hsp70 (Hsp73) is thought to act as chape-
rones for other cellular proteins under non-stress conditions. By contrast, the stress-inducible isoform
of Hsp70 (Hsp72) is generally not expressed in unstressed cells; however, upon exposure to stress-
ful conditions, Hsp72 is highly inducible. During the conditions of stress, both Hsp73 and Hsp72 are
thought to bind to damaged and misfolded polypeptides, and facilitate their repair. Extracts from mouse,
heat-treated and non-treated testes, as well as human testes were obtained, separated electrophoretically,
and the Hsp70 protein expression was studied by Western blot analysis. Homology of the two isoforms
was detected by employing an absorption method. Polyclonal anti-Hsp70 antibody (DACO) recognized
both isoforms in mouse heat-treated testis while in non-treated only constitutive Hsp73 protein was
expressed, suggesting that inducible Hsp72 protein appears to repair the proteins whose conformation
is altered by stress. After absorption of the antibody with heat-treated mouse testes extracts no specific
reaction was registered by Western blotting of mouse and human extracts providing evidence for homo-
logy of the Hsp72 and Hsp73 isoforms in these mammalian species.

Key words. heat stress, heat shock proteins, Hsp70, homology, mouse and human testis.

Introduction

The cellular stress response is an evolutionarily conserved defense mechanism charac-
terized by a transcriptionally controlled induction of the synthesis and accumulation of
heat shock or stress proteins (HSPs) following exposure of cells to high temperatures
or other environmental challenges [5, 10]. The protective effect is the ability of HSPs
to act as molecular chaperones, interacting with denatured proteins and helping them
to restore their native structure and their function [1]. The stress proteins of the family
of 70kDa (HSP70s) are amongst the most highly induced proteins of the cellular stress
response in mammals [10]. Hsp70 family encoded by 11 genes in human cells and by 8
genes in murine cells [9]. One of these genes is known to encode the major cytosolic/
nuclear constitutive isoform HSP73, whereas two other genes encode the inducible iso-
form HSP72 [3]. HSP70 shares the property of binding ATP and polypeptides. In the
testis, a number of HSP have been identified and characterized, of which HSP70 family
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comprises stress-inducible Hsp70 (HSP72) and constitutively expressed Hsc70 (HSP73)
[6]. The two isoforms show extensive sequence homology (over 95%), but their ex-
pression and functions in male germ cells are still unknown [11]. HSP72 (HSP70) and
HSP73 (heat shock cognate, HSC70) have been located within the cytoplasm and, fol-
lowing stress, in the nucleus. High level of Hsp70 expression not only in heat stressed
but in normal germ cells during different stages of spermatogenesis suggests its role
both in stress conditions and in testis maturation and function [4]. Under physiological
conditions, constitutively expressed HSP73 acts as molecular chaperone that assists
proper folding, assembly, and intercellular trafficking of newly synthesized proteins. In
response to stressful stimuli, HSP72 is induced and involved in cellular repair and pro-
tective mechanism [2]. In the last few years it has been demonstrated that this protective
effect is in part the result of inhibition of apoptosis or cell suicide [8]. Hsp72 inhibits
apoptosis by blocking release of cytochrome ¢ from mitochondria. On the other hand,
HSP72 is known to inhibit mitochondrial apoptosis-inducing factor (AIF) release, thus
decreasing partly cell injury [7]. Heat shock proteins may also regulate the apoptotic
pathway downstream of cytochrome c¢ release and prior to caspase activation. Binding
of cytochrome ¢ to Apaf-1 requires significant structural changes to facilitate binding
and cleavage of pro-caspase-9 to generate the active enzyme. These structural changes
may be inhibited by some Hsps since maintenance of protein structure is a well-estab-
lished property of Hsps in their role as chaperones. Despite many reports on the protec-
tive effects of HSPs, the possible mechanisms by which they negatively modulate the
apoptotic process are poorly investigated [8]. The present study focused on monitoring
the homology of expressed Hsp73/72 in mouse and human normal mature testis.

Studies on the role of heat shock proteins during human spermatogenesis are still
insufficient due to ethic reasons. In this context experiments on homology between certain
stress proteins in human and mouse testis are often used as a model system. Our study on
homology between human and mouse stress proteins gives the possibility for extrapola-
tion of the results from mouse spermatogenesis towards human spermatogenesis.

Materials and Methods

Extracts from mouse and human testes were used. Pieces from testes of 60-day-old
male conventional mature mice (not-treated and treated-incubated under high tempera-
ture), and pieces from normal human testes (surgically derived) were prepared in cold
Tris-buffered solution (TBS, pH 7.4), homogenized in presence of Protease inhibitors
(Sigma Co., St. Louis, USA), and centrifuged. Protein contents were evaluated with
Ultraspec 1000.

Protein fractions in extracts from control or heat-treated sexually mature mouse
and normal human testes were separated and the expression of homologous antigens
was achieved by means of SDS-PAGE and Western blot analysis. Testes extracts were
prepared in 6 x Sample buffer in ratio 3:1. Equal amounts of lysate were resolved by
10% SDS polyacrylamide gel under reducing conditions. Protein fractions were visua-
lized by Coomassie Brilliant blue (Sigma Co., USA) and their molecular weight were
determined according to standard molecular markers. This was followed by blotting onto
nitrocellulose membranes (Amersham Pharmacia Biotech, UK) for 1 hour. Nonspecific
binding sites were blocked with 5% nonfat dry milk in TBS for 1 hour. The blots were
incubated with primary antibody — rabbit, polyclonal serum against HSP70 (DAKO) at
1:500 overnight at 4 °C. The expression of homologous antigens was detected with the
same antibody prepared in two variants: non-absorbed at 1:500, and absorbed extracts
from heat treated mouse testis at 1:1000 overnight. Thereafter, the blot was washed and
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incubated with biotin-conjugated anti-rabbit IgG at 1:2000 in blocking buffer followed
by washing and incubation in streptavidin-alkaline phosphatase for 1 hour. Immunode-
tection of proteins and homologous antigens were revealed using alkaline-phosphatase
buffer (containing 0.1 M Tris, 0.1 M NaCl, 0.005 M MgCl,, pH 9.5) in which were
added nitroblue tetrazolium (NBT) and 5-bromo-4-chloro-3-indolyl-phosphate (BCIP).
The reaction was stopping in dH,O.

Results and Discussion

The present study was conducted to detect the homology of expression of HSP70 in
normal and heat-treated mouse, and normal human mature testes. There are described
two isoforms of HSP70 — a constitutive HSP73 and an inducible HSP72. Both iso-
forms share 95% sequence identity and are present in cytosol and nucleus in resting
cells, and become predominantly nuclear during or soon after heat stress. We performed
SDS-PAGE electrophoresis and corresponding Western blot to detect the expression of
HSP70 in extracts of normal mouse and human mature testes (Fig. 1).

We observed that under normal conditions antibody against HSP70 recognized

c d M
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Fig. 1. SDS-PAGE (A) and corresponding Western blot (B) analysis to detect the expression of Hsp70
in extracts of non-treated mouse testis (a, ¢), and human testis (b, d). Polyclonal anti-Hsp70 antibody
recognized protein band corresponding to approximately 73kDa molecular weight in both samples — the
constitutive isoform of Hsp70 (Hsp73); (M) — protein molecular weight marker

protein band corresponding to approximately Hsp73 kDa molecular weight — the con-
stitutive isoform of Hsp70 (Hsp73). The results showed that under physiological sper-
matogenesis, when the process of spontaneous apoptosis exists, Hsp73 is expressed.
We assumed that the constitutive isoform Hsp73 has important functions as a molecular
chaperone at the time of mouse and human spermatogenesis.

After heat shock the results received from SDS-PAGE and corresponding Western
blot of normal and heat-treated mouse testicular extracts revealed protein band respec-
tive to Hsp73 isoform. Under hyperthermia conditions the specific reaction of antibody
against Hsp73 is increased. We observed enhancement of Hsp73 levels following ex-
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posure to heat stress simultaneously with the presence of an additional band, indicates
the expression of the inducible Hsp72. We allowed that in male germ cells exists not
only the constitutive Hsp70 but also the inducible isoform of this protein. There is
evidence that Hsp72 is expressed only under heat inducible apoptosis and probably
related with protective functions in spermatogenesis at the time of temperature stress
(Fig.2).

In our previous study we analyzed the specific expression of the two isoforms

+— 67 kDa
<+« 60 kDa

+— 36 kDa

B

Fig. 2. SDS-PAGE (A) and Western blot (B) of non-treated mouse testis extract (a, c), as well as heat-
treated mouse testis extract (b, d). The specific reaction of the antibody against Hsp73 isoform increased
after hyperthermia. Note the presence of an additional band in sample from heat-treated tissue, indicates
the expression of Hsp72 isoform following the exposure to high temperature. (M) — protein molecular
weight marker

(Hsp72/Hsp73) of the Hsp70-gene family during postnatal development of mouse testis
and testicular hyperthermia in adult animals, using immunocytochemistry. The obtained
results showed expression of Hsp70 in germ cells during all stages of spermatogenesis.
Our results confirmed predominant cytoplasmic localization of Hsp70 in spermatogo-
nial cells and in pachytene spermatocytes. Round spermatids expressed Hsp70 not only
in the cytoplasm but in the nucleus as well. After heat shock the labeling of the nucleus
of spermatocytes and round spermatids was significantly increased, probably due to
the movement of Hsp70 from cytoplasm to nucleus. Nuclear translocation of Hsp70
triggers the cascade in signal transduction events leading to realization of chaperone
activity of Hsps [4].

We performed SDS-PAGE and respective immunoblot with non-absorbed Ab
against Hsp70 in heat-treated mouse, and normal mouse and human testes extracts.
The reaction of constitutive Hsp73 isoform was detected in all cases while inducible
Hsp72 was expressed only in heat-treated mouse testis (Fig. 3A). After absorption of
the antibody with heat-treated mouse testes extracts and subsequent Western blot, no
specific reaction was registered (Fig. 3B). The results obtained with absorption methods
together with SDS-PAGE and Western blot analysis are clear evidence for homology
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Fig. 3. (A). Western blot analysis of non-treated (a), and heat-treated (b) mouse testes, as well as normal
human (c) testes extracts. The reaction of Hsp73 isoform was seen in all samples while the inducible
Hsp72 isoform was detected only after heat stress (b); (B). Detection of the homology of Hsp70 in
mouse and human testes was performed by absorption of the antibody against Hsp70 with heat-treated
mouse testis, and subsequent Western blot. After absorption, no specific reaction of the antibody was
registered in non-treated (d), heat-treated (e) mouse testes, and normal human testes (f). (M) — protein
molecular weight marker

between the two isoforms, Hsp73 and Hsp72, of heat shock protein 70 in mouse and
human testes.

Conclusion

In conclusion, the results reported in this paper show that Hsp70 Ab absorbed with
heat-treated mouse testis extract in immunoblot does not react with both mouse and hu-
man extracts, and provide evidence for homology of Hsp72/73 isoforms in human and
mouse testes. Under stress conditions the protein expression of the constitutive isoform
Hsp73 increased, simultaneously with the activation of the inducible isoform Hsp72 in
order to ensure germ cell survival and to avoid subsequent male infertility problems.
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Rescue archaeological excavations were undertaken in the locality of St. Spas situated in the Varosh
Quarter, town of Pernik in 2003 and 2004. A sector of wide necropolis was examined, which had been
in use within the periods of the 11%-12" and the 14™-19" c. The 2014 field season excavated fifty-one
burial pits with inhumation, dated in 15"-19" ¢. Bone remains of a total eighty-seven individuals were
identified. The aim of present study comprised identifying the age and sex of buried and the pathologi-
cal changes on postcranial skeletal in the series of the necropolis. The percentage distribution between
adults and subadults is almost equal but children in early childhood prevail. Pathological changes were
observed in 31.51% of the postcranial skeletons: 65.22% were males, 30.43% were females and 4.35%
unsexed individuals (a child). Fractures, arthritis, pathology on the limbs, vertebral pathology, ossified
insertionitis and myositis were registered.

Key words: paleopathology, palacoanthropology, necropolis, human postcranial skeletal remains.

Introduction

Rescue archaeological excavations were undertaken in the locality of St. Spas situated
in the Varosh Quarter, town of Pernik in 2003 and 2004 under the direction of Vasilka
Paunova from the Regional Historical Museum - Pernik. During the field work it was
ascertained that this localization had been considered a holy place for centuries. Here,
three churches had existed which were situated in cultural layers one above the other
— Early Christian from the 6™ ¢. AD, Late Medieval and from the beginning of 20™ c.
(a chapel). A sector of wide necropolis was examined around them, which had been in
use within the periods of the 11%-12% and the 14®-19% ¢. [19].

The 2014 field season excavated fifty-one burial pits with inhumation, dated in
15%-19% ¢. Most of them are used repeatedly or overlap each other. People were buried
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directly in the ground as in some cases stones of various sizes were placed along the
periphery of bottom of gravel pit. Small coals were discovered in all graves. All buried
were placed in supine position (lying on the back). Many different positions can be ob-
served for upper limbs: they can lie both along the sides, or one along the side (equally
left or right) and one on the chest or on the pelvis; also hands can be crossed on the chest
or on the pelvis. The lower limbs are usually outstretched. The majority of the skeletons
are placed in northwest-southeast orientation [20].

Materials and Methods

The study includes bone material unearthed in 51 graves from the excavation season
2014. Bone remains of a total eighty-seven individuals were identified. The skeletal re-
mains are in good condition. Their cortical layers are well preserved. Despite the good
condition of the bones, there are completely preserved skulls only in six individuals.

The anthropological analysis was carried out in the laboratory of the National An-
thropological Museum at the Institute of Experimental Morphology, Pathology and An-
thropology with Museum — BAS. The analysis of the human skeletal remains followed
procedures defined by Martin—Saller [9], Anekcees [15, 16], I'epacumos [17], Simpson,
Olivier [16], Kiihl [7], Bass [2], Facchini, Veschi [5].

Sex and age at death were estimated using standard non-destructive procedures and
are divided into two groups — for immature and for adults. Skeletal remains have been
classified into six general age groups: Early childhood (/nfans 1) — 0-7 years; Late child-
hood (Infans 11) — 7-14 years; Adolescence (Juvenis) — 14-18/20 years; Adults (Adultus)
—20-40 years; Matures (Maturus) — 40-60 years; Elderly (Senilis) — over 60 year.

For the immature group age at death, dental formation and eruption [6, 15] were
utilised whenever possible. Other criteria included bone development [2, 5]. Main data
used to estimate adult age at death included morphology of the pubic symphysis [14]
and the ossification of cranial sutures [6, 10, 14, 16]. Epiphyseal union, dental attrition
and other [3, 1] general age indicators [2, 4, 6] were also used.

When possible, sex was determined from pelvis morphology (the shape of incisura
ischiadica major), the value of the pubic angle, pelvic inlet shape (foramen obturatum),
the breadth and length of the sacrum (os sacrum). When the pelvis was not available or
was too fragmentary for use, the size of other bones and cranial elements (development
of supercilary arches (arcus superciliaris) and glabella, the shape of orbital edge and
the bottom view of the lower jaw [2, 4, 7, 8, 13] were used.

During anthropological analysis some pathological changes and natural variation
were noticed: fractures, arthritis, pathology on the limbs, vertebral pathology, spina
bifida, etc. All diagnoses of pathological conditions followed the recommendations of
important clinical journals, books and paleopathological texts [1, 8, 11, 12].

Tooth wear (abrasio) is the term used to describe the progressive loss of a tooth’s sur-
face due to actions other than those which cause tooth decay or dental trauma. Tooth wear
increases with age. In the archaeological researches dental attrition is an aging indicator and
of dietary behaviors and/or health problems in earlier human populations [3, 17].

Results and Discussion
The aim of present investigation comprised identifying the age and sex of buried and

the pathological changes on postcranial skeletal in the series of the necropolis in locality
of St. Spas, Varosh Quarter, town of Pernik (15%-19" c.).
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Age at death estimation

The eighty-seven individuals excavated in the necropolis in Varosh Quarter, town of
Pernik were classified into six age groups based on anthropological analysis: thirty-
two individuals are in early childhood group (/nfans I); ten individuals are identified
in late childhood (Infans II); three were Juveniles (Juvenis); fourteen were Adults
(Adultus), twenty-one of them were Matures (Maturus) and three are in elderly group
(Table 1).

Table 1. Age distribution of buried in the excavated graves from the necropolis in locality of St. Spas,
Varosh Quarter, town of Pernik, season 2014

Infans | N | Infans | N | Juvenis |N | Adultus | N | Maturus | N | Senilis | N | Adultus | N
I I +

Fetus |2 [7-8y |3 [14-15y [0|20-25y | 6 |40-45y |2 [60-70y |3 4

0-6m 4|89y 2 [15-16y |0(25-30y |2 |45-50y |9

6m-ly |3 [9-10y |1 |16-17y |0|30-35y |3 [40-50y |1

12y |7]10-11y |2 [17-18/20 | 3 3540y | 3 [50-55y |5

23y |3 [11-12y |1 5560y |3

34y [5(12-13y |1 5060y |1

45y [113-14y |0

406y |1
5-6y |0
=6y 2
67y |2
Inf1 2
Total |32 10 3 14 21 3 4|87

Diagnostic bone fragments for more accurate age determination were not pre-
served in four adults individuals. Therefore, they are defined as individuals with uncer-
tain age group (Adultus +).

The percentage distribution between adults and subadults is almost equal (48.28-
51.72%) but children in early childhood prevail (Fig. 1).
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Fig. 1. Percentage of age groups from the necropolis in locality of St. Spas
Varosh Quarter, season 2014

Sex determination

Sex is determined in 46 out of 87 individuals: 25 were male and 15 were female. Five
individuals are determined probably as male and one probably as female, because the
sexual characteristics are not clearly expressed and/or gender diagnostic bone frag-
ments are not preserved. In one case because of the lack of diagnostic fragments the sex
of the individual is undetermined.

The age and sex distribution of the St. Spas skeletal sample is as follows: thirty-
two individuals are in early childhood group; a female child, one probably male child
and eight with undetermined sex in late childhood group; two male and a female in
Juvenile group; four male, two probably male, six female, one probably female and
one with undetermined sex in Adultus group; sixteen male, one probably male and four
female in mature group and three female in elderly group. In the group of adults with
undetermined age there are three male and one probably male (Table 2).

Table 2. Sex and age distribution of buried in the excavated graves from the necropolis in locality of
St. Spas, Varosh Quarter, town of Pernik, season 2014

Age group Total

Infans Infans Ju- Adultus Maturus Senilis Adultus+
1 1I venis

322132332 9?7393 |32 2|39 |2|32||3?|%

32 |11y 821|426 1 |1 |16]1 (4| —-|—-|3|—-1(3|1]|-| 87

Pathologies and traumas

The postcranial skeletons are preserved in 73 individuals (83.91%) (Table 3).
Pathological conditions were observed in 31.51% of the skeletal remains: 65.22%
were males, 30.43% were females and 4.35% undetermined individuals (children).
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Table 3. Pathological changes of buried in the necropolis in locality of St. Spas, Varosh Quarter, town
of Pernik, season 2014

Disease N (number of individuals) Percentage

distribution
Destructive-degenerative diseases of the spine 17 23.29%
Degenerative-destructive diseases of the limbs 12 16.44%
Insertionitis 8 10.96%
Traumas 4 5.48%
Myositis ossificans 3 4.11%
Ankylosis 3 4.11%
Osteochondrosis 2 2.74%
Spina bifida 1 4.35%
Rickets 1 1.37%

In both sexes destructive-degenerative diseases of the spine were the most com-
mon pathology registered in 23.29% (17 individuals). This pathology is typical for bu-
ried in mature and elderly, and was identified at only one individual in the age group
Adultus. Eleven of males and six of females suffered from vertebral arthritis with dif-
ferent degrees of seriousness, from initial degradation to very severe damages. It should
be noted that destructive-degenerative diseases of the spine occur in almost all females

(85.71%) over 40 years (Fig. 2).

a
Fig. 2. Destructive degenerative diseases of the spine: a) 50-55-year-old female; b) 55-60-year-old
male; ¢) 45-50-year-old male
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The distribution of degenerative-destructive diseases of the limbs between male
and female is equally (6 individuals of both genders). This type of pathology was not
observed in any individual under 40 years. A high percentage of buried women were
affected by a different type of arthritis on the limbs. It could be explained by the heavy
physical labor (Fig. 3).

Ossified insertionitis represents dystrophic di-
sease affecting mostly muscle-ligament areas of
bone. These are sites of stress concentration at the
region where tendons and ligaments attach to the
bone. Consequently, they are commonly subject of
overuse injuries (enthesopathies), physical overex-
ertion or excessively strong movements received
by hard work, sports etc. The ossified insertionitis
is documented at a total of eight individuals includ-
ing seven men and only one woman. This type of
bone changes are identified in the buried in the age
range 40 to 60 years, with the exception of a young
male aged 20-25 years at death (Fig. 4).

Fig. 3. Degenerative-destructive diseases of the upper limb —
55-60-year-old male

Fig. 4. Insertionitis on the upper limbs: a) 50-55-year-old male; b) 60-70-year-old female; c¢) 55-60-year-
old male
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Myositis ossificans is an unusual condition that often occurs in people who sustain
a blunt injury that causes deep tissue bleeding. The soft-tissues that were injured in the
traumatic event initially develops a hematoma, and subsequently develop the myositis
ossificans. The myositis ossificans means that bone forms within the muscle, and this
occurs at the site of the hematoma. Myositis is detected in three individuals from ne-
cropolis in locality of St. Spas. (Fig. 5).

Traumatic marks on bones from
postcranial skeleton are also identified
only in male skeletons (Fig. 6).

Fig. 5. Myositis: a) on the tibia et fibula dextra
in 50-55-year-old male; b) on the femur dexter
in 55-60-year-old male

Fig. 6. Trauma on the ribs — 50-55-year-old male
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Conclusion

This report on 87 studied individuals gives information about burial rituals, anthro-
pometry and paleopathology and it must be considered preliminary until the end of the
systematic excavation in the necropolis.

Results of anthropological analysis of the necropolis from locality of St. Spas,
Varosh quarter, town of Pernik, strongly suggest a high mortality rate in the early child-
hood and mostly in the age range of 1-2 years. This fact most probably could be ex-
plained by systematic infections that children were exposed to (for example cholera,
smallpox etc.), possibly because of immunity weakened by malnutrition, poor medical
care as well as low life standards.

The children in early childhood had a weak immunity, so only the strongest sur-
vived who in most cases lived through the late childhood and adolescence (in these age
groups in the studied necropolis mortality decreased sharply).

What makes an impression in adult individuals is the large number of female, for
which death occurred in the range between 20 to 30 years. This is the active childbea-
ring age and higher mortality for the young women could be associated with problems
during the pregnancy, childbirth and postpartum period as well as the large number
of successive births. In the necropolis were discovered skeletal remains of a pregnant
woman.

Pathological changes in the postcranial bones, a result of various diseases, includ-
ing injuries, were identified mainly in buried in mature and elderly age groups, as the
most affected have been male individuals.
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Psoriasiform keratosis is a unique clinico-pathological entity which was first reported in 2007. To date,
no more than 30 cases have been reported worldwide. The condition is presented by a solitary keratotic
papule or plaque with typical psoriasis histology. Obligatory, the patients have no pre-existing and cur-
rent skin changes suggestive for psoriasis. We describe a 43-year-old man with a single scaly yellow-
to-gray lesion localized to his body. Focal psoriasiform inflammatory pattern was found on routine
histology. He claimed to have no personal or family history of psoriasis. Based on patient’s history and
clinical manifestation we raise the hypothesis that psoriasiform keratosis should be considered a lesion

Fig. 1. A scaly erythematous papule with eleva-
ted borders
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sui generis rather than a rudimentary manifestation
of psoriasis.

Key words: psoriasis, keratosis.

Introduction

In 2007 Walsh et al. [5] described a new
entity that clinically represents a solitary
scaly, erythematous plaque, which showed
histological features of psoriasis [5]. The
term “psoriasiform keratosis” was coined
for these peculiar lesions, which seem to be
exceptionally rare. To date, no more than 30
cases have been reported worldwide. Here-
in, a male patient with psoriasiform kerato-
sis, localized on the body, is described.

Case Report

A 43-year-old Caucasian man complain-
ing of a small lesion on his presternal zone
with a 3-week duration. The lesion was in-
termittently itchy, and grew peripherally at



a very slow pace. The patient had neither personal nor family history of psoriasis. On
physical examination a single one-centimeter in diameter erythematous scaly papule
with elevated borders was presented (Fig. 1). Antibiotic and mild-potent corticosteroid
preparations were used with no effect for the last 3 weeks. Mycological and bacterial
cultures were negative. Histopathological examination showed papillomatosis, psori-
asiform acanthosis, focal agranulosis, vacuolated and pale superficial keratinocytes and

lary segments (HE x 100)

suprapapillary epidermal atrophy (Fig. 2). No atypical keratinocytes were present. The
papillary dermis was filled-in with mild perivascular lymphocytic infiltrate. Ectatic ca-
pillaries were seen in the subepidermal segment of the dermis. Based on the clinical and
histology findings the diagnosis of psoriasiform keratosis was concluded. The patient
was advised to undergo a radical excision, which was scheduled duly.

Discussion

Psoriasiform keratosis is a rare clinic entity. It is characterized by solitary, scaly kerato-
tic papule, or plaque mainly located on the extremities. Other sites that can be involved
are scalp, neck, shoulders, and back [3]. Usually the lesions evolve in 6 to 7 months.
They can be associated with burning sensation, itch or mild pain. All patients are in
good general health. Slight men preponderance is noticed. There is no personal or fa-
mily history of psoriasis. The etiopathogenesis of the disease remains unknown.
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Clinically, most lesions are averagely less than one centimeter. They are dome-
shaped, scaly and yellow-to-gray. The diagnosis is based on histopathological fin-
dings, which are unrecognizable from psoriasis. Focal segmental parakeratosis, lack
of granular cell layer, regular acanthosis and suprapapillary reduction is typical for
the disease. Sometimes neutrophilic microabscesses and Kogoj pustules can be found.
Vascular dilatation and lymphocytic chronic inflammation are usually present in the
superficial dermis. Periodic acid-Schiff (PAS) stain should be performed to rule out
yeast or dermatophyte infection [1]. Recently, human papilloma virus 6 was verified by
tissue polymerase chain reaction in a 74-year-old woman with a typical psoriasiform
keratosis on the left arm [4]. Interestingly, this finding did not correspond to any nuclear
inclusion bodies or specific koilocytes in the epidermis of the tissue samples on routine
HE staining

Psoriasiform keratosis is usually refractory to topical modalities [2]. Destructive
chemical substances are not useful, together with electrodesiccation and cryotherapy.
Radical surgical excision is a first-line therapy with minimal relapse rate.

In conclusion, we described the first case of psoriasiform keratosis in Bulgaria.
The lesion shows very rare localization and typical therapeutic resistance. Based on
patient’s personal history and clinical manifestation we believe psoriasiform keratosis
should be considered a lesion sui generis rather than a rudimentary manifestation of
psoriasis.
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Knowing the location of the arterial blood vessels and their eventual deviations is indispensable in
teaching normal morphology, carrying out surgical procedures and angiography of the dog mammary
glands. The purpose of this study was arterial supplying of the mammary glands in female dog species
to be examined. Three bitches with approximately 15 kg body weight in diestrum condition were used
during investigation. By anatomical section and preparation of the main blood vessels and injection of
hardening substances or a gypsum solution, the specific blood vessels pathways, branches and features
were traced. Simultaneously in comparative aspect standard orthogonal projections by contrast radi-
ography were performed. The circulatory trace of subclavian and external pudendal arteries and their
branches which predominantly supplied the mammary complexes were established and visualized and
their characteristics are described.

Key words: dog, arteries, mammary gland, blood supply, radiography.

Introduction

The bitch normally has five pairs of mammary glands. They are divided into three
groups: thoracic (cranial and caudal), abdominal (cranial and caudal), and inguinal, re-
spectively. There is a lack of morphological information about their blood supply in dog
instead of productive species. In spite of this the mammary glands neoplastic processes
are about 25-35% of all neoplasia which occur in dogs. According to this, knowing the
location of the arterial blood vessels and their eventual deviations is indispensable in
connection of carrying out surgical procedures and corresponding angiography of dog
mammary glands. The investigation of mammary glands arterial supply in different dog
species was the purpose of this study.
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Materials and Methods

Three adult female dogs with approximately 15 kg body weight in diestrum condition
were used for examination. They previously were diagnosed as disadvantageous exit of
accident or exhibited aggressive behavior.

Radiography by “Eickemeyer Vet — E 7239X” was performed on a first euthanized
dog with use of barium sulfate as a contrast. After that the dog was dissected and the
specific blood vessels of the mammary glands were traced.

Second dog was used for a corrosion cast of a. pudenda externa sinistra and a. tho-
racica interna dextra. The plastic solution — “Duracryl (Spofa) ” was prepared according
to manufacturer’s recipe and injected with a syringe manually in the arteries.

Third dog was injected with gypsum solution through a. carrotis communis and
after solidification the specific blood vessels of the mammary glands were traced.

The results from dissections were compared with radiography from the first dog.

Results and Discussion

The internal thoracic artery according to Dyce et al. [1], supply ventral abdominal wall
and part of the thoracic organs. It gives rami perforantes, which are branched to rami
sternales, rami musculares and rami mammarii that exit through intercostal spaces. Close
to diaphragm it gives musculophrenic artery and cranial epigastric artery and the last one
gives a. epigastrica cranialis superficialis [1]. By radiography method we confirm that the
common arterial supply of the cranial thoracic mammary glands arise from perforating
branches of the a. thoracica interna, which gives mammary branches (Fig. 1).

These facts are also traced by corrosion cast and the blood vessels were presented
(Fig. 2).

a. circumflexa
ilium prof. sin

nu@,‘.

Fig. 1. Radiography of the female dog — lateral view, right side

70



. intercostales ventrales

a. epigastrica cranialis ,f";

a. epigastrica cranialis

superficialis J@

T mammari

Fig. 2. Corrosion cast of a. thoracica interna dextra in dog

The lateral thoracic artery is a branch of axillar artery and supply thoracic wall
distal to thoracodorsal artery. Dorsal intercostal arteries give lateral cutaneous branches
for the lateral thoracic wall.

According to Silver [6], a. circumflexa ilium profunda plays important role of the
caudal abdominal wall supply.

Arteria pudenda externa close to the superficial inguinal lymph nodes gives two
branches, respectvely a. epigastrica caudalis superficialis and ramus labialis ventralis
[1,2,3,4].

On the cadaver sample it is also seen that the second thoracic complex is supplied
from perforating branches of the internal thoracic arteries and rami mammarii from aa.
intercostales dorsales (Fig. 3A).

The cranial and caudal abdominal complexes are supplied from a. epigastrica cra-
nialis superficialis, which is weak in no lactating dogs. The artery makes anastomosis
[1, 6] with superficial caudal epigastric artery, as they supply both the caudal pair of
abdominal mammary complexes. According to Silver [6], abdominal complexes may
receive blood from phrenicoabdominal arteries. In investigated dogs we did not ob-
served this fact.

We have confirmed that dorsal intercostal arteries (VII-XII) supply caudal thoracic
and cranial abdominal complexes, thus were traced 6™, 7"and 8" dorsal intercostal ar-
teries (Fig. 3B). The cranial mammary complexes are also supplied from branches from
a. thoracica lateralis what is visible on the native sample (Fig. 4) and this artery we have
seen that supply the periphery parts and skin area of the glands. We observed that lat-
eral thoracic artery gives well distinct blood vessels towards mammary glands as seen
on gross dissection. We supposed that these branches are well developed in lactating
bitches because our model was previously in this condition. The lateral thoracic artery
is visualized also on the radiograph.

Caudal abdominal complexes are supplied from a. epigastrica caudalis superfi-
cialis which originates from a. pudenda externa. The artery gives rr. mammarii to the
caudal abdominal and inguinal glands (Fig. 5).
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Fig. 3. A — Native sample, caudal abdominal mammary gland, lateral view. B — Native sample,
caudal abdominal mammary gland, lateral view. The number of the ribs are written on small
pieces of paper
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Fig. 4. Dissection of a right thoracic wall of a dog. Lateral view
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Fig. 5. Contrast radiography of mammary gland in dog (left inguinal and caudal abdominal glands).
Lateral view

Silver [6] wrote that a. circumflexa ilium profunda contribute to the blood supply
of caudal abdominal mammary complex. We confirm that this artery with its caudal
branches gives subcutaneous ventral ramifications, which are visualized on the radio-
graph.

The arterial supply of the inguinal mammary glands is derived from branches of
a. pudenda externa as it is seen on the radiographs (Fig. 5). There is a branch from
a.epigastrica caudalis superficialis that directly goes into the inguinal mammary glands.
In each part of the mammary complex it was established that there are between 5-7
main mammary branches. They converge and make vascular circle network which is
arteriolar, because the diameter of these vessels is smaller. This is located on the base of
the mammary teat. From that network 4-7 straight papillary arterioles are branched and
directed toward the tip of the teat.

Conclusion

The parenchyma of mammary glands receives their main blood supply from perforating
branches which arise from a. thoracica interna also from the mammary branches of a.
epigastrica cranialis superficialis and a. epigastrica caudalis superficialis. The mam-
mary complexes receive also additional blood supply from a. thoracica lateralis, aa.
intercostales dorsales and a. circumflexa ilium profunda. Additional arterial supply is
related to the skin and periphery of the glands.

The mammary teats are supplied from vascular network situated on the base
of papilla mammaria and it gives several straight branches directed toward the teat
apex.
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During the routine anatomical dissection a rare muscular variant, the extensor indicis brevis muscle was
observed of the left hand of an adult Caucasian male cadaver. The variant muscle originated from the
joint capsule and ligaments of scaphoid and lunate ran across the third metacarpal and the second dorsal
interosseous muscle and inserted as a single tendon to the ulnar side of the index extensor digitorum
communis tendon. It was innervated by the posterior interosseous nerve. Different anatomical variations
and the clinical importance of the aberrant muscle are also discussed.

Key words: extensor indicis brevis muscle, anatomical characteristics, clinical significance.

Introduction

Variations of the extensor muscles and tendons of the hand are very common. They are
often discovered incidentally during surgery. However, these variations rarely could be
associated with clinical significance, especially when the variant muscle impinge and
occupy the narrow dorsal compartments of the wrist. The knowledge of the existing
muscular variations of the hand and is mandatory in cases of reconstructive surgeries
planned in this region [1].

The extensor indicis brevis muscle (EIB) is a variant muscle found on the dorsum
of the wrist and hand. This muscle is found in approximately 2% to 3% of the popula-
tion with a slight male predominance and is easily mistaken for other dorsal hand pa-
thology [2, 8]. This variant muscle has been described mostly in cadaver dissections and
rarely in distinct clinical case reports mimicking dorsal wrist ganglions [3, 5, 6, 9, 12].

In this report, we describe a rare case of EIB, review the current literature and
emphasize on its possible clinical significance.

Case report

During a routine anatomical dissection, approved by the Medico-Legal Office and Lo-
cal Ethic Committee, of the left upper extremity of a 69-year-old formol-carbol fixed
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Fig. 1. Photograph of the extensor indicis brevis muscle (asterisk)

Caucasian male cadaver, from the autopsy material available at the Department of
Anatomy, Histology and Embryology of the Medical University of Sofia, an unusual
muscular variation was observed (Fig. 1). After the removal of the skin and superficial
fascia, the extensor retinaculum was longitudinally opened to expose the dorsum of the
hand. The variant muscle originated from the joint capsule and ligaments of scaphoid
and lunate bones. It ran across the third metacarpal and the second dorsal interosseous
muscle and inserted as a single tendon to the ulnar side of the index extensor digitorum
communis tendon. The muscle belly was fusiform, 4.4 cm long and 0.55 cm wide. It
was innervated by the posterior interosseous nerve and its blood supply was provided
by the posterior interosseous artery. Due to its morphological characteristics, innerva-
tion, and apparent function we deem the muscle to be an EIB.

There is no information, concerning history of previous diseases for the dissected
subject. No other clinical signs of trauma or surgical scars were noticed.

Discussion

Despite the fact that the muscle and tendon variations on the dorsum of the hand and
wrist are common, the variation of the EIB reported here, is relatively rare. In 1734,
Albinus was the first to describe this muscular variation [6]. The main contribution to
the popularization of the term EIB is Kadanoff [4]. It is also known as extensor digito-
rum brevis manus muscle [12]. The EIB is thought to be atavistic and a remnant from
the amphibians. The digital joints of amphibians are entirely controlled by intrinsic
muscles, and the EIB could represent a homologue of the extensor digitorum brevis on
the dorsum of the foot [11].
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The EIB generally consists of a single belly, but cases with two bellies with vari-
able sizes also have been reported [8]. Different variations of the EIB have been de-
scribed. It could arise from the distal end of the radius, the dorsal radiocarpal ligament,
the wrist joint capsule, the dorsal metacarpal surface or from the extensor tendons. Dif-
ferent insertions to the middle finger; to the second and third fingers; to the ulnar side
of the middle and ring finger; one to the middle and two slips to the fifth finger; to the
second, third, and fourth fingers have also been described. The most common insertion
of this muscle was into the index finger, followed by that into the middle finger, and
those into the index and middle fingers. The nerve and blood supply of the EIB have
been ensured by the posterior interosseous nerve and artery [3, 5, 6].

Ogura et al. [7] classified this variant muscle into three types based on its insertion
and relationship with extensor indicis proprius (EIP). Type I —inserted onto the dorsal
aponeurosis of index finger with absence of EIP. Type Il — together with both EIP in-
serted on the index finger. Type III — EIP inserted on the index finger and EIB inserted
on the long finger [7].

The muscular belly of the EIB commonly lies distal to the distal edge of the exten-
sor retinaculum. Usually, the clinical examination reveals an elongated swelling in the
proximal part of the dorsum of the hand, between the middle and index finger extensor
tendons. In clinical case reports, the EIB is commonly misdiagnosed as a dorsal wrist
ganglion [5, 6, 9]. In the case of Murakami and Todani, together with a dorsal wrist
ganglion an EIB was found lying over the ganglion [5]. Slavchev and Georgiev, also
described a case of a ganglion cyst within the extensor digitorum brevis manus muscle
diagnosed by sonography in an eighteen-year-old girl [10]. In some cases the EIB could
be asymptomatic, whereas in others it may cause pain and swelling of the dorsum of the
hand, especially in heavy manual workers [5, 6, 9].

In differential diagnosis, the EIB could also simulate an exostosis, a tendon sheath
cyst, tenosynovitis of extensor tendons, a hemangioma, rheumatoid tenosynovitis or a
benign soft tissue tumor [6]. For differentiation of the EIB from a ganglion cyst, a de-
tailed clinical examination could be of use. In a case of an anomalous muscle, it usually
becomes more prominent with active extension of the wrist and fingers, while the gan-
glion cyst is better outlined by wrist flexion [1]. The new imaging techniques such as
magnetic resonance imaging could clearly identify the variant muscle [6]. Sonography
readily detects fluid-filled ganglion cysts but it requires substantial operator experience
to reliably visualize fine structures like aberrant muscles of the hand [10].

Knowledge of these variants is not only important for differential diagnosis of doc-
tors but also might eliminate a surgical procedure.

In conclusion, the EIB is a muscle structure without essential function for delicate
movements of the hand. To know this anatomic variation is important for the upper limb
specialist not only for surgical procedures at the level of the hand but also because its
hypertrophy can cause incapacitating symptoms.
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Palm and finger prints are an important element of the Twin Method, whereby we use both qualitative
and quantitative indicators. It has been established with the qualitative indicators that the papillary
image refers to polygenic hereditary characteristics, and that they are to be detected more easily than
the quantitative ones. The main place in the study is the dermatoglyphic morphology of the hands, re-
presented in two groups: monozygotic twins (MZ) and dizygotic twins (DZ). The material of the study
included palm prints of both hands of 21 pairs of MZ twins and 22 pairs of DZ twins. Fingerprints and
palms were obtained by a standard method. The Twin Method researches differences in MZ and DZ
twins, using the “Similarity Method”. Quantitative indicators demonstrate a relationship with zygosity,
concerning the left and right hand.

Key words: monozygotic twins, dizygotic twins, twin method, total ridge count, ridge count triradii.

Introduction

The Twin Method appeared due to the necessity of juxtaposing the genetic predisposition
and the influence of one’s environment. Already in 1875, Francis Galton [6] had made a
series of experiments with twins to establish the extent of influence in environmental and
genetic factors. He had prepared hundreds of questionnaires addressed to parents of the
twins in order to achieve his goal and to understand the power of heredity. Nowadays, we
can rely on findings from other disciplines, such as morphology, genetics and psychology,
to explore the above-mentioned discourse and for our analysis to be more authentic.

Palm and finger prints are an important element of the Twin Method, whereby we
use both qualitative and quantitative indicators. It has been established with the qualita-
tive indicators that the papillary image refers to polygenic hereditary characteristics and
that they are to be detected more easily than the quantitative ones (Fig. 1). The applica-
tion and the development of the Twin Method, as well as of the finger-palm prints, leads
to the advance of the following disciplines: medical genetics (used to establish a rela-
tionship between changed in skin relief and hereditary chromosomal diseases, as well
as to determine the zygosity of twins), ethnic anthropology (used to establish a common
origin of two separate groups of a population) and criminology (used to solve debatable
questions, such as paternity rejection or identification of an individual).

Particularities of fingerprints have been noticed ever since the Ancient times The
Chinese, for example, used their fingerprints instead of a stamp when validating docu-
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Fig. 1. Ridge count triradii of the fingers, W — whorl; U — ulnar loop; Line — ridge count triradii

ments. The use of friction ridge skin as a signature in China, Japan, India, and possi-
bly in other states prior to European discovery is thus well documented. The German
doctor and anatomist C. A. Mayer wrote: “Although the arrangement of skin ridges is
never duplicated in two persons, never the less the similarities are closer among some
individuals. In other, the differences are marked, yet in spite of their peculiarities of ar-
rangement all have a certain likeness” (Cummins and Midlo, 1943), [3]. Mayer was the
first to write that friction ridge skin is unique.

The birth of dermatoglyphics was possible thanks to works of Galton, Herschel
(1880) [8] and Faulds [4], which researched fingerprints of people and primates. They
establish the individuality and uniqueness of the images, as well as the possibility of
human identification using finger-palm prints [5]. A few years later, Kallman (1885)
made the first dermatoglyphic description of a foot. Following his example, a series of
scientists continued studying the foot dermatoglyphics (Hepburn 1893, 1895; Wielder,
1904, 1913, 1916, 1922). Cummins and Middlo (1943), [3] publish two important mono-
graphs: about the skin relief in primates (1942) and about general dermatoglyphics
(1943). Bansal (1968), [1] reports the bilateral symmetry, measuring the distance be-
tween the triradii of the third and the fourth finger.

The literature review demonstrates that twin research has not been extensive, per-
haps due to the difficulty of obtaining anthropological material. The majority of twin
research is based on physical development of twins and on causes for multiple preg-
nancies (J. Bertrand Petit, A. Marin, 1988). Imaizumi (1987), [9] and co-authors make
a series of experiments on the influence of parents’ age and the birth sequence on a
multiple pregnancy. They establish that with parents’ age increase, the chance of twin
birth is higher.

Materials and Methods

The main place in the study is the dermatoglyphic morphology of the hands, repre-
sented in two groups: monozygotic twins (MZ) and dizygotic twins (DZ). The material
of the study included palm prints of both hands of 21 pairs of MZ twins and 22 pairs
of DZ twins. Most data was collected in the area surrounding the town of Shumen,
Bulgaria. Fingerprints and palms were obtained by a standard method. Fingerprinting
was done by covering the hand palmar surface with topographic ink, and by using a
glass plate and a roller. The recording of fingerprinting was done in a passive way, as
the researcher helped with the data collection. A rotary tool was used to cover palms
and fingers, always starting from the 1* finger on the right hand and finishing with the
5" finger on the left hand. Palmar surface was greased with topographic ink and finger-
prints were left on a white sheet of paper, placed on a convex cylindrical surface. Such
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method provided an accurate print of the palmar surface, including the central part of
the palm. The establishment of dermatoglyphic differences was performed with the aid
of a binocular loupe.

Results and Discussion

Every developing trait depends both on hereditary and environmental factors. The goal
of the Twin Method is to establish the relative role of both in the variability of different
traits. This method is used in medicine when studying the hereditary predisposition to
specific diseases (Down syndrome, cerebral gigantism, diabetes, schizophrenia, chro-
mosomal abnormalities and others).

The Twin Method study differences in monozygotic (MZ) and dizygotic (DZ)
twins, using the “Similarity Method”. MZ twins are juxtaposed with DZ twins of the
same gender, while taking into account that all differences in MZ twins are a product
of external factors and in DZ twins — partly due to genetic factors and partly because of
environmental ones. When taking heredity into account, one must determine the type of
zygosity in twin research with great accuracy.

Two MZ embryos have the same hereditary potential, but develop as two inde-
pendent individuals. They have the same gender, the same blood group and the same
serum factors. This applies to many other hereditary physical traits. When it comes to
intrauterine development, there are a couple of conditions, which can lead to differences
in MZ twins. The exact time of zygote division is of great importance. We distinguish
three ways of zygote division, depending on the time of its occurrence.

* MZ I (dichorionic diamniotic) — the separation happens between 0 to 3 days after
fertilization. MZ I type occurs approximately 28.3%).

* MZ II (monochorionic diamniotic) — the separation happens during the deve-
loped morula stage (from day 4-5 to day 7 after fertilization). This type of separation is
the most typical for the monozygotic twins (about 70%).

* MZ 1II (monochorionic monoamniotic) — the separation takes place after the 7" day
following fertilization, which is when the embryo of the internal membranes (amnion) is
already formed and the process of division stopped. MZ IlI type occurs rarely (1.2%).

The so called ‘Siamese twins’ are of great interest, as they do not have the possibil-
ity of full zygote division and remain connate to different extents. This takes place if the
division starts after the 9" day post-fertilization.

Qualitative dermatoglyphic results shown that the ridge count between the four
finger triradii has been defined: “a-b”, “b-¢”” and “c-d” separately on each hand, the total
ridge count (TRC) for both hands and the total ridge count. When there was an extra
triradius, we also took into account the finger triradius “a” or “d”.

The size of the “atd” angle has been measured by connecting finger triradii “a”, “t”
and “d” with two straight lines, and reported using an octant and a protractor. If extra
triradii “al” and “d1” existed, we also noted the most radial and most ulnar triradii. If
extra axis triradii existed, we noted the most distal triradii.

When comparing the finger ridge quantity, we observed the following patterns.
MZ twins with highest values have a unique IV finger on the left hand in both groups
(I born twins — 15.55%; II born twins — 16.45%). We observed a high degree of simi-
larity in the researched trait distribution also in the rest of the fingers (Table 1). The
distribution of this trait in DZ twins is quite different. The highest ridge quantity was
observed on the 1st finger of right hand in the group of 1st born twins. As a whole, this
trait is characterized with higher values in the group of 1st born DZ twins and in both
types of group twins (Table 2).

6 Acta morphologica et anthropologica, 22 81
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There have not been established any differences in ridge count distribution in in-
terdigital fields neither in the MZ and DZ twins comparison, nor in the order of birth
comparison. The highest ridge quantity for the entire excerption was observed in the
field d-a, with the second highest observed in the field b-a, and the lowest — in c-b.

The average value of the total ridge count (TRC) is highest in I-born twins group
(138.90%) and lowest in II-born DZ twins group (122.81%). This trait in MZ twins was
almost identical for both I-born and II-born twins (I-born — 132.5%, II-born — 135.41%).
When comparing the total ridge count trait, the difference is minimal in I-born and II-
born MZ twins (2.41%). The two DZ twin groups show a bigger difference (7.67%).
The highest total ridge count is observed in I-born twins (199.76%) and the lowest — in
II-born MZ twins (187.86%).

When comparing the maximal values of the angle atd, we have not observed any
significant differences between the two researched groups. The highest maximal value
of the angle has been reported in II-born MZ twins in both hands, while the lowest
maximal value was observed on the right hand in II-born DZ twins (Tables 1, 2).

The analysis of connections and dependencies in MZ twins demonstrates that all
researched quantitative indicators (ridge count of interdigital triradii (RT), ridge quan-
tity of finger phalanges (RT — I-V), total right count and the angle atd) are distributed
normally (Tables 1, 2). By performing Levene’s test, we also established that all indica-
tors are over 0.05% (first order error) and, subsequently, there is no connection between
the indicators and the I-born and II-born MZ twins (T-test).

We have performed the same test for DZ twins, and the results are similar and show
the expected distribution, with the exception of the indicator RT III dex (Kolmogorov-
Smirnov test). A non-parametrical test for this indicator demonstrates lack of a relation-
ship with the relevant groups of I-born and II-born DZ twins. The indicators RT d-c sin,
RT c-b sin, RT Il sin and RT IV sin in Levene’s test reject the null hypothesis. Despite
the existing relationship, it is not statistically significant, because the null hypothesis
may not be rejected in a T-test. The calculated extent of the relationship is under 0.3,
i.e. the difference between the two researched groups is very weak with these indicators
in mind.

The comparison of groups as a whole, MZ on the one hand, and DZ on the other,
demonstrates that, on average, all indicators have a normal distribution (Kolmogorov-
Smirnov test). Levene’s test confirms the null hypothesis, which is rejected only by the
RT d-c dex indicator (T test). Only with this indicator is it possible to search for a dif-
ference between MZ and DZ twins, but the calculated effect is minimal.

The second variant in researching MZ and DZ twins as an median difference be-
tween I-born and II-born twins was more successful. The distribution of indicators TRC
a-d, TRC I-V, Y’ RT I-V dex at sin, ), RT d-a dex. et sin., RT d-c dex, RT I dex, RT II
dex, RT V dex. < atd dex. is not normal. For these indicators we used Mann Whitney’s
non-parametrical test. The above-mentioned indicators, with the exception of RT d-c
dex, RT I dex., Y RT d-a sin, RT V dex. < atd dex., demonstrate the existence of a con-
nection in twin zygosity.

Parametrical indicators are investigated with Levene’s test and T-test. With
Levene’s test we found that the following indicators have a connection with zygosity:
RT b-a dex., RT I sin, RT III sin, RT IV dex et sin. The aforementioned indicators reject
the null hypothesis in the T-test. Significant values are the sum of 1-5 phalanges ridges
on the left hand (0.67%) and the TRC of finger phalanges. The least significant value is
possessed by the indicators Y, RT d-a dex and TRC a-d. The most significant individual
indicator was the ridge count of the 5™ finger phalanx on the left hand.
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Conclusion

Based on the current research and after analysing the results, the following conclusions
can be made:

1. MZ twins with highest values in finger ridge quantity have a unique IV finger
on the left hand in both groups (I born twins — 15.55%; 11 born twins — 16.45%). The
highest ridge quantity in DZ was observed on the 1* finger of the right hand in the group
of I-born twins;

2. Quantitative indicators demonstrate a relationship with zygosity, concerning the
left and right hands are as following: five indicators on the left hand (3| RT I-V sin, RT
I sin, RT III sin, RT IV sin, RT V sin), five indicators on the right hand (3. RT I-V dex.,
> RT d-a dex., RT b-a dex., RT II dex., RT IV dex.) and two total indicators (TRC a-d,
TRC I-V);

3. The distribution of indicators TRC a-d, TRC I-V, Y RT I-V dex at sin, ) RT d-a
dex. et sin., RT d-c dex, RT I dex, RT II dex, RT V dex. < atd dex. is not normal;

4. The significant individual indicator was the ridge count of the 5" finger phalanx
on the left hand.
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The “Twin Method” is attempting to answer questions linked with the extent of influence of genetic
information as opposed to the environment over various diseases, behaviors and level of intelligence.
The material of the study included palm prints of both hands of 21 pairs of MZ twins and 22 pairs of
DZ twins. Most data was collected in the area surrounding the town of Shumen, Bulgaria. Fingerprints
and palms were obtained by a standard method. The distribution of ulnar loops on fingers in MZ and DZ
twins shows that its frequency is the highest on the 5™ distal phalanx (87.5% in MZ twins and 69.04%
in DZ twins). The percentage of spirals compared to other fingerprint images is greater in DZ twins
(40.47%) than in MZ twins (29.77%). The difference in zygosity can be observed in triradii t’, t’, 0.

Key words: monozygotic twins, dizygotic twins, papillary images, twin method, hypothenar image.

Introduction

In the past few years, the interest towards twin research has significantly increased.
Almost 150 years have passed since Francis Galton expressed for the first time the
necessity to study twins when studying their illnesses. He also found a correlation
between hereditary factors and the environment, while researching the extent and
duration of their influence. The “Twin Method”, developed as a natural continua-
tion of Galton’s works, is still being perfected. This method is attempting to answer
questions linked with the extent of influence of genetic information as opposed to the
environment over various diseases, behaviors and level of intelligence. It is known
that monozygotic twins (MZ) have 100% identical genetic information and thus en-
vironmental factors are predominant for such analysis. The dizygotic twins (DZ),
on the other hand, have 50% genetic identity and thus the genetic information is the
most important factor. The analysis of fingerprints requires the use of qualitative in-
dicators more common. They are bound by specific genetic markers that define the
form of papillary images. The implementation of dermatoglyphic analysis requires
knowledge in various fields of science, such as ethnic anthropology, medical genetics,
forensics and others.

A literature review shows that twin studies are not numerous, mainly due to the
difficulties linked with the acquirement of anthropological material. Most of the re-

88



search is related to physical development and reasons of multiple pregnancies. The ef-
fect of parents’ age and birth sequence over multiple pregnancies has been studied by J.
Bertranpetit, A. Martin and Y. Imaizumi [1, 7]. They establish that with the age increase
age of parents, there is also an increase in the percentage of twins being born as a result.
Moreover, with every subsequent birth, the possibility of twin birth is increasing as
well. In 1982 and 1987, Boklage et al. [2] researched the mortality rate of twins. They
lay down that the twin mortality during the first labor is much lower than during second
or third, taking into account also the age variation of mothers. Eriksson and Bressers [4]
demonstrate that the twin birth rate also increases during wars and famines. It was also
shown that in rodents (lemmings), type of food influences the birth of twins. The studies
by Miara et al. [5] provide interesting data in relation to birth sequence and intervals be-
tween labors. Recently research shows the relationship between dermatoglyphic traits
and the electrical activity in the brain of a healthy person [6].

Materials and Methods

The main place in the study is the dermatoglyphic morphology of the hands, repre-
sented in two groups: monozygotic twins (MZ) and dizygotic twins (DZ). The material
of the study included palm prints of both hands of 21 pairs of MZ twins and 22 pairs
of DZ twins. Most data was collected in the area surrounding the town of Shumen,
Bulgaria. Fingerprints and palms were obtained by a standard method. Fingerprinting
was done by covering the hand palmar surface with topographic ink, and by using a
glass plate and a roller. The recording of fingerprinting was done in a passive way, as
the researcher helped with the data collection. A rotary tool was used to cover palms
and fingers, always starting from the 1* finger on the right hand and finishing with the
5™ finger on the left hand. Palmar surface was greased with topographic ink and finger-
prints were left on a white sheet of paper, placed on a convex cylindrical surface. Such
method provided an accurate print of the palmar surface, including the central part of
the palm. The establishment of dermatoglyphic differences was performed with the aid
of a binocular loupe.

In this study we used the Galton’s [8] classification scheme (1892) of the finger-
prints. This classification includes three types of the terminal phalanges of the fingers
images: whorls (W), loops (L) and arches (A).

Whorls are images that must have two triradii. They consist of a closed figure, in
which the papillary lines run around the center of the image. Some whorls have two
centers (Fig. 1). Loops represent a semi-closed figure. The loop, opened towards the
radial direction is notated with the letter R, and the loop, pointing towards the ulnar di-
rection is notated with the letter U. The T-shaped arch (T) has a triradius, the two proxi-
mal radiants of which are pointed in the ulnar (ulnaris) and radial (radialis) direction,
and its distal radiant is interrupted and is accompanied by papillary lines, appearing as
a distally convex arch.

Palmar images were recorded on the hypothenar (Hy) and on the thenar (Th) areas
of the palm with 1% (Th/T), 2", 3 and 4" interdigital fields [9]. The hypothenar (Hy)
skin relief is normally presented with a system of arch-like papillary lines, arranged
obliquely relative to the longitudinal axis of the hand and opened towards the ulnar side
of the hand. They are noted as ulnar arches (Au). In rare cases, arches are opened in the
radial direction (Ar) or in the carpal direction (carpalis) (Ac). Even rarer to be found are
skin ripples, which form an image on the hypothenar, appearing as a whorl (W), a loop
or a T-shaped image [3]. The presence of loops on the hypothenar, depending on the
direction of opening, can be ulnar (Lu), radial (Lr), and carpal (Lc).
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Fig. 1. Finger and palm prints; W — whorl; U — ulnar loop; A, B, C,
D — types of triradii; t — axial triradius; Th — thenar; Hy — hypothenar

Images on the thenar and first interdigital area are always noted together. The
lack of an image is marked with 0. When the papillary line ridges form an image,
it is marked with symbols similar to those of the hypothenar. Traces of images are
noted with the letter V. In the event of a double image, the result is noted first on the
thenar, and then, separated by a slash, we record the image from the first interdigital
area. When skin ripples do not form an image with a specific form on any of the
interdigital fields, we record the result 0. Should there be a loop of not more than
five papillary lines, we record the result “1”. If the loop has more than five papillary
lines, the observation is “L”. The loop in the interdigital fields is always distally
open. It is possible that the loop of the proximal ending finishes with a triradius,
while spirals are rare.

The axial triradius is located on the second field of the palm, between the thenar
and the hypothenar. To identify it, we used Gaipel’s method [10]. There exist various
forms of the axial triradius: carpal (t), intermediate (t”) and central (t”). In rare cases, the
palm surface may have two triradii (tt’, tt”” and t’ t”) and even more rarely three (tt’t”).
In the absence of an axial triradius, we write “0” in the formula.

Results
The qualitative analysis of fingerprints show that loops (L) are most frequently found in

fingerprint images of MZ and DZ twins, whereby this frequency is more pronounced in
monozygotic twins (62.27%) than in dizygotic twins (52,37%). Interesting results were

90



[oym — M spuey qjoq — HY
(reupn-n “[erpes-y) sdoop — puey 3L — HY
snore — y pueq o[ — H'1
€9°88 | 606 | LE98 | LTLT | ¥S¥S | 0S | LTLL | SY'OL | T'¥8 | LTTS | T89S | IL'LY | 6'S9 | 60°6S | TLTL %| N+A=1
9TTC | 601 | 9€'IT | ¥S'6T | ¥SVI Sl 8'0C | TTOT | 89°01 | T98C | 1€¥L | I€VL | 66'F¥C | LTTI | CTL'TI % 011da
9¢'T1 I'6 | €9°€T | TLLY | SV'SP | 0S | LL'PT | 6°ST | 9CTT | S¥'Sy | 81'¢y | TL'LY | ¥S'6T | 18'1¢€ | LTLT %
4 9 0¢ [44 L S 61 Ic 4! 4! onJeA M
S'LY 606 | I't8 94 0S 0S | LTLL | SVOL | T'¥8 | LL6E | TL'LY | I81E | 6'S9 | 60°6S | TLTL %
(014 LE [44 [44 1€ LE Ic 4! 9T [43 onfea n
€'l - LTT | LTT | ¥SYV - - - - ¢el I'6 6°Sl - - - %
0 I C 0 0 0 14 L 0 0 on[eA |
- - - - - - I'6 | €9°¢1 | ¥S¥v | LTT - 1494 1494 I'6 - %
0 0 0 0 9 [4 0 4 14 0 onjea L+V
BE=U | pp=U | pp=U|88=U | pp=U|pp=U |8 =U | pp=U| pp=U| R=U | pp=U | pp=U | =U | pp=U| pp =0
HA Hd HT H4 Hd HT HA HY HT HA HY HT HA HY HT
A Al 111 I I
syundiaduy jo
suim) ZJA Jo s1o3ul odA1

suim) ZIA e syuridiodur | ajqer,

91



[1oym — A
(reupn-n ‘rerpei-y) sdooy — 7

‘spueq y1oq — HY
‘puey Y31 — HY

snore — ‘puey Yol — H'T
Y069 | 8TY9 | 8E€EL | €TSY | €TSY | €TSY | IL°09 | TS6S | 619 [ 991y | LTV | OF | €TSY | SP'SY v %| N+d=T
vI'sc | 97l 9Tl §'6¢ S1 TSP | LL'ET| 19T | OT'IT | #6°ST | S8°CI | 60°€l | LTLT | 8I'Cl B4 % 011d
LS8C | S6°0€ | 19T | 6I'IS 05 | €TSY | 9L°6T | €€°€E | 61°9C | YOV | LY OV | €TSY | 88F | 81ty 0s %
€1 1 (44 IC 14! IT 81 61 61 C onjeA M
70°69 | 8TY9 | 8€L | €TSY | €TSY | €TSY [ 1L°09 | TS6S | 619 | IL'SE | L¥OF | S6°0E | ¥OVy | S¥SY | 98¢ %
LT Ie 6l 61 94 9¢ L1 €l 0¢ Ll onjeA n
- - - - - - - - - S6'S | LTT 1’6 61’1 - LET %
0 0 0 0 0 I 14 0 I onjea d
8¢€'T oLy - LSE | 8ET | 9LY | S6 | VI'L | 611 |8TYI | 8TYI | 8THI | S6'S | VI'L oLy %
C 0 I [4 € S 9 9 € [4 onjeA L+Vv
88=U | pp=U | pp=U | 8=U |pp=U |pp=U BB =U| pp=U | pp=U | 8E=U | pp=U | pp=U| 88=U | pp=U | pp =1
HY HY H1 H4 HY | HT1 | HY HY H1 HY HY H1 HY HY H1
A Al I I I
syunidioduy jo
suIm) Z( Jo sioSur odA1

suim) 7 ye syundiadur -z djqe],

92



Table 3. Axial triradii

MZ DZ
Lefthand | Righthand | Both hands | Lefthand | Righthand | Both hands
n=44 n=44 n=288 n=42 n=42 n=284
t value 9 12 14 14
% 20.45 27.27 23.86 33.33 33.33 33.33
t’ value 19 23 19 20
% 43.18 52.27 47.72 45.24 47.62 46.42
t” value 4 5 3 2
% 9.1 11.36 10.28 7.14 4.76 5.95
t” value 2 1 2 2
% 5.45 2.27 3.40 4.76 4.76 4.76
t't” | value 1 0
% 2.27 - 1.13
t’'t” | value 2 0 1 0
% 4.54 - 2.27 2.38 - 1.19
tt value
%
't | value 2 0
% 4.54 - 2.27
0 value
% 6.81 6.81 6.81

t, t’, t”” — different types of palm triradius

obtained for distribution of ulnar loops on fingers in MZ and DZ twins shows that its
frequency is the highest on the 5™ finger (87.5%; 69.04%) and lowest on the 4™ finger
in MZ (25%) and on the 2™ finger in DZ (35.81%). The radial loops dominate the left
hand in both MZ and DZ twins (Tables 1, 2).

When conducting similar experiments on spirals, we established large differences
between MZ and DZ twins. The percentage of spirals compared to other fingerprint
images is greater in DZ (40.47%) than in MZ (29.77%) (Tables 1, 2).

From the results it is noticeable that the amount of arches (A + T) is significantly
greater than that of loops and spirals (7.14% in DZ and 3.18% in MZ twins). Arches are
found more frequently in DZ than in MZ (Tables 1, 2).

The study of palm prints (axial triradii and palm images) showed that triradii t, t”
is present in DZ but absent in MZ twins. In regard to palm images variant Au/Ac has the
highest percent probability of occurrence in both groups (38.63% in MZ and 32.14% in
DZ twins). In MZ twins, possible combinations are more numerous than in DZ twins
(Table 3).
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Discussion

In order to use efficiently and correctly the “twin method”, zygosity should be deter-
mined very precisely. There are a number of methods which aim to diagnose twins.
The diagnosis of a physician during birth is one of the most widely used methods. It is
based on the number of placentas. Such method, however, can be quite erroneous. To
understand the high probability of errors during this diagnosis, one should look at the
way twins are created. There are known to be three different ways: MZ I (dichorionic
diamniotic) — the separation happens between 0 to 3 days after fertilization and the
frequency of occurrence is approximately 28.3%); MZ II (monochorionic diamniotic) —
the separation happens during the developed morula stage (from day 4-5 to day 7 after
fertilization and the frequency is about 70%); MZ III (monochorionic monoamniotic)
— the separation takes place after the 7" day following fertilization, which is when the
embryo of the internal membranes (amnion) is already formed and the process of divi-
sion stopped. MZ III type occurs rarely (1.2%).

The situational (distribution analysis) and diagnostic (analysis of relationships and
dependencies between phenomena) statistical analysis were used. Many individual re-
sults were received as a product of the study. These have to be summarized in such a
way as to appropriately suit the analysis. In such synthesis, one has to move away from
information about the individual units to statistical data, which relates to the quality
of homogeneous groups. It is important to note that one does not search for a specific
numeric expression evaluation, but only checks whether the empirical data confirms or
refutes the preliminary assumption (hypothesis) on some properties (parameters) of the
distribution of random variables.

The results obtained from a qualitative analysis of fingerprints as we mentioned
earlier show that loops (L) are most frequently found in fingerprint images of MZ and
DZ twins. The ulnar loops prevail in both MZ and DZ twins, with the respective per-
centages: 59.09% and 50.95%. Radial loops (R) are less frequent than ulnar ones in
terms of percentage. They are however more frequent in MZ twins than in DZ twins
(3.18% and 1.43% respectively). When it comes to loops, there is an absolute differ-
ence of 10%, with 8% in ulnar loops and with radial — 2%. This difference demonstrates
that there is a difference in zygosity to a small extent (refer to tables). Distribution of
ulnar loops on fingers in both groups MZ and DZ twins shows that its frequency is the
highest on the 5" finger (87.5% and 69.04% respect.) and lowest on the 4" finger in MZ
(25%) and on the 2™ finger in DZ (35.81%). Radial loops in MZ and DZ twins with the
highest percentage frequency are found on the 2™ finger (12.5% and 5.95%), while they
are completely absent on the 1% and the 3™ fingers in MZ twins and on the 3%, 4% and
5" fingers in DZ twins. The frequency of ulnar loops in MZ is almost identical on both
hands with a slight preponderance on the left hand (64.55%) (On the right hand, the
frequency is 63.63%). Similarly, in DZ twins there is also a little difference, but there is
a slight preponderance on the right hand (50.10% and 51%).

From the data recorded in the results of this paper, it is clear that radial loops
dominate the left hand in both MZ and DZ twins and large differences of the spirals
between the same group of twins (40.47%) in MZ twins than (29.77%) in DZ twins.
There is an absolute difference of 11%. In both experimental groups, this image is most
frequently found on the 4" finger (MZ twins — 47.72% and 51.19%). Spiral images
are almost equally distributed on the left and right hands in both MZ and DZ twins
(Table 1, Table 2).

The amount of arches (A + T) are found more frequently in DZ than in MZ twins.
There is an absolute difference of 4%. In MZ twins, arches are missing on the 4% and
5% fingers on both hands and are most numerous on the 3™ finger (9.1%). Arches in
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DZ twins, though few in number, are located on all finger phalanges. They are most
numerous on the 2™ phalanx (14.28%) and least numerous on the 5% phalanx (2. 38%).
Arches in MZ twins prevail on the right hand, while in DZ twins they are almost equally
distributed on both hands.

The data of frequencies of axial triradii are represented in Table 3. The research
analysis concludes that the encounter of single axial triradii t, t’ and t” is the highest in
both groups of twins. Triradius variant t, t is the only one, which is not to be found in both
kinds. The difference in zygosity can be observed in triradii t’, t”’, 0 and only in MZ twins,
while absent completely in DZ twins. Triradius variant t, t” is present in DZ but absent
in MZ twins. Most frequently found triradius is triradius t” and it is found in both kinds of
twins (47.72% in MZ twins and 46.42% in DZ twins). The lower percentage probability
is for triradius variant t, t” and t” (2.27% in MZ twins and 1.19% in DZ twins).

The results obtained from a qualitative analysis of palm images (table 4) variant
Au/Ac has the highest percent probability of occurrence in both groups (38.63% in MZ
twins and 32.14% in DZ twins). This image is more pronounced on the left hand (40.9%
in MZ and 38.1% in DZ twins). The difference between both hands is less significant in
MZ twins (4%) and more significant in DZ twins (12%). From the images represented
in the table, images Au/Lr and Lr/Lc are missing. In DZ twins there are five images that
are missing: S, W/Lu, T, R and Au/Au/Ac. The least pronounced images are S, W, W/
Lu, Ws, T and Auw/Au/Ac (1.13% in DZ twins), and Ar, Au/Lu, Au/Lr, Lr/Le, W (1.19%
in MZ twins).

Conclusions

Based on the current research and after analysing the results, the following conclusions
can be made:

1. The distribution of ulnar loops on fingers in MZ and DZ twins shows that its
frequency is the highest on the 5™ distal phalanx (87.5% in MZ twins and 69.04% in DZ
twins). The percentage of spirals compared to other fingerprint images is greater in DZ
twins (40.47%) than in MZ twins (29.77%).

2. The palm image Au/Ac has the highest percent probability of occurrence in both
groups (38.63% in MZ twins and 32.14% in DZ twins). This image is more pronounced
on the left hand (40.9% in MZ and 38.1% in DZ twins). The difference between both
hands is less significant in MZ twins (4%) and more significant in DZ twins (12%).

3. In MZ twins the group variability of researched features is almost evenly distri-
buted, while in DZ twins the variability is higher in the second-born twins.

4. The difference in zygosity can be observed in triradii t’, t”, 0 and only in MZ
twins, while absent completely in DZ twins. The lower percentage probability is for
triradius variant t, t’ and t”’ (2.27% in MZ twins and 1.19% in DZ twins).
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The skeletal dysplasias are a large heterogeneous group of disorders characterized by generalized abnor-
malities of the skeleton. The severity of skeletal dysplasias ranged from individuals with normal stature
and survival but early-onset osteoarthrosis to perinatal lethality. This study aimed to investigate bone
remains with obvious skeletal abnormalities and to make a differential diagnosis. The remains belonged
to a young male individual preserved in the Military Mausoleum with Ossuary, National Museum of
Military History (Sofia, Bulgaria). It was established that the abnormalities were due to skeletal dyspla-
sia with increased bone density and craniometadiaphyseal dysplasia, wormian bone type was suspected
as a probable diagnosis. The individual was fit for service, which suggests a normal stature and mental
development without severe malformations.

Key words: skeletal dysplasia, increased bone density, craniometadiaphyseal dysplasia, wormian
bone type, Brodie’s subacute osteomyelitis.

Introduction

The skeletal dyspasias, or osteochondrodysplasias, are a large heterogeneous group of
disorders characterized by generalized abnormalities of the skeleton. A chromosomal
classification of the skeletal dysplasias is in elaboration, but traditionally they are clas-
sified by parts of the skeleton which are involved [15]. Each dysplasia is rare, but the
overall birth incidence is estimated to be 1/5000 live births [1]. The most frequent clini-
cal implication is a disproportionate short stature, but it is not uniformly present. The
severity of skeletal dysplasias ranged from individuals with normal stature and survival
but early-onset osteoarthrosis to perinatal lethality. These disorders can be associated
with a variety of orthopedic, neurologic, auditory, visual, pulmonary, cardiac, renal, and
psychological complications [8]. Most skeletal dysplasias are associated with normal
intellectual development, but there are exceptions to this rule [15].

Differential diagnosis of the skeletal dysplasias required radiographs and complete
skeletal survey as well as assessment of the size, structure, and shape of the individual
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bones. The region of the skeleton that is affected along with the pattern of skeletal
abnormalities and bone density are crucial for a differential diagnosis [15]. Thus, the
aim of the present study was to investigate in detail bone remains with obvious skeletal
abnormalities and to make a differential diagnosis.

Materials and Methods

The objects of the present study were bone remains of a soldier who served and died in
the wars from the beginning of the 20" century. The remains were preserved in the Mili-
tary Mausoleum with Ossuary, National Museum of Military History (Bulgaria). The
remains belonged to a young male individual and consisted of a skull with previously
cut out calvaria, right and left humeri, left ulna, right and left tibiae. The mandible and
the other postcranial bone were not available.

The physiological age of the individual was determined according to the cranial
and postcranial bone development, observation of the cranial sutures and dentition [2,
7,13, 17].

The skull and the available postcranial bones were macroscopically observed and
measured. The characteristics of the angels and indices were given after Martin and
Saller scales [9]. The categories “very small”, “small”, “middle”, “large” and “very
large” were used after Alekseev and Debets [16]. The stature was calculated based on
the lengths of the limb long bones according to the method of Pearson and Lee [11]. A
digital radiography was performed on a Nikon XT H 225 system.

Description and discussion of the case

Estimation of the physiological age

The remains belonged to a juvenile individual (16-18 years). It was inferred taking into
account that all cranial sutures were open without traces of obliteration and the spheno-
occipital synchondrosis was discernible. Furthermore, the third molars were not erupted
as well as the second left molar. The radiographs showed an agenesis of these teeth, i.e.
missing tooth germs in the maxilla, resulting in hypodontia. The available teeth showed
minimal degree of dental attrition without abnormalities except for caries on the mesial
surface of the second right molar.

Dental formula:

Right Left
65XXXX XXXX567

*X — postmortem loss of the tooth

The epiphyses of the long bones had the appearance of separated segments, even
though they were fused with the diaphyses except for the distal epiphysis of the ulna,
which was detached and missing (Fig. 1).
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The skull

Fig. 1. The available long bones of the skeleton

The metric, angular and index characterizations of the skull were presented in Tables
1, 2, 3. The viscerocranium was broad but short and feebly profiled, i.e. it did not pro-
Ject s1gn1ﬁcantly when the cranium was oriented in the Frankfurt plane (Fig. 2). The
facial bones were small and underdeveloped. The nasal bones were noticeably wide
and depressed, which was precondition for a broad and flat nasal bridge (Fig. 2a). The
maxillary arch and hard palate were unusually broad and short, which probably was
related to the observed hypodontia (Fig 2¢). In addition, the canine fossae were very

deep (Fig. 2a).

Table 1. Measurements of the skull after Martin and Saller [9]. The categories were given after Alekseev

and Debets [16]

No Measurements mm Category
1 Maximum cranial length 183 Medium
5 Cranial base length 93 Very small
7 Foramen magnum length 47 Very large*
8 Maximum cranial breadth 144 Medium
9 Minimum frontal breadth 108 Very large
10 Maximum frontal breadth 134 Very large
12 Biasterionic breadth 116 Large
16 Foramen magnum breadth 33 Very large
17 Basion-bregma height 132 Medium

20 Porion-bregma height 112 Small

23 Cranial circumference 530 Large
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26 Frontal arc 127 Medium
27 Parietal arc 129 Medium
28 Occipital arc 112 Medium
29 Frontal chord 106 Small
30 Parietal chord 114 Medium
31 Occipital chord 92 Small
38 Cranial capacity /by Pearson for male skull/ 1449.87 cc Medium
40 Basion-prosthion length 85 Very small
43 Upper facial breadth 109 Large
45 Bizygomatic breadth 133 Medium
46 Middle facial breadth 101 Large
48 Upper facial height 67 Small
51 Orbital breadth 39 Very small
52 Orbital height 34 Medium
54 Nasal breadth 26 Medium
55 Nasal height 50 Small
56 Nasal bones length 18 -

49a (DC) Dacrial chord 27 Very large

57 (SC) Simotic chord 11 Large

DS Dacrial subtense 7.5 Very small
SS Simotic subtense 2.5 Small
60 Maxilloalveolar length 45 Very small
61 Maxilloalveolar breadth 67 Large
62 Palatal length 31 Very small*
63 Palatal width 43 Large
64 Palatal height 12 -
FC Canine fossa depth 10 Very large

* The value of the measuremant is out of the borderlines of the category

Table 2. Angular characterization of the skull after Martin and Saller [9]. The categories were given after
Alekseev and Debets [16]

No Measurements Degree Category Rubrication
72 Total facial angle 85° Large Orthognathous
73 Middle facial angle 87° Large Orthognathous
74 Alveolar angle 84° Very large Mesognathous
75 Nasal bones angle 66° - -

75(1) Angle of nasal projection 21° Small -
77 Naso-malar angle 153° Very large

<zm Zygomaxillar angle 148° Very large -
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Table 3. Index characterization of the skull after Martin and Saller [9]. The categories were given after
Alekseev and Debets [16]

Indices % Characterisctics Category
8:1 Cranial index 78.69 Mesocranic Medium
17:1 Height-length index 72.13 Orthocranic Small
17:8 Height-breadth index 91.67 Tapeinocranic Small
9:8 Frontoparietal index 75.00 Eurymetopic Very large
48:45 Upper facial index 50.38 Mesenic Small
52:51 Orbital index 87.18 Hypsiconchic Large
54:55 Nasal index 52.00 Chamaerhinic Large
61:60 Maxilloalveolar index 148.89 Brachyuranic Very large*
63:62 Palatal index 138.71 Brachystaphylinic Very large*
40:5 Alveolar/Gnathic index 91.40 Orthognathic Small
DS:DC Dacrial index 40.74 - Small
SS:SC Simotic index 33.33 - Small
16:7 Index of foramen magnum 70.21 - Very small

* The value of theindex is out of the borderlines of the category

The neurocranium was round in shape (Fig. 2b) with medium size and relatively
low. The frontal bone was broad and bulging with entirely preserved metopic sutures
(Figs. 2a, b). The occipital bone was broad and slightly bulging as well. At the posterior
part of the sagittal suture a depression was observed (Fig. 2b). Foramen magnum was
extremely large with notch in its posterior margin (Fig. 2¢). The basal angle lies at the
midpoint between normal and basilar kyphosis, i.e. extensive flection (Fig. 3). There
was also uncompleted pterygoalar foramen on the left side, formed by the partial ossi-
fication of the pterygoalar ligament. The paranasal sinuses were underdeveloped as the
frontal sinus was missing. The mastoid air cells were underdeveloped as well. A mild
osteosclerosis of the skull was observed.

Multiple Wormian bones (WBs) with mosaic pattern occupied an oval-shaped ter-
ritory at lambda (Fig. 4). They were relatively large in size (Table 4). Separate WBs
were also placed along the lambdoid suture (Table 5). In addition, epipteric bones,
postsquamosal bones and WBs in the occipitomastoidal suture were observed bilater-
ally (Table 6). According to Cremin et al. [4], WBs are of significance and could be
accepted as a possible indicator of abnormal development when they are 10 or more in
number with a diameter exceeding 6 X 4 mm, and arranged in a general mosaic pattern.
The association of WBs with definite pathological conditions was widely discussed in
our previous work [10].
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Fig. 2. Views of the skull: a) frontal; b) parietal; c) basilar; d) right lateral

a

Fig. 3. Digital radiographs of the skull: a) lateral view; b) frontal view
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Table. 4. Measurements of the Wormian bones in the region

of lambda in mm

Wormian bones in lambda

No length width
1 26 11
2 24 9
3 15 6
4 21 11
5 25 12
6 17 8
7 16 4
8 15 4
9 19 7
10 15 5
11 18 15
12 24 15
Total 41 47

Table 5. Measurements of the Wormian bones in the lambdoid suture in mm

Wormian bones in lambdoid suture

Right Left
No length width No length width
1 14 5 1 19 3
2 18 5 2 16 5
3 21 6 3 17 5
4 16 4 4 9 2
5 22 6 5 13 4
6 - - 6 17 6
7 - - 7 16 4
8 - - 8 8 3
9 - - 9 12 5
Table 6. Measurements of the other Wormian bones in mm
Bones Right Left
length width length width
22 10 14 4
Os epiptericum
- - 10 10
Os postsquamosum 16 14 14 9
Os Wormi suturae occipitomastoidea 5 6 20 12
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Fig. 4. Wormian bones: a) in lambda region; b) in lambdoid suture on the right side; c) in lambdoid
suture on the left side

Postcranial skeleton

The available long bones did not show traces from healed fractures or perimortem in-
flicts, but the lack of other postcranial bones was an obstacle for complete assessment.
The bones displayed thinning of the cortex and expansion of the medullary cavity. Their
shape and size were normal except for both humeri whose distal ends were bowed for-
ward (Fig. 5).

Fig. 5. Bowing of the distal ends of both humeri: a) right and left humeri; b) digital radiograph of the
right humerus; c) digital radiograph of the left humerus

The deltoid tuberosity region of the right humerus was swollen and displayed a
prolonged lesion — 22 mm long and 9 mm wide (Fig. 6). From the proximal end of the
lesion started a 12 mm long canal that runs parallel to the bone axis. The aperture of the
canal was round (6 x 6 mm). The canal did not communicate directly with the medul-
lary cavity of the bone (Fig. 6¢). This lesion probably is a consequence of a Brodie’s
abscess (subacute osteomyelitis) located on the diaphyseal cortex. Brodie’s abscesses
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Fig. 6. Bone lesion on the left humerus: a-b) close views of the lesion; ¢) digital radiograph of the lesion,
lateral view

are especially common in the metaphisis in children and occur less frequently in other
tubular, flat or irregular bones, including the vertebral bodies, and are diaphyseal in
location [12].

The left tibia was twice lighter in weight than the right one. The radiographs re-
vealed excessive cortical thinning with medullary expansion (Fig. 7). It has been es-
tablished that the immobilization causes a bone mass lost by reducing the bone mineral
density in the epiphyses and by reducing the cortical wall thickness achieved by ad-
vanced endosteal resorption in the diaphyses [5]. Thus, the immobilization of the left
leg of the individual due to some kind of trauma could be a reasonable explanation for
this localized extra thinning.

Fig. 7. Digital radiographs showing the cortical thick-
ness of both tibiae: a) right tibia; b) left tibia

The stature of the individual, calculated on the basis of the lengths of the tibiae and
the humeri despite the bowing (Table 7), was 164.4 cm. The stature was slightly below
the mean body height of the recruits in Bulgaria during the period from 1897 to 1920
year which varied around 166 cm [14]. The individuals affected by skeletal dysplasias
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most commonly had a disproportionately short stature due to short-trunk or short-limb.
Obviously, in our case the individual was with normal length of the limbs, and bearing
in mind that it was fit for service, probably was with normal trunk size as well.

Table 6. Lengths of the long bones in mm

Humerus Tibia

right left right left

321 315 367 370

The differential diagnosis showed that the observed skeletal abnormalities most
probably were due to craniotubular dysplasia with increased bone density. Craniometa-
diaphyseal dysplasia (CRMDD), wormian bone type is such a disorder with autosomal
recessive inheritance and cranial, metaphyseal and diaphyseal involvement. The ge-
neralized manifestation on the cranium includes: a large circumference of the skull; a
prominent forehead, frontal bossing and parietal bulging; multiple WBs; a delayed os-
sification of the cranial vault and wide open anterior fontanelle; a calvarial thickening;
a mild sclerosis of the skull base; obliterated paranasal sinuses and basal skull foramina;
hypoplastic malar bones; noted maxilla and mandible; high palate; increased caries and
dental hypoplasia. The most frequently manifested features on the postcranial skeleton
include: an abnormal modeling of tubular bones; lack of normal diaphyseal constriction
and poor metaphyseal flaring; osteoporotic bones with thin cortices; bowing of lower
limbs; coxa valga; wide long bones, short tubular bones; widen ribs and clavicles; chest
deformity; multiple fractures causing severe scoliosis. There were also reported isolated
cases of occipital horns, natal teeth, distorted pelvis and short stature [3, 6, 12]. Most
of the symptoms of this rare disorder resemble to a great extent those manifested in the
investigated bone remains.

Pyknodysostosis is another skeletal dysplasia with increased bone density and
similar manifestation on the cranium, but the difference came from the long bones ap-
pearance with generalized osteosclerosis, narrowed medullary cavity and short stature,
particularly the limbs. By this reason, we suspected CRMDD as more likely diagnosis.
However, absence of the other postcranial bones was an obstacle to the complete as-
sessment of the disorder manifestation. Certainly, even though we performed a detailed
skeletal survey, an investigation based solely on bone remains has to a great extent an
interpretative character, whereas the confirmation of such rare and specific disorder
requires more convincing proofs.

Conclusions

The observed abnormalities were due to skeletal dysplasia with increased bone density
and CRMDD was suspected as a probable diagnosis. The individual was fit for service,
which suggests a normal stature and normal mental development without severe mal-
formations.
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The inferior orbital fissure is a gaping cleft which extends from the temporal fossae to the orbital cavity
through which the orbit communicates with the temporal, infratemporal, and pterygopalatine fossae.
The outline of the IOF could be linear, narrow, moderate or wide or it may have the form of a narrow or
moderate slit with a greatly enlarged lateral extremity. So, the aim of the present study was to investigate
the outline of the IOF and to assess the sexual and bilateral differences of its distribution.

It was found that the outline of the IOF most commonly ranged from a narrow to a moderately
wide slit as the rounded IOF was relatively rare. In most of the cases the rounded IOF was observed
bilaterally, as the unilateral rounded IOF was found in few cases only on the left side. There were no
significant bilateral or intergroup differences.

Key words: inferior orbital fissure; sphenomaxillary fissure; cranial series.

Introduction

The inferior orbital (sphenomaxillary) fissure is a gaping cleft which extends from the
temporal fossae to the orbital cavity [4]. The inferior orbital fissure (I0F) is bounded
superiorly by the lower border of the orbital surface of the great wing of the sphenoid
bone. Inferiorly, IOF is enclosed by the lateral border of the orbital surface of the ma-
xilla and the orbital process of the palatine bone. Laterally, the IOF borders on a small
part of the zygomatic bone and medially IOF joins at right angles with the pterygomax-
illary fissure. Through the IOF the orbit communicates with the temporal, infratempo-
ral, and pterygopalatine fossae. The fissure transmits the maxillary nerve and its zygo-
matic branch, the infraorbital vessels, the ascending branches from the sphenopalatine
ganglion, and a vein which connects the inferior ophthalmic vein with the pterygoid
venous plexus [3]. The IOF serves as an important anatomic landmark during endonasal
endoscopic approaches to the skull base and orbit [1].

It was reported that the outline of the IOF could be linear, narrow, moderate or
wide or it may have the form of a narrow or moderate slit with a greatly enlarged lateral
extremity [8]. Thus, the aim of the present study was to investigate the outline of the
IOF and to ascertain whether there were significant bilateral and sexual differences.
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Materials and Methods

The study was performed on a total of 438 adult skulls from both sexes. The skulls were
grouped into three series: a contemporary male series (CMS), a medieval male series
(MMS) and a medieval female series (MFS). The CMS consisted of 198 skulls from the
Military Mausoleum with Ossuary, National Museum of Military History (Bulgaria).
The MMS (122 skulls) and MFS (118 skulls) were part of the osteological collection of
the Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences. The age and sex of the individuals from the medieval
series were previously determined.

The form of the IOF was macroscopically observed on both sides using the crite-
ria suggested by Movsesyan et al. [11], i.e. slit (Fig. 1a) or rounded IOF (Figs. 1b, c).
We preferred to use these simplified criteria to reduce the subjectivity in accounting of

Fig. 1. Forms of the inferior orbital fissure: a) bilaterally narrow inferior orbital fissure in a skull from
the medieval male series; b) bilaterally rounded inferior orbital fissure in a skull from the contemporary
male series; c) bilaterally rounded inferior orbital fissure in a skull from the medieval male series

the numerous borderline cases between the forms suggested by Wood-Jones [8]. The
statistical significance of the bilateral and intergroup (CMS-MMS and MMS-MFS) dif-
ferences in the IOF outline was assessed by chi-square (y?) test at p < 0.05.

Results

The results showed that among the three investigated series the outline of the IOF
ranged predominantly from a narrow to a moderately wide slit. The rounded IOF was
relatively rare. Among the CMS, rounded form of IOF was observed in total of 20
(10.10%) cases: 9 (4.55%) on the right side and 11 (5.56%) on the left one. Out of them,
IOF was found to be rounded bilaterally in 9 (4.54%) cases and unilaterally in only 2
(1.01%) cases on the left side.

Among the MMS, the IOF was observed to be rounded in 6 (4.92%) cases: by 3
(2.46%) for each side, as all of them were accounted only bilaterally.

The MFS showed a rounded IOF in a total of 4 (3.39%) cases: 1 (0.85%) on the
right side and 3 (2.54%) on the left one. The rounded IOF was observed unilaterally in
2 (1.69%) cases on the left side and bilaterally in only 1 (0.85%) case.

There were not established statistically significant bilateral or intergroup (CMS-
MMS, MMS-MEFS) differences in the form of the IOF.
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Discussion

In comparative aspect, the IOF in human and the higher mammals represents the wide
communication between the orbit and the temporal fossa found in lower vertebrates
[7]. According to Duckworth [2], among the Hominoids the IOF is more commonly
reduced and narrower. In the Gibbon, the IOF is widely open and the infraorbital su-
ture does not persist on the facial aspect, while in the Orang-utan it is a mere cleft of
small dimensions as the infraorbital suture rarely persists long on the facial surface. In
the Chimpanzee, the IOF is reduced to a narrow cleft as well. The IOF in the Gorilla
is much narrowed and sometimes the malar bone does not provide the end-boundary
of the fissure and then a sphenomaxillary suture occurs. In human the IOF is typically
wider. In this respect, the human skull showed a more primitive feature compared to the
other Hominoids, which are highly specialized and possess a narrower 10F [2].

Ontogenetically, the width of the IOF depends on the development of the maxillary
sinus [5], thus the IOF is relatively large and wide in fetuses and infants [6, 7]. Fur-
thermore, the IOF is relatively larger in the aged due to absorption of its bony margins.
Either from this cause or from mal-development, the anterior end of the IOF may be
abnormally large and encroach upon the lateral wall of the orbit [7].

An investigation performed by Wood-Jones [9] showed that among Hawaiian
skulls from both sexes (n = 100), the IOF was narrower compared to that considered as
normal in the European skull in 45% of cases and conformed to the type usual in Euro-
peans in 15%. However, we could not find any data concerning the outline of the IOF
among the different racial types. Nevertheless, according to Wood-Jones [9] the IOF in
Hawaiian was wider than the normal in 15% and in 25%, although the medial portion
and upper extremity of the fissure were unduly narrow, the lower lateral termination
was expanded into a well-marked, often recurved, rounded dilatation. In addition, the
forms for both sexes showed exact equality.

Another investigation of Wood-Jones [10] among the skulls of prehistoric inhabi-
tants of Guam (n = 92) showed that the IOF was narrower than the European normal
one in 59%. It was of normal width in 32%, wider than the average in only 2% and of
the narrower type but with expanded extremity in 7%.

Our results were not exactly comparable to those of Wood-Jones [9, 10], but it
could be inferred that among the investigated cranial series the outline of the IOF most
commonly ranged from a narrow to a moderately wide slit and the rounded IOF was a
relatively rare finding. Furthermore, in most of the cases the rounded IOF was observed
bilaterally, as in few cases it was found unilaterally only on the left side. There were not
established significant bilateral or intergroup (CMS-MMS; MMS-MFS) differences.

The knowledge of IOF morphology is not only of scientific interest, but it is of
practical importance for both neurosurgeons and otolaryngologists who navigate in the
region [1]. Obviously, further precise morphometric investigations of the IOF are nece-
ssary for a more detailed examination of its anatomy and outline.

Conclusion

Most commonly the outline of the IOF ranged from a narrow to a moderately wide slit
as the rounded IOF was a relatively rare finding. In most of the cases the rounded IOF
was observed bilaterally and only in few cases it was found unilaterally on the left side.
There were no significant bilateral or intergroup differences.

Acknowledgment: The authors would like to acknowledge the kind assistance given by the staff of the
National Museum of Military History (Bulgaria).
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Section of Antique Necropolis of Apolonia Pontica
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The study includes results from the investigation of human bone remains from two complexes with
inhumation and three ones with cremation burial ritual, investigated during excavations of a section of
the antique necropolis of Apolonia Pontica, situated in the area of Kalfata-Budzhaka, included in recent
building activity. The investigated materials shed light to the history of the population, which inhabited
the antique town in the 3"-5" ¢. BC.

Key words. South necropolis, Apolonia Pontica.

Materials and Methods

During archaeological excavation on a section of the antique necropolis of Apolonia
Pontica in the area “Kalfata/Budzhaka”, committed to modern construction activity,
five burial complexes are uncovered [10]. Three of them, N 1, 2 and 4 are result from
burials after the cremation ritual, and two, respectively N 3 and 5, after inhumation
ritual. Complexes are dated in the 3%-5" ¢. BC, or graves with cremation burial ritual,
N 1 and 2 and the inhumations N 3 and 5 in the beginning-first quarter of the 3™ c. BC,
and a complex with cremation N 4 in the 5" ¢. BC [10]. The anthropological investiga-
tion is held in laboratory conditions aiming to provide information about age, sex and
additional individual specifics of buried according to preserved material.

In anthropological identification are used classical methods. One of the skeletons
from inhumations, from grave N 5 is almost completely preserved. The one from grave
N 3 is partially preserved, missing skull fragments, except a big portion from the lower
jaw, vertebral column, except a fragment from a thoracic vertebra, ribs and some frag-
ments from bones of limbs. The preserved portion of the skull vault from grave N 5
allowed use of methods for assessment of cranial sutures obliteration [7, 9]. Grave N 3
doesn’t provide much data for age estimation, except auricular surface on both iliac
bones, preserved in poor condition, but assessed as showing degenerative relief, and
age was estimated according to it in broader limits, being impossible to precise the ex-
act stage of development [5]. The sexual identification in both inhumations is achieved
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by the form of the greater schiatic notch [1, 7]. The sexual identification of individual
from grave N 5 is also confirmed by the features of cranial bones [6]. Material from
complexes with cremation burial ritual is in relatively large quantities with many
big, identifiable fragments, suggesting low pyre temperature. These complexes provi-
ded sufficient number of fragments with identifiable anatomical sites (Fig. 1), which
served in anthropological identification. For age achievement in cases of cremated
bone remains are applied methods for assessment of cranial sutures obliteration [7,
9]. In all complexes with cremated remains, N 1, 2 and 4, are identified fragments
from bones with finished development. In material from grave N 2 are found numer-
ous remains from permanent teeth with finished root development, which confirmed
data from bones from the postcranial skeleton, which point to individual with finished
skeletal development.

Fig. 1. Identified materials from cremations. 1.1. Identified fragments from skull vault, grave, N 4.
1.2. Left patellae with different dimensions from an adult and a child, grave N 1, presenting different
individuals in the material from cremation. 1.3. Proximal fragments from both radiuses, grave N 1. 1.4.
Fragment from diaphysis of right humerus , enthesopathic changes on the right humerus, enthesopathic
lesion on the place of attachment of latissimus dorsi muscle, grave N 1. 1.5. Proximal fragments from
both femurs, grave N 1. 1.6. Fragments from permanent dentition, grave N 2
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Two of the complexes with cremated materials and both inhumations provide some
metrical data for correlation to standard tables for diameters of femoral, humeral and ra-
dial heads, femoral and humeral bicondylar breadth (Tables 1, 2) [2, 4]. In both inhuma-
tions obtained measurements are relatively high and stay between both sexes (Table 2).
Results for both complexes with cremations, graves N 1 and 2, don’t contribute much
for sexual identification, as none of the obtained dimensions is complete (Table 1).
Nevertheless, reconstructed measurements point to male sexual identification. In one
case dimensions are used in age determination after proving smaller values than expect-
ed for an adult individual. Material from both inhumations allows individual’s stature
reconstruction after lengths of long bones of limbs, achieved by Trotter-Glaeser’s and
Pearson-Lee’s formulae [8]

Table 1. Basic measurements in cm. Complexes with cremation

Bone 1 Grave N 1 Grave N 2
D B D
Femur dx/sn >4.00 - >4.10
Humerus dx/sn >3.90 - -
Humerus sn? - >5.20 -
Radius dx >1.90* - -
Radius sn >1.85% - -
Radius dx/sn - - >2.10%
Patella dx 320%** 3.15 -

*Reconstructed measurement is characteristic for male sex; D — head diameter,; B — bicondylar breadth;
**height, dx — right; sn — left.

Table 2. Basic measurements in cm. Complexes with inhumation. Stature estimation

Bone Grave N 3 Grave N 5
L L D B

Femur dx 44.1 4.55 7.4

Femur sn >44.8 43.5 4.6 7.46

Tibia dx 38.6 35.8 - -

Tibia sn 38.8 36.0 - -
Humerus dx 31.0 - -
Humerus sn 29.9 - -
Stature 7-G 173.76 (170.4+177.12)* 163.96(160.42+167.50)**
Stature P-L 165.8* 157.53

*Reconstructed stature after measurements of tibiae; ** Reconstructed stature after measurements of
bones of lower limbs; T-G — Trotter-Glaeser s formula; P-L — Pearson-Lee s formula.
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Results and Discussion

Preservation of the material in the graves with remains from a cremation burial ritual
allows identification of the individuals approximately as three males at an age of 35-40
up to 45, 30-40 and 50-60 for graves N 1, 2 and 4, respectively. In two of the complexes
is registered singular fragment from an individual at a different age. In the grave N 1 the
age estimation of the additional bone, a left patella, as originating from a child at about
7 up to 14 years, highly contradicts to the determined age for the individual, presented
in most fragments. In the other complex, grave N 4 difference in determined age is not
as pronounced. Here the additional bone fragment is a small one, from the left parietal,
from the place between the coronal and sagittal sutures, both showing complete lack
of obliteration, which appears in contradiction with the observed advanced obliteration
on the found lambdoid suture — complete on the endocranial surface and advanced, still
visible, on the ectocranial surface. As such a situation could appear in some pathologi-
cal conditions of premature, advanced obliteration in some segments of sutures here,
even if most possibly can be found a second individual, presented in the singular dis-
cussed fragment, the situation is appraised as unclear. Inhumations provide more sui-
table material for age and sex identification and in these complexes are found remains
from singular burials, containing two female individuals at an age approximately 40-50
each, age being less accurately determined for the individual from grave N 3, because
of the insufficient data. As the investigated section is too small it is impossible from
these results to be obtained more general conclusions for specifics in the burial ritual
at the time with preference of incineration for males and, respectively, inhumations for
females.

State of preservation of bones doesn’t allow description of characteristics of an-
thropological type or physical development. Nevertheless, stature was obtained for both
individuals from the inhumations (Table 2). The female from grave N 3 is expected
to have reached at mean 173.76 cm after Trotter-Glaeser’s formula and 165.8 cm af-
ter Pearson-Lee’s one, being a female of a middle to high stature. The other female
also reaches middle stature, being expected to have average height of 163.96 cm after
Trotter-Glaeser’s formula and slightly below middle stature with 157.53 after Pearson-
Lee’s formula for stature reconstruction. From traits, which form the anthropological
type complex only on the cranial fragments from Grave N 5 is determined the form of
lower margin of piriform aperture, shaped as anthropina.

Data for health condition of the individuals are poor. Some remains from denti-
tions are available in four individuals — from both inhumations and from cremations
N 1 and 2 (Fig. 1). Only the one from grave N 5 presents full dentition (only lower
left central incisor lost post-mortem). The material from grave N 3 (the other inhuma-
tion) presents a complete dentition of the lower jaw. Both individuals show relatively
good dental health for determined age. In one of them there are two molars lost before
death — both first molars. The other studied dentition showed no pathological changes
in connection to the dental caries. Both dentitions showed periodontal changes of the
alveolar processes. Both complexes with cremated bones N 1 and 2 confirm the results
for good dental health of the population — the one from grave N 1 presented a fragment
of mandible, on which the teeth had been present before death — these are both medial
premolars, both canines and all incisors. Numerous teeth found in the material from
grave N 2 point to their presence before death, too.

A specific trait, recognized on teeth — the linear enamel hypoplasia is ascertained
on the dentition of individual from grave N 5. The lines correspond to 2 %2 and 3 years of
age. These changes should be connected with periods, characterized by a developmen-
tal stress. They could have been caused either by a malnutrition and dietary deficiency,
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or by periods of chronic, long-lasting disease during childhood. Such are not a rare find-
ing in past populations, as childhood appeared as one of the most hazardous periods in
human development in the preindustrial societies. The studied material doesn’t confirm
high incidence of this trait in the studied population — as the dentition from grave N 3
lacks such defects. The singular teeth from the incineration N 2 also can be assessed
as unaffected of enamel hypoplasia with some degree of uncertainty. Specific changes,
observed on the fragment from the frontal bone of the individual from grave N 1 point
also to possibility of dietary insufficiency. Here the cortical bone from the glabella re-
gion and over superciliary arches shows porous structure (Fig. 1).

In the only fragment from a thoracic vertebra found in the remains from grave N
3 is ascertained bone reaction on the articulation surface with the rib (Fig. 2). Other
preserved long bones of limbs show destructed places, on which the degenerative joint
disease can’t be observed, but lack of osteochondrotic defects point to lack or low de-

Fig. 2. Grave N 3. 2.1-2. Right and left tibia. Lateral squatting facet, arrow. 2.3-4. Right and left femur.
Overdeveloped muscle relief. 2.5. Fragment of the mandible, dentition. 2.6. Thoracic vertebra. Bone
reaction on the articulation surface with left rib. 2.7. Fragment of right pelvic bone, form of incisura
ischiadica majo
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velopment of this pathology. The other skeleton from inhumations, the one from grave
N 5, isn’t affected from such changes.

Remains from two of the individuals show traces of tendon and muscle disorders.
These are a fragment from the right humerus from grave N 1 with cremated bones and
both femurs from grave N 3. In first case the place of the defect can be connected to the
attachment site (insertion) of the latissimus dorsi muscle, where is formed a deep groove
after an enthesopathic reaction (Fig. 1). In the other case, from grave N 3 on the dorsal
side of both femurs is registered area of bone reaction and additionally grown relief
(Fig. 2), which can be associated to adductors attachment site (insertion) possibly of ad-
ductor magnus muscle. This relief development could have been caused by overloading
in habitual activity, incidental trauma, or specific health conditions. Some other clues
about habitual activity are pronounced bilateral asymmetry with predominant lengths
of bones of the right side of upper limbs of the only one relatively well preserved skel-
eton — the one from grave N 5. This points to clear right handedness. Bones of lower
limbs of the other skeleton, from inhumation (grave N 3), point to reconstruction of
long lasting squatting position in everyday life, pronounced in the clearly developed
lateral squatting facets on both tibiae (Fig. 2) after methods of recognition of markers
of muscolo-skeletal stress [3].

Individual Results

Grave N 1, cremation. Male, 35-40 to 45 years; sub-adult, 7-14 years

Numerous fragments from cremated bones with relatively big dimensions.

Age: after obliteration of cranial sutures on found segments and low synostosis
level of vertebrae of sacrum, which allowed their separation on pyre; sex: after mas-
siveness of long bones, relief of muscle attachment sites, relief of occipital bone and
reconstruction of big dimensions.

Identifiable bones, cranial fragments: occipital bone fragment, which shows de-
veloped relief; parietal bones fragments; frontal bone fragment from the glabella re-
gion, showing developed relief; segments from lambdoid and sagittal sutures, which
show lack and initial obliteration, respectively; mandible fragment, from the chin area
with alveoli of incisors, canines and first premolars, which had been lost after dead,
possibly on pyre.

Fragments from postcranial skeleton: proximal and distal parts from both femurs
(Fig. 1: 5); distal part from tibia; proximal parts from both humerals, radiuses (Fig. 1: 3)
and left ulna, the latter shows massive structure and developed relief of muscle attachment
sites; fragments from the articulation surface of both acetabula; fragments from seven
thoracic, including first thoracic vertebra, all lumbar vertebrae and two proximal vertebrae
from sacrum, separated in pyre; bones from this skeleton show massive structure, devel-
oped relief and fragments point to bones with relatively big dimensions (Table 1). In the
material from this complex is found a left patella with small dimensions (Table 1).

Pathology and specifics: the fragment from frontal bone shows porous changes of
the glabella region; the articulation surfaces of the long bones and vertebral fragments
show lack of degenerative joint disease changes; a fragment from diaphysis of the right
humeral bone shows deep enthesopathic lesion on the place of attachment of latissimus
dorsi muscle (Fig. 1: 4).

Individual fragment from different individual: after dimensions of the found pa-
tella (Fig. 1: 2) it is associated to individual of sub-adult age, approximately /nfans 11,
or 7-14 years at time of dead; there are no other identifiable bone fragment to be con-
nected to this individual.
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Grave N 2, cremation. Male, 30-40 years.

Numerous fragments from cremated bones with relatively big dimensions.

Age: after obliteration of cranial sutures on found segments; sex: after massiveness
of long bones, relief of muscle attachment sites, relief of occipital bone and reconstruc-
tion of big dimensions.

Identifiable bones, cranial fragments: occipital bone fragment, which shows de-
veloped relief and segment of lambdoid suture with initial obliteration; fragment from
left temporal bone with mastoid process with developed relief; fragments of teeth,
from which are distinguished three canines, incisor, two premolars and roots and frag-
ments from four molars, all teeth show finished root development and small dimensions
(Fig. 1:6).

Fragments from postcranial skeleton: proximal parts from both femurs, proximal
fragment from diaphysis of left tibia; distal part from both humerals; proximal parts of
radius and left ulna; fragments from both taluses, which show bones with big dimen-
sions; fragment from the first cervical (articulation surface of contact with the dens axis,
fragment from another, unidentifiable cervical and two thoracic vertebrae.

Grave N 3, inhumation. Female, (35) 40-50 years.

Incomplete cranial and postcranial skeleton, many bones are not presented.

Age: after the relief of auricular surface of iliac bones; sex: after the form of greater
sciatic notch.

Cranial skeleton: missing, except a big portion from mandible with preserved
teeth; two separated from alveoli upper canine and molar (Fig. 2:5); the teeth show
small dimensions; the mandible shows pronounced mental tubers, developed relief.

Dentition:

87X543211123456X78

Postcranial skeleton: complete and fragmented long bones of limbs; fragment
from thoracic vertebra, fragments of both pelvic bones with pronounced groove under
auricular surfaces, which show degenerative relief.

Pathology and specifics: developed periodontal changes of the alveolar process of
the mandible (Fig. 2:5); on dorsal side of both femurs overgrowth of muscle attachment
site, associated with adductor muscles (Fig. 2:3-4); bone reaction on the place, more
pronounced on the left bone.

Grave N 4, cremation. Male, 50-60 years.

Relatively numerous, but smaller number in relation to the material from graves
N 1 and 2 fragments from cremated bones. Age: after obliteration of cranial sutures on
found segments; sex: after the relief of occipital bone and form of upper margin of orbit.

Possible additional fragment: it appears possible that the described fragment from
left parietal originates from another individual at lower age.

Identifiable bones, cranial fragments: occipital bone fragment, which shows
developed relief and segment of lambdoid suture with advanced obliteration, frag-
ments from parietals; fragment from left parietal between sagittal and coronal su-
ture, both showing no obliteration; fragment from upper margin of orbit with oval
shape (Fig. 1:1).
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Fragments from postcranial skeleton: fragments from diaphyses of limbs; proxi-
mal fragment from left ulna; fragments from tree lumbar vertebrae.

Grave N 5, inhumation. Female, 40-50 years.

Relatively completely presented skeleton.

Age: after obliteration of cranial sutures; sex: after the form of greater sciatic notch
and cranial features.

Cranial skeleton: incomplete calva (Fig. 3), missing fragment from left parietal;
mandible and maxilla, with preserved dentition; sharp edge of upper orbital margins,
no relief on glabella region, low relief of superciliary arches, advanced obliteration

Fig. 3. Grave N 5. Skull vault, frontal, left lateral, vertical and occipital views. Fragments from maxilla
and fragment from sphenod and mandible

of cranial sutures; mandible with developed mental tubers, high angle, low relief; low
abrasion of teeth; lower edge of piriform aperture is formed as anthropina.

Dentition:

87654321 | 123456678
87654321 | —23456678

Postcranial skeleton: complete and fragmented bones of limbs; five cervical, in-
cluding second cervical vertebrae, and all of thoracic and lumbar vertebrae, complete
preserved and fragmented ribs; fragments from both pelvic bones, showing broad form
of greater sciatic notch.

Pathology and specifics: developed periodontal changes of the alveolar processes;
linear enamel hypoplasia, with lines corresponding to 2 4 and 3 years of age; mild
traces from recombined cribra orbitalia.
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Conclusions

The investigated material is still of small number, but it makes possible to obtain data
for age and sex of the buried in the section of the necropolis and the results of this inves-
tigation point to relatively favorable conditions of survivorship for the studied period.
Data about health condition of the buried are also poor, but again, results, mostly de-
rived from presented dentitions, testify for a good health state of individuals during life.
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This study presents the results from the anthropological investigation of the bone remains, revealed
at the rescue archaeological excavations led on the place of the Samuil — Tsar of Bulgaria Monument.
There were revealed 10 medieval graves, dated to the 11%-12" ¢. AD. The skeletons of 11 individuals
were investigated. They were determined to belong to 6 adults (1 male, 4 female and 1 of undetermined
sex), 1 juvenile and 4 children. The observation of the bone remains showed that one of the individu-
als was affected by spondylodiscitis and another one survived a trauma on the left leg. In addition, the
skeleton of the male individual bore many traces of violence, including three depressed fractures on the
skull, a tip of an arrow stuck in the left sacral ala as well as cut injuries affecting the inferior surface of
the fourth lumbar vertebral body and the right humerus. None of these bone damages showed traces of
healing, which suggests that the individual died a violent death.

Key words: bone remains, medieval, anthropological investigation.

Introduction

At the end of 2014, rescue archaeological excavations had been performed on the place,
where was put up a monument to Tsar Samuil (Sofia, Bulgaria). The archaeological site
was located in the garden in front of the St. Sophia basilica within the borders of the
Serdika — Sredets Historical and archaeological reserve, in the middle of the Eastern
antique necropolis. The excavations were led by archaeologist Polina Stoyanova and
covered an area of 13 m? There were revealed 10 medieval graves, distributed to two
levels. The upper one included graves numbered from 1 to 5, and the lower one — from
6 to 10. According to the grave goods, the graves from the upper level were dated to
the 11"-12" c. AD. The graves from the lower level were synchronous or a little earlier
than the upper ones [12].

The results from the anthropological examination of the bone remains, revealed
at the rescue archaeological excavations on the place of the Samuil — Tsar of Bulgaria
Monument are presented in this study.
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Materials and Methods

The in situ position of the skeletons was documented on the site of the excavation and
then the bones were picked up. The examination of the bone remains was performed in
the Institute of Experimental Morphology, Pathology and Anthropology with Museum,
BAS. The laboratory work started with cleaning and reconstruction of the fragmented
bones, where it was possible. The signatures of the burials are identical with these of
the archaeologists. There were two skeletons lying one on top of the other in Grave 1,
which were marked as 1a (upper skeleton) and 1b (lower skeleton).

The sex of the individuals was determined according to the morphological cha-
racteristics of the skull and bones of the postcranial skeleton [1]. The age of the adults
was determined according to the cranial sutural closure [1], Gerasimov’s scale for
dental attrition [11] and Todd pubic symphysis scoring system [1]. The degree of fu-
sion of the epiphyses of the long bones and the fusion of the sacral vertebrae as well
as of the pubis, ischium and ilium into single bones were also used for dating the age
of the juvenile and adult individuals [6]. The age of the children was determined in
accordance with the degree of bone growth and fusion between the bone segments
[6], the length of the long bones of the limbs [2], and the stages of dental development
and eruption [8].

The skulls and bones of the postcranial skeletons of the adult individuals were
examined metrically and scopically by classical anthropological methods [3, 9, 10].
Descriptive statistics was not applied to the data, because of the small sample. The
stature was calculated on the basis of the lengths of the upper and lower limb long
bones according to the methods of Pearson and Lee [4] and Trotter and Gleser [7]. The
long bones of the children were measured in order to be established their age after the
method of Facchini and Veschi [2].

Results

Sex and age of the individuals

Grave 1. There were two skeletons of adult individuals, lying one on top of the other.
The upper skeleton (1a) belonged to an adult female with an age at death of 35-40
years. The second skeleton, lying below the other one, belonged to a female at about
30 years old.

Grave 2. Only the right and left tibiae and fibulae of the individual were available. They
belonged to an adult, but the sex could not be determined.

Grave 3. The skeleton belonged to an adult female with an age at death of 30-35 years.
The indexes of the skull showed that it was mesocranic (8:1), orthocranic (17:1), tapei-
nocranic (17:8), and metriometopic (9:8).

Grave 4. The bone remains belonged to an adult male. The age of the individual was
determined at about 30 to 35 years.

Grave 5. The skeleton was determined to belong to a juvenile individual (15-16 years),
probably female.

Grave 6. The bones belonged to a child at the beginning of the 1% year.

Grave 7. According to the available bone remains, the individual was determined as
child around the age of 3 years and 8 months.

Grave 8. The skeleton belonged to a female individual. The age was determined in the
age group Adultus (20-40 years). The indexes calculated between the skull measure-
ments showed that the skull was hyperbrachicranic (8:1) and stenometopic (9:8).
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Grave 9. The skeleton was determined to belong to a child at the age of 1 year and 10
months.
Grave 10. The bone remains belonged to a child at the age of 2 years and 7 months.

Position of the skeletons in situ

The burials were performed by laying of the bodies on the back with head to the west
and with arms folded at the elbows and lying in the abdominal or thoracic region ac-
cording to the Christian burial rite. However, two of the children deviated from the
burial rite. The child from Grave 7 was found with head on the right side, legs on the
left side, the right arm turned upwards along the head and the left arm along the body.
The child from Grave 9 lied on the back in the upper part of the body, but with legs on
the right side and arms along the body. On the site of the excavations, there were also
found scattered human and animal bones.

Stature of the adult individuals

The stature of the adult individuals, calculated on the basis of the available long bones
of both upper and lower limbs, is presented in Table 1.

Table 1. Stature of the adult individuals according to the methods of Pearson and Lee [4] and Trotter
and Gleser [7]

Grave Methods Stature
Grave la (female) Pearson-Lee 156.7 cm
Trotter-Gleser 161.6 cm

Grave 1b (female) Pearson-Lee 153.9 cm
Trotter-Gleser 157.8 cm

Grave 3 (female) Pearson-Lee 153.2 cm
Trotter-Gleser 158.5 cm

Grave 4 (male) Pearson-Lee 168.0 cm
Trotter-Gleser 174.5 cm

Grave 8 (female) Pearson-Lee 159.1 cm
Trotter-Gleser 165.7 cm

Paleopathological data

Three of the buried individuals showed trace of some kind of pathological condition or
violence.

The pathological changes observed on the bones from Grave 2 showed that the
individual probably suffered a trauma on the left leg above the ankle. The left tibia had
a bony growth with an additional articular surface in the lower part of the bone. This
articular surface was directed to the fibula, which also had a small bony growth with a
corresponding additional articular surface (Fig. 1a). There were no traces of fractures
on the bones. The pathological changes might have been caused by a traumatic injury
affecting the muscles and tendons in this part of the leg. The injury probably led to a gait
disturbance, resulting in severe osteoarthritic changes in the right knee, observed on the
superior articular surface of the right tibia (Fig. 1b).
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Fig. 1. Bones of the individual from Grave 2: a) The lower parts of the left tibia and fibula; b) The su-
perior articular surface of the right tibia

The bones of the female from Grave 3 also showed traces of pathological changes.
The individual was affected by spondylodiscitis. There were lytic lesions on the ver-
tebral bodies from the sixth thoracic vertebra to the fifth lumbar vertebra (Fig. 2a).
The adjacent body surfaces between the twelfth thoracic and the first lumbar vertebrae
and between the fifth lumbar vertebra and the body of the sacrum showed destructive
changes indicative of epidural abscesses (Fig. 2b). The spondylodiscitis could be asso-
ciated with different diseases — tuberculosis, brucellosis, staphyloccocal infections, etc
[5]. Besides, the skull characterized with a complete atrophy of the maxillary alveolar
process (Fig. 2¢) and cribra orbitalia on the roof of the left orbit. Periostitis was observed
on both tibiae and fibulae.

Fig. 2. Bones of the individual from Grave 3: a) The superior body surfaces of the second and third
lumbar vertebrae; b) The inferior body surface of the twelfth thoracic vertebra; ¢) Complete atrophy of
the maxillary alveolar process

According to the bone damages, observed on the bones from Grave 4, the individual
appeared to have died a violent death (Fig. 3). Although the skull was fragmented and had
missing parts, there were visible few damages on its outer surface. A rounded defect with
an approximate diameter of 45 mm was observed on the coronal suture and adjacent areas
of the frontal and left parietal bones (Fig. 3b). The outline of the defect was distinctly vi-
sible on the outer surface of the skull, but there were not damages on the internal table,
and therefore, the underlying soft tissues were not affected directly. It is very likely that
the defect was caused by striking a blow with a blunt object, which resulted in a depressed
fracture. Another rounded defect was observed on the left parietal bone at a distance of
43 mm at the back of the above-described traumatic injury (Fig. 3¢). The defect had a
diameter of 27 mm on the outer surface of the skull and was smaller than the first one. On
the internal table of the skull, it showed a bigger diameter than the outer one and had an
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Fig. 3. Bones of the individual from Grave 4: a-c) Reconstructed parts of the skull with traces of de-
pressed fractures, designated as 1, 2 and 3; ¢) The inferior body surface of the fourth lumbar vertebra

irregular outline. The depressed fracture in this case probably was also caused by a strong
blow with a blunt object, but on a relatively small area. The blow caused knocking out of
at least two bone fragments, which sank inwards and might have damaged the underlying
meninges and brain tissue. Moreover, there was observed one more defect with semilunar
shape, situated at a distance of 15 mm behind the second above-mentioned defect. It re-
presented a crack between two bone fragments. The upper fragment had an oblique mar-
gin and was at a distance of 10 mm from the lower one, whose inner surface had a similar
corresponding oblique outline. The distance between the fragments probably was a result
from the strong postmortem deformation of the parietal bone. The outline of this third
depressed fracture cannot be completed, because of the lack of parts of both left parietal
and occipital bones (Fig. 3¢).

Furthermore, a tip of an arrow was found stuck in the left sacral ala of this indi-
vidual. It was obliquely stuck at a depth of 22 mm (Fig. 4). The tip laid on the left trans-
verse process of the fifth lumbar vertebra, which might have affected the corresponding
nerve and blood vessels. Besides, bone damage was observed on the inferior surface of
the body of the fourth lumbar vertebra, which presented a slightly oblique section in a
depth of 11 mm in the intervertebral space (Fig. 3d). The cut surface was smooth and
suggested a blow with sharp object, inflicted almost horizontally on the right side of the
waist. This blow is very likely to have affected some of the internal organs. The right
humerus also showed a trace obtained by a blow with sharp object. It was observed in
the middle of the diaphysis and was 20 mm long. The cut was deeper and wider on the
lateral surface and became shallower and narrower towards the medial surface.
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Fig. 4. Skeleton of the individual form Grave 4 in situ with a tip
of arrow stuck in the left sacral ala

The described bone damages showed no traces of healing and most probably
caused the death of the individual. Besides all these traumatic injuries, a bone growth
was observed in the upper 1/3 of the /inea aspera of the right femur. It might have been
caused by a trauma affecting the soft tissues in this part of the thigh without bone frac-
ture. Unlike the other injuries, this one was survived.

Conclusion

As a whole, the results from the anthropological investigation of the bone remains re-
vealed at the rescue archaeological excavations led on the place of the Samuil — Tsar of
Bulgaria Monument showed that they belonged to 11 individuals (6 adults, 1 juvenile
and 4 children). Pathological changes were observed on the bones of three of the adults.
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In the presents study, we report a case of coexistence of a suprascapular notch and a bony canal. It oc-
curred in a left scapula, belonging to a male individual with an age at death of approximately 45 to 50
years. The canal was formed by the base of the coracoid process anteriorly and an ossified ligament pos-
teriorly. Because of the posterior insertion of the ossified ligament at the base of the coracoid process, we
suppose that it represents an ossified superior transverse scapular ligament and exclude the possibility
for formation of the canal through ossification of an anterior coracoscapular ligament.

Key words: suprascapular notch, bony canal, superior transverse scapular ligament, suprascapular
nerve entrapment.

Introduction

The suprascapular notch (SSN) is a very important anatomical region of the scapula,
because of its key position on the course of the suprascapular nerve (SN). Normally, the
SSN serves as a passage for the SN, as the superior transverse scapular ligament (STSL)
closes the upper part of the notch, converting it into a foramen. It represents a strong
fibrous band extended along the superior border of the scapula, connecting the medial
and lateral borders of the SSN [35]. Occasionally, another ligament may be present on
the anterior side of the SSN inferior to the STSL, named anterior coracoscapular liga-
ment (ACSL) [3]. There is a high variability in relation to the blood vessels crossing
through the SSN region. The suprascapular artery (SSA) is commonly passing above
the STSL, whereas the suprascapular vein (SSV) is found with a high frequency to
run above [55] or below it [30, 39]. After transiting the SSN, the SN supplies motor
branches to the supraspinatus and infraspinatus muscles and sensory branches to the
coracoacromial and coracohumeral ligaments, subacromial bursa and acromioclavicu-
lar and glenohumeral joints [9].

There are different classifications concerning the shape of the SSN, based on sco-
pical observations [15, 16, 41, 47] or metrical characteristics [27, 31]. In all reported clas-
sifications, there were types considered as risk factors for suprascapular nerve entrapment
(SNE), such as the partial and complete ossification of STSL or the V-shaped SSN. The
complete absence of the SSN was also regarded as a possible cause of SNE [28].

127



Based on other studies, Gosk et al. [11] noticed that the greatest risk of nerve
entrapment appears in patients with a small SSN and a calcified transverse ligament.
However, the coexistence of an SSN and a suprascapular foramen (SSF) is presented as
a type only in the classification of Natsis et al. [27], as Type V. According to Polguj et
al. [34], such coexistence narrows the space for passage of the nerve and thus increases
the risk of suprascapular neuropathy.

Nevertheless, none of the classifications included the presence of a bony canal as
a possible morphological variant in the SSN region. Wang et al. [54] were the first to
take notice of the forming of a bony canal instead of an SSF and emphasized the very
increased risk of SNE in such a case. However, there has not been reported a case of
coexistence of an SSN and a bony canal, which would complicate additionally the pas-
sage of the SN through this region.

In this study, we report a case of coexistence of an SSN and a bony canal, because
of the uniqueness of such a combination and the clinical importance of SNE.

Materials and Methods

The object of this study is a scapula with coexistence of an SSN and a bony canal. The
sample was part from the osteological collection at the Institute of Experimental Mor-
phology, Pathology and Anthropology with Museum, Bulgarian Academy of Sciences.
The bone remains of the individual were obtained during archaeological excavations of
a medieval necropolis. The age and sex of the individual were determined by standard
anthropological methods [5].

The SSN and the bony canal were examined macroscopically and metrically. The
measurements of the notch and posterior wall of the canal were taken in accordance
with the measurements of both SSN and bony bridge described by Polguj et al. [34]
for the cases with coexistence of an SSN and an SSF. In addition, two (transversal and
sagittal) diameters of both superior and inferior openings of the canal were measured.
All measurements were taken with a sliding caliper.

Results

The coexistence of an SSF and a bony canal was observed in a left scapula, belon-
ging to a male individual with an age at death of approximately 45 to 50 years. The
right scapula of the individual had a deep SSN, without formation of a SSF or a
bony canal.

The SSN was shallow and its vertical diameter was only 3 mm. The transversal di-
ameter in the upper part of the notch was 6 mm. The superior opening of the bony canal
was situated below and laterally to the notch, near the root of the coracoid process. It
was oval-shaped with a transversal diameter of 8.5 mm and a sagittal one of 4 mm. The
canal was directed downward and laterally, following the course of the SN toward the
spinoglenoid notch (Fig. 1). The size of the inferior opening was smaller than the supe-
rior one with a transversal diameter of 5.5 mm and a sagittal one of 3.5 mm. The canal
was formed by the base of the coracoid process anteriorly and by an ossified ligament
posteriorly. According to the measurements of the ossified ligament, it was 10.5 mm
long, with a proximal width of 15 mm, a middle width of 12.5 mm and a distal one of
16 mm.
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Fig. 1. Left scapula showing coexistence of a suprascapular notch and a bony canal: a) Anterior view;
b) Posterior view

From the lower end of the canal began a sulcus, leading to a nutrient foramen, which
was at a distance of 3 mm from the superior border of the base of the scapular spine.

Discussion

The size and shape of the SSN are supposed to be predisposing factors for compression
of the SN. The earliest symptom of SNE is a deep pain around the suprascapular region
and shoulder [19]. The pain is often aggravated by lifting the arm above the shoulder
level. Moreover, the shoulder pain may radiate medially and upward, involving the
neck area, or medially and downward to the infrascapular region. Atrophy of supra- and
infraspinatus muscles is frequently present, along with weakness of external rotation
of the shoulder [52]. The ossification of the STSL is the most common cause of SNE.
The formation of an SSF by ossification of the STSL is reported by many authors with
a varying frequency from 1.5% to 30.76% in the different population groups [2, 4, 8,
17,23,25,27,31, 36,41, 45, 46,47, 48, 49, 53, 54]. According to Tubbs et al. [51] and
Polguj et al. [38], the presence of an ossified STSL was more common in males and in
the right scapulae. However, some studies reported a higher frequency in females [36,
49]. As awhole, Albino et al. [2] did not found any relation between the type of the SSN
and sex of the individuals. Concerning the more common occurrence of the ossified
STSL on the right side, Tubbs et al. [51] supposed that it may be due to a predilection
for right-sided handedness in most people.

The coexistence of a SSN and a SSF is another interesting type of the SSN, which
is more rarely observed, with a frequency often below 1%. Polguj et al. [34] supposed
that the frequency of this anatomical variation depend on the population like to the
frequency of completely ossified STSL. Hrdlicka [14] was first to describe such a case
among a sample of 2792 dried scapulae (0.036%). Later, Natsis et al. [27] found 3 cases
with coexistence of a SSN and a SSF among 432 German scapulae (0.7%). Such coex-
istence was reported by Sinkeet et al. [46] in one out of 138 Kenyan scapulae (0.72%).
Polguj et al. [34] investigated 616 scapulae of Polish patients by CT and found this rare
anatomical variation in 2 left scapulae (0.33%) as well as in a right dried one, and as-
sumed that the ossification of a single bundle ACSL is the most probable hypothesis for
the formation of a bony bridge above the SSF. According to the studies conducted on
Indian scapulae, the frequency of coexistence of a SSN and a SSF varied from 0.56%
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to 1.33% [25, 44, 47]. Saritha [44] also described this anatomical variation with the
complete ossification of the ACSL. However, there are studies in which this type of
morphology of the SSN was not observed at all [1, 54]. It is supposed that the presence
of an SSF along with an SSN increases the risk of SNE, because of the additionally
reduced size of the SSF, i.e. the space available for passage of the SN. According to
Polguj et al. [35], the presence of a bony bridge passing through the middle part of the
SSN decreases this space by about 36.5-38.6%.

Unlike the above cited studies, Wang et al. [54] observed the presence of a bony
canal instead of just an SSF. They found it in 4 scapulae (1.36%), as the canal length
ranged from 5.89 mm to 17.86 mm. Vyas et al. [53] also reported such a canal in 4 cases
(1.33%) with a length varying from 11.83 to 14.03 mm. Taking into account the lengths
of the ossified ligament measured in the described case, the length of the canal is similar
to the reported long ones. According to the summed bilateral distribution of the bony
canal findings [53, 54], a higher frequency came out for the right side. However, the left
scapula was involved in our case.

According to Wang et al. [54] and Vyas et al. [53], the bony canal was most pro-
bably formed by the complete ossification of a wide and flat STSL. Although the at-
tachment of the ossified ligament in our case was a bit lower on the medial border of
the SSN, because of the posterior insertion of the ossified ligament at the base of the
coracoid process, we also suppose that it represents an ossified STSL and exclude the
possibility of formation of the canal through ossification of an ACSL. There are differ-
ent studies reporting cases with bifid STSL [4, 32, 48], trifid STSL [33, 48], bifid ACSL
[37], as well as classifying the types of STSL [4, 35] and ACSL [29, 37]. However, the
coexistence of an SSN and a bony canal, and more precisely the formation of such a
long bony canal, as in the reported case, could not be explained with any of these clas-
sifications. Classifying the types of STSL, Polguj et al. [35] obtained 15.1 mm and 13.1
mm as biggest proximal and distal width in specimens with fan-shaped ligaments and
lower maximum values in these with band-shaped ones. Such high values show the
presence of rather wide STSL, but obviously it is more typical of fan-shape type, which
is hard to be related to our case. Besides, the proximal and distal widths of a bifid STSL
with superior and inferior bands, reported by Polguj et al. [32], are comparatively small-
er. In the case with trifid STSL, described by Polguj et al. [33], taking into account the
summed proximal widths of the three bands comes out a quite wide ligament on the me-
dial border of SSN, where the three bands attached separately, while the common distal
part of the ligament is quite narrower. Thus, the ossified ligament in our case could not
be compared to such an ossified trifid STSL. In addition, it should be considered the
relation of the STSL with the fasciae of both supraspinatus and omohyoid muscles as
well as with the adjacent conoid part of the coracoclavicular ligament, which might
blend with it [22, 26]. Thus, these structures could also be supposed to have played a
part in the canal formation._

There may be different causes for ossification of the STSL. Morrigl et al. [26]
proved that both entheses of STSL are strongly fibrocartilaginous as well as the remain-
der of the ligament has a moderately fibrocartilaginous matrix and suggested that the
frequency with which the STSL ossifies is related to its fibrocartilaginous character. Ac-
cording to Millela [24], age has a great impact on the expression of entheseal changes,
which are probably related to such causes as the response of bone to continuous micro-
traumatic stress in connection with daily biomechanical stimuli, ontogenetic processes
of the musculoskeletal system, and degenerative processes associated with aging. Yone-
moto [56] asserted that entheseal changes are influenced by the age to a certain degree,
depending on specific physical activities associated with the individual occupation. The
mean age of the sample with a completely ossified STSL, reported by Polguj et al. [38],
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was over 60 years. However, Zehetgruber et al. [57] announced a mean age of 37 years
for individuals with SNE, caused by ligament compression, but it was not related to
the ossification of the ligament. The observation of the other bones in the reported case
showed a presence of osteophytes on the thoracic vertebral bodies as well as a fusion of
manubrium and sternal body, which are considered age-related changes. Thus, it could
be supposed that the ossification of STSL in given cases could be prompted by the age
advance. However, Rogers et al. [43] noted that enthesophyte formation was associ-
ated with age, but above all enthesophytes could be considered as skeletal responses to
stress. These authors also noticed that some people are more prone to form new bone
in response to stress than others. Here, it should be mentioned that there is a hypothesis
presuming that the ossification of STSL could be genetically predetermined. It was
brought forward by Cohen et al. [7], who described a calcification of the STSL in two
members of a family (father and son) with concomitant symptoms of SNE.

On the other hand, the variations in thickness and length of STSL as well as its ten-
dency to ossify suggest that the ligament responds to changes in mechanical load [26].
Although the STSL is connecting two areas of the same bone and has no direct attach-
ment to any joint, the nearby fascia of the supraspinatus, origin of the omohyoid muscle
as well as attachment of the conoid ligament could concentrate significant stress at the
STSL entheses during twisting movements and force acting on them [22]. Therefore,
the ossification of STSL could be provoked by vigorous and repeating overhead upper
limb movements and thus to cause SN compression. Suprascapular nerve neuropathy
frequently affects individuals who have been involved in violent overhead activities
[1] and is common in athletes who overuse the shoulder region [53]. The repetitive
overhead motions and forceful rotational movements performed during sports activi-
ties such as volleyball, baseball, tennis, and weightlifting may cause traction upon the
nerve at SSN [10, 20, 42, 58]. The regular carrying of heavy objects on the shoulder
also might lead to SNE [17]. Thus, it is hypothesized that repetitive overhead motions
contribute to ossification of the ligament [51]. According to Kopell and Thompson [21],
the movement of abduction or horizontal adduction of the shoulder results in compres-
sion of the nerve against the STSL. Rengachary et al. [41] described the etiopathogen-
esis of SNE with so-called “sling effect”. According to it, the SN makes only minimal
transitional movements during upper limb motions, but at maximal rotation, the nerve
could be pressed against the sharp bony margin of the SSF. In this way, a repeated kin-
king may cause nerve irritation and induce microtrauma, which to result in neuropathy.

Besides, the ossification of STSL could be a result from a microtrauma of the
ligament, caused by exertion of blood pressure from the SSA in cases when it passes
below the STSL along with SN and the size of the SSF is significantly reduced [38].
The SSA normally runs above the STSL, but there were reported cases with its course
under the ligament [12, 39, 40, 50, 55]. It could be assumed that the presence of the
notch above the canal in the described case reduced additionally the area for passing of
the SN, and in case that SSA and SN passed together through the formed bony canal,
the STSL might have been at serious risk of trauma. The observed groove running from
the inferior opening of the bony canal to the spinoglenoid notch ended in a nutrient
foramen above the scapular spine. Since the SSA gives nutrient branches, supplying the
clavicle and scapula [13], there is a possibility that a nutrient artery or vein might have
passed along with the SN through the bony canal. However, there is only one reported
case of an accessory SSA, accompanying the SN under the STSL, while SSA was pas-
sing above the ligament [6]. So in case of passing through the canal, the SSA is more
likely to have given rise to a nutrient branch immediately after going out of it. On the
other hand, the SSV is more frequently observed to pass below the STSL than the SSA
[12, 30, 39]. Furthermore, Podgorski et al. [30] described the presence of suprascapular
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notch veins, crossing the SSN, as a separate structure from the SSV. All this goes to
show that the SN is very likely to have passed through the bony canal along with any
of the above-mentioned blood vessels. The reported diameter of SN ranged from 2
mm to 3.3 mm [3, 30, 39, 51]. According to Podgorski et al. [30], the diameters of the
SSA and SSV were 2.3 mm and 3.4 mm, respectively and the diameter of the supra-
scapular notch veins varied from 0.5 mm to 3 mm. The measurements of the superior
and inferior openings in our case showed a narrowing of the space within the canal.
Thus, bearing in mind the reported size of the SN and blood vessels and the dimen-
sions in the smaller lower end of the canal, the passage of the nerve along with some
of the vessels might have led to its compression as well as caused exertion of blood
pressure on the STSL.

Nevertheless, the real cause for ossification of the STSL in our case cannot be
pointed out, i.e. if it was prompted by certain activities of the individual, age advance
or the unusual morphology of the ossified ligament. However, it is very likely that this
rare anatomical variation caused SNE.

The coexistence of a SSN and a bony canal is very interesting, because it has not
been reported or taken into consideration by other researchers. The presence of such a
case would be of significance for clinicians and surgeons dealing with suprascapular
neuropathy. Furthermore, the knowledge of the morphological variations in the supra-
scapular region can be helpful for a better understanding the way of living and health
problems of the people, living in the past. A specific morphology of the SSN could be
an indicator of SNE and a supposition that the individual might have suffered from the
concomitant symptoms for this pathological condition.
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The lack of more concrete data about application of the acrylic resin Duracryl® Plus in making corro-
sion casts of renal blood vessels and collecting system motivated us to undergo undertake this study. We
aimed to perform modified technique for making corrosion casts for 3-dimensional (3D) studies of the
kidney blood vessels and collecting system and for replicating microvasculature using Duracryl. As a
result, corrosion casts of the whole renal arterial network including glomeruli were obtained. The num-
ber of cortical glomeruli in kidney, which arteries were injected with casting media with dilution of 1:2,
was significantly smaller than the dilution of 1:5. With regard to collecting system, the lower dilution of
casting media allowed the filling of small calices while the media with a higher dilution — the collecting
tubules system of the renal medulla and even of the cortex.

In conclusion, we found that the Duracryl is suitable for making three-dimensional casts of the
renal arteries and collecting tubules and also microvascular corrosion casts for stereomicroscopy and
scanning electron microscopy.

Key words: Duracryl® Plus, corrosion casts, kidney.

Introduction

The anatomists have tried to improve the casting media, the method of injection, and
the method of removing the surrounding tissues in order to produce more accurate rep-
lica of the biological structures for five centuries. The casting or injection media must
have physicochemical properties making them appropriate for the scanning electron
microscopy (SEM) study of microvessels, such as low viscosity, rapid polymerization,
minimal shrinkage during hardening, resistance to corrosion, cleaning, dissection and
drying procedures, allow replication of endothelial structures, electron conductivity,
resistance to electron bombardment [1, 8].

Many other authors have used the microvascular corrosion casting/SEM method to
study not only vascular but non-vascular structures of various organs and tissues under
different conditions and during development and aging [3, 5].
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The semi-polymerized methyl methacrylate resin has been considered the most
appropriate casting medium for the SEM study of microvascular beds due to its low
viscosity, which allows the infusion of the small vessels including the capillaries and
its propriety of electron reflection [5, 9]. Duracryl as a representative of these resins
is a self-polymerizable acrylic resin occurring as a bicomponent system: polymer and
monomer. The polymer is a methyl polymethacrylate, in the form of low powder parti-
cles, while the monomer is liquid methyl methacrylate [13]. Duracryl is one of the most
widely used dental materials in the stomatology [3, 5].

There are single data of applying Duracryl in the corrosion method. Mazensky
and Danko [6] observed morphological variations in the origin and course of the rabbit
arteria vertebralis using Duracryl Dental (Spofa-Dental, Czech Republic) for making
corrosion casts.

The existence of many similarities in the pig and human intrarenal arteries define
the swine as the best animal model for investigation of kidney function and pathology
[10]. Anatomical knowledge about the macro- and microvascularisation and collecting
system of kidney is important for performing intrarenal surgery with minimal blood
loss and minimal injury to parenchyma [4].

In this regard, we aimed to perform modified technique for making 3-dimensional
casts of the kidney renal vasculature and collecting system and for replicating micro-
vasculature by using acrylic resin Duracryl® Plus.

Materials and Methods

1. Animals and materials

The left kidneys were taken from 12 mixed breed Landras and Danube white, male pigs
slaughtered at age of 6 months and weighing 97 to 105 kg. Two groups of kidneys (with
almost equal weight — 183.30 + 7.04 g for the first group, and 184.96 + 6.47g for the
second group) were chosen to be filled later with a corrosion cast medium in two differ-
ent concentrations. Then the obtained kidneys were prepared for performing the renal
vascular and collecting system corrosion casting method using Duracryl® Plus (Spofa/
Dental Product, Czech Republic) as a medium.

2. Method
The corrosion casting method includes the following seven steps:

2.1. Precasting treatment

Before injecting the casting media into the blood vessels, the complete removal of the
blood was done in order to fill the entire arterial tree with the resin. For this reason, the
kidneys are perfused by syringe with saline solution through a cannula (silicone tube 5
cm long for each kidney) placed and into the renal artery and ureter, as well.

2.2. Injection of Duracryl® Plus

After the precasting treatment, two different concentrations of the injection medium
were prepared. The first one is consisted of 1 part Duracryl’s base added to 5 parts of
catalyst to initiate the polymerization, but the second one — 1 part base to 2 parts cata-
lyst. To obtain the endocasts a yellow resin (volume 15 ml) was injected manually by
syringe into the ureter to fill the kidney collecting system and a red resin (volume 20 ml)
was also injected into the main trunk of the renal artery to fill the arterial tree.
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2.3. Polymerization of casting medium

Injected specimens were placed in a water bath (at room temperature) for 48 hours to
complete the polymerization of the perfused casting medium.

2.4. Corrosive treatment

The surrounding tissues were macerated in order to obtain the renal vascular and col-
lecting system casts. For this purpose, the injected specimens were immersed into a
highly concentrated (20%) sodium hydroxide solution (at 60 °C for 24 hours).

2.5. Cleaning of the corrosion casts

Washing the cast in warm running water was performed to remove the white saponified
materials resulted from the maceration of tissues rich of lipid.

2.6. Gross dissection and microdissection

For macroscopic study, cast samples were dissected longitudinally into two equal parts.
Stereo microscopy (SM) which allows 3-dimensional microscopic viewing of the objects
was used for microdissection.

2.7. Air-drying of the casts

3. Macrometric study

Macrometric parameters were determined by electronic digital caliper (with 0.02 mm
precision), measuring the large and small diameters of major and small calices corro-
sion casts of porcine kidneys using two different concentrations of Duracryl® Plus.

4. SM observation of corrosion casts

Stereo microscope (MBC-10 USSR) was used for 3-dimensional microscopic viewing
and for counting the glomeruli.

5. Statistical analysis

Five pieces (with area of about 2 mm?® each) were obtained by microdissection from the
lateral edge of each kidney opposite the transition of the ureter in the renal pelvis. The
number of glomeruli was estimated by counting them on 10 microscopic fields (x 42)
per each kidney. The data about glomeruli density (number/field x 42) are presented as
mean + standard deviation (SD). Large and small diameters of major and small calices
corrosion casts per each kidney were measured and the data were presented as mean =+
SD. Statistical data processing was done by using Student’s ¢-test. The difference was
considered as significant when P < (0.05.

Results

The twelve corrosion casts made from normal porcine kidneys were subdivided into two
groups (6 kidneys per each group) in order to establish the most suitable concentration
of Duracryl® Plus for making the precision casts of the renal arterial tree and collecting
system (Table 1). The results confirmed the existence of one more resin appropriate for
corrosion casting method on kidneys. Duracryl® Plus used as a medium for corrosion
casting method showed that its mechanical properties allow to make adequate casts
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of the entire arterial tree of the kidney to be made. Arteria renalis and all its branches
were filled with resin in two concentrations, which made them clearly distinguished
(Fig. 1). Besides, the glomeruli with afferent and efferent arterioles were also filled and
well visible which proved that the resin due to its low viscosity and easy penetration
can fill the smallest vessels of the microcirculatory bed (Fig. 2). However, comparing
the results of the two concentration of Duracryl® Plus using stereo microscope, it was
established that significantly (approximately 2 times) more glomeruli were filled and
visible by applying the lower (1:5) concentrated resin (Figs. 3 and 4) than 1:2 one than
the other one (1:2).

The degree of the collecting system filling with Duracryl® Plus was also detected.
The macroscopic measurements revealed that the large diameter of major renal calices
casts and the large and small diameter of small renal calices casts made from Duracryl®
Plus used in concentration 1:5 were higher than those made from the higher concen-

Fig. 1. Corrosion cast displaying arterial supply Fig. 2. Corrosion cast of interlobular arteria (ILA),
model of porcine kidney. afferent arteriole (arrow), cortical glomerulus and
AR - renal arteria, ARCd — caudal renal artery, efferent arteriole (arrowhead) with capillary net-
ARCr — cranial renal artery, Apr — prelobar artery, work (c). Concentration of the resin used (1:5). Bar
All — interlobal artery, AArc — arcual arteria, Allb = 140 um

— interlobular arteria, Bar = lcm

‘ S ) ‘

Fig. 3. Corrosion casts of cortical glomeruli (arrows) Fig. 4. Corrosion casts of cortical glomeruli (ar-
with higher concentrated resin. Bar = 100 pm rows) with lower concentrated resin. Bar = 100 pm
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trated resin (Table 1). Our stereo microscope observations showed that the collecting
tubules system of renal medulla and cortex of the entire kidney was more precisely
filled with the lower concentrated resin (1:5) (Fig. 5). Higher concentrated resin filled
the medullar and cortical parts of the collecting system in the cranial and caudal poles
only (Fig. 6).

Table 1. Density (number/field x42) of glomeruli, large and small diameters of major and small calices
corrosion casts of porcine kidneys using two different concentrations of Duracryl® Plus as a medium.
Data are presented as mean + SD

Parameters Duracryl® Plus Duracryl® Plus
(concentration 1:5) (concentration 1:2)
Number of glomeruli 4.28+£0.97 2.55 £ 1.04%**
Large diameter of major calices 7.60 £ 1.47 9.63£2.05 A
Small diameter of major calices 6.30+1.92 6.56+2.23
Large diameter of small calices 11.99+£0.61 1591+1.58 B
Small diameter of small calices 9.09 +£0.62 11.42+235 b

**% P <0.001 — statistical significant difference versus the number of glomeruli in lower concentration
of Duracryl® Plus.

A — P <0.05 — statistical significant difference versus the large diameter of major calices casts in lower
concentration of Duracryl® Plus.

B —-P<0.001 — statistical significant difference versus the large diameter of small calices casts in lower
concentration of Duracryl® Plus.

b — P < 0.05 — statistical significant difference versus the small diameter of small calices casts in lower
concentration of Duracryl® Plus.

Fig. 5. Corrosion casts of major (MC) and small Fig. 6. Corrosion casts of major (MC) and small
(SC) calices, collecting tubules (arrows) of renal (SC) calices, collecting tubules (arrow) of renal
cortex and medulla in lower concentration (1:5) of  cortex and medulla in higher concentration (1:2)
Duracryl. Bar = 12 mm of Duracryl. Bar = 15 mm
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Discussion

In this study, two concentrations of Duracryl® Plus (1 to 2 and 1 to 5 of base and
catalyst, respectively) were compared in order to make more adequate corrosion casts
of the renal arterial tree and collecting system. The application of Duracryl® Plus as
a medium of corrosion casting technic on kidneys was established for the first time.
This comparatively cheap resin allows to study entire arterial tree including glomeruli
together with afferent and efferent arterioly arterioles similar to other certain, but more
expensive resins such as Technovit 7100, Batson’s # 17 and Mercox CL-2B [14]. The
main advantage of Duracryl is that, among the resins, it is the cheapest. Many authors,
who have studied the mechanical requirements of the dental materials, refer to their
resistance to various types of forces and stresses, to surface hardness, to abrasion and
compression forces for long time [2, 11, 15]. Our results showed that the mechanical
properties of Duracryl® Plus also make this resin suitable for performing corrosion
casting method in order to study in detail the features of the arterial tree and collect-
ing system of the kidneys. Its low viscosity, rapid polymerization, minimal shrinkage
during hardening, resistance to corrosion, cleaning, dissection and drying procedures,
allow adequate replication of micro- and macrovessels, and collecting system, as well
as in porcine kidney. This fact correlates with the results of Mazensky and Danko [6]
that successfully used Duracryl in studying origin and course of the arteria vertebralis
in rabbit. The authors conducted maceration in 2-4% KOH solution for a period of 2
days at 60-70 °C. However, in our study the best results about this step of the corrosion
technic technique was received using 20% NaOH solution for 24 h at 60 °C. Based on
these facts, it can be concluded that species and tissue dependence exist.

So far, the anatomical relationships between the intrarenal arteries and the kidney
collecting system in swine have been detected by Pereira-Sampaio et al. (2004) using
polyester resin and methyl ethyl ketone peroxide as a catalyst.

The authors described the arterial tree without glomeruli and the collecting sys-
tem consisted of pelvis, major and minor calices without medullar and cortical col-
lecting tubules. It should be mentioned that, unlike them, we found that the number
of cortical glomeruli in kidney, which arteries were injected with casting media
with higher dilution, was significantly higher than the lower dilution. With regard
to collecting system, the higher concentrated resin with higher viscosity allowed
the filling predominantly of major and small calices which were bigger in diameter
than those from the lower concentrated resin. Furthermore, media with a higher
dilution filled the collecting system in the medulla and even in the cortex on the
entire renal surface. The described differences of the resin can be explained by the
better penetrating ability of the lower concentrated Duracryl® Plus. In this regard,
we recommend lower concentrated Duracryl® Plus (1:5) in making corrosion casts.
On the one hand, the differences between our corrosion technic with Duracryl®
Plus and that used by Pereira-Sampaio et al. [10] can be explained by distinct pen-
etration which is specific for each resin type. On the other hand, the concentration
of the resin is also important.

Conclusion
The results of the present study proved that the Duracryl® Plus is one of the most suitable
resin for making three-dimensional casts of the renal arteries and collecting tubules

and also microvascular corrosion casts for stereomicroscopy and scanning electron mi-
croscopy. The concentration of the resin is very important for preparing accurate casts.
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Further investigations are needed to prove the suitability of this resin as a medium for
corrosion casting method conducting on different organs of animals and humans.

References

1

2.

10.

11.

12.

13.

14.

15.

. Aharinejad, S. H., A. Lametschwandther. Microvascular corrosion casting in scanning electron

microscopy. Techniques and applications. Springer-Verlag, Wien, New York, 1992, p. 13.
Combe, E. C., C. Brandon, A. Owen, J. S. Hodges. A protocol for determining the surface free
energy of dental materials. — Dent. Mater., 20, 2004, 262-268.

. Hossler, F. E., J. E. Douglas. Vascular corrosion casting: review of advantages and limitations in the

application of some simple quantitative methods. — Microsc. Microanal., 7(3), 2001, 253-264.

. Joniau, S., K. V. Eeckt, H. Van Poppel. The Indications for Partial Nephrectomy in the Treatment

of Renal Cell Carcinoma. — Nat. Clin. Pract. Urol., 3(4), 2006, 198-205.

. Kondo, S. Microinjection methods for visualization of the vascular architecture of the mouse em-

bryo for light and scanning electron microscopy. — J. Electron. Microsc., 47(2), 1998, 101-113.

. Mazensky, D., J. Danko. The importance of the origin of vertebral arteries in cerebral ischemia in

the rabbit. — Anat. Sci. Int., 85, 2010, 102-104.

. Motta, P. M., R. Heyn, S. Makabe. Three-dimensional microanatomical dynamics of the ovary in

postreproductive aged women. — Fertil. Steril., 78(2), 2002, 360-370.

. Murakami, T., T. Itoshima, K. Hitomi, A. Ohtsuka, A. L. Jones. A monomeric methyl and hy-

droxypropyl methacrylate injection medium and its utility in casting blood capillaries and liver
bile canaliculi for scanning electron microscopy. — Arch. Histol. Jap., 47(2), 1984, 223-237.

. Murakami, T. Application of the scanning electron microscope to the study of the fine distribution

of the blood vessels. — Arch. Histol. Jap., 32(5), 1971, 445-454.

Pereira-Sampaio, M. A., L. A. Favorito, F. J. Sampaio. Pig kidney: anatomical relationships
between the intrarenal arteries and the kidney collecting system. Applied study for urological
research and surgical training. — J. Urol., 172(5 Pt 1), 2004, 2077-2081.

Pflug, K. 2004. Dental materials having a nanoscale filler. (Available at www.google.com/patents/
US6693143).

Sampaio, F. J., M. A. Pereira-Sampaio, L. A. Favorito. The pig kidney as an endourologic model:
anatomic contribution. — J. Endourol., 12(1), 1998, 45-50.

Vasiliu (Diaconu), M., D. 1. Tomita, D. Spridon, N. Dumitrascu, G. Costin, C. Stadoleanu. Sur-
face energetic characteristics of acrylic biomaterials. — Biomaterials, 1(3), 2011, 242-246.

Vodenicharov, A. Scanning electron microscopic study on renal glomerular arterioles in pigs. —
Bulg. J. Vet. Med., 10(3), 2007, 147-154.

Wang, L., P. H. P. D’Alpino, L. G. Lopes, J. C. Pereira. Mechanical properties of dental restora-
tive materials: relative contribution of laboratory tests. — J. Appl. Oral. Sci., 11(3), 2003, 162-167.

*Corresponding author:

Nikolay Tsandev
e-mail: drcandev@abv.bg

141



Institute of Experimental Morphology, Pathology and Anthropology with Museum
Bulgarian Anatomical Society

Acta morphologica et anthropologica, 22
Sofia @ 2015

Review Articles

Briefly about Bone Defects
and New Strategies to Treat Them: Review

R. Alexandrova’, A. Abudalleh!, T. Zhivkova', L. Dyakova’®,
B. Andonova-Lilova', O. Alexandrov’, N. Saha*

nstitute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

’Institute of Neurobiology, Bulgarian Academy of Sciences

3Health Service, Gorna Malina, Bulgaria

“Tomas Bata University in Zlin, Czech Republic

Treatment of severe bone defects, resulting from trauma or resorption, remains a major challenge in
orthopaedic surgery and traumatology. These pathological conditions significantly decrease the quality
of life of people affected and have a high social and economic costs. In the presented minireview we
summarize data of both current therapy for bone regeneration and the perspectives in the field of bone
tissue engineering.

Introduction

Bone disease is a serious health problem that directly impacts on the quality of life of
patients. It has been predicted that the percentage of persons over 50 years of age af-
fected by bone disease will double by 2020, especially in populations where aging is
coupled with increased obesity and poor physical activity. Bone and joint degenerative
and inflammatory problems, bone fractures, low back pain, osteoporosis, scoliosis ant
other musculoskeletal problems need to be solved by using permanent, temporary or
biodegradable devices [28, 30].

Bone structure, role and properties

Bone is a highly complex and specialized form of connective tissue which is composed
of an organic matrix strengthened by deposits of calcium phosphate crystals. The or-
ganic matrix is composed of collagen type I fibers (approximately 95%) and of prote-
oglicans and numerous non-collagenous proteins (5%). This organic matrix, calcified
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by calcium phosphate minerals embeds bone cells (Table 1), which participate in the
maintenance and organization of bone, namely osteoprogenitor cells, osteoblasts, os-
teocytes, and osteoclasts [1, 4]. The cellular origin of bone was recognised in the early
19" century, and the term “osteoblast” was first used by Gegenbaur in 1864 to refer to
the “granular corpuscles found in all developing bone as the active agents of osseous
growth” [16].

Table 1. The cellular components of bone

CELL TYPE ORIGIN FUNCTION AND PHENOTYPE

OSTEOBLASTS Mesenchymal | Can have one of four different fates: 1) become embedded
stem cells in the bone as osteocytes, (2) transform into inactive
osteoblasts and become bone-lining cells — found along the
bone surfaces that are undergoing neither bone formation
nor resorption, inactive cells that are believed to be pre-
cursors osteoblasts, (3) undergo programmed cell death
(apoptosis), or in some situations (4) transdifferentiate
into cells that deposit chondroid or chondroid bone. Ac-
tive osteoblasts are mononuclear cells with cuboidal
shape; rich in alkaline phosphatase; synthesize and secrete
collagen type I and glycoproteins (osteopontin, steocalcin),
cytokines, and growth factors into a region of unmineralized
matrix (osteoid) between the cell body and the mineralized
matrix; produce calcium phosphate minerals extra- and
intracellularly within vesicles. Inactive osteoblasts are
elongated cells, undistinguishable morphologically from
the bone-lining cells

OSTEOCYTES Osteoblasts An important role of osteocytes and their network of cell
processes is to function as strain and stress sensors, signals
that are very important for maintaining bone structure

OSTEOCLASTS Hematopoietic | Polynuclear cells responsible for bone resorption (by
stem cells acidification of bone mineral leading to its dissolution and by
enzymatic degradation of demineralized extracellular bone
matrix; important for growth and development

CHONDROCYTES | Mesenchymal |Cells found in cartilage that produce and maintain the
stem cells cartilaginous matrix

According to [4, 14, 27, 43].

Despite its hard structure, bone actually exists in a constant state of dynamic turno-
ver known as bone remodeling even once growth and modeling of the skeleton have
been completed [21].

Bone defects

Bone defects often result from tumor resection, congenital malformation (such as os-
teogenbesis imperfects, osteopetrosis), trauma, fractures, surgery, or periodontitis in
dentistry, as well as from diseases, such as osteoporosis or arthritis [15, 24, 39].

Osteogenesis imperfecta or brittle bone disease is the most common of the inhe-
rited disorders primarily affecting bone. It occurs in 1 in 10 000 to 20 000 live births
and is associated with mutations in type I collagen genes (COLIAI and COLIA2) in ~
90% of the patients [37, 40, 41].
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Osteopetrosis is a rare genetic condition (with both autosomal recessive and au-
tosomal dominant forms) characterized by an increase of bone mass due to defective
osteoclast formation and function and spontaneous fractures [8, 42].

Osteoporosis, a major public health burden that affects millions of people (es-
pecially women) around the world, is defined as “a skeletal disorder characterized by
risk of fractures of the hip, spine, and other skeletal sites.” It is a systemic skeletal di-
sease characterized by low bone mineral density and micro-architectural deterioration
of bone tissue, leading to bone fragility and increased in risk of fracture [11, 31].

Bone health may be impaired in many patients being treated for cancer. Primary
tumors that reside in (osteosarcoma and Ewing’s family tumours) or form metastases
(such as breast, prostate, lung cancers, myeloma) to bone can result in compromised
skeletal integrity [17, 44]. Several medical conditions and medications significantly
increase the risk for bone loss and skeletal fragility. These include androgen-deprivation
therapy for prostate cancer and aromatase inhibitor therapy for breast cancer, among
others. Hypogonadism induced by many of these cancer treatments results in bone loss
and increases the risk of osteoporosis and fractures. Glucocorticoid-induced osteoporo-
sis is the most common form of secondary osteoporosis [7, 32].

Fracture healing is a complex, unique physiological process of repair, where, un-
like in other tissues, the majority of bone injuries recover without the formation of scar
tissue, and bone is regenerated with its pre-existing properties largely restored [13].
However, there are cases of fracture healing in which bone regeneration is impaired due
to various factors leading to pathologies such as delayed union or fracture non-union
[3]. The unsuccessful bone regeneration still results in many people never recovering
fully their function and quality of life; with all the social, financial and psychological
implications [38]. For example there are data demonstrating that old people suffering
from femoral fractures will die within a year (15-25%) or become dependent (50%)
[11,31].

The techniques used to repair damaged bones

When an area of damaged bone is too large for self-repair, the damaged bones must
be repaired by using alternative materials, such as autografts, allografts and artificial
materials.

Autografts, which are transferred from healthy parts of the bones of the same pa-
tient, are widely used because they show high performance. Autologous bone remains
the “gold standard” for stimulating bone repair and regeneration, but its availability
may be limited and the procedure to harvest the material is associated with complica-
tions (e.g. additional surgical trauma). On the other hand, allografts, which are trans-
ferred from other people, have problems related to not only limited availability but also
with foreign body immune reactions and infections (for example risk of HCV or HIV
transmission to the recipient). In addition, they have a poor degree of cellularity, less
revascularisation, and a higher resorption rate compared to autologous grafts, resulting
in a slower rate of new bone tissue formation [26, 28, 30].

As aresult there is a need for the development of artificial bone substitute materi-
als with improved characteristics that are safe for patients, (relatively) easily produced
and can be supplied at any time and in any amount.

Biomaterials for bone implants

A variety of materials with different structure, composition and mechanism of ac-
tion are available or under development to enhance the repair of bone defects (Some of
them are presented in Table 2).
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Table 2. Brief description of some biomaterials for bone implants

Based mainly on hydroxya-
patite, since this is the inor-
ganic compound of bone

SHORT CHARACTERISTIC
BIOMATERIAL

ADVANTAGES DISADVANTAGES
CERAMICS Able to form bone apatite-like mate- | Brittleness and slow degrada-

rial or carbonate hydroxyapatite on
their surface, enhancing their osse-
ointegration;

Hardness, high compression strength
and excellent wettability that result
in low incidence of biologically sig-
nificant particle generation and clini-
cally significant osteolysis.

Able to bind and concentrate cy-
tokines, as in the case of natural bone.
Used as a bearing surface in total hip
arthroplasty (THA) for more than 30
years

tion rates; low fracture toughness
and linear elastic behavior which
make them prone to breakage un-
der stress. There are data that the
addition of carbon nanotubes re-
markably improves the mechani-
cal characteristics of alumina.

BIOACTIVE GLASS
based on a random network
of silica tetrahedra contain-
ing Si-O-Si bonds. The
network can be modified
by the addition of modi-
fiers such as Ca, Na and P.

The first man-made material to bond
to living tissues;

biocompatible and osteoconductive
(especially glasses with SiO, content
< 60% in weight), bond to bone with-
out an intervening fibrous connective
tissue; in vivo, there is a dynamic bal-
ance between intramedullary bone
formation and bioactive glass resorp-
tion.

Low mechanical strength and
decreased fracture resistance that
can be easily overcome by modi-
fying the composition and appli-
cation in low load-bearing areas.

METALS

Mainly stainless steel
and titanium alloys
(i.e. Ti-6Al-4V)

Excellent mechanical properties,
which makes them the most widely
applied implant material used in
bone surgical repairs

The lack of tissue adherence and
the low rate of degradation results
either in a second surgery to re-
move the implant or in permanent
implantation in the body with the
related risks of toxicity due to ac-
cumulation of metal ions due to
corrosion

NATURAL POLYMETS
Collagen and glycosami-
noglycans

Biocompatibility and biodegradabil-
ity, since they compose the structural
materials of tissues.

Low mechanical strength and high
rates of degradation (they are used
in composites or in chemical mo-
dification by cross-linking. These
changes make cause cytotoxic ef-
fects and reduce compatibility).

SYNTHETIC The versatility of chemically synthesized polymers enables the fabrica-

POLYMERS tion of scaffolds with different features (forms, porosities and pore size,
rates of degradation, mechanical properties) to match tissue specific ap-
plications

COMPOSITES Can combine a synthetic scaffold with biologic elements to stimulate cell

infiltration and new bone formation. Each individual material has advan-
tages for osteogenic applications, each also has drawbacks associated in
certain properties (i.e. brittleness of ceramics) that can be overcome by

combining different materials.

According to [2, 12, 18, 30, 34, 46].

10 Acta morphologica et anthropologica, 22
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Historically, these materials belong to the following three generations:

First generation — Bioinert materials. They are represented by alumina (Al,O,)
and zirconia (ZrO,) and played an important role for substitution purposes due to their
low reactivity. This is not surprising because at the very beginning the main goal of in-
vestigators was to achieve substitution with the lowest tissue response, perhaps because
the only expected tissue response was inflammation and material rejection [25,45];

Second generation — Bioactive and biodegradable materials. To this group belong
bioactive glasses — synthetic silica-based materials with bone bonding properties due
to the formation of a carbonate substituted hydroxycarbonate apatite layer (similar to
the apatite layer in bone) on the surface of the materials after immersion in body fluid
[18, 19, 25];

Third generation — Materials designed to stimulate specific cellular responses
at the molecular level [19, 33]. They appeared at the same time as scaffolds for tissue
engineering applications started to be developed.

Bone tissue engineering

Tissue engineering approaches have recently been devised to repair large bone losses.
Three main players take part in this technology: i) stem cells (for example mesenchy-
mal stem cells) that are having the potential to form the organ of interest; ii) scaffold
(where the stem cells will be transferred into) — a three-dimensional porous structures
that serves as a template for cell interactions and the formation of bone-extracellular
matrix to provide structural support to the newly formed tissue; iii) signals stimulating
proliferation and appropriate differentiation of the stem cells [1, 25]. Scafold materials
must meet a number of requirements including biocompatibility, adequate mechanical
properties, biodegradability, etc. [25, 47]. Among the most important properties that
they should possess are osteoinduction (the ability to stimulate the differentiation of
osteoprogenitor cells into mature bone cells and then the formation of new bone), os-
teoconduction (the physical property of the graft to serve as a scaffold for viable bone
healing - osteoblasts from the margin of defect that is being grafted, utilize the bone
graft material as a framework upon which to spread and generate new bone), and osteo-
genesis (the ability of the graft to produce new bone, this process is dependent on the
presence of vital bone cells in the graft) [29].

Mesenchymal stem cells

Adult mesenchymal stem cells (MSCs) are non differentiated multipotent cells with self-
renewal capacity that have the potential to differentiate towards lineages of mesenchy-
mal origin, including bone and cartilage. Although originally isolated from bone marrow,
MSCs have since been obtained from many other tissues such as adipose tissue, synovial
fluid, periosteum, umbilical cord blood and several fetal tissues [5, 9, 22, 23, 48].

MSCs have several advantages that are of interest for bone tissue engineering:

* These cells can be relatively easily obtained from different sources including fat
tissue, bone marrow, cord blood;

* MSCs can be extracted from patient’s own tissue than can prevent the develop-
ment of immune rejection;

* In comparison to embryonic stem cells there are no ethical concerns for their
application;

* MSCs do not develop into teratomas when transplanted, a consequence observed
with embryonic stem cells and induced pluripotent stem cells [20].

There are some difficulties in working with these cells which should also be men-
tioned:
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* Lack of commonly accepted surface markers, which can be used for the identifi-
cation of MSCs. A set of minimal criteria for MSC was recommended, which includes
the capability of adherence to plastic surfaces, the expression of CD73, CD90 and
CD105 and the absence of major histocompatibility complex (MHC) class II surface
molecules (HLA-DR), endothelial (CD31) and hematopoietic-specific antigens (CD34,
CD45,CD14)[10, 23, 35]. In culture their cell surface antigens may vary depending on
the isolation and expansion methods used [23].

* The small percentage of MSCs in some tissues such as bone marrow — the amount
of BM-MSCs varies between 0.001% and 0.01% of the total mononuclear cell. Such
low frequency of BM-MSC requires prolonged cultivation of the cells in laboratory
conditions, thus increasing the risk of differentiation induction and epigenetic altera-
tions [20]. In addition, age-related changes in number, proliferation capacity and dif-
ferentiation potential of MSCs have been reported [6].

* The protocols for isolation and cultivation of MSCs are complicated and not suit-
able for routine clinical practice [20]. Human MSCs are sensitive to serum and oxygen
deprivation, which resulted in cell death in vitro when applied in combination for 48
hours. This fact must be taken into consideration when working with them [36];

* The biological activity of these cells is not fully clarified;

* And finally — MSCs can be obtained from various tissues but there is still no definite
answer to the question what is the best source for their isolation.

Conclusion

Tissue engineering is one of the most rapidly developing and promising areas of sci-
ence and medicine. The first successful steps in this exciting direction have already
been made. Before its entry into routine clinical practice, it is necessary to overcome
a number of challenges including establishment of scaffolds with improved properties
that meet the requirements for these type biomaterials, identification of the most ap-
propriate stem cells, optimizing strategies for their isolation, cultivation and directed
differentiation.
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Fibroblast activation protein a (FAP-a) is a plasma membrane serine proteinase belonging to the S9b
family of post-proline cleaving proteases. The enzyme is generally missing in normal tissues of adult
humans and mammals but is up-regulated in the reactive stromal fibroblasts in tumors of epithelial
origin and many types of sarcomas. For that reason, at present FAP-a is considered as an important
marker molecule in oncology. However, the relationship between elevated enzyme activity/expression
and prognosis is not always conclusive. Thus, in breast cancer, the connection between higher expres-
sion levels of FAP-a and prognosis varies from better to very poor in different studies. Obviously, de-
spite the extensive studies by many research teams all over the world, the enzyme role in cancer is not
clucidated yet. The aim of the present mini-review is to summarize the existing data about the role of
FAP-a in cancer by focusing on its involvement in breast cancer.

Key words: fibroblast activation protein a, breast cancer, enzyme marker, Ehrlich ascites carci-
noma, in vivo model.

General information about FAP-a

Fibroblast activation protein-a (FAP-a; EC 3.4.21.B28) is a serine type integral mem-
brane protease belonging to the S9b family of post-proline cleaving enzymes. FAP-a is
also known as Seprase (from Surface Expressed PRoteASE). Its soluble form, which
enters the blood plasma after shedding from cell surface [3], has been recently recog-
nized to coincide with AntiPlasmin Cleaving Enzyme (APCE) [22]. The active enzyme
is a 170 kDa homodimer composed of two 97 kDa glycoprotein subunits [32].

FAP-a is a highly conservative protein, e.g. the mouse enzyme has 8§9% similarity
to its human analogue [27]. Additionally, human and murine FAP-o genes show very
similar genomic organization [28]. On the other hand, FAP-a is the most closely related
to dipeptidyl peptidase IV (DPPIV, EC 3.4.14.5) which is the best studied member of
S9b family. They share 50% sequence identity in the entire sequence and 70% identity
in the catalytic domain [2] — a fact which impedes the design of specific substrates and/
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or inhibitors for the two enzymes. Amino acids of the catalytic triads of FAP-a and
DPPIV are arranged in one and the same manner and have very close positions: Ser624,
Asp702, His734 for FAP-a and Ser630, Asp708, His740 for DPPIV [reviewed in 9].
The human FAP-a gene is located on chromosome 2g23 and is organized similarly to
the DPPIV gene which maps to chromosome 2q24.3. For this reason, some authors
believe that the two enzymes have a common origin, one arising by duplication of the
other’s gene [25]. Comparison of the crystal structures of FAP-o and DPPIV reveals
that the major difference in the active sites is that FAP-a possesses Ala657 instead of
Asp663 in DPPIV. This variation proves to be enough to lessen the acidity and increase
the size of the active center pocket, thus making FAP-a capable of endopeptidase acti-
vity [26]. Substrates [21] and inhibitors [6] for FAP-a have been developed that utilize
the above difference and are selective for the enzymes.

FAP-a is well known to possess a gelatinase activity; one of its most characteristic
substrates is collagen type I [31]. The endopeptidase activity of soluble FAP-a cleaves
o2-antiplasmin [22], which is involved in blood clotting. Amongst the most recently
found enzyme’s natural substrates are neuropeptide Y, B-type natriuretic peptide, sub-
stance P and peptide YY [14].

Tissue distribution of FAP-a

FAP-a is known to have a distinctive tissue distribution since it is usually absent from
normal adult tissues as revealed by immunohistochemical analyses using specific mo-
noclonal antibodies [7]. In silico electronic northern blot analysis also shows that nor-
mal tissues generally lack FAP-a mRNA expression [5]. In normal human and mam-
malian tissues, the enzyme activity is restricted to single reactive fibroblasts, glucagon
producing A-cells in pancreatic islets and separated endometrial cells [reviewed in 38].
Comparatively high enzyme levels are found in mesenchymal cells during embryo-
genesis. However, FAP-a knockout mice have a normal phenotype in histological and
hematological analysis [29]. Therefore, other compensatory pathways probably exists
involving molecules with functional similarity to FAP-a, such as DPPIV or other S9b
family members or matrix metalloproteases (MMPs).

Alternatively, FAP-a expression is highly induced during different pathological
processes. For example, the enzyme is up-regulated in inflammatory diseases like rheu-
matoid arthritis and osteoarthritis, where it is found in fibroblast-like synovial cells.
Also, FAP-a is expressed by activated but not by resting hepatic stellate cells of cirrho-
tic liver. Additionally, the enzyme is highly expressed by fibroblasts at the remodeling
interface in human idiopathic pulmonary fibrosis as well as in liver fibrosis [reviewed
in 38].

The most characteristic feature of FAP-o, however, is that it is up-regulated in
stromal fibroblasts of over 90% of human epithelial tumors and in lots of sarcomas, but
not in benign tumors [reviewed in 9 and 18]. Although the enzyme name “FAP” implies
that it is to be found only on reactive stromal fibroblasts, lots of studies show that this
is not the case. In fact, FAP-a has been identified in many tumor cells like melanoma
cells, human colorectal cancer cells, breast cancer cells, human gastric and intestinal
carcinomas, etc. [18]. Moreover, in certain types of carcinomas, the enzyme has not
been restricted to plasma membrane, but intracellular cytoplasmic pools have also been
discovered.
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The dual role of FAP-a in cancer

FAP-a as a tumor promoter

Epithelial cancers (carcinomas), just like other solid tumors, induce the formation of
abundant stromal compartments which, in some cases, may comprise more than 50% of
the mass of the tumor. Tumor stroma consists of newly formed blood vessels, connec-
tive tissue cells such as activated fibroblasts or cancer-associated fibroblasts (CAFs),
infiltrating inflammatory cells and a network of matrix proteins. Resting fibroblasts of
normal adult tissues usually do not synthesize proteins neither expresses FAP-a. On
the contrary, CAFs are known to synthesize and secrete proteins which promote cancer
cells’ invasion and angiogenesis and regulate the immune response to the tumor growth.
Additionally, a common characteristic of CAFs in almost all types of carcinomas and
lots of sarcomas is that they express FAP-a. It has been shown that lack of FAP-a in the
CAFs of lung tumors in FAP-a knockout mice causes a dramatically increased accumu-
lation of type I collagen around tumor cells which impairs cell motility, tumor growth
and angiogenesis [34]. These experiments are indicative for the important role of the
enzyme in tumor progression.

Furthermore, FAP-a molecule of CAFs, endothelial cells of tumor blood vessels
and cancer cells is situated in the invadopodia — membrane protrusions that contact
and degrade extracellular matrix (ECM) — together with other proteolytic enzymes,
mainly MMPs [15]. More recent works have shown that heterodimeric complexes
FAP-0—DPPIV are formed in the invadopodia, which are able of hydrolyzing collagen
type I and are responsible for the invasive phenotype of CAFs and cancer cells [19].

According to the recent studies [23], FAP-a expression by fibroblasts results in
alterations of organization and composition of the ECM that favors invasion. Thus, the
matrix produced by the FAP-a-positive cells promotes tumor cell motility and directs
migration.

FAP-a has been shown to be highly expressed in endothelial cells of newly for-
ming tumor blood vessels in different types of cancers [reviewed in 18]. Taken together
with the enzyme ability to cleave off collagen type I, this fact is in favor of FAP-a
supposed role in promoting angiogenesis. In fact, in an in vivo mouse model of human
breast cancer expressing FAP-a, a much higher micro-vessel density has been reported
in comparison to the same experiment but with human breast carcinoma cells with low
levels of the enzyme [11]. Moreover, the lack of FAP-a-positive CAFs in FAP-a knock-
out mice carrying lung tumors results in a significant reduction of micro-vessel density
in the tumor stroma [34]. All these findings confirm the involvement of FAP-a in the
mechanisms underlying angiogenesis in solid tumors.

Various studies have shown that up-regulation of FAP-a in epithelial tumors is one
of the main factors responsible for the inhibition of antitumor activity by the immune
system. Thus, application of DNA vaccine to FAP-a which causes CD8+ T cells killing
of FAP-a-positive CAFs has been shown to improve antitumor immune function and
increase sensitivity of tumor cells to chemotherapeutics [24]. In another experiment
with mice carrying lung or pancreatic carcinoma cells, the ablation of FAP-a expressing
cells has led to a rapid necrosis of both cancer and stromal cells [20]. Hence, FAP-a
seems to insert some kind of protective effect on tumor and stromal cells against the
immune response.

FAP-o as a Tumor Suppressor

Certain results of experimental research have shown that in some types of tumors
FAP-a may play a role as a tumor suppressor. In that respect, particularly convincing
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are the recent studies on mouse melanoma cells and on human non-small cells lung
carcinoma (NSCLC) cells [36, 37]. Initially, it has been shown that the lack of DPPIV
activity in the two types of cells is directly linked to the tumor phenotype. Restoration
of DPPIV activity by virus vectors in both cases leads to a re-expression of FAP-a
on the cell surface, followed by a profound suppression of the tumor phenotype and
return to the dependence of the cell growth on exogenous growth factors. Moreover,
the re-establishment of dependence on growth factors occurred even when a catalyti-
cally inactive mutant of DPPIV was expressed, which according to the authors may
be due to the re-expression of endogenous FAP-a molecule. Other studies have pro-
vided direct evidence of FAP-a as a tumor suppressor at least in the case of malignant
melanomas [33]. It has been observed that FAP-a re-expression resulted in decreased
tumorogenicity of mouse melanoma cells and restored contact inhibition and growth
factor dependence.

From the above-mentioned data it is obvious that a significant discrepancy exists be-
tween FAP-a function as tumor promoter or tumor suppressor. Thus, the role of FAP-a
in cancer either depends on the tissue origin of the cancer cells or the mechanisms of
the enzyme involvement in tumor diseases are much more complex and not well under-
stood thus far.

FAP-a in breast cancer

FAP-a was first discovered in the mid-1980s as the protein binding the mouse mono-
clonal antibody F19 that labeled the reactive stromal fibroblasts of epithelial tumors,
fibroblasts in fetal mesenchymal tissues and tumor cells of sarcomas. In one of the
pioneer studies on FAP-a, using F19 antibody the enzyme was localized immunohis-
tochemically in tissue sections of frozen malignant and benign breast tumors of 27
patients [7]. In this experiment, only reactive fibroblasts of malignant breast carci-
nomas were found to be FAP-a-positive, whereas stromal fibroblasts of the benign
tumors as well as tumor epithelial cells were negative for the enzyme. After this work,
many studies on FAP-a and its role in breast cancer have been carried out, however,
with dissimilar results. For example, using the above antibody (F19) and three other
clones recognizing monomeric or dimeric enzyme, retrospective immunohistochemi-
cal analyses were performed on tissue sections from invasive ductal carcinoma (IDC)
of the breast of female patients who underwent mastectomy [1]. According to the au-
thors, FAP-a was co-localized with type I procollagen, i.e. it was restricted to stromal
fibroblasts adjacent to tumor-cell nests but not cancer cells. This result confirmed the
early study on FAP-a in breast carcinoma [7]. On the other hand, FAP-a expression
was reported in several human breast cancer cell lines [8]. Moreover, immunohisto-
chemical analysis of the enzyme expression using FAP-specific antisera in 41 for-
malin-fixed and paraffin-embedded specimens of human breast tissue [16] revealed
immunoreactivity also in malignant cells of invasive ductal carcinomas and in lymph
node metastases. Neoplastic cells in ductal carcinomas in situ (DCIS) exhibited vari-
able levels of staining, but epithelial cells of benign fibroadenomas and benign pro-
liferative breast disease had no immunoreactivity. Epithelial cells of normal breast
tissues were not stained, as well. These controversial results may be due to different
antibodies used in the above studies. Obviously, F19 recognizes FAP-a on stromal
cells, whereas the FAP-antisera may have a broader specificity [18].

Results from different studies on FAP-o expression and its connection with prog-
nosis in breast carcinoma are also controversial. For example, retrospective clinico-
pathological analyses performed on 112 cases of IDC of the breast revealed that more

153



abundant FAP-a expression was associated with longer overall and disease-free sur-
vival [11]. The authors proposed the enzyme as an independent prognostic factor for
mammary gland carcinoma. This result, however, contradicts all the later observations
in breast cancer.

In a later study [11], to investigate the role of FAP-a in breast cancer, human
mammary adenocarcinoma cells were engineered to over-express the enzyme. The cells
were implanted into mammary fat pads of female immunodeficient mice and the xeno-
grafts were tested for tumorogenicity, growth rates and micro-vessel density. According
to the results, control transfectants not expressing FAP-o grew slowly whereas cells
over-expressing the enzyme formed fast growing highly vascular tumors. This observa-
tion is consistent with the hypothesis that FAP-a facilitates tumor growth and stimulates
angiogenesis.

Later, using the above mouse model of human breast cancer, the authors inves-
tigated the role of proteolytic activity of FAP-a in promoting tumor growth, matrix
degradation and invasion [12]. It was shown that breast cancer cells expressing a cata-
lytically inactive mutant of FAP-a also produced rapidly growing tumors. Moreover,
the FAP-specific inhibitor Val-boroPro (talabostat) given to the animals through oral
gavage did not decrease substantially the growth rates of FAP-a expressing tumors.
From these results it seems logical to conclude that proteolytic activity of FAP-a is not
necessary for tumor promoting effects of the enzyme. In the same study [12], gelatin
films with immobilized FITC-fibronectin and type I collagen gels were used for in vitro
evaluation of the cells’ capacity to degrade ECM and their invasive potential. Surpri-
singly, cells expressing inactive FAP-o molecules degraded gelatin films and invaded
collagen gels with similar rates as did the cells expressing wild type FAP-a. The authors
commented that the presence of FAP-a molecule, no matter active or inactive, in tumor
cells invadopodia may induce the expression and secretion of MMPs like MMP-9 thus
making the cells to acquire invasive phenotype. Actually, it was shown that FAP-o was
co-localized with MMPs in tumor cells invadopodia [15, 19]. Nevertheless, the role
of FAP-a activity in breast cancer remains controversial since other researchers have
shown that FAP-a protease activity is abnormally high in extracts of patient tumors in-
dicating that increased expression in real situations is always connected with increased
FAP-a protease activity [17].

In another study [13], FAP-a was characterized in primary breast tumor samples
and in cell lines, along with the potential interaction of FAP-a with other signaling
pathways. These results showed that FAP-a once again was significantly increased in
patients with poor outcome and survival. Another important observation was that the
over-expression of FAP-a is closely related with the levels of focal adhesion kinase
(FAK) — an enzyme known to coordinate adhesion and migration processes thus pro-
viding tumor cells migration. It was concluded that FAP-a promotes proliferation and
migration of breast cancer cells, potentially by regulating the FAK pathway. These
experiments tend to elucidate the intimate mechanisms of FAP-o over-expression on
tumor growth.

Further on, attempts were made to specify the possible FAP-a diagnostic capacity
for mammary gland carcinoma [10]. As it is well known, diagnosis of ductal carci-
nomas in situ (DCIS) in breast cancer is challenging for pathologists due to the large
variety of artefacts, which could be misinterpreted as stromal invasion. Micro-invasion
is usually detected morphologically by the presence of malignant cells outside the limits
of the basement membrane and myoepithelium. In a recent study, FAP-a capacity as a
diagnostic marker to distinguish DCIS from DCIS with micro-invasions (DCIS-MI)
was evaluated. Evidence was provided that simultaneous immunostaining for FAP-a
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(a cellular marker for invasiveness) and Calponin (a marker for myoepithelium layer
integrity) could serve for pathologically diagnosing whether DCIS had micro-invasion.
Thus, the presence of CAFs positive for FAP-a and interrupted myoepithelial layer
(revealed by intermittent staining for Calponin), would indicate a high probability for
DCIS-MI and vice versa.

Animal models for studying FAP-a in breast cancer

As it becomes clear from the above, most of the recent studies on the role of FAP-a in
breast cancer have been performed using human breast cancer cells implanted in the
fat pad of immunodeficient mice and a subsequent tracking of the development of the
tumor formation. However, such xenografts in standard mouse models express stromal
and vessels elements of murine origin. This limitation was recently overcome by the de-
velopment of a human skin/mouse chimeric model established by transplanting human
foreskin on to the lateral flank of severe combined immunodeficient mice (SCID). The
subsequent inoculation of breast carcinoma cells within the dermis of the transplanted
human skin resulted in the production of xenografts expressing stromal and vessel ele-
ments of human origin [35].

Another, yet unexploited possibility, are the mouse models of Ehrlich carcinoma
(EC) — ascites or solid form. EC is a spontaneous murine mammary adenocarcinoma
adapted to ascites form and carried in outbred mice by serial intraperitoneal (i.p.) pas-
sages. EC is used both as ascites and as solid form, that is, if tumor cells are injected
1.p., the ascites form is obtained; if they are administered subcutaneously (s.c.), a solid
form is obtained [30]. Thus, one of the main advantages of Ehrlich carcinoma is that
same tumor cell line could be used in in vivo experiments both with ascites or solid form
of the tumor. Moreover, EC is known to possess great resemblance to highly undiffer-
entiated human mammary gland carcinomas and is widely used to evaluate innovative
anti-cancer therapies [reviewed in 30]. EC (solid form) allows researchers to trace the
volume of the tumor on a daily basis without sacrificing the laboratory animals. Also,
it could be studied by the application of histology methods aiming to determine the
crosstalk between tumor and surrounding tissues or the necrotic or apoptotic areas of
the tumor. Additionally, changes in enzymatic activities of tumor cells or the extracel-
lular matrix could be obtained.

Recently, we developed a fluorogenic substrate for the histochemical studies of
FAP-a - 4-(B-Ala-Gly-Pro-hydrazido)-N-hexyl-1,8-naphthalimide (BAGP-HHNI) [4].
Using this substrate, we studied the localization of the enzyme in cryostat sections of
normal mouse mammary gland and in EC-solid form, obtained by s.c. inoculation of
1x10° tumor cells in 0.2 ml PBS in mature female mice (Fig. 1).

According to the results, alveolar epithelial cells and dense connective tissue in
healthy mice were FAP-a-negative (Figs. 1a, b). Haematoxyline-eosin staining of
cryosections from EC showed tumor cells in different stages of cell division as well
as necrotic foci within the mass of cell (Fig. 1¢). All the tumor cells, however, were
FAP-a-positive (Fig. 1d). The result indicates that normal mouse mammary glands do
not express the enzyme just like in humans, whereas mouse breast carcinoma cells do
express FAP-a. This is additional evidence that the mouse model of EC can be success-
fully used to study FAP-a role in breast cancer.

In conclusion, research results obtained thus far show beyond any doubt that FAP-a
is an important marker for many types of tumors including breast cancer. The enzyme
is involved in tumor growth and dissipation throughout different mechanisms which are
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Fig. 1. FAP-a activity in normal mouse mammary gland (a, b), and in a mouse model of EC — solid
form (c, d); a, b— No FAP-a activity in healthy mouse mammary gland (fp — fat pad; arrows — glandular
epithelium and surrounding dense connective tissue); ¢ — haematoxylin-eosin staining of solid EC with
cells in mitosis (arrowhead) and necrotic foci (asterisk); a, ¢ — light microscopy; b, d — fluorescent mi-
croscopy. a, b —200x; ¢, d — 400x

not fully elucidated yet. The use of animal models might be useful in biomedical studies
on FAP-a involvement in cancer pathology as well as to evaluate the enzyme capacity
as diagnostic and/or prognostic marker in cancer.
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Eutherian eggs underwent a secondary loss of the ooplasmic gradient of yolk and maternal morphogens.
However, the oocytes of mammalian primordial follicles display an asymmetric organelle cluster re-
cognized as Balbiani body. Distribution of components of this aggregate might be a clue for the function
of Balbiani body in eutherians and some alterations of its dynamics could be associated with ovarian
pathology, particularly in human.
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Mammalian evolution is characterized by secondary loss of the ancestral amniotic egg
with its cytoplasmic gradients. As a result, blastomeres of eutherians (placental mam-
mals) lack morphogenetic signals of maternal origin, and their fates are determined
solely by embryonic induction. In this respect, eutherians are a rare exception. In all other
metazoan groups, embryonic cell fates are determined by two mechanisms, ooplasmic
segregation of maternal morphogens being at least as important as embryonic induction
[8]. Ooplasmic segregation, i.c. the specification of preformed mRNAs, regulator proteins
and other important oocyte components (e.g. yolk) into gradients, is important because
these components can perform their morphogenetic function only if they are unevenly
distributed into the early blastomeres during cleavage. For that reason, the establishment
of oocyte asymmetry is a key prerequisite for successful development throughout the
metazoan kingdom, with eutherians as a secondary exception.

The oocyte structure thought to be responsible for determination of cytoplasmic
polarity is the so called Balbiani body, first decribed more than a hundred years ago. It is
found in oocytes of different invertebrate and vertebrate species — insects, echinoderms,
fishes, amphibians and birds [9, 13, 20, 23]. The Balbiani body is a transient collection
of organelles, inclusions, proteins and mRNAs located adjacent to the nucleus. In frogs
and fishes, it assembles in oogonia or early primary oocytes and disperses prior to stage
II of oogenesis [17, 18], while in eutherians, it is observed first in oogonia and then in
primary oocytes until dictyate stage [15].

The main constituent organelles of the Balbiani body are endoplasmic reticulum,
Golgi cisternae and mitochondria. In the model amphibian Xenopus, where it is best
studied, it is an aggregation composed mostly of mitochondria, endoplasmic reticulum,
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clustered Golgi cisternae and germinal granules. Other animals may have somewhat
different structure and composition of this complex. For example, the Balbiani body
of mouse oocytes contains a much smaller quantity of mitochondria and no germinal
granules [19]. Another difference is that mRNAs are an important component of the
Balbiani body in oocytes of Xenopus but have not yet been found in its mouse coun-
terpart [18].

A number of studies have addressed the relation of the Balbiani body to cytoske-
letal structures. It is invariably associated with the centrosome. In frog oogonia, Bal-
biani body formation starts with aggregation of mitochondria and germinal granules
around the centrosome. During mitosis, its components associate with the centrosome
in the vicinity of the cytoplasmic bridges interconnecting the daughter cells. At a later
stage, in the oocyte, the position of Balbiani complex marks the vegetal pole [14]. Ul-
trastructural and immunocytochemical studies of mouse oocytes also suggest involve-
ment of microtubules in the dynamics of Balbiani body formation and disassembly. In
ovaries of newborn mice, where meiosis is still ongoing, elements of Balbiani body are
associated with centrosomes in primordial follicles [15].

Among other cytoskeletal elements, intermediate filaments have been reported to
colocalize with the Balbiani body, particularly in amniote oocytes. A recent study on
bird eggs (Japanese quail, Coturnix japonica) shows the presence of vimentin and cy-
tokeratin 5, in the mitochondrial aggregation of Balbiani [20]. In the human, presence
of cytokeratin 19 has been shown as a single perinuclear aggregation in oocytes from
developing and adult ovaries [21] which is likely to correspond to the Balbiani body.
However, the presence and dynamics of intermediate filaments in mammalian oocytes
is still insufficiently studied and subject to controversy [16].

The evolutionary conservation of the Balbiani body across so many animal phyla
suggests important functions of this structure in oogenesis. Based on the regular pre-
sence of mitochondrial aggregates in this complex, some authors have suggested that it
plays a role in selection of good-quality mitochondria for the zygote [6, 10]. However,
other data indicate importance of the Balbiani body for the transport of RNAs towards
the vegetal pole of fish and frog eggs and its involvement in segregation and/or storage
of regulatory proteins and mRNAs encoding them [12, 14, 22]. Notably, some maternal
mRNAs required at later stages to establish the germline of the embryo (vasa, nanos,
gasz, dazl) localize to the Balbiani body of fish and frog oocytes [18]. This strongly
suggests a morphogenetic function of this transient organelle at least in mesolecithal
and telolecithal eggs.

Unlike Xenopus, eutherians have secondarily isolecithal eggs. Despite the well-
known asymmetrical position of the spindle, they have no specific yolk accumulation
and no known gradients of morphogens; the ancestral cytoplasmic gradients have been
lost. Nevertheless, a transient perinuclear complex of cytoplasmic organelles, apparent-
ly corresponding to the Balbiani body of other vertebrates though not always explicitly
identified with it, has been observed in oocytes from primordial follicles of eutherians
[11, 15]. This complex includes Golgi cisternae, endoplasmic reticulum, mitochondria
and proteins; however, no RNAs have been detected so far [3, 5, 7, 14, 15, 19]. In
mouse primordial follicles, Balbiani body is formed by aggregation of Golgi cisternae
surrounded by mitochondria and endoplasmic reticulum (EPR). Perinuclear mitochon-
drial accumulation occurs just before ovarian tissue differentiates into primordial folli-
cles, and is present for a short period in early primordial follicles. In later follicle stages
(growing follicles), mitochondria and EPR disperse and Balbiani body is not present
[19]. Hence, as a dynamic structure, the Balbiani body found in immature eutherian oo-
cytes corresponds to those of eggs with cytoplasmic gradient as well as to a hypothetic
ancestral model of polar egg [15].
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What about the function of the eutherian Balbiani body? Is it just an evolutionary
relic of the polarity-establishing structure that was important in the ancestral amniotic
egg? The failure to detect mRNAs in the mouse Balbiani body, as well as the dispersal
of key regulatory proteins such as Dazl throughout the cytoplasm of primary oocytes,
seems to point to that direction [2]. However, in accordance with the general rule that
conservation of structure indicates preservation of function, new data cast doubt on the
old concepts; particularly the Vasa regulator protein, initially thought to lack specific lo-
calization in the oocyte, has recently been reported to associate with the Balbiani body
in prepubertal and pubertal human ovaries [1].

Clues for the function of Balbiani body may come also from alteration of its dy-
namics associated with pathology. Our study of ovarian tissue from patients with ovarian
polycystosis has demonstrated atypical structure corresponding to the Balbiani body — a
semicircular or circular granular aggregate at the nuclear periphery in immature oocytes
[24]. The Golgi complex, endoplasmic reticulum, mitochondria and associated proteins
as important cytoplasmic components presumably affect the development of mamma-
lian follicles, and their intracellular distribution may be important for some aspects of
ovarian pathology during prenatal and postnatal mammalian development.

Perspectives of future investigation on the Balbiani body in mammals are related
to localization and dynamic changes of its structures in oocytes from different species
and at different developmental stages. Ultrastructural and immunocytochemical studies
must be done on fetal and neonatal as well as adult ovaries. In this respect, the mouse is
the most convenient object, particularly with its temporal shift in oocyte meiotic matu-
ration allowing observation of active prophase I oocytes in the first days after birth [4].
Studies on humans are more difficult because of practical and ethical considerations,
but at the same time they provide the opportunity to investigate the Balbiani body not
only in norm but also in pathology.
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Multiple sclerosis (MS) is a chronic neurological disorder characterized by myelin sheaths damage,
focal inflammation, gliosis and axonal degeneration. It affects predominantly women and the onset of
the disease is at their child-bearing age. Myelination, a form of neural plasticity represents an important
but poorly understood step to the process of repair. Unfortunately, cells that produce myelin can also be
damaged which limits the ability of the brain to recover affected areas. The risks and benefits of using
disease-modifying therapy during the various stages of a woman’s reproductive life are topics that need
attention. Since MS predominantly affects young women and is a hormone-dependent disease, then
hormonal methods of contraception should be carefully discussed. Additionally, in vitro fertilization
that also uses hormonal agents should be avoided. For that reason the pursuit of personalized medicine
requires development of reliable biomarkers to predict the course of the disease and the response to
therapies of this socially significant disease.

Key words.: multiple sclerosis, contraception, contraceptives, in vitro fertilization, sex hormones.

Multiple sclerosis (MS) is the most common autoimmune inflammatory demyelinating
disease of the central nervous system (CNS). Many young individuals are affected. Al-
though the basic pathology of MS was already recognized in the 18" century, its causes
and pathogenesis remain elusive. Relapsing-remitting multiple sclerosis (RRMS) ac-
counts for approximately 80-85% of all MS cases. It affects 3 to 4 times more women
than men, and many of these women are of child-bearing age. MS is characterized by
intermittent or chronic damage to the myelin sheaths, focal inflammation, gliosis and
axonal degeneration. The disease is both related to age (decreasing in elderly patients)
and to sexual dimorphism [4]. Myelination, the process in which oligodendrocytes coat
CNS axons with a myelin sheath, represents an important but poorly understood form
of neural plasticity that may be sexually dimorphic in the adult CNS [6]. In response
to demyelination oligodendrocyte precursor cells (OPCs) also considered as a type of
adult neural stem cell, become activated. They proliferate, migrate and fill up the demy-
elinated lesions causing remyelination.

Addressing the reproductive concerns of women with MS is vital for comprehen-
sive care [1]. Contraception, pregnancy, and breast-feeding remain disturbing questions
to the woman with MS. The risks and benefits of using disease-modifying therapy dur-
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ing the various stages of a woman’s reproductive life are topics of great importance.
Although physician’s primary duty is to the patient, it is vital also to consider the fetus
and later the child. Thus, the medical decisions that the patient is making should be
guided by the physician after taking into account the patient’s motivation for those deci-
sions, including family obligations, cultural norms, and patient values [11]. Nowadays,
it is considered that oral contraceptives are capable of offering health benefits beyond
contraception. Some studies were designed to test the hypothesis that hormonal con-
traception brings certain health benefits. These were documented for several medical
disorders including rheumatoid arthritis, multiple sclerosis, menstrual migraine and in
perimenopause. Despite the benefits though, it is still outside the product license to use
them in the majority of cases.

Recently, it has been suggested that hormones, including sex hormones, can affect
and be affected by the immune system. Sex hormones have been linked to the dis-
ease activity in multiple sclerosis. Since they have major influence on brain and spinal
neurons possible effect of the hormonal treatments used during assisted reproductive
techniques may trigger some short-term disease processes. There is an increasing body
of evidence that estrogen, progesterone, and testosterone provoke immune responses
and influence damage repair in the nervous system and play an important role in neuro-
protection following brain injury both in vivo and in vitro [3]. Estrogens and progestin
may be the basis for such a new therapeutic approach and could help protect against
myelin loss. Both types of hormones have been shown to promote the viability of neu-
rons and the formation of myelin [5]. Sex steroids (particularly estrogen, androgen,
and progesterone) also play an important role in neuroprotection following brain injury
both in vivo and in vitro [9]. Moreover, hormones such as prolactin, vitamin D, leptin
and gherlin may be used to modulate the immune response and may also influence the
course of MS [12]. On the other hand, the role of male steroids in neuroprotection is
less clear. For example, higher estradiol levels in men with MS were linked to a greater
degree of brain tissue damage whereas testosterone proved to exert a protective role.
Higher levels of testosterone in men may partially account for the fact that women with
MS outnumber men. Apart from the protective role of testosterone a protective role of
the pregnancy hormone estriol in pregnant women has been reported [14].

Infertility and MS might coincidentally come together and, therefore, these wo-
men might undergo assisted reproductive treatment (ART). Exogenous sexual ster-
oids together with pregnancy have been shown to influence the risk of relapses in MS.
Treatments used during assisted reproductive techniques may consequently influence
the short-term evolution of MS by modifying the hormonal status of the patient thus
increasing the risk of developing relapses or exacerbations in women with MS after
in vitro fertilization (IVF) [10]. Other mechanisms involved in the worsening include
temporary interruption of disease modified therapies, stressful events associated with
infertility, and immunological changes induced by hormones such as increase in pro-in-
flammatory cytokines, as well as an increase in immune cell migration across the blood-
brain-barrier. Women with MS who undergo IVF via hormonal injections may have an
increased risk for relapse, a new study suggests. It is proposed that the increased risk
is correlated with the use of GnRH (gonadotropin-releasing hormone) agonists leading
to IVF failure [2]. The increased risk of relapse is particularly if the procedure does not
result in a pregnancy. Furthermore, because there is a reasonable doubt that gonadotro-
pin-releasing hormone agonists may make patients more prone to such an increase in
relapse rate, gonadotropin-releasing hormone antagonists might be preferred for IVF
protocols [10]. Prolactin (PRL) is a neuroendocrine peptide with potent immunomodu-
latory properties. Hyperprolactinemia enhances several autoimmune disorders and may
play a role in the pathogenesis of MS. Significantly higher prolactin levels in serum
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and cerebrospinal fluid (CSF) were found in female RRMS patients compared to males.
The elevated PRL levels could be the result of an increased predisposition of females to
synthesize and release PRL [3].

It is known that in women the artificial termination of pregnancy and childbirth
leads to new attacks of the disease. Therefore, for women suffering from multiple scle-
rosis it is important to choose appropriate contraception on the advice of a gynecologist.
Contemporary medicine has gained sufficient knowledge in the treatment of multiple
sclerosis, unfortunately there are still no radical methods to treat it.

Women with MS or clinically isolated syndrome (CIS) were more likely to have
used oral contraceptives in the 3 years before their diagnosis than women who did not
have MS or CIS, the results of a new case-control study show. Independent of age,
smoking status and obesity, there was a link between the use of oral contraceptives
and the development of the first symptoms of MS. These findings suggest that using
hormonal contraceptives may be contributing at least in part to the rise in the rate of
MS among women. Hormones play an important role in many diseases, and it is known
that pregnancy — which is associated with high estrogen levels — is protective against
relapses in women who already have MS, so hormones appear to be involved in some
way in this disease. Hughes noted that one idea is that low estrogen levels may trigger
autoimmune disease, but there is no information on possible thresholds necessary for a
protective or harmful effect. The researchers did not measure other factors associated
with the lifestyle of modern women, such as diet, activity levels, or how long they spent
outside, so several potential confounders were probably not accounted for [8].

The roles of progesterone (Pg), an immunomodulatory sex steroid, are poorly un-
derstood. Pg’s immunomodulatory effects differ from those of estrogens and androgens.
At pregnancy levels, Pg may suppress disease activity in MS [7].

POP (progestin only pills) is usually preferred during the postpartum period for its
minimally suppressive effect on lactation. Considering the effect of progesterone on the
myelin sheaths, it can be argued that POP can be an effective choice of contraception
for MS patients during the postpartum period [13]. Because MS is usually observed
among women of the reproductive age, the question about the most reliable contracep-
tive option for these patients will always be the first one for clinicians to answer. While
in earlier studies the idea of using hormonal contraceptives in MS patients was not op-
posed, a recent study suggested that certain hormonal methods may increase the risk of
developing MS or MS-like symptoms. Angiogenesis in MS causes neovascularization
and a rise in the vascular supply of nutrients and migration of inflammatory cells to de-
myelinating lesions. Based on recent findings, it is recommended that clinicians should
prescribe selective nonhormonal contraceptives such as copper-containing intrauterine
devices (IUDs) in all phases of MS disease to be on the safe side. Those IUDs release
free copper and copper salts into the uterine cavity without increasing serum copper le-
vels in women with [UDs. Early analyses suggested that [UDs cause pelvic inflammatory
disease (PID) in women. However, more recent studies have found no increased risk
of PID in monogamous women with IUDs. It can be assumed that MS attacks can be
triggered by the presence of infection in the genital tract. Based on the data in literature,
it can be concluded that copper-containing IUDs can be safely used by MS patients.
Additionally, the use of diaphragms increases urinary tract infections in women and can
induce MS symptoms with mechanisms similar to those mentioned above. Additionally,
when counseling about contraception methods for MS patients, each case should be
individually evaluated on the basis of the severity of the disease and patient’ s lifestyle.
It proves logical that further studies are needed to come to a definitive conclusion regar-
ding the identification of potential adverse effects of various hormonal and nonhormo-
nal contraceptive methods [13].
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In conclusion, all these findings can help establish a differential therapeutic con-
cept in MS, which would allow treating MS women selectively according to their patho-
genetic subtype and disease status. Advances in the understanding of the diagnostic
significance of woman with multiple sclerosis may lead to novel therapeutic strategies
in the future. Since MS is a hormone-dependent disease, then in the choice of contra-
ceptive methods for young women diagnosed with MS should be carefully chosen.
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The present review is focused on the processes in male reproductive system associated with the moti-
lity and maturation/capacitation of sperm and it is related to the fact that about 40% of male infertility
cases have unclear nature, i.e. idiopathic infertility, which often results from compromised maturation of
sperm in the epididymis and other portions of reproductive ducts. One of the enzymes involved in reali-
zation process is germinal isoform of angiotensin I converting enzyme (gACE), also known as testicular
ACE (tACE). Our study revealed the key role of gACE in spermatogenesis and later in the process of fu-
sion of sperm and eggs, suggesting a possible remodeling and protective function of the enzyme toward
male gametes. This study is an attempt to demonstrate the importance of gACE in fertilization process
and male reproductive health.

Key words: gACE, testis, reproduction, sperm, male infertility.

Introduction

Semen is a complex organic fluid containing sperm and a complex of proteins that are
produced and secreted by male reproductive tract and its accessory glands. Much of
proteins produced act in specific areas, while others accompany sperm in their long way
of spermatogenesis, ducts of male and female reproductive system to final destination
oocytes/ova. During that process, sperm undergo series of physiological and biochemi-
cal events associated with sperm motility and capacitation. Investigations on such key
proteins are essential for better understanding of the evens responsible for infertility and
more specifically called idiopathic infertility.

The present study examines the role of germinal isoform of angiotensin I-conver-
ting enzyme (gACE) in male reproduction, in particular its function in male reproduc-
tive tract. A number of different cell surface proteins, such as membrane-anchored en-
zymes, receptors, and adhesion molecules, are targets of specific proteolytic processing
that releases their extracellular domain and may function as a posttranslational switch
for their biological activity [2, 19, 51].
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Structure and Function of ACE

In male mammals ACE is expressed in two isoforms encoded by a single gene and
transcribed from two alternative promoters [5, 9]: a somatic ACE (sACE), which is
expressed in numerous tissues (vascular endothelium, renal tubule, and intestinal epi-
thelium), and gACE (also known as testicular ACE), which is located on the plasma
membrane of sperm released from the testis [48, 55].

The structure of the ACE gene is a result of gene duplication in the distant past.
ACE molecule consists of an intracellular domain, a transmembrane domain, N- and
C- terminal domains. ACE is anchored to the plasma membrane near the C-terminus of
the enzyme. ACE also exists in a soluble form (in blood plasma, amniotic and cerebro-
spinal fluid and seminal plasma). The soluble form of the enzyme is released with the
mediation of unknown protease known as secretory ACE as a result of process called
“shedding” [4, 20].

ACE is zinc metalloproteinase that hydrolyses multiple substrates exerting mul-
tiple specific functions, some of them are still unknown. Acting as a non-specific di-
peptidase, by liberating di- and tripeptides from various proteins, the enzyme may par-
ticipate, in general processes as peptide metabolism, detoxification and absorption of
amino acids at cell surfaces [11].

Angiotensin converting enzyme is an integral part of renin-angiotensin-aldoster-
one system (RAAS) [36]. The system consists of a cascade of precursors which are
transformed into final bioactive products. The main peptides involved are as follows:
angiotensinogen, which is converted to angiotensin I (Ang I) by the enzyme renin se-
creted by the kidney. Ang I is converted by somatic isoform of ACE to potent vasocon-
strictor angiotensin II [Ang II or Ang (1-9)]. Therefore, sACE has been implicated in
the control of blood pressure and fluid-electrolyte balance [4, 11]. Somatic ACE also
played role in male reproduction catalyzing degradation of bradykinin, which stimu-
lated germ cell proliferation [1]. The enzyme is a marker for germ cell neoplasia [37].
Ang I is involved in Leydig cell steroidogenesis via cleavage of LHRH and substance
P. Epididymal sACE is responsible for remodeling of seminal fluid [12].

There is another form of ACE named ACE 2. ACE 2 is involved in generation of
alternative angiotensin peptides in particular, conversation of Ang (1-9) to Ang (1-7),
which is vasodilatator [43].

RAS involved prorenin, renin, angiotensinogen, Ang I and II and ACE and they
have been reported in reproductive organs, particularly in the ovary, epididymis and
testis [50, 53]. Ang II participated in several important functions for male gametes as
sperm motility, acrosome reaction and binding of sperm to the zona pellucida [54, 34].

ACE acts through two G protein coupled receptors, AT I and AT II. Activation of
AT I receptors is responsible for vasoconstriction and aldosterone release while AT 11
receptors are proposed to mediate antagonizing effects and apoptosis [6, 8, 13, 22, 40].
AT1 receptor is present in seminiferous tubules, in particular Sertoli cells and germ cells
and as well as in tails of spermatids. In mature sperm AT1 receptor is localized at the
base of the tail and in the acrosome area.

Role of gACE in the Testis

Germinal isoform of angiotensin I converting enzyme (gACE) is germ cell specific
isoform of male reproductive system that is a key factor for male fertility [53]. In con-
trast to SACE, gACE does not generate vasoconstrictor peptide Angll and substrate
for gACE has not been identified [12]. Germinal ACE is expressed at high level by
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developing germ cells and it is also present in mature sperm. Germinal ACE activity
is possibly linked with androgens and is involved with spermatogenesis and sperm
maturation.

During spermatogenesis the enzyme is detected in germ cells in rodents (mouse,
rat) and men. Although, gACE mRNA present in spermatocytes, the gACE protein is
found in post-meiotic germ cells (spermatids) during elongation steps in gradually in-
creasing pattern [3, 32, 47]. In adult rat stage specific pattern of protein expression
revealed [3]. Faint immunoreactivity appeared in the cytoplasm of round spermatids
step 8 (stage VIII of the cycle) in a round shape manner. Later that stage, the immu-
nostaining progressively increased and was located in caudally organized cytoplasm of
elongating spermatids. Immunoexpression of gACE became strong later than steps 12
of spermiogenesis (stage XII of the cycle) and reached maximum in steps 17-19 (stages
IV-VIII of the cycle). No immunoexpression of gACE was observed in other germ cell
types (spermatogonia, spermatocytes) as well as in somatic cells (peritubular cells, Ley-
dig and Sertoli cells). Similar pattern of cellular localization of and distribution gACE
was described in mice [32, 47].

Stage-specific expression of gACE was demonstrated in human testis where gACE
protein was found only in adluminal membranes of post meiotic germ cells later than step
3 round spermatids corresponding to step 7 round spermatids in rat [38]. Maximal expres-
sion of human gACE occurred in step 7-8 elongated spermatids. Germinal ACE mRNA
expression was detected in pachytene spermatocytes and round spermatids. The gACE
protein was always strictly confined to the adluminal membrane of differentiating sper-
matids, leaving the head and acrosomal regions free of detectable immunoreactivity [45].
After sperm release, gACE protein localized to residual bodies and the neck and midpiece
region of normal spermatozoa within the seminiferous tubules and ejaculates.

High gACE activity has been determined in human seminal plasma [46]. Immuno-
electron microscopy demonstrated that ACE is mainly located at the plasma membrane
of the acrosomal region, equatorial segment, postacrosomal region and midpiece [28].
Arole of the gACE in capacitation, acrosome reaction and binding to zona pellucida has
been suggested by several authors [10, 49].

In spermatozoa the protein is localized in the neck and middle part of ejaculated
mature spermatozoa [45]. Dipeptidase activity of gACE is responsible for release of
GPI proteins from sperm membrane that is important for sperm-zona pellucida binding,
necessary for fertilization. Acting like a GPI-anchored protein releasing factor, gACE
shed various GPI-anchored proteins, mostly PH-20 and Tesp5 from the cell surface
of germ cells [27, 29]. Therefore, gACE may serve as marker for fertilizing ability of
spermatozoa.

Stage specificity of gACE localization during spermatogenic cycle characterizes
gACE as a good marker for stage of spermatid differentiation [3]. In rat testis expres-
sion of gACE starts and reaches maximum in androgen dependent stage VIII of sper-
matogenic cycle that implies androgen regulation of enzyme production in germ cells.
Localization pattern of gACE revealed the importance of elongation phase of sper-
matids in male germ cell differentiation with respect to gene expression and not only
to morphological modifications. Expression of gACE in post meiotic germ cells is an
example for specific gene activation and translation during spermiogenesis [12].

Expression of gACE was investigated by application of various experimental mod-
els in rat as spontaneous hypertension (SHR), androgen deprivation and hyperglycae-
mia (diabetes mellitus) [3, 31]. Data suggested that gACE can be used as a marker for
germ cell depletion in experimental and pathological conditions. In particular, gACE
can be recommended for precise visualization and evaluation of spermatid loss that is
not optional by routine histological technique.
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Developmentally, with the advent of puberty, gACE increased significantly in the
testes and ductuli efferentes and to a lesser extent in the more distal regions of the male
reproductive tract. The gACE concentration in the testicles is the highest among of the
all organs [15].

Studies on human males revealed time-related changes in the cell specific expres-
sion of SACE. Switch of both ACE isoforms in human germ cells occurred: SACE is
found in foetal gonocytes but only gACE is exclusively expressed in spermatids and
spermatozoa. Generally, Sertoli cells show only a weak and markedly diffuse immu-
noreactivity for sACE. This labelling disappears towards the end of gestation but may
be maintained in some seminiferous tubules for months after birth. Both of Leydig cell
populations — fetal and adult expressed sACE [38].

Role of gACE in the Epididymis

Once sperm have undergone process of formation and differentiation in the testis, they
enter the epididymis. Epididymis is divided into three regions: caput, corpus and cauda.
The proximal part of caput epididymis is designated as initial segment. Segmentation of
epididymis contributed to establishment of morpho-functional compartments, each of
them maintain unique microenvironment due to segment-specific expression of genes
encoding signaling molecules, transcription factors, receptors, regulatory and transport
molecules. Such segment-specific microenvironment is essential for adequate response
of epididymal epithelium to hormones and regulatory factors [52].

Epididymis is a target androgen regulation that is important for segment specific
physiology and stimulation of production and secretion of factors interacting with sur-
face proteins located on sperm membrane [15].

Turner et al. suggested that whole amount of gACE in luminal fluid of the
epididymis derived from the testis resulting from an active proteolytic process and re-
lease of extracellular domain of the enzyme from the sperm surface occurred in the
initial segment. Using PCR and Northern blot the author did not found mRNA of gACE
suggesting that gACE protein is not produced in the epididymis [14, 35]. Moreover,
the amount and sACE mRNA is very low in the epididymis and the protein is hardly
discernible. Germinal ACE is absent from the liquid fraction in the epididymis in azoo-
spermic men thereby demonstrating that ACE in luminal fluid of the epididymis is de-
rived from membrane-binding gACE of the sperm [14, 39].

High ACE activity has been determined in human benign prostatic hyperplasia,
whereas normal prostates apparently have low enzymatic activity [46]. Vas deferens
and seminal vesicles showed low ACE activity [18].

Role of ACE in Female Reproductive Physiology

ACE plays a significant role in ovarian physiology as follicular development, steroi-
dogenesis and formation of corpus luteum, egg maturation, ovulation and follicular
atresia. Appearance of ACE in the ovary is regulated by gonadotropins. Angiotensin
II bioactive octa-peptide is involved in paracrine and autocrine regulation of different
phases of female reproductive cycle [17]. Angiotensin II receptors are AT2 subtype and
they are located primarily on granulosa and theca interna cells of atretic follicles [7, 41].
Kuji et al. [30] reported that Ang II facilitates follicular development and ovulation in
the rabbit via AT2 receptor, since an AT2 receptor antagonist inhibited hCG- and Ang
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II-induced ovulation, oocyte maturation in vitro, as well as, Ang Il-induced estrogen
and prostaglandin production.

High concentrations of renin and Ang II were found in all utero-placental tissues.
The presence of renin mRNA in the endometrium, choroid and fetal part of the placenta
proves local renin synthesis. Ang II is important for the contraction of uterine muscles.
Ang II is also committed in the regulation of utero-placental blood flow [16].

Germinal ACE and Male Infertility

Role in sperm—zona pellucida binding

Experiments with genetically manipulated mice provided new data about essential role of
gACE for male reproduction and fertility. For better understanding of the role of gACE
and sACE in the male reproduction, an insertional disruption of the somatic but not the
testicular ACE gene was generated. Males homozygous for this mutation have normal
amounts of testicular ACE mRNA and protein but completely lack of somatic ACE (equal
to complete knockout of SACE) is responsible for severe kidney pathology. Nevertheless,
homozygous for SACE mutation males have normal fertility, proving conclusively that
somatic ACE in males is not essential for their fertility. ACE null mice lacking both so-
matic and testicular ACE are infertile suggesting that only gACE has critical importance
for male fertility by acting differently compared to sACE. Infertility, independently of
normal testis weight, sperm count and morphology, is due to altered sperm migration in
the oviduct and their ability to bind zona pellucida. In mutant mice lack of expression of
gACE on sperm membrane may result in lack of processing of some cell surface proteins
of the sperm. Mutants exhibit also low blood pressure and renal dysfunction. Experiments
with transgenic expression of testicular ACE in ACE null mice restored fertility, whereas
transgenesis of somatic ACE in ACE mutants did not and mice were infertile. Therefore,
sACE cannot substitute gACE in male reproduction [42].

Sperm phenotype, i.e., failure of sperm to bind to the zona pellucida, was found
not only in mice deficient in ACE gene but in genetic model of disruption of a number
of genes, e.g., calmegin (CLGN), calsperin (CALR3), fertilin alpha (ADAM]1) and beta
(ADAM2) and ADAM3. Data from these knockout models provided new understand-
ing of molecular mechanisms of gACE function in male fertility. In particular, gACE
is not a direct mediator of the connection between sperm-zona pellucida. Interactions
and relationships of ADAMs proteins with calmegin and calsperin are possibly respon-
sible for zona binding ability of sperm. Because calmegin functions as a testis-specific
molecular chaperone for membrane transport of target proteins, there is a possibility of
misfolding of membrane surface ADAMSs proteins of sperm from CLGN-/- mice. As
gACE showed normal activity in CLGN-/- mice, CLGN seems to be not involved in
transporting ACE to the sperm membrane. The role of ADAM3 protein and its regula-
tion was investigated using both of GLGN- and ACE- deficient mice. ADAM3 was
absent from GLGN-/- and ACE-/- sperm suggesting that both of gACE and GLGN are
involved in distributing ADAM3 to a location on the sperm surface where it can partici-
pate in sperm-zona pellucida binding [21, 24, 56].

Role in sperm—egg fusion

Similar approach of genetic mouse models was applied for identification of genes res-
ponsible for sperm-egg fusion. It is known that only acrosome reacted sperm have an
ability to fuse with eggs. During acrosome reaction, sperm shed the plasma membrane
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in their acrosomal cap area and expose their inner acrosomal membrane. So far, two
essential proteins have emerged to be involved in sperm-egg fusion — CD9 on egg
membrane and [IZUMO1 on sperm [25]. [ZUMOL is a transmembrane protein with an
extracellular region, a single transmembrane region and a short cytoplasmic tail [26].
Mice lacking IZUMO gene (IZUMO -/-) were healthy but males were sterile. They
produced normal-looking sperm that bound to and penetrated the zona pellucida but
were incapable of fusing with eggs. Human sperm also contain [zumo and addition of
an antibody against human Izumo left the sperm unable to fuse with zona-free eggs
[23]. In attempt to find an [ZUMO1-interacting protein, Inoue et al. [26] proposed
gACE3 that has been previously reported by Rella et al [44] as a novel homologue of
testis specific, but only at mRNA level. In mice lacking ACE3, the only phenotype
found in ACE3-deficient sperm is that the localization of [ZUMO1 extended to a
broader area than in wild-type sperm having no effect on sperm fertilizing ability.
Therefore, elimination of gACE3 did not result in a loss of sperm fertilizing ability,
differing from the case of gACE disruption.

Recent data by Li et al. [33] outlined a possible application of gACE as a marker
for sperm selection for assisted reproductive technologies. Using Western blot and
immunofluorescence, the author suggested that absence of gACE expression is res-
ponsible for total fertilization failure and lower fertilization rates by in vitro fertiliza-
tion (IVF). Therefore, sperm lacking gACE may be recognized before commencing
IVF and that the patients may be directed instead to consider intracytoplasmic sperm
injection.

In conclusion, our review provides broad understanding of the role of gACE as
a novel marker for male fertility. Protein interactions between gACE and other im-
portant key factors located on sperm surface underlie molecular events/mechanisms
of fertilization. The identification and understanding of the role of gACE in matura-
tion mechanisms of key sperm proteins will pave the way toward novel approaches for
both contraception and treatment of unexplained male infertility. Clinical application of
gACE in assisted reproductive technologies promises new perspective for development
of reproductive medicine.
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