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Serum GDIla Ganglioside
in Patients with Multiple Sclerosis

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

Institute of Experimental Morphology and Anthropology, Bulgarian Academy of Sciences, Sofia
* National Institute of Psychiatry and Neurology, Budapest
** National Centre of Radiobiology and Radiation Protection, Sofia

In order to obtain more information concerning the neuronal damage in early multiple sclerosis(MS), the
relative distribution of GDI a, one of the major human brain neuronal ganglioside fraction, was deter-
mined in the serum of patients with MS and of healthy subjects. The MS patients were with primary pro-
gressive MS (PPMS) and with remitting-relapsing MS during the first attack of the disease (FARRMS).
An increase of GDI a portion in the serum of patients with PPMS and FARRMS was observed. The dif-
ference in relative proportion of GDIa between healthy subjects, patients with PPMS and FARRMS was
statistically significant. It could be suggested that these findings are connected with the neuronal injury
in the early phases of MS pathogenesis.They further support the concept of MS as a neuronal disease.

Key words: multiple sclerosis; ganglioside GDI a; serum.

Introduction

Multiple sclerosis (MS) is considered to be prototype of primary demyelinating dis-
ease in the central nervous system (CNS) in every textbook of neurology. However,
in the past few years a considerable body of evidence indicates that neurons are also
targets of the disease process [3, 4, 7, 9, 10, 15, 16]. Furthermore, in 2000 the Edito-
rial paper of Wax m an [17] in Archives of Neurology was entitled “Multiple Scle-
rosis as a Neuronal Disease”. Although there is an increasing agreement that axonal
loss is a major factor contributing to disability in the later stages of MS [2, 11, 13]
the relation of neuronal damage to the pathogenesis of MS in the early stages of the
disease remain to be elucidated.

Recent studies have shown axonal damage early in the evolution of MS [5,13,
21]. The role of axonal degeneration in MS suggests that neuronal or axonal mark-
ers could be used to monitor disease progression.



Ganglioside GDl a is one of the major gangliosides in human brain neurons
[19]. It was reported that GDla was also the predominant ganglioside fraction in the
bovine brain axons (without axolemma) [6]. The ganglioside spectra of normal
blood plasma are remarkably stable and show only minor variations in samples
from healthy donors of different age and sex [12]. However, in pathological condi-
tions the plasma ganglioside spectrum may undergo pronounce changes [1, 14].

Recently, we first reported evidence that the serum ganglioside pattern undergoes
significant changes in remitting-relapsing multiple sclerosis (RRMS) [20]. In order to
obtain more information concerning the neuronal damage in early MS in this study the
relative distribution of GDla was determined in the serum of patients with primary pro-
gressive MS (PPMS) and of RRMS patients during their first MS attack (FARRMS).

Materials and Methods

Serum Samples

Sera were obtained from 20 patients with clinically definite MS and from 20 healthy
subjects. Eight patients were evaluated during their first attack of the dis-
A
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Fig. 1. Densitograms of Serum Gangliosides of
MS Patients and Healthy Subjects

A — Healthy Subjects; B — Patients with first
RRMS attack.(FARRMS)



ease ofwhat later was definitely diagnosed as RRMS and 12 patients were with
primary progressive MS (PPMS).

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

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

b) total lipid triple extraction with cyclohexane (I), chloroform : methanol
=1:1 (v/v) (1), and chloroform : methanol =1:2 (v/v) (l11);

c¢) non-polar lipids removal by preparative TLC with a mobile phase: chloro-
form : methanol: 0,3 % CaCl2= 30:18:4 (v/v/V);

d) elimination of the blood sugar by Sep Pak technique according to Wi 11 -
iamsand McCluer [18].

e) HPTLC of the ganglioside fractions with a mobile phase: chloroform
methanol: 0,1 M sodium lactate = 55:40:10 (v/v/v).

The spots were visualized by spraying with orcinol reagent followed by local
heating at 110°C and the gangliosides were quantified densitometrically. Bovine
brain gangliosides (Calbiochem) were used as a test mixture for identification. Four
independent analyses and quantifications were conducted for each MS group and
healthy subjects.

The relative distribution of three serum gangliosides (GM3, GM1 and GDIla)
in the serum of patients with RRMS during their first MS attack (FARRMS), of pa-
tients with primary progressive MS (PPMS) and of healthy subjects (HS) was recal-
culated on the basis of densitograms (Fig. 1 — A andB).

The Student’s test was used to determine statistical differences between the
groups using P value of less then 0,05 as the level of confidence. The data are pre-
sented as a mean value (M) £ standard error of mean (SEM) ( Table 2).

Results

An increase of GDla portion in the serum of PPMS and FARRMS was observed
(Fig. 2 and Table 1).

Fig. 2. Serum GDla Gangliosides (in rel.%) in patients with PPMS,
FARRMS and of Healthy Subjects



The difference in relative proportion of GDla between healthy subjects
patients with PPMS and FARRMS was statistically significant (p<0.05)

(Table 2).

Tablet. Relative Percentage of Serum GDla
Ganglioside Fractions in Healthy Subjects and
in MS Patients

Group* M + SEM
HS (n = 20) 129 + 0.40
FARRMS (n = 8) 283 + 0.30
PPMS (n = 12) 27.3 + 0.18

*HS — healthy subjects; FARRMS — patients
with first RRMS attack; PPMS — patients with
primary progressive MS; SEM — standard error

T ab le2. Results of Student’s Test Indicating
Significance of Differences between HS,
FARRMS and PPMS Patients with P Value of
less than 0.05 Considered Significant

Group* P value
HS vs FARRMS 0.02
HS vs PPMS 0.009

*HS — healthy subjects; FARRMS — patients
with first RRMS attack; PPMS — patients with
primary progressive MS

of mean; n — number of evaluated subjects

Discussion

This study has revealed a considerable increase of GDla portion in the serum
of PPMS and FARRMS patients. A statistically significant difference of GDla por-
tion was found between the healthy subjects and the patients with PPMS and
FARRMS. These findings are in full concordance with our previous data concerning
serum ganglioside spectrum in patients with RRMS [20]. The group of RRMS pa-
tients with their first MS attack had significantly rise of GDIla portion in the serum.
The increase of serum GDla in patients with PPMS was demonstrated for the first
time in this study.

Early neuronal damage in patients with MS has been observed in vivo by mag-
netic resonance spectroscopy (MRS) which shows decreased levels of the neuronal
specific marker N-acetylaspartate (NAA) in early stages of MS [5]. By assessing cen-
tral brain NAA in MS patients with a wide range of disability and disease duration
De Stefano etal [5 showed that diffuse cerebral axonal damage begins in the
early stage of RRMS and develops more rapidly in the earlier clinical stage of the
disease.

Pathological studies of Ferguson etal. [7] and Trapp et al. [15] applying
modern morphological techniques, have provided evidence of axonal injury
throughout active MS lesions. Ferguson et al. [7] used amyloid precursor pro-
tein as a histopathological marker of damage axons, while Trapp et al. [15] used
confocal microscopy and immunohistochemistry applying an antibody to non-
phosporylated neurofilament epitopes, which are increased in demyelinating axons.

Our recent electronmicroscopic investigations revealed early axonal damage
in chronic relapsing experimental allergic encephalomyelitis which shares histo-
pathological and immunological parameters with MS [21].

Considering the data mentioned above, and the fact that GDIla is one of the
major ganglioside in human brain neurons, we could suggest that the increase of
GDla portion in the serum of FARRMS and PPMS is connected with the neuronal
injury in the early phases of MS pathogenesis. Therefore, serum GDla gangliosides
could be used as neuronal markers to monitor disease activity. Our findings further



support the concept of MS as a neuronal disease. The neuronal pathology in the
early MS argue for the early treatment of MS with agents directed toward neuronal
protection.

References

1.Ayabe, M, S. Shichijo, M. Yokoyama. Diagnostic value of ganglioside patterns in plasma
of human diseases. — J. Clin.Lab. Analysis, 3, 1989, 301-306.

2. Barnes, D, E M. G. Munro, B. D. Youl, J W Prineas, W. I. McDonald. The
longstanding MS lesion: a quantitative MRI and electron microscopic study. — Brain, 114,
1991, 1271-1280.

3.Bjartmar, C,X.Yin,B.D.Trap p. Axonal pathology in myelin disorders. — J. Neurocytol.,
28, 1999, 383-395.

4. Compston, A, A. Co!les. Multiple sclerosis. — Lancet, 359, 2002, 1221-1231.

5. De Stefano, N, S. Narayanan, G. S. Francis, R. Arnaoutelis, M. C. Tartagli a,
J. EAnte |, EM. Matthews, D. L. Arnold. Evidence of axonal damage in the early
stages of multiple scerosis and its relevance to disability. — Arch. Neurol., 58, 2001, 65-70.

6.De Vries, G, WNorton. The lipid composition of axons from bovine brain. — J. Neurochem.,
22, 1974, 259-264.

7.Ferguson, B, M. K. Matyszak, M. M.Esiri, V.H.Perry. Axonal damage in acute multiple
sclerosis lesions. — Brain, 120, 1997, 393-399.

8.1linov,P,D.Deleva,SSDimov,E.Zaprianova. Avariant for isolation of serum ganglio-
sides. — J. Liquid Chrom. Rel. Technol., 20, 1997, (8), 1149-1157.

9. Kornek, B, H. Lassman. Axonal pathology in multiple sclerosis: a historical note. — Brain
Pathol., 9, 1999, 651-656.

10. Lovas, G, N.Szilagyi, K. Majtenyi M. Palcovits, S. Komo!ly. Axonal changes in
chronic demyelinated cervical spinal cord plaques. — Brain, 123, 2000, 308-317.

11.Scoldihg, N, R.Frank!in. Axon loss in multiple sclerosis. — Lancet, 352, 1998, 340-341.

12.SennH. J, M. Orth, E. Fitzke, H. Wieland, W G erok. Gangliosides in normal human
serum. Concentration, pattern and transport by lipoproteins. — Eur. J. Biochem., 181, 1989,
657-662.

13.Silber, E, M. K. Sharief. Axonal degeneration in the pathogenesis of multiple sclerosis. — J.
Neurol. Sci., 170, 1999, 11-18.

14. Suz uki, K. Gangliosides and disease: a review. — Adv. Exper. Med. Biol., 174,1985,407-418.

15. Trapp, B. D., J. Peterson, R. M. Ransohoff, R. Rudick, S. Mork, L. Bo. Axonal
transection in the lesions of multiple sclerosis. — N. Engl. J. Med., 338, 1998, 278-285.

16. Trapp, B.D.,R.Ransohoff R.Rudick. Axonal pathology in multiple sclerosis:relationship
to neurologic disability. — Curr. Opin. Neurol., 12, 1999, 295-302.

17.Waxman, S. G. Multiple sclerosis as a neuronal disease. — Arch. Neurol., 57, 2000, 22-24.

18. Williams, A, R.Mc Cluer. The use of Sep-Pak C18 cartidges during the isolation of ganglio-
sides. — J. Neurochem., 35, 1980, 266-270.

19. Yu, R, K. 1 gbal Sialosylgalactosyl ceramide as a specific marker for human myelin and oligoden-
droglial perikarya: gangliosides of human myelin, oligodendroglia and neurons. — J.
Neurochem., 32, 1979, 293-300.

20.Zaprianova E,D.Deleva Ellinov,E.Sullanov,A . Filchev,L.Christova, B.
Sultanov. Serum ganglioside patterns in multiple sclerosis. — Neurochem. Research, 26,
2001, (2), 95-100.

21. Zaprianov a, E.,, 0. Sotnikov, S. Sergeyeva, D. Delev a, A. Filchev, B. Sultanov.
Axonal reaction precedes demyelination in experimental models of multiple sclerosis. — Mor-
phology (in Russian), 5, 2002,54-59.



Institute of Experimental Morphology and Anthropology

Acta morphologica et anthropologica, 8
Sofia«2003

Leucocytes in Ovarian Corpus Luteum During
its Lifespan

V. Bourneva, R. Denkova, E. Zvetkova
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The appearance of different leucocytes and macrophages in the guinea pig corpus luteum of pregnancy
and of the oestrous cycle was investigated electronmicroscopically. During the neovascularization in the
early corpus luteum, eosinophills , neutrophills and lymphocytes were seen between the luteinizing cells,
while during the corpus luteum involution autophagocytosis and heterophagocytosis (with participation
of macrophages) were available. The role of the leucocytes (granulocytes, lymphocytes) and the mac-
rophages for the development and function of the corpus luteum was discussed.

Key words: ovary, corpus luteum, leucocytes (granulocytes, lymphocytes), macrophages, ultra-
structure.

Recently appeared some studies on the presence of different blood cells (eosi-
nophils, neutrophils, lymphocytes, macrophages) in the ovary during the preovu-
latory period and the formation, functioning and regression of the corpus luteum
[2, 11 ]. It is well known that the processes of the luteinization of the ovulated fol-
licle is accompanied by the neovascularization, but the understanding of its cellular
and molecular mechanisms is still uncomplete [12].There is some evidence that eosi-
nophils play a role in the degradation of the follicle wall at the time of ovulation
and exert a major influence on the neovascularization of the corpus luteum [10]. On
the other hand, recent evidence indicates that the cells of the immune system (T- and
B-lymphocytes, macrophages, granulocytes) and their large network of secretory pro-
ducts or cytokines, play an active role in the ovary throughout the oestrous cycle [9].

The aim of this study is to describe the appearance of the leucocytes and mac-
rophages during the formation and involution of the guinea pig cyclic corpus lu-
teum and the corpus luteum of pregnancy.

Material and Methods

Guinea pigs corpora lutea of pregnancy (at the 9th, 15th,35th,45th, 63th day and
two days after parturation) as well as during the oestrous cycle (3, 9, 14 and 20 days
after ovulation) were prepared for electronmicroscopical study (fixation in 6% glutaral-
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dehyde in phosphate buffer, postfixation in 1% osmium acid with 3,4% saccharose, de-
hydration and embedding in Epon) .The semithin sections were stained with Toluidin
blue-pironine. The thin sections were stained with Uranyl acetat and Lead citrat.

Results and discussion

At early pregnancy of guinea pig (9 th and 15th day) and on third and 9 th days
after ovulation, various leucocytes subsets (lymphocytes, eosinophils, neutrophils)

Fig. 1. Corpus luteum at early pregnancy (9" day) — around the capillaries many leucocytes are
seen (‘arrow) (x 100)

Fig. 2. Corpus luteum at midpregnancy (35l day) — around the capillaries single leucocytes are
seen (arrow) (x 100)



Fig. 3. Corpus luteum at early pregnancy (9th day) eosinophil (Eo) between the luteal cells (L) (x 16 000)

were seen in the vessels and around its when the neovascularization was available
(Fig.1,3, 4).

The luteal cells possess the well developed agranular endoplasmic reticulum
(whorls), mitochodria with tubular cristae and lipid droplets, which are the ultra-

10



Fig. 4. Corpus luteum at early pregnancy (9th day) — polymorphonuclear leucocyte (PMN) in the capil-
lary (x 14 000)

structural features of steroid producing cells (Fig. 3, 4).

Corpus luteum is a model of transicient physiological formation of the new
blood vessels in the adult [12, 5 ]. In this early stage of guinea pigs corpus luteum
formation eosinophils and polymorphnuclear leucocytes could be seen (Fig.3, 4).
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Fig. 5. Corpus luteum 20th day after the ovulation — many mac-
rophages are seen (x 100)

Different trafficking mechanisms involved in the appearance of these
leucocytes during the luteinization have been suggested in the literature. Vigano
et al. [13] pointed out the cyclic expression of adhesion mollecules in the mamma-
lian ovary. After R o h m et al. [11] the selective migration of various leucocytes sub-
populations into ovary during the preovulatory period and follicular regression is
accompanied by changes of the distribution pattern of adhesion molecules on the
leucocytes and endothelial cells. On the other hand, the morphological signs of dia-
pedesis and emperiopolesis can be asked. The emperiopolesis /term given by
Humble et al. [7] for engulfment of viable cells within other viable cells without
reciprocal damage/, has never been reported for internalization of leucocytes by
arterial muscular cells [6]. In our electronograms we have also not seen the
emperiopolesis of leucocytes in corpus luteum endothelial cells. After Rohm et
al. [11] eosinophil accumulation at the time of ovulation and early corpus luteum
development is due to their diapedesis from the circulation.

During the development and the bloom stage of the guinea pig corpus luteum
of pregnancy (mid pregnancy) and of the oestrous cycle (on the 15th day of the

12



Fig. 6. Luteal cells two days after the parturation — autophagic structures in the cytoplasm (x 15 000)

cycle), the eosinophils and neutrophils desappeared (Fig. 2 ) and appeared cells
with phagocytic cell debris.

The results presented in this study show some differences in ultrastructural
changes durind involution of corpus luteum of pregnancy and corpus luteum
cyclicum. At the end of guinea pig pregnancy autophagic processes (degenerative
changes in the cytoplasm, enlarged cysternae of agranular endoplasmic reticulum,
lipid droplets or the formation of autophagic vacuoles — i.e. secondary lysosomes)
predominate in the luteal cells (Fig. 6). During the regression of the corpus luteum

13



Fig. 7. Macrophages in the cyclic corpus luteum 20 days after ovulation (x 10 000)

cyclicum the heterophagocytosis is prominent and round large cells are seen among
the luteal cells. Its nuclei are excentric situated and in the cytoplasms the large
vacuoles and abundant large and small lysosomes could be visualized (Fig. 5, 7).
Kasuya and Kawabu c hi [8] have been reported for the first time macropha-
ges within the growing follicles of the guinea pig. There are different points of view
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about the genesis of macrophages in corpus luteum: from theca interna [1], from
capillar litoral cells and pericytes [4], by monocyte migration from the blood ves-
sels [3].

Further investigations on the mechanisms involved in the selective increase of
eosinophils, neutrophils and lymphocytes during the neoformation of the corpus
luteum and of the increase of macrophages during its involution could be directed
to the processes of blood cell migration and its physiological role in the corpus
luteum functions.
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In the present study the rat testes on postnatal days 5, 10, 15, 20, 24,27 and of mature Wistar rats,
received single i.p. injection of ethane dimethane sulphonate (EDS) were used. The ultrastructural char-
acteristics of the LC, 3p hydroxysteroid dehydrogenase (3PHSD), and glucose-6-phosphate dehydroge-
nase enzyme activities were studied. The dynamics of appearance and intensity of enzymes investigated
corresponded with postnatal structural differentiation of the LC. The restoration of new LC population
after EDS administration repeats the process of normal LC development with a similar time range. The
results obtained strengthen the view for the differentiation processes of the LC during the postnatal de-
velopment.

Key words: Leydig cells, ultrastructure, enzymohistochemistry, EDS

Introduction

The postnatal development of the Leydig cells (LC) in mature, differentiated
cell forms with low proliferation ability involves the processes of proliferation,
differentiation and testosterone production. It has been reported that during rat
development two LC populations existed: fetal type LC, producing androgens
required for the fetal masculinization and postnatal LC [9]. The fetal LC originate
prenatally from mesenchymal-like precursor cells situated in the testicular
interstitium, one part of which transform into rounder, testosterone-producing fetal
LC, while others remain spindle shaped and differentiate after birth into the mature
LC [9]. The fetal type LC rapidly regreses during the first three weeks after birth [13].
It should be noted that the adult LC derive not from the fetal type, but from the
undifferentiated mesenchymal-like precursor cells or stem cells. The embryonic
origin of Leydig stem cells is still disputable. There are data in this direction
providing evidence that the mesonephric mesenchymal cells in the interstitium are
a potential source of LC stem cells [3]. During the ontogenesis the interstitial
mesenchymal cells form mixed population of stem cells from which derived also
peritubular myofibroblasts, testicular macrophages and interstitial fibroblasts [2].
The difficulty to identify the Leydig stem cells is caused by lack of specific markers.
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Based on data reported by Hardy et al. [7], by 14 postnatal day Leydig stem cells
proliferate and transform into progenitor cells, which are an intermediate stage in
the LC development and could be found in rat testis between days 14 and 28 after
birth. The LC progenitors differentiate morphologically into immature LC between
days 28 and 56 postpartum which divide once and then transform into adult type
LC.

Ethane-1, 2-dimethanesulphonate (EDS) is a unique toxin with cytotoxic ac-
tion confined almost exclusively to adult, but not immature, rat LC [16, 12]. EDS
selectively decreases or eliminates both basal and LH-stimulated testosterone pro-
duction in vivo and in vitro, thus providing a model in which there is a complete loss
of LC within the testis [12,14]. It has been shown that a single dose of EDS injected
into adult rats caused a temporary impairment of fertility, reduced levels or loss of
serum and intratesticular testosterone and elevated pituitary secretion of LH and
FSH as a result of the destruction of existing LC [11, 20, 16]. During the first two
days after EDS application, the LC population in the rat may be eliminated by mac-
rophages [5] and subsequently two to three weeks new LC appeared and regenerated
completely eight to ten weeks after treatment, apparently from proliferating inter-
stitial mesenchymal-like precursor cells [11, 18].

The purpose of our study was to establish the morphological and
enzymehistochemical features of rat LC during the postnatal development and of
newly formed LC population after treatment with EDS.

Material and Methods

Testes of Wistar rats (u1=16) on days 5, 10, 15, 20, 24 and 27 after birth and of
adult rats («=7), received single i.p. injection of EDS (75mg/kg body weight) were
used as material. The experimental animals were killed 14, 21 and 30 days after
initial EDS administration.

Electron microscopy — testicular fragments were fixed in phosphate-buffered
2.5% glutaraldehyde and postfixed in 1% osmium tetraoxide. Tissue was dehydrated
in ethanol and embedded in Durcupan (Fluka). The ultrathin sections were
contrasted with lead citrate and uranyl acetate.

Electronograms were made on a Philips-CM 12.

Enzymohistochemistry — on fresh cryostat sections (5 p,m thick) the enzyme
activities of 30 hydroxysteroid dehydrogenase with substrate dehydroepiandroste-
rone [15] and glucose-6-phosphate dehydrogenase with substrate glucose-6-pho-
sphat [8] were studied. Controls. Sections were incubated in medium without the
specific substrate for the corresponding enzyme.

Results

The electron microscopic observation showed that in rat testicular interstitium
on the 5th and 10th postnatal day abundant fetal type Leydig cells with large size
and high density of the cytoplasm could be seen. The fetal LCs were recognizable
by their spherical nucleus with dense chromatin, lipid droplets, well-developed
smooth endoplasmic reticulum (SER) and mitochondria with mainly tubular cristae.
Strong 30HSD and glucose-6-phosphate dehydrogenase activities were found in the
LC at these stages of postnatal development. Between 15 and 24 postnatal days the
number of fetal type LC progressively decreased and structural features of their
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Fig. 1. Electron micrographs

a — ultasructure of progenitor type
LC (postnatal day 15) without lipids
and well- developed SER (x 9600)
b — ultrastructure of immature
LC (postnatal day 27). Numerous
lipid droplets, steroidogenic type
mitochondria and well-developed
SER are evident in the cytoplasm
(x 12 400)

¢ — ultrastructure of adult type LC
(30 day after EDS). An abundance
of smooth endoplasmic reticulum,
Goldgi complex and tubular mito-
chondria was observed (x 19 000)



Fig. 2. Histochemical visualization of 3PHSD enzyme activity
a — in the immature Leydig cells (postnatal day 20) (x 400)
b — in the newly formed LCs 21 days after EDS treatment (x 400)

involution could be observed — volume reduction, nuclear condensation and
vesicular form of smooth endoplasmic reticulum. In the intertubular space a few
elongated or spindle shaped LC occurred whose ultrasructure corresponded to that
of progenitor type LC — small cytoplasmic volume, no lipids and absence of well-
developed SER (Fig. | — a). In comparison with the fetal type LC, 30HSD and
glucose-6-phosphate dehydrogenase enzyme activities in the LC progenitors were
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reduced. On the 20th day after birth the appearance of interstitial cells with similar
electron microscopic pattern to those of immature type LC were observed. In
contrast to LC progenitors, immature LC were larger and rounder, with lipid
droplets. Their cytoplasm was tightly packed with tubular cisterns of SER,
pleomophic steroidogenic type mitochondria and rough endoplasmic reticulum
(RER), (Fig. 1 — b). They were intensively stained for 30HSD (Fig. 2 — a) and
glucose-6-phosphate dehydrogenase activities (Fig. 3 — a). Two weeks after EDS
administration the electron microscopical observation revealed spindle shaped
progenitor type LC with small cytoplasm and well developed RER. The progenitors
showed 30HSD and glucose-6-phosphate dehydrogenase activities with low staining
intensity. Between 21 and 30 days after treatment with EDS electron microscopic
analysis demonstrated that immature type LC predominate in the interstistial space.
A strong activity for 3|3HSD (Fig. 2 — b) and glucose-6-phosphate dehydrogenase
(Fig. 3 — b) was found in the cytoplasm of immature LCs. On day 30 after EDS
adult type LCs can be observed between the seminiferous tubules. They were
recognized by their abundant SER, steroidogenic type mitochondria, decline in lipid
droplets (Fig. 1 — ¢). and intensively staining for 3]3HSD and glucose-6-phosphate
dehydrogenase activities.

Discussion

It has been reported that fetal type LC secreting androgens during the fetal
period, progressively reduce in number and involute postnatally [9]. Our findings
confirmed this fact, as well as other publication, in which the fetal LC were
described as cells with numerous lipid droplets, well-developed SER and strong
30HSD enzyme activity [4, 6,13]. We found involution markers in the cytoplasm of
some of the fetal LC such as vesiculation of SER and membrane whorls. Our results
showed that between 15 and 24 postnatal days, besides the reduced number of fetal
LC, elongated or spindle shaped progenitors were observed, which corresponds to
previously data for the presence of LC progenitors in rat testis between days 14 and
28 postpartum [7]. In the,present study moderate to low 3$HSD and glucose-6-
phosphatdehydrgenase enzyme activities were detected in the LC during this period.
Because of using of NAD as a cofactor, the activity of 3[3HSD is dependent of
glucose-6-phosphate dehydrogenase. In this regard, the developmental changes in
glucose-6-phosphate dehydrogenase enzyme activity are similar to 3[3HSD intensity
pattern. The mechanism by which LC progenitors produce androgen when they lack
well developed SER and have weak 30HSD enzyme activity is still obscure. An
explanation in this direction is that the LC progenitors maybe have mitochondrial
form of steroidogenic enzymes [1]. The present results confirmed the established
transformation of progenitors into immature type LC with abundant SER and lipid
droplets and increase in steroidogenic enzyme activities in them between postnatal
days 28 and 56 [4, 6, 17]. Following EDS administration, we found the first 3|3HSD
enzyme activity on the day 14 after treatment and strong increasing labeling
intensity for this enzyme in the newly formed LC on days 21 and 30. Our data
confirm the results by Teerds et al. [19] indicating 3PHSD enzyme activity as a
marker for LC differentiation after EDS treatment and provide additional evidence
for the similarity between steroidogenic enzyme pattern in rat LC during the
postnatal development and after EDS. Therefore, the increase in steroidogenic
enzyme activity occurs in tandem with the structural features of steroidogenic
differentiation.
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Fig. 3. Histochemical visualization of glucose-6-phosphate dehydrgenase enzyme
activity

a — in the clusters of interstitial LCs on day 24 postpartum (x 400)

b — in the newly formed LCs 21 days after EDS treatment (x 400)

In conclusion, as far as the regeneration of LC repopulation in adult testis af-
ter EDS treatment repeats the prepubertal LC development, the results obtained
strengthen the view for the differentiation processes of LC in rat testis.
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This study sought to establish the relative importance of direct and gonadotropin-mediated effects on the
testis at age 18 days after neonatal treatment with a high (10 p.g) or a low (0.1 pg) dose of diethylstilbestrol
(DES). Rats were treated on alternative days from day 2 — 12 with DES or GnRH antagonist (GnRHa),
alone or combined. Treatment with 10 pg DES or GnRHa, alone or combined, had similar negative ef-
fects on Sertoli cell nuclear volume/number per testis, germ cell apoptotic index, Leydig cell volume per
testis and spermatocyte volume per unit Sertoli cell. Injection of DES 10 pg + GnRHa, but not GnRHa
or 0.1pg DES alone, induced major overgrowth/distcnsion of rete testis. However, co-administration of
0.1 pg DES + GnRHa caused a similar enlargement of the rete. Treatment with 0.1pg DES alone failed to
produce adverse changes in spermatogenesis. However, when rats were treated with 0.1pg DES +
GnRHA, the germ cell apoptotic index, spermatocyte volume/Sertoli cell and Leydig cell volume were
all impaired to a lesser extent than in GnRHa treated rats. It is concluded that gonadotropin suppression
is a likely explanation for the negative effects of neonatal treatment with 10 pg DES on Sertoli, Leydig
and germ cells, but this plays no role in induction of rete testis overgrowth, which probably results form
altered androgen:estrogen balance. A significant “stimulatory” effect of 0.1 pg DES, compared to GnRHa
alone, on germ cell survival and Leydig cell volume, despite the co-administration of GnRHa, is sugges-
tive of direct (estrogen receptor-mediated) effects of DES on one or more testis cell types.

Key words: estrogens, spermatogenesis, apoptosis, Leydig cells and testis.

Introduction

Numerous studies in rodents have demonstrated that neonatal exposure of the
male to high doses of potent estrogens, such as DES, results in major adverse
changes in the testis and reproductive tract [10, 3]. In earlier studies, the negative
effects of estrogens were explained as a result of suppression of gonadotropin secre-
tion during the treatment [5]. More recent studies of our own, involving comparison
of the effects of neonatal treatment with DES or GnRHa, have raised the possibility
of direct effects of the DES on testicular cells [13, 1]. This possibility has been rein-
forced by the demonstration that estrogen receptor-0 (ERO) is expressed in Sertoli
and Leydig cells as well as in most germ cells [12] and Leydig cells also expressed
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ERa [7]. However, because the Sertoli and Leydig cells are also target cells for go-
nadotropins, it is difficult to distinguish unequivocally between direct (ER-medi-
ated) and indirect (gonadotropin-mediated) effects of DES on the testis.

Recently it was demonstrated a stimulatory effect of very low estrogen levels
on spermatogenesis in adult hypogonadal mouse [6] and in the immature at [2]
associated with elevated plasma levels of FSH. Therefore, for the effects of both low
and high doses of estrogens on the rodent testis, it remains uncertain whether the
major changes observed reflect modulation of gonadotropin secretion or direct
activation of ERs in testis cell types or a combination of both effects. The present
study was designed to address this issue by comparing the effects on the developing
rat testis of treatment with a high or a low dose of DES alone or in combination with
a GnRHA antagonist. We have evaluated endpoints that we have previously shown
to reflect most clearly inappropriate estrogen exposure (germ cell volume per
Sertoli cell, germ cell apoptotic index, Sertoli and Leydig cell volume/number per
testis, rete testis size).

Materials and Methods

Beginning on postnatal day 2, rats were subjected to one of the following treat-
ments administered by s.c. injection: a) DES at a dose of 10 or 0.1pg in 20 pl corn
oil on days 2,4,6,8,10 and 12; b) IOmg/kg of long acting GnRHa (Antarelix) in 20 pl
5% mannitol on days 2 and 6; ¢) 10 pg DES as in (a) + GnRHa as in (b); d) O.lpg
DES + GnRHa; e) 20 pl corn ail (vehicle) as control. Rats from all treatment groups
were subsequently sampled on day 18. Paraffin Bouin’s fixed 5-pm testicular sec-
tions were used for cell quantification studies and visualization of apoptotic germ
cells identified by TUNEL method as described previously [13]. Different testicular
cell types were counted using 121-point eyepiece graticule and the data were used
to determine the following: a) nuclear volume of viable (non-apoptotic) spermato-
cytes per Sertoli cell nuclear volume as an index of spermatogenic efficiency; b) the
germ cell apoptotic index as a ratio of the nuclear volume of apoptotic/normal germ
cells per testis; ¢) seminiferous tubule lumen % volume as an indicator of the onset
of spermatogenesis at puberty. Optical dissector method was applied for quantifica-
tion of Sertoli cell number per testis [1] and to confirm data for Sertoli cell nuclear
volume obtained by point counting. Leydig cell volume per testis was determined
on sections immunostained for 30-hydroxysteroid dexydrogenase (30-HSD) [15].
The 3P-HSD positive nuclei and cytoplasm were scored separately by point count-
ing and the data for absolute volumes (nuclear and cytoplasm) were collected.
Comparison of the different parameters for the various treatment groups was made
using ANOVA.

Results

Testicular weight and gross morphology, seminiferous tubule lumen formation

Testicular weight on day 18 was reduced to 70% by treatment with GnRHa,
DES 10pg or DES I0pg + GnRHa, as compared to the control. Treatment with
O.lpg DES induced a small (18%) but not significant reduction in that parameter
whereas combined treatment with DES O.lpg + GnRHa caused a comparable re-
duction to that induced by treatment with GnRHa (Fig.l). Injection of DES 10pg +
GnRHa, but not GnRHa or O.lpg DES alone induced major overgrowth/distension
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10pg 10p+ 0.1pg 0.1pg+
GnRHa GnRHa

Neonatal treatment

Fig. 1. Effect of neonatal treatment with DES (10 or 0.1 pg) or GnRHa, alone or in com-
bination, on Sertoli cell nuclear volume per testis (top) and testis weight (bottom) on day
18,h. Insert in the top panel shows the effect of treatment with DES 10pg alone or DES
10 pg + GnRHa on Sertoli cell number determined by optical disector method. Dashed
lines show mean values for control and GnRHa-treated groups to aid comparison. Data
represtla)nt the mean = SEM (n=5 per group; **p<0.01, *** p<0.001, in comparison with
contro
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of rete testis (data not shown). However co-administration of 0.1 pg DES + GnRHa
caused a similar enlargement of the rete. The formation of seminiferous tubule (%
lumen volume per testis) was 7.0£0.4% in control and was reduced by 66, 80, 84, 6
and 61% respectively in groups treated with GnRHa, DES I0pg, DES I0pg +
GnRHa, DES 0.1pg or DES 0.1pg + GnRHa. With an exception of the DES 0.1pg
treatment group, all of these values were significantly reduced (p<0.01) compared
with controls.

Changes in Sertoli and germ cell nuclear volume per testis

Based on point counting, Sertoli cell nuclear volume per testis showed changes
after treatment that paralleled the reduction in testicular weight (Fig. 1). With an ex-
ception of the DES 0.1 pg, all treatments resulted in a marked decrease in Sertoli cell
nuclear volume. For three of the groups Sertoli cell number was determined by op-
tical dissector method and the data confirmed those obtained for Sertoli cell nuclear
volume using point counting (see insertion of the chart). Treatment with either
GnRHa or DES 10 pg alone both significantly reduced spermatocyte nuclear vol-
ume per unit Sertoli cell volume, though the degree of suppression was slightly
greater (p<0.05) with DES [0pg than with GnRHa (Fig. 2). Combined treatment
with DES 10pg + GnRHa reduced germ cell volume to a comparable extent as did
treatment with DES 10 pg alone. Treatment with DES 0.1 pg alone had no effect on
spermatocyte volume per unit Sertoli cell volume but combined treatment with DES
0.1 pg + GnRHa significantly suppressed this cellular ratio and the magnitude of
this suppression was less than that observed in animals treated with GnRHa.

The germ cell apoptotic index was expressed as a ration of apoptotic/normal
germ cells and showed the mirror image of changes to spermatocyte volume per
Sertoli cell. Thus treatment with GnRHa or DES 10 pg alone, or these two treat-
ments combined, increased the germ cell apoptotic index by comparable amounts
(6-fold increase, Fig 2). In contrast, treatment with DES 0.1 pg alone had no signifi-
cant effect on the germ cell apoptosis. Combined treatment with DES 0.1 pg +
GnRHa significantly increased (p<0.01) the germ cell apoptotic index when com-
pared with control or DES 0.1pg alone. However, this increase was significantly less
(p<0.05) than that induced by treatment with GnRHa alone.

Changes in Leydig cell volume per testis

Leydig cell volume per testis was reduced by 98% in rats treated with DES 10 pg or
GnRHa alone or in combination (Fig. 3). Treatment with DES 0.1 pg alone reduced
Leydig cell volume, compared with control, but this was not statistically significant.
Combined treatment with DES 0.1pg + GnRHa reduced Leydig cell volume by
93%, but this reduction was significantly less (p< 0.01) than in rats treated with
GnRHa alone.

Discussion

To assess the relative importance of direct and indirect effects of estrogens on
the testis, we chose two doses of DES (10 pg and 0.1 pg) that our previous studies
have shown to exert radically different effects on spermatogenesis and on FSH se-
cretion [2]. Thus, the high dose (10 pg) of DES induced several major adverse effects
on the testis and suppressed FSH secretion whereas the lower dose (0.1 pg) of DES
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GnRHa GnRHa

Neonatal treatment

Fig. 2. Effect of neonatal treatment with DES (10 or 0.1 |ig) or GnRHa, alone or in
combination, on the germ cell apoptotic index expressed as a ratio of apoptotic/nor-
mal germ cells (top) and spermatocyte nuclear volume per unit Sertoli cell nuclear
volume (bottom) on day 18h Dashed lines show mean values for control and
GnRHa-treated groups to aid comparison. Data represent the mean + SEM (n=5 per
group;  p<0.01, *** p<0.001, in comparison with control)
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Fig. 3. Effect of neonatal treatment with DES (10 or 0.1 pg) or GnRHa, alone or in
combination, on Leydig (3*-HSD positive) cell volume per testis on day 18th. Dashed
lines show mean values for control and GnRHa-treated groups to aid comparison.
Data represent the mean = SEM (1=4 per group; *** p<0.001, in comparison with
control)

failed to produce adverse effect on spermatogenic process. It was reasoned that
demonstration of a testicular change in the DES + GnRHa-treated groups, but the
absence of a comparable change in animals treated with GnRHa alone, would pro-
vide persuasive evidence for a direct effect of DES on the testis. Induction of rete
testis overgrowth/distension is a change that fall into this category. We had earlier
concluded that gross distortion of the normal androgen:estrogen balance (sup-
pressed androgen production + supranormal estrogen action) underlay the gross
morphological changes in the testis and reproductive tract of rats treated neonatally
with high dose (eg 10 pg) of DES [3, 10] This interpretation is reinforced by some of
the present findings. Thus, treatment with DES 0.1 pg alone will have raised estro-
gen levels but has no effect on testosterone levels [see 16] and did not affect the rete
testis. Treatment with GnRHa alone will not have raised estrogen levels but does sig-
nificantly reduce testosterone levels and also had no effect on the rete. However,
when these two treatments were combined, presumably leading to raised estrogen
and lowered testosterone levels concomitantly, it resulted in a marked distension of
rete testis, comparable to that caused by high dose (10 pg) of DES. Similarly, the
attenuation of germ cell apoptotic index in rats treated with DES O.lpg + GnRHa
when compared with that treated with GnRHa alone, is interpreted as possible evi-
dence for a direct (stimulatory) effect of DES. The significantly lower suppression
of Leydig cell volume in rats treated with DES 0.1 pg + GnRHa, compared with rats
treated with GnRHa alone, may also fall into this category.

On the other hand, where similar testicular changes were induced by treatment
with DES 10pg or GnRHa alone, and combined treatment had no additive effect,
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we can conclude that gonadotropin suppression is a likely explanation for the ob-
served adverse effects. Suppression of Sertoli cell nuclear volume/number and testis
weight, increase in the germ cell apoptotic index and decrease in spermatocyte vol-
ume per unit Sertoli cell are endpoints which changes support this suggestion. We
cannot exclude other possibilities, for example that treatment with DES 10 pg re-
duced Sertoli cell proliferation by a direct effect on Sertoli cells mediated via ER|3
which then resulted in inhibition of the FSH-stimulated intracellular signaling path-
way that normally up-regulated Sertoli cell proliferation. It is established that one
of the major driving forces for Sertoli cell proliferation in the neonatal period of the
rat is FSH [11,14] and the present demonstration of an approximate halving of Ser-
toli cell number/volume after neonatal GnRHa treatments (alone or combined) re-
inforces this conclusion.

There is also a further, untested possibility, namely that the low dose of DES
elevates prolactin secretion [5] which then positively acts on the function of Sertoli
cell [8], germ [9] or Leydig [4, 9] cells. These various possibilities are difficult to dis-
sect apart because of the complexity both of the endocrine system involved and of
the testicular cell-cell interactions. It seems apparent from the points discussed
above that future studies of direct, positive effect of estrogens on testicular germ cell
development should use animals of a younger age or in vitro approaches such as
germ cell-Sertoli cell co-cultures or short-term cultures of isolated seminiferous tu-
bules from prepubertal rats.

In conclusion, the present study provides strong evidence in support of a role
for gonadotropin suppression in many, but not all, of the adverse testicular changes
induced by neonatal treatment with high dose of DES. We have not excluded the
possibility that estrogen effects within the testis may negatively impact on the same
signalling pathways as those activated by gonadotropins. The present findings also
demonstrate that DES-induced changes in the testis results also from a disturbance
of the normal androgen:estrogen balance and therefore a close interrelationship be-
tween actions of androgens and estrogens is involved in regulating normal develop-
ment of the testis.
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The peritubular matrix has a great significance in endothelial organization during the process of testicular
angiogenesis. As a response endotelial cells migrate into interstitium and secrete new matrix components
for basal membrane of the seminiferous tubules. The aim of the study was to examine the changes in
peritubular matrix under pathological conditions and to investigate localization and distribution of a-
SMA and desmin, both are cytoskeletal proteins characteristic for smooth muscle cells. Materials were
obtained from testicular biopsies of 9 infertile men and immunohistochemical techniques were applied
using monoclonal antibodies against a-SMA and desmin. The results showed positive immunostaining
for a-SMA and desmin in peritubular myoid cells and around small blood vessels in interstitium. Our data
brings additional support to the view that testicular peritubular matrix proteins play key role in endothe-
lial organization especially in process of angiogenesis and testicular microvasculature is important for
normal spermatogenesis.

Key words: peritubular matrix, immunohistochemistry, a-SMA, desmin.

Introduction

The peritubular matrix has a great significance in endothelial organization
during the process of testicular angiogenesis. As a response endothelial cells migrate
into testicular interstitium and secrete new matrix components for basal membrane
of the seminiferous tubules. Testicular peritubular and interstitial tissues interact in
peritubular space and the basic components of this space that are vulnerable during
pathological conditions are: small blood vessels, Leydig cells, macrophages and
peripheric nerves [4].

In patients with severe testicular lesions in cases with azoospermia hyaliniza-
tion process often occurred in small blood vessels and around seminiferous tubules.
In patients with oligoastenozoospermia a complete tubular hyalinization was
demonstrated [10]. According to the authors the hyalinization affects arterioles and
venules, but not capillaries. Testicular small blood vessels revealed altered structure
— they have narrow lumen and thick blood vesseFs wall. This finding is supported
by our previous examinations [6].
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Harindel and Trainen [3] accented on testicular microvasculature,
mainly because of the fact that it is modulator of endocrine and paracrine factors
that are important in regulation of spermatogenesis. In turn, Leydig cells play a key
role in regulation of blood transport.

Peritubular matrix is responsible for the function of endothelial cells and is
also important for proliferation of these cells. On the other hand, matrix compo-
nents are linked to intracellular structural and contractile filaments forming an
interacting functional unit that is of great importance for testicular morphogenesis.
In this respect the aim of present study was to examine: 1) the morphological
changes in peritubular matrix under pathological conditions and 2) localization and
distribution of desmin as a marker for peritubular myofibroblasts and of a-SMA —
for terminal differentiation of vascular smooth muscle cells.

Material and Methods

Materials were obtained from testicular biopsies of 9 infertile men. In two of
them the semen analysis showed oligoastenozoospermia 111 degree and in four —
azoospermia on the base of pseudocrypthorchidism billateralis. In three men
oligoastenozoospermia | degree is observed without any morphological alterations
and they served as controls as usual.

Testicular biopsies for light microscopy (morphological and immunohis-
tochemical examination) were fixed in Bouin’s, dehydrated and embedded in par-
affin. Sections (7uT1) were processed according to the classical immunochemical
techniques using monoclonal antibodies against desmin and a-SMA. Avidin-biotin-
peroxidase method was applied and histostain kit from DAKO was used. Immunof-
luorescence for a-SMA was also performed. After the incubation with mouse anti-
a-SMA the sections were incubated with FITC conjugated goat mouse antibody.
The sections were mounted with Moviol and observed at POLYVAR immunofluo-
rescent microscope.

Results

In cases of azoospermia disorganization of germinal epithelium was evident
and basal membrane was folded at some places or destructed at others (Fig. 1). The
results from immunohistochemical study showed positive reaction for desmin in
basal membrane and peritubular myofibroblasts, as well. In cases of azoospermia
and oligostenozoospermia 111 degree desmin was localized as dots or has fibrilar ap-
pearance and it was not homogeniously distributed in comparison with other matrix
proteins (Fig. 1 and Fig. 2). Very strong immune reaction for desmin was also ob-
served around blood vessels (Fig. 3).

Strong intensity of immune reaction of a-SMA was found in the testis in cases
of oligoastenozoospermia. Strong reaction was observed in basal membrane of the
seminiferous tubules and peritubular myofibroblasts. In basal membrane a-SMA
was localized mainly in inner layer (Fig. 4). Strong immunoreactivity for a-SMA was
found around small blood vessels in interstitium (Fig. 5).

The results form immunofluorescence confirm our immunohistochemical
findings and showed very strong immune reaction in basal membrane of the semin-
iferous tubules, in peritubular and interstitial tissues, around Leydig cells and small
blood vessels (Fig. 6).
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Fig. 1. Testicular biopsy. Azoosper-
mia. Desorganization of germ epithe-
lium. The basal membrane at some
places is folded, at other is destructive
(arrows). Desmin is localized in some
places in basal membranes as dots or
fine fibrils. Monoclonal anti-desmin
antibody (x 200)

Fig. 2. Testicular biopsy. Oligoasteno-
zoospermia Il dg. Immune reaction
for desmin, showing it‘s localozation
as dots, and its fibrilar appearance, re-
spectively. Monoclonal anti-desmin
antibody (x 400)

Fig. 3. Testicular biopsy. Oligoasteno-
zoospermia Il dg. Possitive immune
reaction for desmin, showing it‘s local-
ization around blood vessels. Mono-
clonal anti-dsmin antibody (x 400)
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Fig. 4. Testicular biopsy. Oligo-
astenozoospermia I11 dg. Strong im-
mune reaction for a-SMA, showing
it's localization in basal membranes
of seminiferous tubules and in
peritubular myofibroblasts. Mono-
clonal anti- a-SMA antibody (x 200)

Fig. 5. Testicular biopsy. Oligo-
astenozoospermia I11 dg. Strong im-
mune reaction for a-SMA around
blood vessels in interstitium. Mono-
clonal anti-a-SMA antibody (x 400)

Fig. 6. Testicular biopsy. Oli-
goastenozoospermia 111 dg. Direct
immunofluorescence for a-SMA.
Strong immune reaction is observed
in basal membranes of seminiferous
tubules, in testicular interstitium,
around Leydig cells and small blood
vessels (x 200)



Discussion

Peritubular myofibroblasts produce a-SMA that is important for differentiation of
vascular smooth muscle cells and myofibroblasts themselves are involved in cell to
cell and cell to matrix interactions. All this is important for testicular morphogen-
esis [7, 8,11]. Our results showed that myofibroblasts expressed a-SMA and desmin
both are cytosceletal proteins characteristic for smooth muscle cells. It was reported
that most myofibroblasts of the thickened lamina propria (as a result of pathologi-
cal processes) lost their ability to express desmin suggesting that they may change
their phenotype [1,2,5]. That was supported by Skalli [9] and Virtanen,
Ko 11 ajoki [12]. In these circumstances we found that less myofibroblasts were
immunoreactive for desmin. They were individual cells and are arranged in
uncomplete, discontinuous layer.

Small blood vessels in testicular interstitium are this part of vascular system in
testis that is responsible for the exchange of gases, nutritional substances and hor-
mones [3] and is responsible for endocrine and paracrine regulation and normal tes-
ticular function.

In conclusion, our data brings additional support to the view that testicular
peritubular matrix proteins play key role in endothelial organization especially in
process of angiogenesis and testicular microvasculature is important for normal
spermatogenesis.
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The importance of testicular peritubular matrix is well established but only few data have been
reported on significance of basic matrix components and interstitial microvasulature as well as
the relationship between small blood vessels and Lyedig cells. In this respect we aimed: 1) to
study morphological changes in basal membrane of seminiferous tubules under pathological
conditions; 2) to investigate comparatively immunohistochemical localization and distribution
of basic matrix proteins. Biopsical materials from 16 men were processed for immunohistochem-
istry according to classical technique and monoclonal antibodies against collagen type 1V,
laminin and fibronectin were used. The results showed strong immunoreactivity of matrix pro-
teins that revealed specific localization and distribution. The intensity of immune reaction cor-
responds to the degree of testicular lesions. In conclusion, our results indicate that the
peritubular matrix with its basic components and functional complex Sertoli cells — peritubular
myofibroblasts are of great importance for the normal process of testicular morphogenesis.

Key words: peritubular matrix, immunohistochemistry, matrix proteins.

Introduction

Different forms of disturbance in spermatogenesis are accompanied with thickening
of testicular lamina propria. It is composed of basal membrane (2-6 layers elon-
gated myofibroblasts), that support the seminiferous epithelium and layers of
connective tissue fibres and amorphous substance as well [1, 3]. Alterations in
lamina propria as a result of pathological processes were reported bySalomone
and Hadinger [7]. In men with disturbances in fertility some adverse changes in
testicular extracellular matrix have been seen. To what extent myofibroblasts and
fibroblasts are involved in process of formation of lamina propria in normal and un-
der pathological conditions was investigated immunohistochemically by Davii -
doff et al. [2]. An increase in intercellular components that include collagen and
“basal membrane-material” surrounding myofibroblasts were observed [1] and
abnormally thickened basal membrane was demonstrated [4, 5].

In infertile men increased peritubular matrix has been seen not only in
peritubular tissue, but also in interstitial tissue, around Leydig cells and small blood
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vessels so called testicular microvasculature [2]. Leydig cells are surrounded by
more or less increased amount of peritubular matrix components. In these cases
spermatogenesis was arrested at stage of primary spermatocytes and in some cases
at spermatogonial stage [6]. It is supposed that male infertility is connected with ab-
normal thickening of peritubular tissue — lamina propria. [2, 3].

In men testicular interstitial and peritubular tissues interact in intertubular
space and the basic components of this space are: Jsmall blood vessels (microvas-
culature); '/Leydig cells; Imacrophages and Jperipheric nerves.

The present study focused on structural and functional integrity between the
elements of peritubular tissue and testicular interstitium that is interrupted under
pathological conditions. Abnormally thickened peritubular matrix is a real obstacle
for transport not only of nutritions, but also of regulatory substances.The aim of the
present study was to study morphological changes in basal membranes under
pathological conditions and immunohistochemical localization and distribution of
collagen type IV, laminin and fibronectin.

Material and Methods

Material was obtained from testicular biopsies of 16 infertile men. Data obtained
from semen analysis showed that in 5 of them oligoastenozoospermia I1-111 degree
was observed and in 3 — azoospermia. In two of the patients normospermia was
established and they served as controls.

Biopsical materials for routine light microscopy and immunohistochemistry
were fixed in Bouin’s and classical immunohistochemical technique was used. Par-
affin sections (7 pm) was prepared and on some of them adhesive technique with
Poly-L lysine was applied. For the purposes of immunohistochemistry avidin-bi-
otin-peroxidase method was used. Sections were deparaffmized and incubated with
monoclonal antibodies against collagen type IV (Clone COL-94), laminin (Clone
Lam-89) and fibronectin (Clone Fn-3E2). After the incubation with second
biotinylated antibody the avidin-biotin-peroxidase complex was applied and
aminoethyl carbasole (AEC) was used as substrate. Histostain kit from DAKO was
used.

Results

Results from present study showed morphological alterations in seminiferous
tubules that are expressed with: cessation of germ cell maturation at stage of pri-
mary spermatocytes (in patients with oligoastenozoospermia I1-111 dg.) and in cases
with azoosprmia — at spermatogonial stage. Basal membrane is abnormally thicken-
ed, increased production of peritubular matrix and initial fibrosis are observed. Small
blood vessels in interstitium are with thickened wall and process of fibrosis is evi-
dent. Some seminiferous tubules are with diminished lumen or lost their lumen.
Dislocation and proliferation of myofibroblasts are observed (Fig. 1, Fig. 2 and
Fig.3)

The results obtained from immunohistochemical examination showed posi-
tive immune reaction for collagen type IV and its distribution in peritubular matrix
(Fig.4). It was localized in basal membranes. Positive immune reaction is observed
not only in peritubular connective tissue, but also in interstitial tissue — around
Leydig cells and small blood vessels (Fig. 5 and Fig. 6).
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Fig. 1. Testicular biopsy. Azoospermia.
Increasing production of peritubular
matrix. The seminiferous tubules are
with diminished lumen or lost com-
pletely their lumen (white arrows).
Haematoxyline- Eosine staining (x 200)

Fig. 2. Testicular biopsy. Oligoaste-
nozoospermia |1l dg. Dislocation of
myofibroblasts and increased produc-
tion of collagen in peritubular matrix,
basal membrane is fragmented and
folded (arrows). Haematoxyline-Eosine
staining (x 400)

Fig. 3. Testicular biopsy. Azoospermia.
Disorganization of germinal cells with
intertubular cessation of maturation.
The basal membrane is thickened
(arrows). Haematoxyline-Eosine stain-
ing (x 200)



Fig. 4. Testicular biopsy. Azoospermia.
Complete disorganization and massive
loss of germ cells. Possitive immune re-
action showing localization of collagen
type 1V in peritubular tissue, intersti-
tium and around blood vessels and
Leydig cells (arrows) (x 400)

Fig. 5. Testicular biopsy. Oligoasteno-
zoospermia Il dg. Positive immune re-
action showing localization of collagen
type IV in basal membrane. The posi-
tive immunostaining for collagen type
1V is observed in interstitium as well as
around blood vessels (x 400)

Fig. 6. Testicular biopsy. Oligoasteno-
zoospermia I11 dg. Positive immune re-
action for collagen type IV, showing its
localization in both layers of basal
membrane of seminiferous tubules and
around Leydig cells in the interstititum
(arrows) (x 400)
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Positive immunostaining for fibronectin was observed in peritubular tissue. It
was localized in fibroblasts, myofibroblasts and in Sertoli cells of the seminiferous
tubules (Fig. 7 and Fig. 8). A strong immune reacion for laminin was found in basal
membrane of seminiferous tubules, especially in inner layer of basal membrane
(Fig. 9). Positive immunostaining is also observed in interstitial tissue and around
blood vessels.

Discussion

The increased peritubular matrix is an obstacle for transport of nutritious and
of regulatory substances as well. As an element of haematotesticular barrier the
basal membrane is vulnerable in pathological processes. Our results clearly indicate
fragmentation and folding of basal membrane in patients with oligoasteno-
zoospermia 11 degree and azoospermia on the base of pseudocryptorchidism. Ma-
trix proteins ensure normal proceeding of spermatogenesis and contribute for struc-
tural integrity, for cell-cell and cell-matrix interactions and thus they are important
for testicular morphogenesis. As main structural component of basal membrane
collagen type 1V is involved in tissue differentiation, morphogenesis and in the pro-
cess of repair. It also plays an important role in tissue structure, metabolism and cell
differentiation and migration. Collagen type IV is accumulated on sheafs and is pre-
sented in all layers of basal membrane. Collagen serves for connection of myoid
cells one to one and sets them firmly to elastic and collagen fibrils, presenting in
basal membranes [2]. The authors showed the relation of myoid cells with the ele-
ments of connective tissue. We have established thickened and folded basal mem-
brane associated with its invagination and initial fibrosis in patients with
pseudocryptorchidism. Sertoli cells and peritubular myoid cells are in close rela-
tionship during different stages of spermatogenesis and they influence on basal
membrane structure and components of extracellular matrix [7]. This hypothesis
was supported by our previous data [6]. An extraordinary expansion of the intercel-
lular layers of matrix components of the connective tissue that was observed by
Davidoffetal [2]is probably responsible for the thickening of the lamina pro-
pria of the seminiferous tubules. The results of the current study demonstrate that
laminin as a highly-specific, tissue-specific and cell-specific factor is localized
mainly in basal membrane of the seminiferous tubules, as in capillaries of the inter-
stitial tissue and around Leydig cells. Other earlier studies [4] pointed out the fact
that laminin is a major component in all the basal membranes and it is involved in
cell migration and cell differentiation. We found that laminin is localized in outer
layer of basal membrane, collagen type IV is observed in both layers and most in-
tensively laminin is accumulated in the layer of peritubular myofibroblasts. On the
base of these results we postulate that laminin may play an important role in mor-
phogenesis and structural stability of seminiferous tubules and peritubular
myofibroblasts are surrounded by collagen type 1V [6] and laminin. The immuno-
histochemical data showed the localization of fibronectin in inner layer of lamina
propria. Our results suggest the possible role of fibronectin in Sertoli cell-peritubular
myofibroblast complex that is essential for cell adhesion and formation of basal
membrane and functional units in testicular peritubular matrix.

In conclusion, our results indicate that the peritubular matrix with its basic
components and functional complex Sertoli cells-peritubular myofibroblasts are of
a great importance for the normal process of testicular morphogenesis. In patho-
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Fig. 7. Testicular biopsy. Azoosper-
mia. Positive immune reaction for
fibronectin, showing its localization in
myofibroblasts and in Sertoli cells
(black arrow) (x 400)

Fig. 8. Testicular biopsy. Azoospermia.
Positive immune reaction for fibro-
nectin, showing its localization in
peritubular tissue (myofibroblasts and
at some places in inner layer of basal
membranes of seminiferous tubules)
(x 400)

Fig. 9. Testicular biopsy. Oligoasteno-
zoospermia Ill dg. Positive immune
reaction for laminin. It is localized in
interstitial tissue, around blood vessels.
In particular, the localization of laminin
is seen very well in inner layer of basal
membranes of seminiferous tubules
(x 400)
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logical conditions this complex together with basal membrane (as one of the con-
stituents of haemato-testicular barrier) are vulnerable to different ethiological
factors and that makes worse the prognosis of male fertility.
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It has been proposed that the population of leukocytes released in the mother’s milk penetrates the
newborn’s body through the gut and populates it’s lymphoid organs. In order to test this hypothesis we
first studied the state of apoptosis of the cells in the milk population. For this purpose we used a method
measuring the fragmentation of DNA (by means of the 3H-thymidine incorporation in DNA located in
the different cellular compartments — nucleus and cytoplasm). When working with whole milk cell popu-
lation we found different percent of DNA fragmentation from 40 to 70%. We next separated the milk cell
population into nearly pure fractions of macrophages and lymphocytes. The level of the DNA fragmen-
tation in these experiments was much better. The macrophages and the lymphocytes were enough viable
to penetrate the mucosal immune system of the newborn and to influence its development and matu-
ration.

Key words: — milk cells, apoptosis, DNA fragmentation, lymphocyte, macrophage.

Introduction

In the colostrum and milk of all mammalian species a huge number of viable
cells are released consisting of macrophages, neutrophils and lymphocytes. It has
been shown for different species including monkeys that these cells penetrate the gut
of the newborn and populate its lymphoid organs[2]. On the basis of these results a
hypothesis has arisen that the cells of the milk population, especially lymphocytes
and macrophages are immunocompetent cells and they could influence the imma-
ture mucosal immune system of the new born[3J. To test this hypothesis we have to
be sure that these otherwise vital cells do not undergo an apoptotic process.

The aim of the present study was to investigate the apoptotic state of the cells
in the human colostrum and milk.

Materials and Methods

Apoptosis assay

Milk samples were taken from 14 healthy human donors. They were washed 3
times in PBS and resuspended in 1 ml RPMI 1640 containing 5% FCS. 1 pl 3H- thy-
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midine was added to each sample. The next step was an incubation of the samples
at 37 °C for approximately 16 hours. After spinning down the cells were washed 3
times with PBS (or serum free media) to remove any free radiolabel, then the cells
were resuspended at a concentration of 5x105 cells/ml in serum free medium. After
1 hour the cells were gently pelleted and supernatant count: supernatant — A. The
pellet was resuspended in lysis buffer (Ix PBS; 0.2% Triton-XIOO; 2Mm EDTA) and
centrifuged. The collected pellet and supernatant were counted in scintilation
counter (Beckman): supernatant — B and pellet — C. To The per cent fragmenta-
tion was calculated after the equation:

Per cent fragmentation = (A + B) /(A + B + C)

All the samples were in triplicates and the results were expressed as mean per cent
DNA fragmentation”, 1].

Separation of the milk cells

In respect to the significant differences observed after performed DNA frag-
mentation test with whole milk cell population and for more precise image of
apoptotic events among the different subpopulation of milk cells, we separated the
milk cells to macrophage and lymphocyte fractions. The separation protocol in-
cludes the next chain of laboratory manipulations: washing 3 times in PBS;
resuspension of cells in RPMI 1640 (serum free media), preparation of Ficol-RPMI
1640 gradient (11%, 20%, 30% Ficol); centrifugation on this gradient; collection of
macrophage or lymphocyte fractions and performance of the assay for apoptosis.

Microscopic approach used

For a visual demonstration of the apoptosis in the milk cells the microscopic
observations of the fresh milk samples was performed. After 3 times washing in PBS,
ethidium bromide was added to the cells at 0.5 pg/ml final concentration and the
cells were observed under microscope at UV and visible light. The photos of stained
cells were taken in parallel at UV and visible light [6].

Results and Discussion

Apoptosis is widely distributed process affecting all animal cells, organs and
tissues. Here we present another approach into the application of knowledge about
the apoptosis. The hypothesis, that we have tested in the present study, is that the
leukocytes, that are released in the mother’s milk penetrate the gut of the newborn
and populate its lymphoid organs. It is possible that these cells could influence the
maturation of the mucosal immune system of the newborn[4]. To be involved in a

transfer of immunological competence, a cer-
Table 1. Per cent fragmentation in  tain level of viability of the leukocyte cells is re-
whole milk leukocyte population quired”]. We examined the apoptotic status of

cells isolated from human mother’s colostrum

Donor, No - Per cent fragmentation and milk. A variable count of DNA fragmenta-

1 43 tion was observed. As Table 1 shows, the per
2 87 cent of apoptotic events (presented as a mean
3 97 percent fragmentation of DNA in whole milk
‘5‘ (‘;g population) varied from 40 to 70% approxi-
6 40 mately. We might explain these differences with
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Fig. 1. Apoptotic cells from milk’s population, treated with ethidium bromide under UV light (/1)
and visible light (B)
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Table 2. Per cent fragmentation in mother’s milk after separation of genetic and environ-
macrophage and lymphocyte subpopulations mental influences on

the donor.

Donor, Fraction Percent Fraction Percent
No fragmentation fragmentation For more pre-
d cise investigation of
1 Macrophages 42 Lymphocytes 59 apoptotic status of

milk cells a separa-
tion of milk popula-
2 Macrophages 94 Lymphocytes 91 tion into macroph-
age and lymphocyte
fractions was per-
formed. The level of
DNA fragmentation
4 Macrophages 74 Lymphocytes 68 in these experiments

was much better as

shown in Table2. The
5 Macrophages 80 Lymphocytes 71 macrophages showed
about 40% fragmen-
tation and lympho-
cytes showed about
60% fragmentation.
7 Macrophages 62 Lymphocytes 77 For visualizing
apoptotic cells in mo-
ther’s milk, the ethi-
dium bromide inclu-
sion test was used. As
the photos show (Fig. 1), apoptotic cells were stained intensively contrary to vi-
able cell.

Our results suggest that the higher per cent of fragmentation in the milk popu-
lation may be due to the neutrophils, which are in the final stage of differentiation
and die within 24 hour after their release in the mother’s milk.

On the grounds of our results we might conclude that the macrophages and
lymphocytes in the mother milk are enough viable to penetrate the mucosal immune
system of the newborn and not apoptotic enough so they could influence its devel-
opment and maturation.

3 Macrophages 83 Lymphocytes 74

6 Macrophages 80 Lymphocytes 65

8 Macrophages 69 Lymphocytes 83
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on the Adrenal Cortex in Rats Acclimated
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The effect of testectomy and sex hormones treatment on the nuclear volume and area in
adrenocorticocytes of adult male rats, acclimated to different ambient temperatures (20+2°C and 35+1°C)
was examined. The obtained results indicated that testectomy provoked increase of the nuclear volume
and area in all adrenocorticocytes, regardless of the previous thermal acclimation, but it was statistically
significant only for nuclei of zona reticularis’cells in rats from room temperature. The effect of testo-
sterone depended on the previous thermal acclimation. Namely, testosterone didn’t provoke significant
changes of the examined parameters in animals from room temperature, but in heat acclimated rats the
significant increase in these parameters was noted. The estradiol treatment, in both environmental
temperatures, provoked statistically significant increase in nuclear parameters in all zones, which was
more expressed in animals from room temperature.

Key words: kariometry, adrenocorticocytes, sex hormones, hyperthermia, rat.

Introduction

Numerous kariometrical studies on the endocrine glands, especially those
concerning the adrenal gland, show that the nuclear volume of adrenocorticocytes
represents a very important sign of their activity [11]. Many of them have also shown
that estradiol provokes increase and testosterone decrease of cell and nuclear
volumes in adrenal cortex, as well as volumes of mitochondria and SER — two or-
ganelles involved in steroid production [6].

The acute exposure of rats to a high environmental temperature provokes an
increase of the nuclear volume of adrenocorticocytes, which is associated with the
increased activity of the gland [12]. On the other hand, the chronical exposure of
rats on elevated ambient temperature provokes decrease of nuclear volume in
adrenocortical cells of the inner zones, which is correlated with the decreased
activity of the gland [10].

Regarding the fact that there are no data about the effect of testectomy and
sex hormones on the kariometrical parameters in adrenocorticocytes under elevated
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ambient temperature, the aim of this study was to find the effects of sex hormones
on the nuclear volume and area in heat acclimated rats, compared the same at room
temperature.

Material and Methods

The experiments were performed on adult male laboratory rats, Wister strain,
weighing 203-309 g. The access to food and water was ad libitum. The animals were
divided into two groups: heat-acclimated group kept 30 days at 35+1°C and the control
group kept at 20+2°C for several weeks. Each group was divided into 4 subgroups: 1)
Control; 2) testectomized; 3) testectomized + testosterone; 4) testectomized + estradiol.

Animals were subjected to bilateral testestomy and 14 days after the operation
they were hormonally treated. The hormonal application (testosteron propionate—
(+)-170-propionil-oksi-4-androsten-3-ona, and estradiol dipropionate—(+)-3,17-
O-dipropionil-oksi-2,3,5-estratriena, “Galenika”-Belgrade) on testectomized rats
was performed i.m. in doses of Img/IOOg b.w./daily for last 4 days. The animals were
sacrificed 24 hour following the last dose. The adrenal glands were fixed in Bouin’s
solution, embedded in paraffin and cut at 3-4 pm. Paraffin sections were stained with
hematoxylin and eosin. For kariometrical analyses specific software for digitalization
and analysis “Lucia G” (Nikon) was used. The nuclear volume and area of 150 spheri-
cally nuclei from every zone of the cortex were measured. The nuclear area was deter-
mined automatically, but the nuclear volume was measured according to the formula:

V=T7t/6*EqgDia3

EqDia is a mean diameter of the circle, which has same area as the measured
nuclei.

Results were statistically evaluated by the Student’s t-test.

Results

The results from our investigation were given as graphs illustrating the mean volume
and area of nuclei in zona glomerulosa (Table 1), zona fasciculata (Table 2) and
zona reticularis (Table 3) cells.

Tablet. Mean value of nuclear volume and area in zona glomerulosa cells in rats from both ambient
temperatures.

Nuclear
Parameters 20+2°C 35x1°C
Intact test. test+T test.+E control test. test+T test+E
(control)
Nuclear
volume 94.27 95.26 92.11 106.68+ 78.92 81.84 88.50 96.75
(gm3) +2.04 +2.54 +2.70 213C* +3.81 +1.12 +0.58" +2.60c,c
Nuclear
area 24.98 25.17 24.58 27.14 22.17 22.74 23.96 25.41

+0.37 +0.43 +0.48 +0.37CB +0.72 +0.21 +0.11M  +0.45C¢

Notes. Cont. (control); test, (testectomized); test+T (testectomized and treated with testosterone); test+E
(testectomized and treated with estradiol). Values are given as meanzstand. dev. Significance of the val-
ues is given with the superscripts, compared with the control (a: p<0.05; b: p<0.005; c: p<0.001) and com-
pared to the testectomized animals (A: p<0.05; B: p<0.01; C: p<0.005)
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Table 2. Mean value of nuclear volume and area in zona fasciculata cells in rats from both ambient
temperatures: cont

Nuclear
Parameters 20+2°C 35+1°C
Intact test. test.+T test.+E control test. test.+T test+E
(control)
Nuclear
volume 127.64 132.84  124.04  184.52+ 111.37 113.55 124.21 150.84
(4n?) +3.06 +4.50 +2.97 2.88b +1.30 +1.34 +4.75" +2.49h
Nuclear
area 30.59 31.41 30.01 39.12 27.89 28.27 30.03 34.18
(gm2) +0.49 +0.71 +0.48 +0.40h +0.23 +0.21 +0.76a  +0.37b

Notes. Cont. (control); test, (testectomized); test+T (testectomized and treated with testosterone); test+E
(testectomized and treated with estradiol). Values are given as meanzxstand. dev. Significance of the val-
ues is given with the superscripts, compared with the control as well as testecomized animals (a: p<0.05;
b:p<0.001)

Table 3. Mean value of nuclear volume and area in zona reticularis cells in rats from both ambient
temperatures

Nuclear
Parameters 20+2°C 35+1°C
€
Intact test. test.+T test.+E control test. test.+T test.+E
(control)

Nuclear
volume 79.22 83.36 79.96 108.32+ 74.32 73.70 88.55 101.59
(gm3) +0.72 +0.57b 551 6.31b'c +5.08 +1.41 +5.84" +4.39¢
Nuclear
area 22.26 23.02 22.34 2741 21.29 21.19 23.97 26.25
(gn?) +0.13 +0.10b  +1.06  £1.08bc  +0.99 +0.27 +1.04°  #0.77¢

Notes. Cont. (control); test, (testectomized); test+T (testectomized and treated with testosterone); test+E
(testectomized and treated with estradiol). Values are given as mean+stand. dev. Significance of the val-
ues is given with the superscripts, compared with the control as well as testectomized animals (a: p<0.05;
b: p<0.01; c: p<0.001)

Two weeks after testectomy a slight increase in volume and area of cellular
nuclei was observed in all the zones, regardless of the previous thermal acclimation.
Nevertheless, the increase of these parameters was significant only for zona
reticularis’ cells (Table 1, 2 and 3).

In testectomized rats from room temperature, testosterone provoked a slight
decrease in measured parameters compared to the testectomized animals. In heat-
acclimated testectomized and testosterone treated rats a significant increase
(p<0.05) of nuclear parameters can be observed (Table 1, 2 and 3).
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The introduction of estradiol into testectomized animals from both ambient
temperatures, showed a remarkable increase in volume and area of cellular nuclei
in all zones (Table 1, 2 and 3), although these parameters in heat-acclimated rats
were considerably smaller than those from room temperature.

Discussion

Testectomy provokes increase of cellular, nuclear and mitochondria volumes,
SER proliferation, as well as activity of enzymes involved in steroid production
[6,11]. The significant increase in nuclear volume and area of zona reticularis cells
in testectomized rats from room temperature, obtained in our study, corroborates
the data that testectomy affects mainly zona reticularis, which partly undertakes the
hormonal function of testes [4,5,7]. Similarly, [15] found an increased activity of
zona reticularis during first 4 weeks after testectomy, while substitution therapy with
testosterone preserves further increase or brings them back to normal levels, due to
the inhibitory effect of testosterone to HPA axis [6].

Biochemical studies [16] have shown that the adrenal glands of testectomized,
heat-acclimated rats had an increased activity. This finding doesn’t correspond with
our results of a slight (not significant) increase of measured nuclear parameters. We
presume that the period of 14 days after the testectomy (used in our studies) is
probably not long enough to show significant increase of the nuclear volume and
area of adrenocortical cells, although we have found some other signs (supracortical
nodules, decreased lipid content), which indicate an elevated stimulation.

It is well known that testosterone inhibits RNA synthesis [8], as well as volumes
of nuclei and organelles involved in steroid production and the activity of their
enzymes [6]. In our study, the administration of testosterone in testectomized rats
from room temperature showed only numerical decrease of measured nuclear
parameters, besides evidently enlarged lipid vacuolisation of the adrenocorticocytes,
and probably longer period of application is needed to provoke nuclear changes. On
the other hand, our results of the increase in nuclear parameters of cells in all the
zones in heat-acclimated testectomized rats is opposite with the well-known effect of
this hormone in animals at room temperature. On the other hand, we've found a large
destruction of the histoarchitecture in the two inner zones in all heat-acclimated
testectomized and treated with testosterone animals. Therefore, we presume that the
increase of nuclear parameters in this experimental group is probably a result of a
compensation for the great destruction of the cortex and therewith, steroid secretor
cells in above-mentioned regions, but we have to do more researches on this issue.

The administration of estradiol in testectomized rats from both ambient
temperatures provokes significant increase in nuclear parameters in cells of all the
zones. This corroborates the data of other authors [4, 5, 6], who found that estradiol
doesn’t stimulate only HPA axis, but also has a direct effect on adrenocorticocytes,
as well as stimulating effect on thyroid gland [2]. Nevertheless, the effect of estradiol
was less expressed at elevated ambient temperature, due to a decreased activity of
other glands: pituitary [9], thyroid [13, 14] and gonads [2, 9] in rats acclimated to
moderately high ambient temperature.

Conclusion

From the obtained results can be concluded that testectomy has a stimulating
effect on the activity of adrenal cells of zona reticularis in animals from room tem-
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perature, but has no effect on nuclear volume and area of heat-acclimated animals/
We think that this is probably due to a shorter period after testectomy for analysis
the gland, compared to data obtained from other authors.

The effects of sex hormones depend on the previous thermal acclimation of
the animals. Namely, testosterone treatment of testectomized rats from room tem-
perature doesn’t show any effect of nuclear parameters in adrenocortical cells, while
in heat-acclimated testectomized rats, kariometrical parameters point to an in-
creased adrenocortical activity.

Estradiol treatment in testectomized rats from both ambient temperatures
provokes kariometrical changes that indicate a stimulation of adrenocorticocytes
and therewith increased cortical activity. These changes are more pronounced in
animals from room temperature.
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The new spermatogonial population on ultrastructural level of Ohrid trout (Salmo letnica K ar.) in
postspawning period has been analysed. The new spermatogonial population in Ohrid trout is represented
by different generation of spermatogonia, the primary hypertrophied spermatogonia of type A and
secondary spermatogonia of type B, of smaller dimensions. Its multiplication starts in course of the
postspawning period and is a representative of the new spermatogenesis for the following year.

Key words: Ohrid trout (Salmo letnica K ar.), testis, ultrastructure, spermatogonia oftype A and B.

Introduction

In previous investigations which concern the ultrastructure of the new spermatogo-
nial generation in different Teleostei there are many explanations.

In Oryzias latipes the structure of the “nuages” particles during the differen-
tiation of the spermatogonia was especially investigated by Clerot [2] and
Hamaguchi [3].

In Ciprinus carpio L. an intensive mitosis of spermatogonia of type B was no-
ticedby Billard etal. [1].

The ultrastructural characteristics of the spermatogonial population with
Salmo gairdneri was described by Hu rk et al. [4]; Scott&Sumpter[6] and
generally about the trout by L o i r [5].

Material and Methods

Testes of sexually mature Ohrid trout (Salmo letnica K a r.) males caught in
Ohrid Lake in a period of 3 years (1993—1996) have been analysed. Analyses have
been done with electronic microscope. Small parts of testes 1-2 mm big have been
used for electronic microscopy. The material has been fixed according to following
procedure: Immediately after the tissue sections have been taken, they are fixed in
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3% glutaraldehyde and then conserved in 0.1 M phosphate buffer. After adequate
fixation the material has been subunitted to postfixation in 1 % osmium tetraoxid
(OsO ). In the further treatment the material has been washed in phosphate buffer,
dehydrated in series of acetone and uranil acetate. The tissue parts have been infil-
trated with Durcopan ACM mixture, mixture of acetone-Durcopan, Durcopan
No 1, Durcopan No 2, fit in Durcopan No 2 and polymerised. For the ultrastruc-
tural analysis, ultrathin sections of 40-60 T|m tickness have been prepared, with the
help of glass knives, on Reichert-Yung: Ultracut” ultramicrotom, installed on cop-
per nets, contraste with uranil acetatae and lead cytrate. The sections have been ob-
served on Tesla BS 500 and OPTON (Zeis) EM 109 electronic microscope.

Results

The new spermatogonial of Ohrid trout (Salmo letnica K a r.) comes from la-
tent spermatogonia located in the wall of the seminiferous lobules individually or in
groups, the number of which increases a lot in the postspawning period and is a rep-
resentative of the new spermatogenesis, i. e. the new reproductive cycle.

On the ultrathin sections in the cytoplasm of some spermatogonia of type A
we have noticed presence of thick particles, i. e. complex of mitochondria (“nuages”)
of perinuclear location (Fig. 1) which represents a characeristic material for the ger-
minative cells.

In contrast of these spermatogonia in the wall of some seminiferous lobules
spermatogonia of the second generations can be seen, i.e. groups of spermatogonia
of small dimensions, that is of smaller diameter of the nucleus and presence of more
heterogeneous chromatin, i. e. secondary spermatogonia of type B (Fig. 2).

On the ultrastructural level completely well can be noticed that the new sper-
matogonial generation is represented by young cells. These young cells possess
darker cytoplasm (Fig. 3, 4, 5) in which mitochondria with electron dense matrix
and lamelar crusts (Fig. 5) in phase of formation, can be noticed.

In the cytoplasm of some spermatogonia “lamelae anulate” (Fig. 4), a lot of
ribosomes and polyribosomes (Fig. 2, 5) can be noticed, which points to an inten-
sive synthesis of proteins which is characteristic of the young cells which grow up.

These cells have a clearly seen nucleus with prominent nucleolus (Fig. 3, 4,
5, 6).

It is noticed that spermatogonia which are organised in groups (cysts) at
ultrastructural level are connected among themselves with desmosomes (Fig. 7, 8).

Discussion

Our results which concern the ultrastructure of the new spermatogonial gen-
eration of Ohrid trout {Salmo letnica K ar.) correspond with the findings of other
authors, as well as our previous results which concern the same or other teleost spe-
cies [7, 8, 9].

The ultrastructural characteristics of the spermatogonial population with
Salmo gairdneri was described by Hurk et al. [4]; Scott&Sumpter[4] and
generally about the trout by L.oir [5].

Our investigations of the spermatogonial population in Ohrid trout (Salmo
letnica K ar.) point to intensive mitotic divisions of spermatogonia of type B, espe-
cially in the period of regeneration.
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Fig. 1. A part of spermatogonium of type A Fig. 2. A part of nucleus (N) and darker cytoplasm (C)

(SpA) with prominent nucleus (N), nucleolus of young spermatogonium. Mitochondria (arrows)

(Nu) and “nuages” particles with perinuclear with electron dense matrix and tubular crusts in the

location (arrows). Ultrathin section (x 12 000) phase of formation, ribosomes and poluribosomes
(small arows). Ultrathin section (x 20 000)

Fig. 3. Two Sertoli cells (SK) in degeneration.  Fig. 4. A part of nucleus (N) and cytoplasm (C) of
Two spermatogonia of type B (SpB). Visible  two young spermatogonia with mitochondria
basal lamina of the lobule (smal arrows).  (arrows) and “lamelae anulate” (small arrows).
Ultrathin section (x 4 400) Ultrathin section (x 12 000)

In Cyprinus carpio L. an intensive mitosis of spermatogonia of type B was
noticed by Billard etal. [L1-

In the cytoplasm of this salmonid fish from Ohrid Lake presence of “nuages”
particles with perinuclear location were noticed, which is characteristic material for
the germinal cells.

The structure of “nuages” particles during the differentiation of spermatogo-
nia in Oryzias latipes was investigated by C L e r 0 t [2] and Hamaguchi [3].

Also, these particles with the spermatogonial population of Dojran perch
(Perea fluviatilis macedonica K a r.) were noted by Tavciovska-Vasileva (1992,1994).
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Fig. 5. A part of young spermatogonium (Sp) with
nucleus (N) and prominent nucleolus (Nu). In
the cytoplasm presence of ribosomes and polyri-
bosomes (small arrows), mitochondrium with
lamelar crusts which are in the phase of forma-
tion (big arrow). Ultrathin section (x 20 000)

Fig. 7. Spermatogonia (Sp) connected among
themselves with desmosomes (small arrows).
Presence of polymorphonuclears (neutrophils)
(big arrows) in the interstitium (1). Visible lumen
(L) of the lobule. Ultrathin section (x 4 400).

Fig. 6. Young spermatogonium (Sp) with visible
nucleus (N) and darker cytoplasm (C) with mi-
tochondria (small arrows). A part of Sertoli cell
(SK) in degeneration with big lipids (L). Ultrathin
section (x 7000)

Fig. 8. A part of two spermatogonia (Sp)
connected with desmosomes (arrows). Visible
nuclei (N). Ultrathin section (x 3 000)
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Conclusions

The ultrastructural characteristics of spermatogonial population of Ohrid trout
(Salmo letnica K a r.) in the postspawning period can be defined like this:

1. “Nuages” particles with perinuclear arrangement can be noticed in the
cytoplasm of spermatogonia of type A.

2. The young spermatogonia of type B possess darker cytoplasm in which
mitochondria with with electron dense matrix and lamelar crusts which are in the
phase of formation, can be noticed.

3. In the cytoplasm of some spermatogonia “lamelae anulate”, a lot of ribo-
somes and polyribosomes can be noticed, which points to an intensive synthesis of
proteins which is caracteristic of the young cells which grow up.

4. The young spermatogonia have a clearly seen nucleus with prominent
nucleolus.

5. The spermatogonia which are organized in cysts are connected among
themselves with desmosomes.
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A new substrate for aminopeptidase A (APA; EC 3.4.11.7) — L-Glutamic acid-I-(I-hydroxy-4-
naphthylamide) (Glu-HNA) is synthesized and applied for the histochemical localization ofthe enzyme
by a tetrazolium salt procedure with Nitro Blue Tetrazolium (NBT) or Tetra Nitro Blue Tetrazolium
(TNBT) as visualization agents. Using the newly developed tetrazolium method, the enzyme is success-
fully demonstrated in tissue sections from rat organs. The histochemical technique proposed here escapes
the disadvantages ofthe diazonium salts method and permits the precise localization ofthe enzyme in all
the organs studied.

Key words: Aminopeptidase A, Tetrazolium salts method, Enzyme histochemistry

Introduction

Aminopeptidase A (Angiotensinase A; APA, EC 3.4.11.7) is a membrane-as-
sociated enzyme, hydrolyzing a-glutamyl or a-aspartyl residues from the N-termi-
nal of different peptides, e.g. angiotensins. The enzyme activity level depends on the
presence of calcium ions and is optimal at pH 7.6. Formerly, APA has been identi-
fied by Glennerand Folk [5]. Its activity distribution in the kidney of different
mammalian species has been thoroughly studied by Kugler [7, 8, 9, 10, 11] and in
the other mammalian organs —by L 0jd a and Gossrau[12]. The APA activity
is usually demonstrated using a-Glu-2-naphthylamide or a-Glu-4-methoxy-2-
naphthylamide as substrates according to the azo-dye method with different diazo-
nium salts (Fast Blue B, freshly hexazotized pararosaniline or new fuchsin) as visu-
alization agents [12, 11,9]. Though the tetrazolium salts are generally considered to
be better auxiliary reagents than the diazonium salts [13], no tetrazolium method for
the demonstration of APA has been proposed thus far.

Previously, we introduced a new tetrazolium principle for the histochemistry
of aminopeptidases, based on newly designed substrates, bearing 1-hydroxy-4-naph-
thylamine (HNA) as a chromogenic leaving group. The method was successfully

57


mailto:iemabas@bas.bg

applied for the histochemical visualization of dipeptidyl peptidase IV and gamma-
glutamyl transpeptidase [2, 3]. In the present study we describe the synthesis of L-
glutamic acid-I-(I-hydroxy-4-naphthylamide) (Glu-HNA) and its application as a
new substrate for the histochemical demonstration of APA according to the tetrazo-
lium salts principle.

Material and Methods

Synthesis of the substrate

The synthesis of I-hydroxy-4-naphthylamine (HNA) was performed by the
reduction of 4-sulfophenyl-azo-4-hydroxynaphthalene (the azo dye Orange I) with
sodium hydrosulfite after [4]. The protected amino acid Z-Glu-OtBu (purchased
from Bachem, Heidelberg, Germany) and HNA were coupled by the dicyclohexyl
carbodiimide method [1] using N-ethylmorpholine as a hydrogen chloride acceptor
in an inert atmosphere (argon). The tert-butyl-ester protection of the amino acid
was cleaved using 6 N hydrogen chloride in dioxan and, after that, the Z-protection
was cleaved by a catalytic hydrogenation in ethanol/ HC1 with Palladium on acti-
vated carbon as a catalyst. Thus, the APA substrate — L-Glu-I-(I-hydroxy-4-
naphthylamide) (Glu-HNA) was obtained as a hydrochloric salt.

Tissue treatment and incubation media

Mature Wistar rats of both sexes were Killed by decapitation under ether ana-
esthesia and pieces of different organs (kidney, liver, heart and jejunum) were frozen
immediately in liquid nitrogen. Ten micrometers thin sections were prepared on a
cryotome 2800N, Reichert Jung, Nussloch, Germany at -20°C. The sections were
mounted on glass slides. Freeze-dried sections from the liver were also prepared and
mounted on albuminized glass slides. Then, all the sections were fixed in acetone for
5 min at -20°C, air-dried and incubated. The incubation solution consisted of 1 mM
substrate (Glu-HNA), 2 mg/ml tetrazolium salt — NBT (Fluka, Switzerland) or
TNBT (Serva, Heidelberg, Germany) and 10 mM calcium dichloride, all dissolved
in 0.1 M cacodylate buffer, pH 7.6. The substrate and the tetrazolium salt were pre-
dissolved in minimal amounts of dimethylformamide. The substrate medium was
filtrated before use. The incubation was performed for 20 to 45 minutes at 37°C.
After that, the sections were fixed in neutral formaldehyde and embedded in glyc-
erol-jelly.

Control sections were prepared in the same way, but incubated in the lack of
substrate (only in buffer, containing the tetrazolium salt).

Results

Control sections did not show any non-specific diformazan precipitations.

The APA substrate — Glu-HNA was hydrolyzed quickly by the enzyme, so
that an incubation time of 20—45 minutes was enough to reveal the enzyme loca-
tions in all the organs studied. The I-hydroxy-4-naphthylamine, released upon the
enzyme hydrolysis, reduced immediately the tetrazolium salt to give deeply
coloured diformazan deposits exactly on the APA locations. The enzyme visualiza-
tion was equally good with both tetrazolium salts. In the case of NBT, the
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Fig. 1. APA in the rat liver.
Glu-HNA and NBT. Freeze-
dried, acetone fixed section.
Diformazan deposits in the
bile capillaries (x 500)

Fig. 2. APA in the kidney.
Glu-HNA and NBT. Fresh-
frozen acetone fixed sections.
Reaction for APA in the brush
borders of the convoluted tu-
bules, glomerular endothelium
and podocytes (x 500)
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Fig. 3. APA in the jejunum. Glu-
HNA and NBT. Fresh-frozen
acetone-fixed section. High APA
activity in the brush borders of
the entherocytes (x 500)

Fig. 4. APA in the heart muscle.
Glu-HNA and NBT. Fresh-frozen
acetone-fixed section. Diformazan
deposits in the heart capillaries
(x 500)



diformazan precipitate was bluish-violet in colour. When TNBT was used, the
diformazan was reddish-brown.

Good results were obtained in non-freeze-dried sections from all the organs
except the liver, for which the freeze-drying appeared to be obligatory. In the liver,
the final reaction product (the NBT or TNBT diformazan) was deposited in the bile
capillaries (Fig. 1). In the kidney, APA activity was visualized in the brush borders
of the convoluted renal tubules as well as in the glomerular endothelial cells and
podocytes (Fig.2). In the jejunum, the brush borders of the enterocytes were highly
APA-positive (Fig.3). In the myocardium, the diformazan precipitates were visible
on the capillary endothelium (Fig.4).

Discussion

Aminopeptidase A is widely distributed in mammalian organs and tissues,
where it plays an important role in peptide metabolism (for review see [12]). For
example, it is present in the brush borders of the small intestinal enterocytes and
proximal renal tubules, where an active absorption take s place. Furthermore, the
enzyme is found in the capillary endothelium of every organ studied and is consid-
ered a marker enzyme for capillary bed endothelium [6, 12]. The only method for
the histochemical determination of APA still remains the azo-coupling procedure,
though it suffers a lot of drawbacks, caused by the use of diazonium salts as visual-
ization agents. The diazonium salts are enzyme inhibitors. They decompose espe-
cially at pH above 7, not permitting the incubation at the optimal pH of the mem-
brane-bound alkaline peptidases. In contrast, the tetrazolium salts are known to
inhibit the enzymes to a much lesser extent [13]. The ditetrazolium salts, such as
NBT and TNBT are very convenient for use in alkaline media. However, no tetrazo-
lium method for APA has been proposed thus far. Here we propose the first tetrazo-
lium method for APA, based on the new substrate L-Glu-I-(I-hydroxy-4-
naphthylamide). The substrate is readily hydrolyzed by the enzyme to release a
highly active reducing agent — I-hydroxy-4-naphthylamine, which reduces quickly
and quantitatively NBT or TNBT to the respective diformazans. The last com-
pounds, being highly water- and buffers insoluble, precipitate on the enzyme loca-
tions, marking them accurately by a deep colour (bluish-violet or reddish-brown). A
very important advantage of the method is that it permits incubation at the opti-
mum pH of the enzyme (7.6). Thus, the new method escapes the disadvantages of
diazonium salts methods and allows the precise localization of the enzyme.

With the present study, we expand our work on the new tetrazolium principle
for the histochemical visualization of aminopeptidases, introduced recently by us
[2,3].
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Glycyl-L-Prolyl-l-anthraguinonylhydrazide (Gly-Pro-AH) was synthesized and used as a new substrate
for the histochemical detection of dipeptidyl peptidase 1V (DPP IV). The enzyme hydrolysis liberates the
insoluble dark red 1-anthraquinonyl hydrazine, which marks the enzyme sites. After a post-incubation
with some aromatic aldehyde in an acid medium, 1-anthraquinonyl hydrazine is converted to the respec-
tive hydrazone. The most convenient aromatic aldehyde is selected to give a deeply colored and amor-
phous hydrazone, thus improving the histochemical picture considerably. The new method is used to
demonstrate the enzyme in tissue sections from different rat organs. It is found to allow an accurate DPP
IV localization in all its locations.

Keywords: Dipeptidyl peptidase 1V, 1-anthraquinonyl hydrazine, hydrazone formation, enzyme
histochemistry.

Introduction

Dipeptidyl peptidase 1V (DPP IV; EC 3.4.14.5) — a serine type aminoexopeptidase
[3] is found in the cell surface membranes in many tissues [8, 12]. It cleaves
aminoacyl-Pro-dipeptides from the amino-terminal of oligopeptides at pH opti-
mum 7.8. DPP IV is identical to T-cell activation marker CD 26 [19]. Presently, this
enzyme is a subject of a vast interest, due to the variety of biological functions it has
in the organism, such as digestion of natural polypeptides [17] and collagen [1], ac-
tivation or inactivation of peptide hormones [16], activation of T- and B-lympho-
cytes [18, 20], etc.

Histochemically, DPP 1V is usually determined using Gly-L-Pro-4-methoxy-
2-naphthylamide as a substrate with either diazonium salts according to the azo-
coupling method [9, 13] or 5-nitrosalicylaldehyde as a fluorogenic reagent [10, 11].
However, the above methods suffer a lot of drawbacks [12]. Recently, we developed
a convenient chromogenic method for the histochemical detection of DPP 1V, based
on the substrate Gly-L-Pro-lI-hydroxy-4-naphthylamide and tetrazolium salts as
visualization reagents [4].
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In the present paper, we propose a new chromogenic substrate for DPP 1V —
Gly-L-Pro-l-anthraquinonyl hydrazide (Gly-Pro-AH), which we use to localize the
enzyme in tissue sections of different rat organs. The new technique is developed to
escape most of the disadvantages of the methods in use and to provide a tool for the
precise determination of the enzyme.

Material and Methods

Synthesis of the substrate

1-Anthraquinonyl hydrazine was synthesized from 1-chloroanthraguinone
(Merck, Darmstadt, Germany) and hydrazine in pyridine as described by Moehlau
[15]. Boc-Gly-L-Pro-OH (Bachem, Heidelberg, Germany) was coupled to 1-
anthraquinonyl hydrazine by the dicyclohexylcarbodiimide method after [2]. The
Boc-protective group of Gly was cleaved with hydrogen chloride in dioxane to ob-
tain the substrate Gly-L-Pro-1-anthraquinonyl hydrazine (Gly-Pro-AH) as a hy-
drochloric salt.

Tissue treatment and incubation media

Mature Wistar rats of both sexes were killed by decapitation and pieces of different
organs were immediately frozen in liquid nitrogen. Tissue sections, 10 pm thin, were
cut on cryotome 2800M Reichert-Jung, Nussloch, Germany. They were mounted on
glass slides and fixed in acetone for 5 min at —20°C or, otherwise, they were freeze-
dried, mounted on albuminized glass slides and covered by 1 % celloidin for a
minute at room temperature. All the sections were incubated in a substrate medium,
containing 0.5 mM substrate (Gly-Pro-AH), pre-dissolved in a minimal amount of
dimethyl formamide, and 0.1 M Tris/HCI buffer or phosphate buffer, pH 7.8. The
incubation was carried out at 37°C for 20 to 60 min (longer incubation was neces-
sary for the celloidin-embedded sections). After that, the sections were transferred
into a second incubation medium, consisting of acetate buffer, pH 4.5, and 1 mg/ml
aldehyde — 4-dimethylaminobenzaldehyde, 4-methoxybenzaldehyde, 4-nitroben-
zaldehyde or 4-diethylaminobenzaldehyde. The second incubation was performed
at room temperature for 4 to 6 h (or, better, overnight). Then, the sections were post-
fixed in neutral formaline and embedded in glycerol-jelly.

Control sections were prepared in the same manner, but heated to 80°C for 10
min in water before the incubation (thermally inactivated controls). Other controls,
incubated only in buffered aromatic aldehyde at pH 4.5 were also prepared.

Results

Thermally inactivated controls as well as the controls, incubated only in aromatic
aldehyde solutions, were free of any non-specific staining.

The newly synthesized DPP IV substrate — Gly-Pro-AH was hydrolyzed
readily by the enzyme to release l-anthraquinonyl hydrazine. The last compound,
being practically insoluble in aqueous media, precipitated on the sites of the enzyme
activity, marking them precisely by a deeply red color. In the acetone fixed sections,
the hydrazine deposits were grainy to microcrystalline. Much better results for all
the organs studied were obtained in the freeze-dried celloidin-mounted sections,
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Fig.1. DPP IV in the kidney. Gly-L-Pro-AH and 4-dimethylaminobenzaldehyde. Reaction product in the
glomeruli and in proximal renal brush border (x 500)

Fig.2. DPP IV in the liver. Gly-L-Pro-AH and 4- dimethylaminobenzaldehyde. High enzyme activity in
the bile capillaries and sinus endothelial cells (x 500)
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where the hydrazine deposits were amorphous. Better results were obtained using
Tris/HCI buffer. As it was described above, the sections were transferred into acetate
buffer, supplied with an aromatic aldehyde for the post-coupling procedure. During
the second incubation, l-anthraquinonyl hydrazine was converted into hydrazone,
which color was different, depending on the aromatic aldehyde employed: dark blue
with 4-dimethylaminobenzaldehyde, dark violet with 4-methoxybenzaldehyde, red-
orange with 4-nitrobenzaldehyde and blue to black with 4-diethylaminobenzalde-
hyde. The last two aldehydes were rejected for further use, since with them granular
to crystalline hydrazones were formed. In contrast, 4-methoxybenzaldehyde and 4-
dimethylaminobenzaldehyde were found appropriate, because they gave finely
amorphous and very dark in color hydrazones with 1-anthaquinonyl hydrazine. The
histochemical contrast was much improved by this conversion. In the kidney (Fig.l),
a high DPP 1V activity was visualized in the proximal renal brush border and in re-
nal corpuscles. In the liver (Fig. 2), the final product was visible in bile capillaries as
well as in sinus endothelial cells. In the epididymis (Fig. 3), it was observed in ste-
reocilia and apical parts of the duct epithelial cells. In the seminal vesicles (Fig. 4),
DPP IV was highly active in the epithelial cells.

Discussion

Recently, it is widely recognized, that the mostly used method for the histochemical
detection of DPP IV — the azo-coupling method — suffers a lot of disadvantages.
Diazonium salts are powerful enzyme inhibitors. They decompose in the incubation
media, especially at pH > 7.0, thus causing precipitation artifacts and not permit-
ting the incubation at the optimal pH of the enzymes [12]. In a previous study [4] we
introduced a tetrazolium method for the histochemical detection of DPP IV. Tetra-
zolium salts are known to inhibit the enzymes to a much lesser extent than the dia-
zonium salts [14]. No histochemical method for DPP IV without auxiliary reagent
in the incubation solution is still available.

We recently established the use of 1-anthraquinonyl hydrazine—based sub-
strates in the histochemistry of peptidases. Using such substrates we managed to
localize dipeptidyl peptidases | and Il (DPP 1, Il) and tripeptidyl peptidase | (TPP
1), the last enzyme had not been demonstrated histochemically before that [5, 6, 7].
Though the above substrates are hydrazides, not amides, they are readily hydrolyzed
by peptidases. With the present work we expand the newly developed method to the
demonstration of a membrane-associated peptidase. For the lysosomal enzymes,
which have acidic pH optima, the second reaction step — the conversion of 1-
anthraquinonyl hydrazine into hydrazone with some aromatic aldehyde, can be per-
formed in the incubation medium (simultaneous coupling). The DPP IV optimal
pH (7.8) does not permit a hydrazone production in a single step. Thus, a second
incubation is needed. Anthraquinonyl hydrazine is highly water- and buffers- in-
soluble and almost amorphous in celloidin, but its color is not deep enough and it
tends to form crystals upon a time. Ifit is converted to a hydrazone, the precipita-
tions become very deeply colored, perfectly amorphous and do not change upon
storage. We made a screening of several aromatic aldehydes to choose the most con-
venient one for the hydrazone formation step. The aldehydes of choice proved to be
4-methoxybenzaldehyde and 4-dimethylaminobenzaldehyde. The second incuba-
tion step proposes more advantages, since no auxiliary reagents are present in the
incubation medium. Without the use of a second reagent one escapes all the disad-
vantages of the azo-coupling and tetrazolium methods (see above). Using the new
method, we localized precisely DPP IV activity in all the organs studied.
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Fig.3. DPP 1V in the epididymis. Oly-L-Pro-AH and

reaction product in the stereocilia and the apical part of due p
MuUMtra
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Fig.4. DPP IV activity in the seminal gland. Gly-L-Pro-AH and 4- dimethylamino-benzaldehyde. DPP

IV activity in the seminal gland epithelial cells (X 500)
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The novel histochemical method, proposed here, proved to be very appropri-
ate for the visualization of the membrane-associated alkaline peptidase DPP IV.
The synthesis of other aminopeptidases substrates, based on 1-anthraquinonyl hy-
drazine are in progress.
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A new substrate for gamma-glutamyl transpeptidase (GTP; EC 2.3.2.2) — L-Glu-4-(l-anthraquinonyl
hydrazide) is synthesized and applied for the histochemical detection of the enzyme in tissue sections
from rat and human organs. The enzyme hydrolysis liberates the water insoluble deeply fed 1-
anthraquinonyl hydrazine, which marks the enzyme locations. The newly developed method for GTP
does not use any auxiliary reagents in the incubation medium and permits the incubation to be performed
at the optimal pH of the enzyme. A second reaction step — incubation in an acid medium with 4-
dimethylamino benzaldehyde is performed to improve the quality of the preparations. The new method is
used with success for the visualization of GTP activity in the organs studied.

Key words: Gamma-glutamyl transpeptidase, anthraquinonyl hydrazine, enzyme histochemistry.

Introduction

Gamma glutamyl transpeptidase (GTP; EC 2.3.2.2) catalyses the transfer of
gamma-glutamyl moieties from different peptides, including glutathione, to other
peptides, amino acids or water. It is a membrane-associated transferase with an al-
kaline pH optimum of about 8.2. GTP is widely distributed in mammalian organs
and tissues (for review see [5]) and is found to increase its activity in some tumor
cells [8, 9, 11]. Histochemically, GTP is usually demonstrated using gamma-L-Glu-
2-naphthylamide or gamma-L-Glu-4-methoxy-2-naphthylamide as substrates with
different diazonium salts as visualization agents according to the azo-dye method
[4, 10]. Previously, we introduced a convenient tetrazolium method for the his-
tochemical visualization of GTP [3]. However, no histochemical method without
any auxiliary reagents in the incubation solution is still available for GTP

In the present study we describe the synthesis of a novel substrate for GTP - L-
Glu-4-(I-anthraquinonyl hydrazide) (Glu-AH) and its use for the histochemical de-
tection of the enzyme in a procedure not using auxiliary reagents in the incubation
medium. We give also a possibility of improvement of the histochemical picture by
a second incubation step and present the localization of GTP in several rat and hu-
man organs, obtained by the newly developed method.
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Material and Methods

Synthesis of the substrate

The colorful compound 1-anthraquinonyl hydrazine was synthesized by boiling 1-
chloroanthraquinone (Merck, Darmstadt, Germany) and hydrazine hydrate in py-
ridine after Moehlau [7]. The ! -anthraquinonyl hydrazine was coupled with Z-L-
Glu-OBzIl (Bachem, Heidelberg, Germany) by the dicyclohexylcarbodiimide
method [1]. The two protective groups of the amino acid (Z-group and the benzyl
ester group) were cleaved simultaneously by a catalytic hydrogenation in ethanol/
HC1 with Pd on activated carbon as a catalyst. Thus the substrate - L-Glu-4-(l-
anthraquinonyl hydrazide) (Glu-AH) was obtained as a HCl-salt.

Tissue treatment and incubation media

Mature Wistar rats of both sexes were killed by decapitation and pieces of different
organs were immediately frozen in liquid nitrogen. Pieces of human kidney cortex
were taken at autopsy from a person, killed in an accident, 12 hours after the death
and were frozen in liquid nitrogen too. Tissue sections, 10 pm thin, were cut on
cryotome 2800M Reichert-Jung, Nussloch, Germany. They were mounted on glass
slides and fixed in acetone for 5 min at —20°C or, otherwise, they were freeze-dried,
mounted on albuminized glass slides and covered by 1 % celloidin for a minute at
room temperature. All the sections were incubated in a substrate medium, contain-
ing 1 mM substrate (Glu-AH) (pre-dissolved in a minimal amount of dimethyl
formamide), 5 mM glycyl-glycine and 0.1 M Tris/HCI buffer, pH 8.2. The incuba-
tion was carried out at 37°C for 30 to 90 minutes (longer incubation was necessary
for the celloidin-embedded sections). After that, the sections were transferred into a
second incubation medium, consisting of acetate buffer, pH 4.5, and 1 mg/ml 4-
dimethylamino benzaldehyde. The second incubation was performed at room tem-
perature for 4 to 6 hours. Then, the sections were post-fixed in neutral formaline and
embedded in glycerol-jelly.

Two types of controls were prepared — thermally inactivated control sections
were heated at 80°C for 10 min in water and incubated in the complete substrate
solution, whereas the other controls were incubated only in buffered 4-
dimethylamino benzaldehyde at pH 4.5.

Results

Thermally inactivated controls did not show any colorful reaction product. The
other controls also had no precipitation artifacts.

The substrate — Glu-AH was quickly hydrolyzed by the enzyme to release the
deeply colored reaction product — 1-anthaquinonyl hydrazine, which precipitated
on the sites of the enzyme activity and marked them in a red color. However, those
preparations showed a tendency to distort upon storage, because the colorful pre-
cipitation in them used to become crystalline in time. So, we intended a second in-
cubation with 4-dimethyldminobenzaldehyde in an acid medium (acetate buffer, pH
4.5), which was aimed to convert the 1-anthaquinonyl hydrazine into the respective
hydrazone (4-dimethylaminobenzylidene-1-anthraquinonyl hydrazone) — a dark
blue highly amorphous compound. Thus, the preparations became more contrasted
and were stable on storage (permanent preparations). Good results were obtained
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Fig. 1. GTP in the rat liver. Freeze-dried celloidin-mounted section. A small quantity of the final reaction
product is visible in the bile capillaries (x 500)

Fig. 2. GTP in the rat kidney. Fresh-frozen acetone-fixed section. A very strong reaction for GTP in the
brush borders of the convoluted tubules. No reaction product in the glomeruli (x 500)
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Fig. 3. GTP in the human kidney. Fresh-frozen acetone-fixed section. Large quantities of hydrazone in
the brush borders and the basal membranes of the renal convoluted tubules (x 500)

Fig. 4. GTP in the rat pancreas. Freeze-dried celloidin-mounted section. The main reaction for GTP is
visible in the apical poles of the acinar cells (x 500)
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in the freshly frozen acetone fixed sections for all the organs studied except for the
liver and pancreas, where the results were better in the freeze-dried celloidin-
mounted sections. In the liver (Fig. 1) the small quantity of the final reaction prod-
uct was observed in the bile canaliculi and only single sinusoidal cells were GTP-
positive. These results are in agreement with the previous findings, that GTP has a
low activity in the rat liver [5]. In the rat kidney (Fig. 2) a very strong reaction for
GTP was seen in the epithelial cells of the renal convoluted tubules, whereas the
glomeruli were perfectly negative. In the human kidney (Fig. 3) the same pattern of
GTP was observed, however, the basal membranes of the tubules were well accentu-
ated. In the rat pancreas (Fig. 4) a considerable quantity of hydrazone was visible in
the apical parts of the acinar cells. In the epididymis (Fig. 5) the enzyme activity was
located in the principal cells of the tubules, including stereocilia and the sperms
within the channels were also GTP-positive.

Discussion

Gamma-glutamy!l transpeptidase is an enzyme of a vast scientific interest, since it
plays a significant role in degradation of natural polypeptides, the most important
ofwhich are glutathione and its derivatives. Other functions of the enzyme have also
been suggested (for review see [6]). However, in order to understand the multiple
functions of GTP it is important to know its precise localization in mammalian or-
gans, the main tool for that purpose still remains the activity histochemistry. Till
now, the mostly used histochemical method for the visualization of GTP is the azo-
dye procedure, which suffers a lot of drawbacks (for review see [2]). The most im-

Fig. 5. GTP in the rat epididymis. Fresh-frozen acetone-fixed section. A very strong activity of GTP in the
stereocilia and the whole principle cells of the channels, as well as in the spermatozoa within the chan-
nels (x 500)
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portant disadvantage of this method is that the incubation can not be carried out at
the optimal pH of the membrane-bound alkaline peptidases.

In the present work we propose a new method for GT1J which does not use any
auxiliary reagent in the incubation medium. This point might be regarded as a very
important advantage, because any additional compound in the solution may inhibit
the enzyme at a certain extent (even tetrazolium salts, which are usually considered
to be very weak enzyme inhibitors). Furthermore, the newly developed method per-
mits the incubation at the optimal pH of GTP — 8.2. The novel GTP substrate —
Glu-AH was readily hydrolyzed by the enzyme to release the deeply red water-in-
soluble 1-anthaquinonyl hydrazine, which marks the enzyme locations. We per-
formed also a second incubation, in which 1-anthraquinonyl hydrazine is converted
into a hydrazone with 4-dimethylaminobenzaldehyde, but this additional step is
only for the sake of improvement of the preparations quality. The finally obtained
preparations are of a very good contrast with the dark blue perfectly amorphous
hydrazone. Moreover, they are permanent, i.e. they do not change upon storage.

With the newly developed method we managed to localize GTP in the same
locations in the rat and human organs as it was described before. So, the new
method, proposed here, is very promising for future application in other membrane-
bound peptidases histochemistry as well.
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Bulgarian Population at the End of the 20th Century
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Characteristics of anthropometrical nutritional status in adult Bulgarian population at the end of the 20th
century is made, as well as, the frequency of individuals with different anthropometrical nutritional status
according the WHO classification norms is assessed. It is established that during the steadiest biological age
(30-40 years), the Bulgarians have an anthropometrical nutritional status between the categories “healthy”
and “overweight”. The individuals with BMI over 30 kg/m2, which marks the obesity, are 15.8% from the
males and 17.6% from the females. According to the WHO data about obesity in Europe, the frequency of
obesity Bulgarians at the end of the 20th century is near to the mean frequency for the European population.

Key words: Anthropometrical nutritional status, anthropometry, BMI, Bulgarian adult population.

Introduction

During the past years more and more often data about the alarming obesity of the
population in the well-developed countries are published [1,4]. Publications about
the increase of the frequency of obesity people in Bulgaria are not an exception [5,8].

As an appraiser of the anthropometrical nutritional status (ANS) when mak-
ing large-scale investigations, the WHO still recommends the data of BMI to be used
instead of the critics concerning its informative possibilities [2, 3]. More often the
applied and recommended by the WHO demarcation cut off values about ANS cat-
egorization are those worked out by Garrow in 1981 [2].

The aim of the present work is to assess the anthropometrical nutritional sta-
tus in adult Bulgarian population (30-40 years old) at the end of the 20th century.

Material and Methods

For the evaluation of ANS in the present work are used data about BMI of a repre-
sentative for Bulgaria subpopulation of 30-40 years old males and females. These
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data are a part from the National program “Anthropological characteristics of the
Bulgarian population”. The program is confirmed by the Educational and Scientific
Ministry, as well as by the Bulgarian Academy of Sciences and is the only represen-
tative for Bulgaria as a complex anthropological investigation at the end of the 20th
century. The study includes 2413 males and 2842 females at the age 30-40 years
from 120 settlements (showed in the Bulgarian map) in the 9 regions of the country.
The districts division corresponds to the administrative regions of the country dur-
ing the period in which the program took place and includes representative sub-
populations from the 9 regions in this time (Fig. 1).

For the categorization of ANS are used the cut off values of BMI recom-
mended by the WHO and worked by Garrow in 1981, and the classification is made
according to the scheme of Balabansky [5]. (Tabl. 1).

Results and Discussion

The mean values of BMI give a mostly general idea about ANS of the investigated
individuals. The data from the representative for the country investigation (Table 2,
Figure 1) show that at the end of the 20lh century, the 30-40 years old Bulgarians
have mean values for BMI between 25.3 and 26.8 kg/m2. These data assign their ANS
to the upper limit of the category “norm” and the lower limit of the category “over-
weight”. By the regional comparison is established that biggest BMI have the males
and females from Sofia and Montana regions (more well expressed in males), and
lowest is the BMI for the females from Sofia town and the males and females from
Bourgas and Rousse regions.

Next to this common idea about body nutritional status of the adult Bulgarian
population at the end of the 20th century, received from the mean values of BMI, we
shall analyse the frequency of the individuals from the different categories ANS, as
for the whole country, so in a comparative aspect between the separate regions
(Tables 3 and 4). In Fig. 3 is presented the frequency of the individuals from the dif-
ferent categories ANS totally for the whole country. The data show that 1.6% of the
males and 4.2% of the females are with weight below the norm. Healthy ANS have
35.7% from the males and 43.9% from the females. Overweight are 46.8% from the
males and 34.4% from the females, and with obesity, commonly for its three degrees
(BMI > 30 kg/m2) are 15.8% from the males and 17.6% from the females. The com-

Tablet. BMI cut offvalues for the classification of anthropometrical nutritional status

Body mass index (BMI)

categories by L. Ballabansky, 1990 categories WHO by Garrow, 1995
thin x-19.9 thin X-19.9
normal 20.0-24.9 normal 20.0-24.9
overweight 25.0-29.9
obesity grade | 30.0-34.9 overweight grade | 25.0-29.9
obesity grade II 35.0-39.9 overweight grade |1 30.0-39.9
obesity grade 111 40.0-x overweight grade Ill 40.0-x
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Fig. 1. Investigated settlement in Bulgaria

parison of these data with the data of WHO for the European countries in which the
frequency of obesity individuals is between 10% and 20% in males, and between 10%
and 25% in females shows that the frequency of the obesity Bulgarians at the end of
the 20th century is near to the mean frequency for the European population [4, 8].

Of special interest is the sexual comparison of the frequency of individuals
with healthy and overweight ANS in males and females. The frequency of females
with healthy ANS is higher commonly for the whole country with 8.2 % than it is for
males. The males, however, from the category “overweighed” are considerably more
frequent — with 12.4% than the frequency of the females in this category.

Tab!e 2. Anthropometrical nutritional status of the Bulgarian population (30 — 40 years old)

Territorial Males Females

No P
divirion n

mean SD SEM V min  max N mean SD SEM V min  max
Sofia city 234 263 38 02 142 191 417 275 253 49 03 193 183 438
Sofia 310 268 37 02 139 180 39.2 370 264 47 02 178 155 4438
Plovdiv. 276 264 36 02 135 192 ]40.7 339 261 43 02 166 179 418
Haskovo 288 26.4 32 02 121 187 1372 351 260 41 02 159 172 46.2
Bourgas 247 264 39 02 148 182 456 336 253 4.2 02 166 176 43.6
Montana 344 267 41 02 154 164 1415 357 266 49 03 184 168 46.8
Lovech 266 263 39 02 147 181 479 316 260 46 03 178 170 452
Rousse 186 256 34 02 135 174 ,36.0 204 259 43 03 167 187 41.0
9 Varna 262 260 39 02 149 161 399 294 258 44 03 173 170 412
10 Whole country 2413 264 38 01 143 161 479 2842 260 45 01 174 155 468

0 N OO OB~ W DN
o X
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Table 3. Distribution ofthe investigated population according to anthropometrical nutritional catego-
ries in males

Total Categories
No Territorial nSE— thin normal overweight obesity | obesity 11 obesity Il
division ber x-19.9 20.0-24.9 25.0-29.9 30.0-34.9 35.0-39.9 40.0-x
n % n % n % n % n % n %

Sofia city 234 3 13 84 359 111 474 30 128 5 21 1 0.4

2 Sofia 310 5 16 100 323 144 465 52 168 9 2.9 0 0
3 Plovdiv. 276 3 11 96 348 141 511 29 105 6 22 1 04
4 Haskovo 588 | 03 96 333 153 531 34 11.8 4 14 0 0
5 Bourgas 47 | 04 98 397 108 437 33 133 6 24 1 0.4
6 Montana 344 g 23 115 334 144 419 64 186 1l 32 2 0.6
7 Lovech 565 7 26 90 338 13 511 26 98 6 23 1 04
8 Rousse 185 6 32 74 398 87 468 18 97 1 0.5 0 0
9 varma 55y 4 16 109 416 105 401 37 14.1 6 23 1 0.4

10 Wholecountry 5413 33 16 862 357 1130 468 323 134 54 22 6 02

Table 4. Distribution of the investigated population according to anthropometrical nutritional catego-
ries in females

Total Categories

No Territorial num thin normal overweight obesity | obesity I obesity 111

division ber X199 20.0-24.9 25.0-29.9 30.0-34.9 35.0-39.9 40.0x
n % n % n % « % n % n %
! Sofia city 275 12 44 146 531 84 305 22 80 8 2.9 3 11
2 Sofia 370 14 37 144 389 134 362 54 146 21 57 3 08
3 Plovdiv. 339 12 35 148 437 116 342 46 136 16 47 1 03
4 4,5 (Haskovo 351 11 32 146 416 139 396 47 34 6 17 2 06
5 § Bourgas 335 19 57 158 470 120 357 28 83 0 30 1 03

S

6 Montana 357 16 45 144 403 119 333 52 146 2 5.9 5 14
7 Lovech 316 13 41 140 443 99 313 50 158 12 38 2 06
8 Rousse 204 5 25 92 451 71 348 28 137 7 34 1 05
9 Varna - 9gq 15 51 131 446 97 330 38 129 10 34 3 1.0

10 Wholecountry pg47 117 42 1248 439 977 344 367 129 112 39 21 07

Table 5. Secular trend of anthropometrical nutritional status

Literature data Our data
Sex Parameters 1970 1975 1980
by Janev etal by Mutafov etal by Slanchev etal. 1989- 1993
9 [8] [7]
n 1201 425 744 2413
males
X 25.64 25.78 25.98 26.37
n 1199 425 741 2843
females
X 26.76 27.15 26.05 25.96
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Districts

Fig. 2. Mean values of BMI

%

Fig. 3. Distribution of the population in the whole country according to the categories of
anthropometrical nutritional status

More detailed information about this tendency could be received from the re-
gional comparison (Fig. 4 and 5). The data show that from all regions in the country
higher is the percentage of males with overweight (between 40.1% and 53.1%) than
of males with healthy ANS (between 32.3% and 41.6%). Most frequent are the
overweighed males in Haskovo, Lovech and Plovdiv regions and those with healthy
ANS are most frequent in Varna, Rousse and Bourgas regions. In females the pro-
portion is opposite of those in males. The frequency of females with overweight is
lower (between 30.5% and 39.6%) than of females with healthy ANS, whose fre-
quency is between 40.3% and 53.1%. Highest is the frequency of females with over-
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Fig. 4. Distribution of the population in the separate 9 regions according to the categories of
anthropometrical nutritional status (males)
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Fig. 5. Distribution of the population in the separate 9 regions according to the categories of
anthropometrical nutritional status (females)

weight in Haskovo region, and most frequently such with healthy ANS are observed
in the capital city of Sofia and Bourgas region.

The data analyses about frequency of individuals with the three obesity degrees
are of a special interest (Fig. 6 and 7). Most obese males with BMI > 30.0 kg/ml are
found in Montana and Sofia region, and lowest is their frequency in Rousse region.
The frequency of obese females is highest again for Montana and Sofia regions, as in
the category obese Ist degree with BMI between 30.0 and 34.9 kg/m? their frequency
is highest for Lovech region.
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Fig. 7. Frequency of the population from the different obesity categories (females)

To study ifthere are changes in ANS for different generations of the Bulgarian
population during the 20th century, i.e. if there are data about secular changes in this
period, we made at the end a comparison between our study and the existing similar
investigations for Bulgaria in 1970,1975 and 1980. These are the only representative
studies of 30-40 years old Bulgarians which could be used for objective compari-
sons.

It is obvious from Table 5 and the illustrations in Fig. 8 that there are not big
changes in ANS for the Bulgarians from the 70s till the end of the century. Never-
theless, in the sexual aspect it could be accounted a tendency of a BMI increase in
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males for 20 years period with 0.73 points. In females, highest is the BMI for the
generation studied in 1975 and lowest — for the studied by the National Anthropo-
logical Program (1989-1993). The decrease of the BMI mean values between 1975
and the end of the century is with 1.19 points, and could be discussed as a decelera-
tion tendency about body nutritional status of the Bulgarian females during the last
two decades of the 20th century.

Conclusion

The results in the present study show that at the end of the 20th century the 30-40
years old Bulgarians, i.e. the ones in the steadiest biological ages, have anthropologi-
cal nutritional status between the upper limit of norm and the lower limit of over-
weight, as in males the frequency of overweighed individuals is higher. It is very im-
portant to be verified that in the Bulgarian population, the individuals with BMI over
30 kg/m 2 which is indicative for the obesity are 15.8% from the males and 17.6%
from the females. According to the WHO data, the frequency of obesity for Bulgar-
ians at the end of the 20th century is near to the mean frequency for the European
population.
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The aim of the present study is to analyze and evaluate the sexual differences in the body composition
and the topic distribution of subcutaneous fat tissue in newborns on the base of data about body weight
and six standard skinfolds on body and extremities.

Totally 219 full-term and healthy newborns (110 boys and 109 girls) in the first 24 hours after birth
are measured. The following six skinfolds: triceps, forearm, thigh, calf, subscapular and abdomen are
measured by standard methods with the caliper of Holtain. The total thickness of the measured subcuta-
neous fat tissue as a sum from the six skinfolds is calculated in addition. The relative share of every
skinfold is calculated regarding the sum of six skinfolds. The body composition is assessed by Guihard —
Costa indexes.

It is established that the newborn boys have smaller quantity of subcutaneous fat tissue, but their
body weight is bigger opposite to the newborn girls.

Key words: newborns; body composition; subcutaneous fat tissue.

Introduction

The body composition, body weight and subcutaneous fat tissue thickness are basic
characteristics for human anthropometrical nutritional status and physical develop-
ment [1, 5]. These characteristics are relatively well studied and estimated in chil-
dren, adolescents and adults, when their evaluation in newborns is rare in the spe-
cialized literature.

Many authors [1, 6, 7, 8, 9] are working in the fields of physical development
and methodological trends, and concrete results about metrical data for different
ages, sexes, nationalities and other groups of children are published, as well. Study-
ing the malnutrition during the last months of the intrauterine development, Owen
[4] reports that the thickness of subcutaneous fat tissue (SFT) gives more reliable
information about malnutrition of newborns than body weight. Guihard-
Costaetal [2] analyze the sexual differences in the subcutaneous fat tissue thick-
ness in newborns and fetuses during the last months of pregnancy, as they search
relation with body weight of the pregnant woman during this period. The authors
use the ratio between thickness of two skinfolds (subscapular skinfold (SF) and tri-
ceps skinfold) and body weight for the estimation of well nutrition/malnutrition.
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Guihard-Costaetal [2] established, that the newborn boys have lower values
for the two ratios compared to the newborn girls, i.e. they have smaller quantity of
subcutaneous fat tissue per body weight unit. The authors found that the thickness
of subcutaneous fat tissue on back is smaller in boys, than in girls, and the subcuta-
neous fat tissue thickness on arm is relatively equal for both sexes.

The aim of the present work is to estimate the body composition in newborns
by the ratio thickness of subcutaneous fat tissue/body weight (SFT/BW) and to study
the sexual differences in the quantity and distribution of subcutaneous fat tissue on
their body and extremities.

Material and Methods

The data presented in the study are part of a detailed transversal anthropological
investigation realized during the period April — May 2001. Totally 219 full-term (38
— 42 G. W.) and healthy newborns (110 boys and 109 girls) are studied during the
first 24 hours after birth from the neonatal ward of the IInd Obstetrical Hospital
“Sheinovo” in Sofia. The anthropometrical features are defined by the Martin-Sailer
[3] classical method and are measured by the first author in the present publication.
The data about body weight and six standard skinfolds on body and extremities are
analyzed. The body weight is measured in gram by a balance and the skinfolds — in
mm by the standard method with Holtain caliper on the right side of the body. The
body composition is estimated by using the two indexes introduced by Guihard-
Costaetal. [2]

Subscapular SF (mm x 103) / Body weight (g)

Triceps SF (mm x 103) / Body weight ()

The authors mentioned above use as estimation criteria these indexes because
subscapular and triceps skinfolds are in lowest relation with body weight (r = -0,08
and -0,12, respectively). This is very important requirement from mathematical
point of view the compound features of indexes to be independent variables.

The total thickness of the measured subcutaneous fat tissue is calculated as a
sum from six skinfolds. The relative share of every skinfold is determined regarding
the sum of the six skinfolds. The sexual differences are assessed comparing the mean
values of the investigated features and calculating the Index for sexual difference
(ISD) by the formula: ISD = X? x 100 / X</.

This index provides a possibility for a quantitative evaluation of the sexual dif-
ferences. The values over 100 % show priority for girls and below 100 % — for boys.
The metrical data are statistically analyzed by SPSS program and the reliability of
the established differences is assessed by Students t-criterion at P < 0,05.

Results and Discussion

Regardless the body weight data are not subject of independent discussion in the
present work, we should emphasize that the investigated newborn boys have aver-
age body weight of 3390 g and they are heavier than girls, who have average body
weight of 3290 g (Table 1). It is established that the values of both body composi-
tion indexes in the investigated newborns are lower for boys compared to girls
(Table 2, Fig. 1). The sexual differences in newborns investigated by Guihard-
Costa et al. [2] are identical. These results show a presence of sexual differences in
the body composition of the investigated newborns. The newborn boys have
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Tablet. Data about skinfolds and body weight of newborns (2001)

Boys, n= 110 Girls,n =109 t ISD
(%)

Features
mean | SD  Sx v  mean | SD  sx Y,
Subscapular SF (mm) 4.6 0.9 04 20.0 5.0 10 05 202 308 108.70

Abdomen SF (mm) 4.4 0.7 0.4 16.7 4.6 0.8 04 179 2.0* 104.55
Triceps SF (mm) 4.9 0.9 0.4 185 5.2 1.0 0.4 185 231* 106.12
Forearm SF (mm) 51 0.8 0.4 16.1 53 0.9 04 173 1.82 103.92
Thigh SF (mm) 6.2 1.2 0.5 195 6.7 1.2 0.5 174 357  108.06
Calf SF (mm) 5.8 0.9 0.4 15.9 6.3 0.9 04 148 417 108.62
Sum of 6 SF (mm) 31.0 - - - 33.1 - - - - -
Body weight (g) 3390 038 00 112 3290 038 00 116 195 97.05

* Statistically significant differences (P<0.05)

Table 2. Body composition according to the ratio SFT / BW

Body Weight (g) Subscapular SF Triceps SF Sc SF/BW Tric.SF/BW
Sex mean (mm. 103) (mm. 103)
mean mean mean mean
Boys 3390 46.00 49.00 13,57 14.45
Girls 3290 50.00 52.00 15.20 15.81

smaller quantity of subcutaneous fat tissue, but their body weight is bigger oppo-
site to the newborn girls.

The SFT thickness determined by the skinfolds gives specific information
about the type of anthropometrical nutritional status in newborns.

The absolute values of thickness of the measured six skinfolds and their sum
give general idea about the investigated thickness of the SFT layer on body and ex-
tremities in newborns.

The sum of the six skinfold thickness, which characterize the total quantity of
the studied SFT have bigger values in the newborn girls — 33.1 mm, than in newborn
boys — 31.0 mm. Since the six skinfolds characterize the SFT thickness on every
body and extremities area (on back, abdomen, upper extremities and lower extremi-
ties) we can make the conclusion, that the newborn girls have thicker layer of SFT,
than boys (Table 1, Fig. 2). Identical are also the sexual differences in the thickness
of the six measured skinfolds separately. All skinfolds with the exception of the fore-
arm SF thickness are statistically significant thicker in the newborn girls than in the
newborn boys.

The evaluation of the sexual differences about the every skinfold thickness by
ISD shows that the newborn girls have thicker SFT layer by 8 % — 9 % on back,
thigh and calf, and by 4,5 % — 6 % on triceps and abdomen compared with the new-
born boys. The sexual differences are smallest in the forearm SFT thickness, where
the priority for the girls is approximately 4 % (Table 1, Fig.3).

Objective notion about distribution of SET on the different parts of body and
extremities are received by calculating the relative share of every SF thickness. Our
data shows comparatively slight sexual differences (Table 3, Fig. 4). Nevertheless, it
should be marked that in newborn girls the relative share of the SFT thickness is
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Fig. 4. Percentage fat distribution

Fig. 5. Regional fat distribution

bigger on thigh, calf and back, and in newborn boys the relative share of the SFT
thickness is bigger on triceps, forearm and abdomen.

A general notion about the type of anthropometrical nutritional status could
be obtained by the assessment of the relative share of the two skinfolds on the upper
extremity, the two skinfolds on the body and the two skinfolds on the lower extrem-
ity (Table 4, Fig 5). Our data shows slightly expressed sexual differences in the type
of anthropometrical nutritional status. For both sexes the relative share of SFT
thickness on body is equal (29 %), on upper extremities in the newborn boys it is
32.3 %, and in the newborn girls it is lower with 0.6 % (31.7 %). On lower extremities
the ratio is opposite — the newborn boys have 39.3 % from the measured quantity of
SFT, and the newborn girls — 38.7 % (i.e. lower with 0.6 %). These data show that
the relative share of SFT thickness on lower extremities dominate in girls and— on
upper extremities in boys.
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T ab!e 3. Percentage fat distribution according to the sum of 6 skinfolds

Skinfolds Boys Girls r
(%) (%)

Subscapular 14.8 15.1 0.07
Abdomen 14.2 13.9 0.14
Triceps 15.8 15.7 0.10
Forearm 16.5 16.0 0.07
Thigh 20.0 20.3 0.15
Calf 18.7 19.0 0.16

T ab!e4. Percentage of regional fat distribution

Region Boys Girls
mean % mean %
Upper extremities SF 10.0 32.3 105 317
Lower extremities SF 12.0 38.7 13.0 39.3
BodySF 9.0 29.0 9.6 29.0
Conclusion
. The results obtained show that even by birth exist underlined sexual differ-

ences of the body composition, the thickness and the relative share of sub-
cutaneous fat tissue.

. The newborn boys have thinner subcutaneous fat layer, but their body
weight is bigger opposite to the newborn girls in whom the subcutaneous fat
layer is thicker and the body weight is lower.

. The newborn girls have statistically significant thicker skinfolds than the
newborn boys have.
. Concerning the topical distribution of subcutaneous fat tissue on body and

extremities, the relative share of subcutaneous fat tissue on upper extremi-
ties and abdomen is bigger in the newborn boys, and it is bigger on lower
extremities and back ip the newborn girls.
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The mechanisms, controlling lipid storage, lipid mobilization and utilization are interesting. Adipose tis-
sue metabolism varies from one region of the body to another. The fat on women’s pool (thighs, hips,
belly) is more difficult to be mobilized due to increased a-2-adrenergic receptor activity induced by estro-
gen and another hormones and enzymes. The obesity of gynoideous type and typical cellulite in women
are caused by a number of factors. The increasing adipocytes during growing fat, as well as the retention
of liquid during the monthly cycle are becoming a reason for the development of local hypoxy. The
hypoxy appears to be a constant irritating factor for these tissues and they make attempts to adapt to it.
Then the hypoxy includes the vicious circles which forming the women’s pool in girls and its sustainment
in women.

Key words: women’s pool, hypoxy, free radicals.

Introduction

Obesity of gynoideous type and cellulite have a common histological predisposi-
tion. They are most commonly found in women effecting prevailingly the thighs,
hips and belly (the women’s pool). During the puberty in these processes are in-
cluded very important endocrine and metabolite mechanisms, which control the
lipid storage, lipid mobilization and lipid utilization [25, 26]. The increasing of es-
trogens during the puberty leads to an increase in a-2-adrenoreceptors. This in-
crease the lipogenesis and the adipocytes in the gluteofemoral region (women’s
pool). In the same time, the fat in the women’s pool is more difficult to be mobilized
due to an increased a-2-adrenergic receptor activity induced by estrogen and an-
other hormones and enzymes. Thus the retention of fats and liquids in girls during
the monthly cycle are becoming a reason for the development of local hypoxy. The
local hormones can determine body fat distribution. Women, through the effect of
estrogen, have more a-2-receptors on the fat cells of their hips and thighs. This gives
a higher lipolytic threshold and causes concentration of fat in the area in women [1,
2, 15, 20].
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The adipocytes have 3 different types of receptors in its outer membrane: (3-
adrenergic receptors, a-2-adrenergic receptors and proteinkinase (pkC)-receptors.
p-receptors block or inhibit phosphodiesterase production, leading to increased lev-
els of cyclic-AMP which are known to trigger lipolysis. A P-receptor stimulator or
activator Isoproternol (P-agonist), inhibit phosphodiesterase increase cyclic AMP
and the lipolysis [8]. a-2-receptors increase the level of phosphodiesterase, reduce
the level of cyclic AMP and reducing lipolysis. Thus, a-2 inhibition is desirable, a-
2-inhibitors are Yohimbine, Gincko biloba etc. [11, 28]. Protein-kinase receptors
increase phosphodiesterase and reduce cyclic AMP-level and inhibiting lipolysis.
Thus inhibition of the pkC- receptors is desirable. Xanthine, Caffeine and
Theophilline inhibit pkC-receptors [12].

Local hypoxy and oxidative processes

The increasing adipocites during growing fat, as well as the retention of liquid dur-
ing the monthly cycle are becoming a reason for the development of local hypoxy.
The process is lasting for a long time, sometimes during the whole life. Many other
normal mechanisms are effected by it, like the oxygenasis, local hormones
(Leucotriens, Thromboxan — A2), NO, prostaglandines (PGE, PGI-2) etc. [13, 18,
19]. The accumulated not thoroughly oxidated products stimulate the oxidative
modification of Low density cholesterol (LDL-C), the result of which is ox-LDL-C.
They oxidate and in the blood appear lipoprekises and H202. A part of the metabo-
lites are stimulating the fibroblasts, which is leading to growth of the connective tis-
sue [22]. It fatness the tela subcutanea of the fats particles and embarrasses the me-
tabolism and circulation. The lower activity of the oxygenasis promotes the delay-
ing of the speed of the oxidating phosphoriling and for the lower activity of
Glutathion peroxidasis (GPX). The accumulated reactive metabolites (H20®, OH
etc.) are leading to degradation of the hialuronous acid and of the collagen in the
hypoderma — morphological changes [7, 14].

During the reduction of electrons from the oxygen molecule is generated a
Superoxide anion radical (O!"), a Hydroxil radical (OH) and a Hydrogen peroxide
(H202). All of them, together with the other familiar reactive oxygen species (ROS)
are damaging the cellular membranes, the cells and tissues, with which they come
into contact. Their harmful action is not only on the place of their generation, but
reaches the neighboring tissues as well [14].

This is very characteristic in conditions of local hypoxy, where the possibility
for neutralizing the metabolites is lower due to the lower activity of the oxygenases.
This slows down the speed of the oxidative phosphoriling and as its result the resyn-
thesis of ATP. The concentration of NADP is changing, and it affects the interrela-
tion between the restoring and oxidated glutation (GSH: GSSG). The disturbed res-
toration of GSH is reflecting negatively to the activity of the glutathion peroxidasis,
which makes harmless the generated during the neutralization of the superoxide
anion radical hydrogen precis. There is a possibility for accumulation of H202.

During the enzyme detoxication of O~ with the participation of super-
oxidismutasis (SOD), is formed the intermediate product H202 the neutralization of
which is taking place on the following two ways: through catalasis (CAT) and
through glutathion peroxidasis (GPX). The insufficient activity of GPX could be-
come a reason for the accumulation of H?02, which is leading to a tissue acidosis.
The huge amount of H2O , and the availability of Fe2+ generate a lot of OH. This is
the most potent oxidant know, has an extremley short half-life, reacting at the site
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of its formation through its ability to attack most biological molecules resulting in
the propagation of OFR chain reactions. Due to the lower possibilities of the
hypoxical tissues of detoxication, in the hypoderma are accumulated other OFR, as
well as products of the precis oxidation of the lipids, including conugates of dien,
malon dialdehide, etc. [6, 17, 28]. Their accumulation causes a degradation of the
hialironic acid and the collagen, damaging of the cells through peroxidation of the
polynotsaturated fat acids and destruction of the permeability of the cells mem-
branes and the structural elements. It is even possible to be got to acidosis with the
additional after-effects for the tissue [16, 24]. Due to its less significance for the sur-
vival of the organism in comparison with the internal organs, the brain and the
hypoxy of the women’s pool region appears to be a constant irritating factor for
these tissues and they make attempts to adapt to it. This is connected with the ap-
pearance of cellulite in girls and obesity of gynoideous type in women [23,27].

Fig. 1. Women’s pool and its layers — cellulite and
adipose tissue

The aim of this study is to present the importance of the adipose tissue,
monthly cycle, local hypoxy and oxidative processes and their connections as
mechanisms forming the women’s pool.

Lipolysis

Adipose tissue metabolism varies from one region of the body to another. The au-
thors demonstrated that fat was absorbed more slowly in the femoral region in
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women losing weight after the jeuno-ileal bypass operation for server obesity [10,
21]. These observation suggested regional differences in the lipolytic processes that
might respond to the local application of lipolytic agents [5].

The lipolytic process has been described in great detail in the past 20 years.
Lipolysis, the process of hydrolyzing triacilglycerol into glycerol and fatty acids, is
mediated by the enzyme Hormone sensitive lipase (HSL). HSL is active in the phos-
phorylated form. This activation is produced by proteinkinase-A which is activated
by cyclic AMP Membrane-bound adenylate cyclase can be inhibited or stimulated
by the action of inhibitory or stimulatory GTP binding proteins (Gs-proteins) acting
on adenylate cyclase [8, 9].

A number of hormones react with cell surface receptors on the adipocyte to
influence lipolysis. Stimulation of the ~-adrenergic receptors stimulated the Gs-pro-
teins which activates adenylate cyclase which, in turn, activates cyclic AMP The a-
2-adrenergic receptor and the adenosine receptor, on the other hand, stimulate GTP
inhibitory binding proteins (Gi — proteins) which inhibit adenylate-cyclase and thus
inhibit the lipolytic process. The relative number of p- and a-2-adrenergic receptors
on the surface of the fat cells determine the lipolytic balance of those cells [2, 3,11].

Hormones can have long-term effects on the lipolytic processes by influenc-
ing the number of a-2- and ~-receptors on the fat cell. Thus by controlling
lipolysis,muscles, the hipoderma, and the whole skin too have adopted to catch the
harmful metabolites, when they are a huge amount and to store them as in a de-
pot, thus protecting the vitally-important organs and systems. Thus the human or-
ganism acts according to the Law for common biological adaptation, by storing
them and gradually organizing them in its hypoderma. There are formed cellulite
nodules, new morphological structures which worsen the common state and out-
side look of the skin. Nature sacrifices esthetics for the save of the survival of the
organism.

Two vicious circles

The accumulating metabolites gradually organize and form cellulite formations in
the hipoderma — cellulite. This is connected with the 1st vicious circle cellulite —
obesity — cellulite: Cellulite — Local hypoxy with peroxidation — Disturbed perme-
ability of the cellular membranes — Entrance of Ca2+ ions in the cells — Activation

of the phosphoinozitid—specific phospholipase-C — Stimulation of the
phosphoinozitides — Activation of the proteinkinases — Desensitisation of the P-
adreno-receptors — Embarrassed lipolyse — Accumulation of triglicerides —

gynoideous type Obesity — Local hypoxy and Cellulite.

The increased lipogenesis is leading to local (gynoideous) obesity, which in-
cludes the 2nd vicious circle obesity — cellulite — obesity: Increased lipogenesis —
Enlargement of adipocites (obesity) — Higher interssue pressure — Worsened drain-
ing — Retention of liquids and metabolites — Growth of connective tissue (cellulite)
— Local hypoxy — Enzyme degradation — Embarrassed lipolyse — Gynoideous
type of obesity.

Than the hypoxy includes the vicious circles which forming the women’s pool
in girls and its sustainment in women.
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Conclusion

In conclusion, the hormonal and metabolite mechanisms lead to stagnation of lig-
uids and increase the body fatty depots in thighs, belly, hips and the transition zone
between them. Many women like selectively lose these undesirable fats from this
specific area of the body as it is their most frequent concern. To obtain good results
of the remedial procedures it is necessary to know well the mechanisms, related to
the forming and sustaining the women’s pool.
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The article summarizes the data about the important role of sport on the sexual maturity in girls. The
survey encompasses totally 481, 11-17 years old girls. The active training girls are 326. Non-training girls
(155) at the same age (controls), 73 with obesity have been studied, too. Their sexual maturity, the ap-
pearance of menarche and the interdependence of these from the level of the fat tissue is examined. No
acceleration has been found in their sexual maturity and in the appearance of menarche. The menarche
in the actively training girls delays from 2 months up to 3 years in comparison with the non-training ones.
Depending on the appearance of menarche, the authors offer the following classification of the girls: Non-
training girls with normal body weight — menarche at 12 years and 3 months (12,3); Non-training girls with
overweight and obesity — menarche at 12 years and 1 months (12,1): Actively training girls: Sports Shooting
and Volleyball — menarche at 12 years and 10 months (12,8); Basketball — menarche at 13 years and !
month (13, 1); Feld athletics — menarche at 13 years and 3 months (13,3); Rowing and swimming — me-
narche at 13 years and 10 months (13,8); Sports gymnastics — menarche at 15 years and 8 months (15,7).
A scheme of the hormonal and enzyme mechanisms, explaining the puberty development and the
menarche in the girls, is suggested and their dependence from the level of the fat tissue is proven.

Key words: menarhe, actively training and non-training girls.

Introduction

The intensive physical exercises exert a versatile impact on young girl’s organism.
Her adaptation to big physical efforts is connected with series of changes in her or-
gans and systems and it is an object for study in age physiology, sport medicine and
other sciences.

The aim of the present study is to determine relationship between systemati-
cally physical loadings and the appearance of menarche in actively training girls.

Materials and Methods

The survey encompasses totally 481,11-17 years old girls (Table 1). The active train-
ing girls are 326. Non-training girls (155) at the same age (controls), 73 with obesity
have been studied, too. The appearance of menarche was specified by inquiry.
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The per cent of the fat mass was measured with body fat monitor “Tanita”.
Comparisons between the different girls-group were made by Student’s t-test
(p<0.05).

Results and Discussion

In the present study, we paid attention especially to the appearance of menarche in
young sportswomen because this indicator is considered the most objective in the
evaluation of sex development in females. The results for the time of appearance of
the first menstruation in sportswomen actively training different sports are presented
in Table 1. No significant difference between these groups (for the appearance of
menarche) was observed (the per cent of body fat mass was from 11 to 23 for differ-
ent sports).

The appearance of menarche in the actively training girls in comparison with
the non-training ones with normal body weight shows that the first menstruation in
young sportswomen in various sports shows a delay. The delay is 2-5 months in
Marksmanship, Volleyball and Basketball, 7-10 months in Track-and-field athletics
and almost a year in Rowing, and Swimming. The delay of menarche appearance
(three years) is established in Sport gymnastics and we suppose that other yet
uninvestigated by us sports will be added to this group. In order to describe the in-
fluence of sport on sex development and appearance of menarche we should know
their features in non-training girls where the differences in the biological develop-
ment are of utmost importance.

Tablet. Age of menarche in actively training girls and non-training girls depending on their body
weight

No n Groups Menarche
1 73 Control group with obesity 12.1
2 82 Control group with normal body weight 12.3
3 34 Sport Shooting 12.8
4 48 Volleyball 12.8
5 57 Basketball 13.1
6 69 Field and track events 13.3
7 39 Rowing 13.8
8 46 Swimming 13.8
9 33 Sport gymnastics 15.7
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It is difficult to explain the arrangement of the sports groups in the table. Per-
haps, together with the per cent of the fat mass in the girls for the appearance of
menarche is important also the total body mass, and another factors, connected
with kind of physical activity, nutrition and specifical characteristics of the concrete
sport.

Stanimirova (1998) determined that in Bulgaria menarche appears at the mean
age of 12.7 years, body weight 47.7 kg and fat weight 12.22 kg (25.5%), in case of
obesity — at the age of 12.1 years, body weight 57.2 kg and fat weight 18.4 kg
(32.1%). In case of emaciation, it appears at the age of 13.3 years, body weight 40.6
kg and fat weight 7.3 kg (18%). These data coincide with those of foreign authors
who establish that the critical body weight for appearance of menarche is about 47
kg [5]. This body weight supposes the presence of the critical fat weight, which is a
precondition for a normal metabolism of female sex hormones to take place [13].
This necessity explains the early appearance of menarche in girls with obesity and
its delay in girls with emaciation [10, 11 and 12].

The lower level of fat weight is a factor for the delay of appearance of me-
narche in actively training girls with advanced biological development indepen-
dently from their high stature and enough body weight. Our studies showed that the
fat weight of actively training girls seldom exceeds 20 % with a mean value of 11-17
% [10].

The comparison shows that these per centages are even lower than the critical
18 % for appearance of menarche in the group of the girls with emaciation [10 and
11]. The low per cent of fat weight in the actively training girls is due to increased
energy consumption. The trained muscles show a higher activity of the enzymes li-
poprotein lipase, muscle lipase and creatine-acyltransferase, which lead to an easy
metabolism of fatty acids [3]. Besides, the physical exercises and systematic trainings
make B-adrenergic receptors more sensitive, thus increasing the lipolysis in the
adipocyte [6 and 7] (Fig. 1). All these mechanisms are in the base of better use
of fats by actively training girls and are the reason for the low percent of their fat
weight [8].

When a girl’s organism reaches the critical adipose depot, the adipocytes al-
ready synthesize enough quantity of the hormone leptin. It is the necessary signal
for the brain (hypothalamus) to produce the first quantities of the gonadotropin-re-
leasing hormone (GnRH) [9]. GnRH stimulates the anterior part of the pituitary
gland to secrete the gonadotropic hormones: the follicle-stimulating hormone
(FSH) and the luteinizing hormone (LH). The cells of theca interne in the ovaries
possess many receptors for LH. LH increases CAMP and accelerates the conversion
of cholesterol into androstendion. The enzyme aromatase catalyzes the conversion
of androstendion into estrone as well as that of testosterone into 17 — P-estriol [1].
The granulosa cells in the ovaries have receptors for FSH. The latter increases
cAMB which stimulates estradiol secretion there due to aromatase activity increase.
The granulosa cells have receptors for LH, which stimulates estradiol secretion, too.
Estradiol and the other estrogenic hormones (estrone and estriol) switch on the
menstrual cycle with the appearance of the first menstruation and at the same time
increase the density of the 6-2-receptors in the adipocytes. This is a precondition for
an intensive lipogenesis and a local accumulation of fatness in the region of the
“woman’s pool” in girls [1 and 14].

Bray[2] and D u c ! o s [4] showed that the leptin level decreases after physi-
cal training and it is this hormone from the periphery, which modulates estrogen ex-
pression and serves as a signal from adipocytes to the brain [2 and 4].

99



Critical adipose de”t (adipocytes)

LEPTIN

GnRH (hypothalamus)

FSH (pituitary gland) LH

cAMP CAMP

| |

AROMATASE cholesterol
androsten”ion
Testosterone
| |
ESTRONE F
| |
ESTRADIOL
|

17- P-ESTRIOL > menstrual cycle

increase of a-2-receptors

intense lipogenesis

Fig. 1. Hormonal and enzyme mechanisms related to puberty
development and menarche appearance in girls.

F ris c h [5] noticed the dependence of estrogen activity from adipose tissue
20 years before the discovery of leptin.

Clinical practice constantly proves the dependence of the menstrual cycle on
the level of the peripheral adipose tissue. The excessive loss of weight due to differ-
ent factors, which include intensive physical training and hypo energy diets, is a fre-
quent reason for disturbances in normal menstrual cycle.

In our practice, we have encountered similar cases with sportswomen who
were on a strict diet in order to maintain low body weight. We would like to share
one case. The acrobat A. M. (a peak in a pyramid) at the age of 17 and body weight
of 33-34 kg and stature 141 cm had not yet received menarche. At the preparation
for the next competition, she got a tetanic convulsion and was transported to the
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Endocrinology clinic by emergency. The tests showed serious disturbances of the
ionic and hormonal balance. Due to the timely infusions and appropriate feeding,
she recovered very fast and after increasing her body weight to 41 kg, she received
menarche. Later she resumed her sport but with another part in the pyramid, which
allowed her a higher body weight and thus she went on competing for a long time.
We think that this particular case proves once more the significance ofbody and fat
weight for insuring a normal metabolism of female sex hormones and normal ho-
meostasis of the organism as a whole.

Conclusion

The systematic physical training exerts a serious impact on the organism of sports-
women. It influences their puberty development and especially the appearance of
menarche by delaying it. These processes in young girl’s organism depend directly
upon the levels of their fat weight, which as a rule is lower for actively training girls.
These girls reach later the critical level of fat weight, which switches on female sex
hormone metabolism thus causing a delaying menarche. The decrease of fat weight
under defined levels can cause hormonal and metabolic disturbances even in cases
of normal menstrual cycle. The trainers and sport doctors should not ignore this
fact but should try to combine it with the ever lasting striving for new sport attain-
ments.
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In 1986 in the district center Smolyan a transversal study of sexual maturation in 192 girls and 169 boys
aged 9 to 17 and a retrospective study of age at menarche in 220 their mothers were carried out on the
background of their sociofamilial conditions. A relatively late sexual maturation is found. Sexual
maturation terms are close to these in small towns and villages, not to these in the big cities. This
phenomenon is due to the specific sociofamilial structure and the ruralization in the way of life. The
withingroup analysis shows significant social differentiation in pubertal terms both in children and in their
mothers. Fathers social status seems to be more important than mothers one in this differentiation.
Schwidetzky-Pavilonis’ sexual maturation index is found to be a good measure of the influence of the
environment on the maturation in boys (as the age at menarche in girls is).

Key words: puberty, age at menarche, adolescence in boys, sexual maturation index, sociofamilial
differentiation

Introduction

The majority of the investigations on sexual maturation in Bulgaria are carried out
in the cities (predominantly Sofia) and other highly urbanized areas [4]. The aim of
this study is to throw some light on this process in a less urbanized environment.

The town of Smolyan is located in the Rhodope mountains in South Bulgaria
on an altitude of about 900-1000 metres. It was formed in 1958 by consolidation of
two small towns (Smolyan, Ustovo), two big villages (Upper and Lower Raykovo)
and a few smaller ones. Even today it is not a compact built area, but a 16 kilometres
long series of settlements. Before 1975 its population increased quickly because of
high rural-urban migration. Then the migration balance became negative. About
one third of the population is Bulgarian-speaking, but connected with the Islam
(mostly by family tradition), with a relatively conservative way of life. Because of all
the above mentioned reasons in 1980s Smolyan was a district center, but the way of
life of its 30 000 inhabitants was similar to that in the small towns and villages (the
phenomenon of “ruralization”).
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Material and Methods

In the autumn of 1986 a transversal study of sexual maturation with an investigation
on sociofamilial conditions was carried out in 192 schoolgirls and 169 schoolboys,
aged 9 to 17 years at last birthday, in the town of Smolyan. In 220 women, their
mothers, data of age at menarche and of sociofamilial origin have been collected.

The following signs of sexual maturation are traced: axillary and pubertal hair
and breast development in both sexes, beard hair in boys and menarche in girls. The
secondary sexual signs are evaluated by a scale from 0 to 3 points, excluding pubic
hair and breast development in boys — from 0 to 4 and from 0 to 2 respectively [9].
If needed, intermediate marks are used. For evaluation of the stage of puberty
development the total index of sexual maturation after Schwidetzky and Pavilonis is
used. This index is a generalisation of the particular sexual maturation signs and
varies from 0 to 12. On the basis of it the following stages of sexual maturation are
distinguished: 0 — juvenile stage; 0.5 — first puberty signs or juvenile-2 in girls,
prepuberty in boys; 1.0 — prepuberty in girls; 2.0 (1.5) — early puberty or phasis
cetera in girls (boys); 6.5 (5.0) — late puberty or phasis lenta in girls (boys); 10.5 —
postpuberty in both sexes; 12.0 — adult stage [1].

Median age at menarche and other stages of puberty is evaluated by probit
analysis. In the subsamples with different sociofamilial conditions three-year
moving sums and average ages are used to estimate the proportion of adolescents of
the traced stage of puberty by age (the basic data for probit analysis).

Results and Discussion

The sexual maturation of the investigated boys and girls is relatively late [Table 1].
The median age at menarche is 13.44+0.17 years against 12.84+0.11 in Sofia ones
in the same time [6] — a delay of 0.6 years. When calculated excluding breast
development (as in Sofia adolescents) the sexual maturation index 5.0 (the peak
moment in the puberty in the boys) appears at 15.0+0.2 years against 14.3+0.1 in
Sofia ones [6], i.e. also by 0.7 years later. Thus the sexual maturation index in boys
demonstrate its value as an indicator of the differentiation of the sexual maturation
terms.

The explanation of the relatively late maturation in Smolyan adolescents
against Sofia ones is found to be in their different sociofamilial characteristics: lower
parental education, more manual workers among the parents, higher number of
children in the family etc. (Table 2). These characteristics are usually connected
with a later sexual maturation [2].

Since most of the investigations on sexual maturation in Bulgaria are carried
out in urbanized areas, the reported ages at menarche (from late 1960s to 1980s) are
close to these found in Sofia. Only in the small mountain town of Kostenets and in
the rural population in the district of Haskovo the ages at menarche (13.4 and 13.8
years respectively) are similar to this found in Smolyan [7, 8]. Retrospective studies
in Rhodopian local rural samples show even higher mean age at menarche — about
13.8 years in traditionally Christians and 14.6 in traditionally Muslims in 1960s and
1970s [4]. The figures obtained in retrospective study in Sofia university students are
also close to Smolyan one — 13.6 in the students from small towns and 13.3 in these
ones from medium towns (mostly district centers) in the late 1970s [10].

The withingroup analysis shows that the dwelling conditions show the stronger
connection with the sexual maturation in the Smolyan boys and girls (Table 3). In
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T ab!le 1. Age at some stages of sexual maturation in Smolyan adolescents (years)

Sign Girls Boys
Stage Mean m s Stage Mean m S
Menarche 1344 017 121
Breast Ma 0.5 10.14 038 145 C0.5 12.72 0.28 243
Ma 15 12,68 0.20 1.35 C1l0 13.57 0.20 1.68
Ma25 1382 0.19 137 C15 14.66 017 121
Ma 3.0 1531 020 165 Cc2.0 14.99 0.17 1.08
Pubic hair P0.5 1131 0.23 132 PO0.5 12.44 0.20 1.58
P15 1246 0.14 0.91 P 15 13.45 0.16 1.30
P2.5 13.03 0.19 137 P2.5 14.78 0.17 1.23
P3.0 13.72 0.22 167 P3.5 16.24 0.37 1.65
_ ) P4.0 (17.6)  (1-7) (2.6)
Axillary hair Ax05 1171 0.22 1.42 Ax 05 13.95 0.20 1.78
Ax 15 1356 018 127 Ax 15 1510 021 1.40
Ax25 1412 016 111 Ax 25 16.82 051 191
Ax 3.0 14.69 0.17 1.40 Ax30 (17.3) (0.8) (1.3)
Beard Ba 05 1427 0.32 2.43

Bal5 1627 036 153
Ba25 (17.6) (0.8) (L8)
Ba30 (19.0) (3-8) (24)

Juvenile 2 SMI 0.5 10.09 0.37 143
Prepuberty SMI 1.0 11.26 0.24 131 SMI 0.5 11.93 0.47 182
Phasis cetera SMI 2.0 11.86 0.20 1.04 SMI 15 12.78 021 175
Phasis lenta SMI 6.5 13.09 0.16 1.08 SMI 5.0 1461 017 117
Postpuberty SMI 105 1444 016 1.18 SMI 10.5 16.67 0.37 1.28
Adult SMI 12.0 1572 0.19 145

(17.) uncertain values because exceeding the limits of the period under study

Sofia the most important role plays the income per capita [6]. The explanation can
be that only regular money incomes were reported in the investigations. However, in
Smolyan (as in the villages and the small towns) the small private farming played an
important role in family economy in this period. Thus the dwelling conditions
reflect better the social status of a family in Smolyan (in the big cities housing was
centralized and relatively more independant from the family well-being).

The mean age at menarche in pupils’ mothers is 14.24+0.09 years against
13.32+0.07 years in Sofia schoolchildren mothers of the same generation [5]. It
reflects the situation around 1960 (1950s and 1960s were the period of adolescence
in these women).There are strong sociofamilial differences in their age at menarche.
The most important of them are the differences by the education of the father and
by the number of sibs (Table 4). In the adolescents father’s education and
occupation are also more important than mother’s ones. The first present
statistically significant relations with 7 markers of sexual maturation, the second —
only with one (mother’s education with age at menarche). Differences by education
of father and by number of sibs were also the higher ones in Sofia university students
menarcheal age, which reflects the situation in late 1970s [10] and in Sofia
adolescents in mid 1980s [6]. The investigations about 15 years later in Smolyan
adolescents also demonstrate, that father’s education influences stronger the growth
than mothers, despite the well pronounced acceleration of the sexual maturation in
the period 1960-2000 — age at menarche decreased from 14.2 to 12.8 years [3].
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Tab!e?2 Comparison between the families of Smolyan and Sofia adolescents

Sociofamily conditions:

Children in the family
Father's education, years
Mother's education, years

Monthly income per capita,

levs

Dwelling surface per capita,

sg.m.
Inhabitants per room

Father's occupation:
manual work
nonmanual work

Mother's occupation:
manual work
nonmanual work

Muslim confessional

tradition

Smolyan

N
361
271
264
263

233
254

185
145

95
179

143

T ab1e 3. Sexual maturation and dwelling conditions

Dwelling conditions

Dwelling surface

per capita, sgq.m.
less than 21
over 22

Inhabitants per room:
less than 1.6
over 1.67

Tab!e4. Age at menarche in Smolyan women by number of sibs and parental education

Family

characteristics

Number of sibs

0-1
2-3
4-8
Father's education,
years 0-4
8
10+
Mother's education,
years 0-4
8
10+

Sofia

M m N M m P
2.04 0.03 902 1.87 0.03 0.001
11.8 0.2 540 13.8 0.1 0.001
119 0.2 544 13.6 0.1 0.001
118.3 24 511 126.3 2.0 0.02
21.6 0.5 492 19.2 0.4 0.001
159 0.05 502 2.00 0.05 0.001
% n % p
56.1 174 314

43.9 381 68.6 0.001
345 81 14.8

65.1 461 84.3 0.001
39.6 3 0.3 0.001
Age (years) at:

SMI 5.0 in boys7 menarche in girls

N 1 M = N M m

59 14.95 0.19 59 13.88 0.15
54 14.02 0.15 51 13.07 0.17
75 14.26 0.13 79 13.47 0.12
53 14.96 0.23 47 14.14 0.26

n

13.90
14.50
15.08

14.70
14.30
13.61

14.74
14.13
13.71

Age at menarche (years)

m S
0.12 1.36
0.14 121
0.23 1.20
0.23 1.58
0.11 127
0.16 1.09
0.18 1.36
0.11 1.32
0.25 125
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Conclusions

1) A relatively late sexual maturation is found in Smolyan, due to the specific
sociofamilial structure and the ruralization in the way of life.

2) Even in these relatively small samples statistically significant differences in
pubertal terms in different sociofamilial environment can be traced.

3) The sexual maturation index is nearly such a good indicator of the influence
of the sociofamilial environment on the sexual maturation in boys, as the menarche
in girls.

4) Father’s social status seems to be more important factor in the
differentiation of sexual maturation terms as in Smolyan and in Sofia, i.e. Bulgarian
society is still “patriarchal”.
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The fluctuating asymmetry level of four dermatoglyphic features (palmar ridge count, finger ridge count,
atd angle and patterns’ type on the homologous digits) is studied. The investigation encloses 116 boys
and girls with Down’s syndrome, as well as a control group of 260 healthy boys and girls. Generalized the
Down’s patients showed a higher level of fluctuating asymmetry compared to the controls. In boys with
Down’s syndrome, the highest level of fluctuating asymmetry is established for the ridge count and the
type of pattern on the 4h homologous digits. In girls with Down’s syndrome the highest level is founded
for “b-c” and “c-d” palm ridge count and the pattern’s type on the 4th homologous digits. The data ob-
tained can give an interpretation to the results from the disturbances in the ontogenetic development of
the individuals with Down’s syndrome.

Key words: dermatoglyphic features, fluctuating asymmetry, patients with Down’s syndrome.

Introduction

The fluctuating asymmetry of bilateral morphological structures is an indicator of
homeostasis in the development of individuals. Basis for this understanding is the
idea that the genetical and environmental factors, confusing the normal develop-
ment of individuals, have a negative effect upon the control in the formation of bi-
lateral structures. Therefore, the disturbances’ level in the perfect bilateral symme-
try gives possibility for the preciseness of the mechanisms in the homeostatic con-
trol, as well as the general capability of the organism to resist the negative genetical
and environmental factors to be assessed [2, 3, 4, 5, 6, 7, 10].

The aim of the present study is to evaluate the fluctuating asymmetry level of
four dermatoglyphic features (fingerprint patterns and finger ridge counts on pair
fingers; palmar a-b, b-c, c-d and a-d ridge counts, and atd angle on pair palms) in
patients with Down’s syndrome.

Material and Methods

The investigation includes 116 patients (64 boys and 52 girls) with Down’s syn-
drome. The dermatoglyphic prints are taken by the typographical method [9]. The
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finger papillar patterns are read by the method ofCummins and Mid!o [1] and
the atd angle is evaluated by the criterion of Shar m a [8].

The fluctuating asymmetry level about finger and palm ridge counts and atd
angle is determined by the coefficient of indetermination (1-r2). The square of the
product-moment correlation coefficient (r2) of the two variables is a measure of their
common variance, and the coefficient of indetermination (1-r2) is an estimate of their
unshared variance and thus of fluctuating asymmetry [6]. In our study, this unshared
variance, regarding the finger and palmar ridge counts and atd angle on both hands,
determines the fluctuating asymmetry level for the three investigated features. The
measure of fluctuating asymmetry for finger patterns is estimated by the degree of
pattern discordance [6]. The fluctuating asymmetry level of four dermatoglyphic
features in the group of patients is compared to analogical data for a control group
of 260 healthy children (129 boys and 131 girls).

Results and Discussion

The mean values of finger ridge count, palmar ridge count and atd angle in right and
left for the patients with Down’s syndrome and the controls are given in Table 1.
Summarized the boys from the control group have bigger values of finger ridge
count on both hands compared to the patients. Statistical significant are the differ-
ences of ridge counts between patients and controls in boys with the exception of
those for the 111 finger in left and Il finger in right. The girls from the control group
have bigger values for ridge counts on IV and V fingers in left and on I, IV and V
fingers in right compared to the girls with Down’s syndrome. Statistical significant
are only the ridge counts’ differences for the V fingers in left and right, as well as for
the IV finger on the right hand.

The control boys and girls have greater measures for palmar ridge counts a-b,
b-c, c-d and the total a-d ridge count on both hands compared respectively to the
Down’s boys and girls. The established differences of palmar ridge counts are statis-
tical significant for the boys of both groups. In girls, statistical significant are only
the differences for palmar a-b and c-d ridge counts and the total a-d ridge count on
the right hand.

The atd angle on the right and left hands in the Down’s patients is consider-
ably larger compared to the controls for both sexes. All the established differences
are statistical significant.

The correlation coefficients between ridge count on homologous fingers, pal-
mar ridge count and atd angle for the right and left hands are given in Table 2. The
finger and palm ridge count analyzed shows predominantly smaller values of corre-
lation coefficient in Downs than in the controls for both sexes. The differences be-
tween correlation coefficient for both boys and girls, and Down’s patients and con-
trols are comparatively great, but statistical significant is only the difference for IV
pair fingers in boys.

The patients with Down’s syndrome display smaller correlation for palmar
ridge counts compared to the controls. Statistical significant differences are not es-
tablished for the correlation coefficients of palmar ridge count between boys and
girls in both studied groups.

Considerably greater are the correlation coefficients for atd angle in the pa-
tients with Down’s syndrome for both sexes compared to the healthy subjects. The
difference in boys is statistical significant, and in girls it comes nearby, but is not
statistical significant.
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T ab e 1. Finger ridge counts, palmar ridge counts and palmar atd angles of persons with Down’s syn-
drome and controls I

Boys Girls
Features persons with controls persons with controls
Down’s t P Down’s t P
syndrome (n=129) syndrome (n=131)
(n=64) (n=52)
X SD X SD X SD X SD
Finger ridge
counts
| left 15.19 5.25 18.03 5.29 3530 <0.01 1381 6.01 13.34 541 0.491 >0.05
1 left 10.59 491 12.38  6.27 2.168 <0.05 10.31 5.20 9.05 5.88 1423 >0.05
11 left 11.59 4.67 12.88 5.53 1697 >0.05 1090 4.83 944 573 1.746 >0.05
v left 10.86 4.69 16.29 5.22 7.289 <001 1029 5.62 1181 6.31 1592 >0.05
\Y% left 8.48 411 13.33  4.27 7.618 <0.01 8.29 421 10.08 451 2541 <0.05
| right 17.16 556 2043 5.14 3.943 <0.01 1544 621 16.06 5.86 0.619 >0.05
1] right 1134 486 1298 688 1912 >0.05 1093 494 1031 589 0.724 >0.05
{1 right 11.34 453 1335 5.75 2.646 <0.01 1052 4.23 9.89 553 0.829 >0.05
v right 10.66 4.66 17.15 5.33 8.676 <0.01 11.27 5.25 13.12 5.53 2.117 <0.05
\% right 8.75 334 1340 507 7608 <001 829 427 1063 530 3.113 <0.01
I-v left 56.75 19.14 7294 2036 5416 <0.01 53.60 19.99 5349 2162 0.033 >0.05
1-VV  right 59.25 1813 77.66 2158 6.225 <0.01 56.44 1824 5991 2221 1.088 >0.05
Palmar ridge
counts

a-b left 30.75 836 3791 7.68 5622 <001 3146 7.04 3376 595 1.928 >0.05
b-c left 1943 572 2430 572 5448 <001 2128 562 2211 508 0.860 >0.05
c-d left 28.48 812 3291 6.74 3678 <001 30.70 628 31.08 6.05 0.347 >0.05
a-d left 78.88 1850 9545 1532 6.041 <0.01 8391 1470 86.88 1247 119 >0.05

a-b  right 30.98 7.04 39.02 7.60 7124 <001 3142 565 3464 588 3210 <0.01
b-c  right 2110 527 2485 588 438 <0.01 2191 549 2208 522 0178 >0.05
c-d right 30.22 825 3360 6.27 2.818 <0.01 2967 6.64 3201 564 2078 <0.05
a-d  right 8230 1552 97.74 1499 6435 <0.01 8354 1291 88.65 12.68 2262 <0.05

atd angles
left 73.43 18.93 4391 7.23 12.020 <0.01 72.43 1648 45.08 9.42 11.083 <0.01
right 73.38 1796 4413 731 12493 <0.01 70.18 1483 4491 864 11351 <0.01

Table 2. Correlation (r) between the left and right finger ridge counts, palmar ridge counts and palmar
atd angles of persons with Down’s syndrome and controls

Correlations (r)

Boys Girls
Features
persons controls t P persons controls t P
with with
Down’s Down’s
syndrome syndrome
Finger ridge counts
[ I§]
Coel o763 06718") 1189 >005 07710 06963 0911 >0.05
1 0.6217 0.7108 1.040 >0.05 0.5979 0.7294 1.403 >0.05
1 0.6304 0.7275 1.201  >0.05 0.7169 0.6455 0.788 >0.05
v 0.5370 0.7600 2513 <0.05 0.6937 0.7651 1.026 >0.05
Y 0.7480 0.7124 0550 >0.05 0.7091 0.7969 1.258 >0.05
Palmar ridge counts
a-b " 0.7000 0.7027  0.001 >0.05 0.5120 0.5877 0.635 >0.05
b-c 0.6689 0.7561 1162 >0.05 0.4663 0.6632 1561 >0.05
c-d 0.6983 0.6923  0.121 >0.05 0.5148 0.6992 1.682 >0.05
a-d 0.8177 0.8486  0.623 >0.05 0.6260 0.7405 1.154 >0.05

atd angles 0.8187 0.6485 2419 <0.05 0.7476 0.5650 1.889 >0.05



Table 3. Fluctuating asymmetry measure (1-r2) of finger ridge counts, palmar ridge counts and palmar
atd angles of persons with Down’s syndrome and controls

Coefficient of indetermination (1-r2)

Features Boys Girls
persons with persons with
Down’s controls difference Down’s controls difference
syndrome syndrome
O] [C] [D-C] [D] [C] [D-C]
Finger ridge counts
1 0.4169 0.5491 -0.1322 0.4056 0.5152 -0.1096
1] 0.6135 0.4948 0.1187 0.6425 0.4680 0.1745
1l 0.6026 0.4707 0.1319 0.4861 0.5833 -0.0972
v 0.7116 0.4224 0.2892 0.5188 0.4146 0.1042
\% 0.4405 0.4925 0.0520 0.4972 0.3650 0.1322
Palmar ridge counts
a-b 0.5100 0.5062 0.0038 0.7379 0.6546 0.0833
b-c 0.5526 0.4283 0.1243 0.7826 0.5602 0.2224
c-d 0.5124 0.5207 -0.1183 0.7350 0.5111 0.2239
a-d 0.3314 0.2799 0.0515 0.6081 0.4517 0.1564
atd angles 0.3297 0.5794 -0.2497 0.4411 0.6808 -0.2397

Table 4. Coincidence of finger patterns of homologous fingers of persons with Down’s syndrome and
controls

Boys Girls
Homologous

fingers persons with persons with

Down’s controls t P Down’s controls t P
syndrome syndrome

X | sD X | SD X | SD X | SD
| 0.8308 0.378 0.7132 0.454 1.900 >0.05 0.7647 0.424 0.7752 0.419 0.152 =>0.05
1 0.8923 0.312 0.5581 0.499 5.689 <0.01 0.7451 0.436 0.4961 0.502 3.335 <0.01
i 0.7846 0.414 0.7519 0.434 0.508 >0.05 0.7647 0.424 0.7209 0.450 0.619 =>0.05
v 0.6462 0.482 0.7519 0.434 1.482 >0.05 0.6667 0.471 0.7519 0.434 1.128 >0.05
\ 0.8769 0.331 0.8295 0.378 0.893 >0.05 0.8235 0.381 0.8605 0.348 0.607 >0.05

Table 5. Discordance of finger patterns of homologous fingers of persons with Down’s syndrome
and controls

Boys Girls
Homologous  persons with . persons with :
fingers Down’s controls  difference Down’s controls  difference
syndrome [D] [C] [D-C]  syndrome [D] [C] [D-C]
I 0.1693 0.2868 -0.1175 0.2353 0.2248 0.0105
1 0.1077 0.4419 -0.3342 0.2549 0.5039 -0.2490
1l 0.2154 0.2481 -0.0327 0.2353 0.2791 -0.0438
v 0.3538 0.2481 0.1057 0.3333 0.2481 0.0852
\% 0.1231 0.1705 -0.0474 0.1765 0.1395 0.0370
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Boys

Fig. 1. Correlation between the left and right finger ridge counts, palmar ridge counts and
palmar aid angles of persons with Down’s syndrome and controls

The fluctuating asymmetry of the ridge count on pair fingers, palmar ridge
counts and atd angle are given in Table 3. The fluctuating asymmetry measures are
greater for 11, 111 and IV finger pairs in the Down boys, and for Il, IV and V finger
pairs in the Down girls compared to the normal children. In the Down boys the fluc-
tuating asymmetry level decrease in the direction IV > Il > Il > V > | pair fingers,
and in the Down girls — Il > IV >V > |Il > | pair fingers. Opposite to the patients'
group, the fluctuating asymmetry for the controls decrease in the direction | > Il >
V > Il > IV pair fingers for boys and Il > 1 > 11 > IV > V pair fingers for girls.
Greatest is the differences of fluctuating asymmetry between Downs and controls on
the 1V digit pairs in boys and on the Il digit pairs in girls.

The Down’s patients have greater measures of fluctuating asymmetry for pal-
mar ridge count excepting the c-d ridge count in boys. Greatest is the difference of

fluctuating asymmetry between Downs and controls for the b-c ridge count in both
Sexes.



Boys

Fig. 2. Fluctuating asymmetry of finger ridge counts, palmar ridge counts and palmar atd
angles of persons with Down’s syndrome and controls

Opposite to the correlation coefficients’ data, the fluctuating asymmetry level
is smaller for the atd angle in both sexes of Downs compared to the controls.

The percentage variability of correlation coefficients and fluctuating asymme-
try about finger and palmar ridge counts and atd angle are given in Fig. 1 and 2. The
comparative analyses of the separate features indicate predominantly greater mea-
sures of fluctuating asymmetry for finger ridge count in the Down boys compared to
the palmar ridge count and atd angle. Different are the findings for the Down girls.
In them greater is the fluctuating asymmetry for palmar ridge count compared to
the finger ridge count and atd angle. For the normal subjects, highest is the fluctuat-
ing asymmetry level for atd angle in both sexes.

The data about concordance of papillar patterns on homologous fingers for
the right and left hand in the patients and controls are presented in Table 4. The
proportion of concordant pairs belonging to the Down boys is highest for Il and V
pair fingers, and belonging to the Down girls — for V 111 and | pair fingers. For the
controls highest is the concordance for V, 111 and IV pair fingers in boys and for V
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Boys

Homologous fingers

Girls
%

Fig. 3. Fluctuating asymmetry of finger print patterns of homologous fingers of persons
with Down’s syndrome and controls

and | pair fingers in girls. From all the established differences for the proportion of
concordant pairs both for the investigated groups, and sexes statistical significant
(P<0.01) are only the differences about I1-nd homologous digits.

The data about proportions of discordance for finger papillar patterns, as well
as the fluctuating asymmetry measures are given in Table 5. For the patients with
Down’s syndrome, the fluctuating asymmetry decrease in the direction IV > 111 > |

>V > Il pair fingers in boys, and in the direction IV > Il > | = Il > V pair fingers
in girls. The fluctuating asymmetry measures for the controls decrease in the direc-
tion Il > 1 > 11l = IV > V pair fingers in boys and in the direction Il > 111 > IV > |

>V pair fingers in girls.

The data analyzed about measures of fluctuating asymmetry for the type of
finger patterns on the pair fingers in the Down’s patients and controls are presented
in Fig. 3. Very high is fluctuating asymmetry level for the Il pair fingers, as in both
investigated groups (patients and normal), so in boys and girls.
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Conclusion

The summarized analyzes of the investigation shows considerable differences of
fluctuating asymmetry level in the patients with Down’s syndrome and the norm.

The fluctuating asymmetry degree is predominantly greater for the Down’s
girls than it is for the Down'’s boys, which causes the assumption, that possibly the
sexual chromosomes exert some influence on the dermatoglyphic fluctuating asym-
metry level.

The fluctuating asymmetry measures are greater for finger and palmar ridge

counts then they are for atd angle in the patients with Down’s syndrome. These data
give reason, to be determined approximate correctly the period, during which the
Downs gestation development is a subject of enormous disturbances (the formation
of finger ridge count is during the period 10.5—13 gestation week, of palmar ridge
count — till the 15 gestation week and of atd angle — after the 15 gestation week
10)).
(oD The dermatoglyphic fluctuating asymmetry measures are considerably greater
for the Down’s patients than for the controls. As we know the disorder in the gene
fund caused by the gene mutation — trisomie 21 leads to the manifestation of heavy
morphological, physiological and neuro-psychological deviations in the individuals
with Down’s syndrome. The high level of fluctuating asymmetry in the Down’s pa-
tients laid the assumption that this disorder leads also to an enormous reduction of
the common stability in their individual development against the negative environ-
mental factors.
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Functional Asymmetry of the Upper Limbs
in Bulgarians from North Bulgaria
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The hand clasping and arm folding types of 770 men and 741 women, aged 30-39, from North-West,
North Central and North-East Bulgaria have been studied. In the males the L-hand clasping and arm
folding types are prevalent while in the women it is the R-hand clasping and the L-arm folding types that
are more common. The territorial variations in both sexes with regard to both types of asymmetry are sta-
tistically insignificant. The intersexual differences are more clearly pronounced in hand clasping. A sta-
tistically insignificant correlation between hand clasping and arm folding has been established.

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

Introduction

Hand clasping (interlocking the fingers of the hands) and arm folding (crossing of
arms on the chest) represent some of the main tests for studying functional asym-
metry in the human as an expression of the functional asymmetry of the brain. The
study of the functional asymmetry of the upper limbs is of major importance since
it is related to active perception which is to a large extent attributed to hands. It is
one of the main sources of sensory cognition and hence of abstract thinking and
psychological development of the human as a whole.

Lutz [14] was the first to describe two types of interlocking of the fingers. In
one case the right thumb is situated over the other fingers and is defined as the R-
type and in the other it is the left thumb that is in the same position and this is the L-
type. Analogous are the cases in crossing the arms noted by W ie ner [19]. Quite a
number of authors show an interest towards this problem starting from the early
20th century up to our day. Their interests have been directed towards the determi-
nation of the factors accounting for these asymmetries, their interrelation, the sex,
age and racial influences on them. A unified explanation as to their nature is not
found even now, however. L.utz himself [14] as well as a variety of other authors
[5, 6, 15, 20] support the hypothesis of their genetic predetermination. Others state
that there are no proofs of such a control [4, 19]. Accordingto Lourie [13] arm
folding as opposed to hand clasping is of a lesser value as an anthropological
marker and that the genetic control is more evident in hand clasping. Lai and
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Wa ls h [11] suggest that these are more of a habit rather than genetic predetermi-
nation. Leguebe[12] mentions about a combined influence of the factors in de-
termining the hand clasping type. According to some authors sex and age do not
exert an influence on the asymmetries under study [1, 7] while according to others
they do [15]. A number of authors do not find correlation between the hand clasping
and arm folding types [1, 16, 17, 19]. Others insist on a significant correlation be-
tween them [9,10]. Sarnaet al. [18] based on literature data prove statistically that
asymmetry in hand clasping and arm folding is not an arbitrary phenomenon.

In our country there is a scanty amount of studies on this problem. Boev and
Todorov [2] have investigated a total of 2638 persons of three ethnic groups and
have found a very high percentage of the R-hand clasping type especially in the Bul-
garians. M u t a fo v [21] has studied a control group of 1500 healthy children with a
predominant L-hand clasping type. K a r e v [8] has surveyed 2100 students later and
has also found a higher per cent of the L-type in both asymmetries.

The aim of the present study is to establish the frequency of the hand clasping
and arm folding types in Bulgarians from the three parts of North Bulgaria —
North-West, North Central and North-East Bulgaria, to take into account the terri-
torial variability, the intersexual differences and looking for a correlation between
these two types of asymmetry.

Material and Methods

A total of 1511 Bulgarians of both sexes (770 men and 741 women) aged 30-39, from
the three regions of North Bulgaria — North-West, North Central and North-East
Bulgaria have been studied. In the boundaries of the regions under study four ad-
ministrative districts — Montana, Lovech, Rousse and Varna are situated (accord-
ing to the administrative-territorial division of Bulgaria since 1987). The studied
persons originate from these districts and live there. This study was conducted in
unison with the National Programme “Anthropological Characterization of the
Bulgarian People” (1989 — 1993) carried by the Department of Anthropology in
IEMA at the Bulgarian Academy of Sciences. It was performed using the conven-
tional methods [3, 4, 12], with %2-test applied for comparing the populations under
study.

Results and Discussion

Hand clasping

The L-type is prevalent in the males as a whole for North Bulgaria, while in women
it is the R-type that is more common. The intersexual differences are statistically
significant (Table 1). In the males from all three parts of North Bulgaria the L-type
is predominant whose percentage grows from the West to the East. The territorial
differences are statistically insignificant. In the women from North-West and North-
East Bulgaria the L-type is prevailing while in those from the North Central Part the
percentage of the R-type is higher. The territorial differences are statistically in sig-
nificant (Table 2).
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Tablel. Percent distribution of hand clasping types among a population of North Bulgaria

Sex

Males
Females

Both sexes

R- type

n
344
376
720

X2 =5.82 > 3.84, k=I,P < 0.05

%
44.68
50.74
47.65

426
365
791

L- type

%

55.32

49.26

52.35

Total

770
741
1511

Table 2. Comparison of the frequencies of hand clasping types among the three regions of North

Bulgaria

Region

1. North - West Bulgaria

2.North Central Bulgaria

3. North - East Bulgaria

Total North Bulgaria

Sex

Males
Females
Males
Females
Males
Females
Males

Females

R -type
n %
139 46.18
137 48.58
97 46.41
109  55.33
108 4154
130 49.62
344 4468
376  50.74

L-type
n %

162  53.82
145  51.42
112 53.59
88  44.67
152 58.46
132 50.38
426 55.32
365 49.26

Total

301
282
209
197
260
262
770
741

Comparison X2 0.05

groups

Males
1-2
1-3
2-3

Females
1-2
1-3
2-3

k=l

0.02
1.04
0.93

2.39
0.11
1.52

T ab e 3. Percent distribution of arm foldihg types among a population of North Bulgaria

Sex

Males
Females

Both sexes

n
342
328
670

X2 =0.00 < 3.84, k-1, P > 0.05

R-type

%
44.42
44.26
44.34

428
413
841

L-type

%
55.58
55.74
55.66

Total

770

741
1511
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Tab!e4. Comparison ofthe frequencies of arm folging types among the three regions of North

Bulgaria

Region

1. North - West Bulgaria

2.North Central Bulgaria

3. North - East Bulgaria

Total North Bulgaria

Sex

Males
Females
Males
Females
Males
Females
Males

Females

R- type

n %
142 47.18
120 4255
80  38.28
80  40.61
120  46.15
128 48.86
342 4442
328 44.26

L- type
n %
159  52.82
162  57.45
129  61.72
117 59.39
140  53.85
134 51.14
428  55.58
413  55.74

Total

301
282
209
197
260
262
770
741

Comparison
groups

F

Males
1-2
1-3
2-3

emales
1-2
1-3
2-3

X20.05

fc=I

3.62
0.02
3.27

0.11
2.44

3.43

Table 5. Percent distribution of hand clasping / arm foldihg combinations among the three regions
of North Bulgaria

Sex

Males
Females
Both

n
165
153
318

%
21.42

20.
21.

X2=12.41 >7.82, *=3,P< 0.05
Table 6. Comparison ofthe frequencies of hand clasping / arm folging combinations among the three

regions of North Bulgaria

Region

1. North-West

Bulgaria

2.North Central

Bulgaria

3. North - East

Bulgaria

Total North

Bulgaria
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Sex

Males

Females

Males

Females

Males

Females

Males

Females

67

50
43

46
55

57
165

153

65
05

RR

%
22.26

17.73
20.57

23.35
21.15

21.76
21.42

20.65

RL
n %
179 23.25
222 29.96
401 26.54

RL

n % n
72 2392 74
87 3085 70
54 2584 37
62 3147 34
53 2039 65
73 2786 71
179 2325 176
222 2996 175

n
176
175
351

LR

%
24.58

24.82
17.70

17.26
25.00

27.10
22.86

23.62

LR

%

22.86
23.62
23.23

88

75
75

55
87

61
250

191

LL

%
29.24

26.60
35.89

27.92
33.46

23.28
32.47

25.77

LL
n %
250 32.47
191 25.77
441 29.18

Tota

301

282
209

197
260

262
770

741

770
741
1511

| Comparison X20.05
groups *=3
Males
1-2 4.68
1-3 1.30
2-3 4.56
Females
1-2 4.98
1-3 4,77
2-3 6.31



Table 7. Relationship between hand clasping and arm folging among a population of North Bulgaria

Arm folding
Hand clasping right left total
Right 318 401 719
Left 351 441 792
Total 669 842 1511

X2=0.01 <3.84, k=I,P>0.05

Arm folding

In both sexes for North Bulgaria as a whole the L-type is prevalent with percentages
of distribution almost equal. Intersexual differences are not observed (Table 3). In
both sexes from all three parts of North Bulgaria the L-type is prevalent with a high-
est percentage in North Central Bulgaria. The women from North-East Bulgaria are
with close R- and L-types percentages in value. The territorial differences are statis-
tically insignificant (Table 4).

The percent distribution of the combinations between the R- and L-types of
hand clasping and arm folding has been traced. Very often a combination of one of
two tests with right domination, and for others — with a left one is found. In the
males as a whole for North Bulgaria the per cent of the combination between the L-
type of hand clasping and the L-arm folding type is highest (LL). In the women it is
the combination between the R-hand clasping type and the L-arm folding one that
is more common (RL). The intersexual differences are statistically significant (Table
5). This tendency is preserved also in the territorial distribution of the combinations
in both sexes where the differences are statistically insignificant (Table 6). The

%

Fig. 1. Comparative data about the frequency of the hand clasping in Bulgarians
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[1993] [present study] [1993] [present study]
1 R-type W1 L-type

Fig. 2. Comparative data about the frequency of the arm folding in Bulgarians

sought correlation between hand clasping and arm folding is statistically insignifi-
cant (Table 7). The data yielded by the present study are closest to of the ones ob-
tained by Mutafov and Karev (Fig.l, 2).

Conclusion

In the males from North Bulgaria the L-hand clasping and arm folding types are
predominating, while in the women from North Bulgaria it is the R-hand clasping
and the L-arm folding types that are more common. Intersexual differences are
found in hand clasping and especially in the combinations between the hand clasp-
ing and arm folding types. The territorial variations of the frequency of the hand
clasping and arm folding types are statistically insignificant in both sexes. A statisti-
cally insignificant correlation between these two types of asymmetry has been re-
corded.
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in the Anatomy and Function of the Distal Humerus
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The past two decades witnessed great improvement in the techniques and equipment used in medicine in
general and widened the means of the diagnostic imaging [1, 2,13].

However the classic anatomical technigues of observation and experimentation did not loose their
value.

We reveal normal anatomy and function of the distal humerus in human in the light of the
Bicolumn theory and add our view for the significance of the distal articular structures of the humerus.

Key words: Humerus, capitello-trochlear complex, distal humerus.

As it is known humerus is the bone of the arm [1,2, 3,4,19]. It is a long bone divided
into three parts. The central part is known as humeral body. It consists of cortical
bone. Other parts are proximal and distal end, structured mainly of spongy bone
covered by thin cortical layer.

The distal end of the humerus is widened and the external edges of the humeral
body pass into the epicondyles - rounded processes of bone. Bigger one is the me-
dial epicondyle and lesser one — lateral epicondyle [1,12,10,11,].

The most distal parts of the humerus are trochlea and capitellum [18].

In newborn the distal humeral epiphysis is completely built of cartilage. It
does not differ from the distal humerus in the adult, in macro anatomic view [8].

Humerus ossifies from a single primary center and additional centers. They
are visible at a different age, as it is shown on the figures 3 and 4.

There is a difference in the time of ossification of the distal humeral structures.
In males lateral condyle ossifies during the 12th year and in female during the 11th
year. Medial condyle in male - 7th year and in female - 5th year. Capitellum — male
5th month, female — 4th month. Trochlea in male — 9th year and female — 5th year
[5,6]. This is the so-called “cross” rule.

Medial condyle lies extremely extra-articularly (Fig 3). The cortical layer of
bone is thin. It differs from the adults by not passing over the entire anterior surface.
It is deficient in the zone of coronoid fossa. This “defect” is covered by cortical bone
during the growth [7, 9].
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Fig. 1. Humerus — anatomy

Like an answer of the new
trends entering the orthopedic sur-
gery, Jupiter J. and Mehne D., cre-
ated the Bicolumn theory in 1991
[15, 16, 17].

The idea is, when viewed
from a posterior approach, the hu-
meral shaft divides into medial
and lateral columns longitudi-
nally. These columns terminate
distally where the transversely ori-
ented trochlea connects between
both columns.

By interconnecting with
these divergent columns, the termi-
nal part of the elbow joint most re-
sembles triangle, which is funda-
mental in understanding of the
proper mechanics of joint motion
and the intra-articular fracture
treatment.

With disruption of anyone of
the three arms of the triangle, the
entire construct is weakened, but it
is more weakened if the disruption
is on the base of the triangle.

Some authors believe that
the trochlea and the capitellum are
the articular surfaces of the
condyles [9, 12, 19].

According to others, they are
absolutely independent parts of
the distal humerus [5, 7]. However,

Fig. 2. Skeletal develop-
ment of a 6 months old

Fig. 3. Epiphyseal lines of the humerus — anterior view.
CA —joint capsule line, LE — epiphyseal line, CM —
medial condyle

Fig. 4. “Cross rule” for the os-
sification of the distal hu-
merus. CM — medial condyle,
CL — lateral condyle, T —tro-
chlea, C — capitellum

123



defining the distal humeral articulation as a tri-
angle based in the trochlea ignores the capitel-
lum.

As a result of long lasting observations,
measurements and analyses, we reached the con-
clusion that the capitellum and the trochlea
could be united in a complex — the capitello —
trochlear complex (CTC) [14].

The CTC represents the intercolumnar “tie-
rod”. It has the form and comprises medial and
lateral lips with an intervening sulcus. This sulcus
articulates with the semi lunar notch of the proxi-

mal ulna. The adjacent lips offer medial and lateral stability to this articulation [15].

In coronary plan the CTC lies about 20° rotation in relation with the proximal
part of the humerus. The angle is known as “torsion angle”. It contributes for the
total outlook of the humerus as a long bone.

We found that in the same coronary plan the outlines of the CTC resemble a
“W” shape. This “W?” sign is appearance of a norm and any disturbance of the shape
speaks for intra-articular fracture (Fig. 5).

The CTC axis with the respect of the longitudinal axis of the humerus is ap-
proximately 94° in valgus in males and 98° in females. The normal valgus position
of the elbow is commonly referred to as “carrying angle” of the elbow. Functionally,
it allows the positioning to objects away from the body when they are held with the
elbow in extension.

Fig. 5. “W” shaped outlook of intact
distal end in coronal view

Fig. 6. Pre- and post-operational X-ray graphics ofbicolumn frac-
ture in 24 y.o. female

In addition the CTC axis is externally rotated between 3° and 8° with respect
to a line connecting the medial and lateral epicondyles.

Traditional classifications of the fractures of the distal humerus have centered
on the anatomic concept of the terminal end of the humerus, structured as
condyles-hence the terms “condylar”, “transcondylar” and “bicondylar” fractures.

The distal humerus could not be precisely described and understood as two di-
verging columns supporting an intercalary surface, rather as rounded projections

(condyles) such as those found in the distal femur or head of the metacarpal bones.
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Changing the term “condyle” to “column” more accurately describes as well
as maintains the general categories.

As a confirmation of the Bicolumn theory created by Jupiter and Mehne, and
the significance of the CTC, we show the diagnostic and post-operative X-ray
graphies of a clinical case [17]. This is a bicolumnar fracture in 24 y.o. female and
the CTC is separated.

Note that the two plates are oriented in perpendicular planes supporting the
two columns and the situation of the transverse screws, which pass through the CTC
in order to restore the base of the triangle (Fig. 6).

Intra-articular fractures of the distal humerus are big diagnostic and therapeu-
tic problem. A new step in the solution of the problem is the Bicolumn theory, to
which we add 3 supplements. We believe that will bring more serenity in the solu-
tion of the problem.

The so shown rational approach to the anatomy of the distal humerus is im-
posed because of the increasing need of adequate diagnostics and treatment of the
fractures in this zone.

We hope that after mutual working of multidiscipline teams it will be sold in
the nearest future.
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The purpose of this study is to draw attention on cytomegalovirus infection as one of the most frequent
infections among infants and most frequent infection in foetus. Its generalized forms could be the basic
factor in thanatogenesis at neonatal and infant age and its localized forms — favourable area for the de-
velopment of other infections with fatal outcome. We introduce 7 children at the age of up to one year,
three of them with generalized form of cytomegalovirus infection and the rest with localized ones. We
examine specific morphological changes in the salivary glands and in the affected by the virus organs as
well as the rest of the pathomorphological changes.

Key words: Human Cytomegalovirus (HCMV) infection, morphological changes, cause of death.

Introduction

The Human Cytomegalovirus (HCMV), together with the Herpes simplex virus be-
longs to the Herpesvirudae family, genus Cytomegalovirus. The foetus, newborn
babies and infants up to one year are the most sensitive to the virus. It is well known
that the HCMV infection is widely spread among pregnant women [1]. The number
of children born in Europe and in USA every year with congenital HCMV infection
is 40 000 [2]. In Bulgaria the in utero infection is also the most frequent case [5]. This
infection in itself could be the cause of abortion or premature birth with heavy dam-
ages ofvarious degrees [3]. The proving of the HCMYV infection is achieved through
IgM-tests (proving an antivirus antibodies in the serum) [5].

The Human Cytomegalovirus destroys the epithelial cells, since it has a defi-
nite affinity for gland epithelium, but also organs of different structures could be
affected such as nerve and mesenchyme elements [4]. In the damaged cells appear
typical intranuclear and cytoplasmatic inclusions usually between the 10th-72nd day
after the infection [3]. Around the intranuclear inclusion setts in an area of bright-
ness in the nucleoplasma, wich gives the cell a typical likeness of an “owl’s eye”.

Clinical manifestation of HCMYV infection after birth are numerous: icterus
prolongatus and hepatosplenomegalia, transitory thrombocytopenic purpura,
hepatitis, encephalitis or other damages of the central nervous system with cerebral
calcifications, pneumonia, haemolitic desease etc. [6]. The removal of HCMV from
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the human organism is through the urine, saliva, sweat and faeces (when
gastroenteral tract is infected).

Morphological changes with HCMV infection are so very specific that no
virous confirmation of the diagnosis is necessary. We observe a specific giant-cell
metamorphosis (transformation) of contaminated by virus cells (cytomegali) and
lymphoid-histiocid infiltration in the stroma. The cytomegali have the same struc-
ture and staining properties, independently of their localization in tissues and or-
gans [7, 8, 9].

There are two forms existed of HCMV infection: localized and generalized but
this division is relative because under the influence of unfavourable factors the lo-
calized form could become generalized [7].

The purpose of this study is to accentuate upon the most frequent herpes virus
infection especially at neonatal and infant age where it could be the independent
cause of sudden death or suitable basis for development of the other infections. We
present specific and nonspecific changes in children examined.

Materials and Methods

We present 7 children of age between 4.5 and 11 months, dissected in the Depart-
ment of Forensic Medicine — MU Varna. Four of the children were boys and three
girls. Five children had died in their homes in apparently good health, one of them
had been in hospital for cautery and died on 11th day after the accident. The 7th child
had been hospitalized for spasmodic bronchitis a week before exitus letalis and had
a sudden death without visible symptoms. All children were born in due time with
the exception of one first degree prematurely born. Five of the children were Gipsies,
one was Bulgarian and one was Turk. Their mothers offered no data about other dis-
ease problems during their pregnancy and after birth.

All children underwent histological investigation of internal organs and sali-
vary glands. The materials were stained with by haematoxylin eosin.

Results and Discussion

The external examinations of the children reveal only hypotrophy I-11 degree in two
of them and no disease changes in five. The internal examination reveals inflamma-
tory changes in the lungs, hepatomegalia (in six children), almost wholly moderately
expressed increasing of the lymph nodulae, dystrophic changes in parenchim or-
gans, and thymus atrophy.

The histological investigation showed that in all cases there was cytomegal
damage of the salivary glands in the form of giant-cell transformation of the epithe-
lium of the ducts and round-cell infiltration of the part of the stroma, hyperplasia of
the lymph foliculi, sometimes (when quantity of the cytomegali is not big) — fibro-
sis, kystosis and increasing of fat tissue (Fig. 1).

In all children there are established inflammatory changes expressed in vari-
ous degrees in the lungs and respiratory tract. Five of the children had intersticial
pneumonia, the child with cautery was with massive confluencing and abscessing
bronchopneumonia, abscessing bronchitis and sepsis and the last of the children
was with scattered catarrhal bronchopneumonia and bronchiolitis. Depending on
the etiology of the pneumonia the morphological changes in the lungs have some
peculiarities in the form of massive haemorage, growing of the bronchial epithelium
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Fig. 1. Salivary gland with cytomegali in channels and infiltration in the
stroma (stain HE, x 150)

Fig. 2. Lung — dispersed intersticial and intersticial-desquamative pneumonia, irregular
airiness, and oedema, cytomegals (stain HE, x 100)

resembling small cushions with paragrippe etc. In all cases there are irregular airi-
ness with dispersed athelectasis, disorder in blood circulation and in some places
serosive exudate in the alveoli mixed with scaled cells of the alveolar epithelium and
macrofagi and scaling of the bronchial epithelium.
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Fig. 3, 4. Kidney with cytomegal transformation cell in the.channels (stain HE, x 200) and dispersed
cytomegal nephritis (stain HE, x 100)

In three of the seven children there was obseved generalized HCMYV infection
in the lungs, kidneys, salivary glands and small intestines and in one of them also in
the liver. In the lungs was seen cytomegal transformation of the epithelium of the
small bronchi and bronchioli, as well as of the bronchial glands. At the same time
bronchitis, peribronchitis, intersticial and intersticial-desquamative pneumonia was
developed (Fig. 2). Often the cytomegali in the lungs were placed among not big
mono-lympho-histocyte infiltrations.

In the kidneys (Fig. 3, 4) giant-cell transformation was observed in the epithe-
lium channels, sometimes around them there was round-cell infiltrations, but it is
possible for the damaged organ not to react. In two of the three cases of generalized
HCMV infection in the kidneys was established dispersed cytomegal nephritis, dis-

Fig. 5. Liver — parenchim and fat dystrophy with round-cell infiltration
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persed membraneous glomerulonephritis with sclerosis of single glomeruls and in
the third case we observed focuses with many eosinophiles, epitheloid cells etc.

In the rest of the organs: in all children were observed hyperplasia of the
lymph apparatus — lymph nodulae in mesenterium, small and large intestines, peri-
bronchial, perihilar, lymph nodes in the lien. Usually atrophy of the thymus in dif-
ferent degree was established, which means chronic exhausting of the immunity sys-
tem. Only in one of the children we observed atrophy of the Hassall’ bodies with
ample increasing the number of lymphocytes. Parallelly to this in all cases there was
observed a considerable atrophy of the suprarenal glands (leaf-like, mainly with at-
rophy of their cortex).

In the other internal organs we had almost always changes of the same type:
parenhim and/or fat distrophy of the liver (Fig. 5), sometimes with preserved focuses
of extramedular haemopoesis, superficial inflammatory changes in the small and in
the large intestines, parenchim distrophy and intersticial oedema of the myocard
and cerebral oedema.

Discussing thanatogenesis in the three cases of generalized HCMYV infection
we take it as a basic disease in the background of which some acute respiratory virus
infection might develop and prove to be the direct cause of death. In the remaining
four cases we accept HCMYV infection to be an accompanying disease, terrain,
which strongly favours death because of the general influence of the virosis. One
should not forget that the limitation of the HCMV infection is in all cases greater
than the limitation of the acute respiratory disease and sometimes is congenital
which is proved by the morphological changes in the salivary glands. These opin-
ions disagree with those of Nazarov [7], who does not accept the generalized
HCMV infection as a basic disease. Contemporary authors [3, 5] agree that this in-
fection is a leading link in the cause of death, in whose background there could also
be other ordinary virus infection.

Conclusion

The HCMV infection is diagnosed really easily and should be sought for actively
and taken into account in all cases with sudden death especially in infant age. The
investigation of the salivary glands gives the quickest direction for detecting HCMV
infection in other organs. This diagnosis could lead to specifying the thanatogenesis
in any concrete case. On the other hand establishing of HCMV infection is also
important for the retrospective searching and proving of a HCMV infection in a
mother, respectively a change of behaviour during later pregnancy etc. In a more
general sense the exact forensic diagnosis is a part of the fight against numerous
complications of congenital HCMV infection.
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Data about age distribution into five years age intervals based on anthropological material from
necropolises dated to XV-XVII c. in present Bulgaria have been analyzed using methods of
paleodemography. Valuable results about infant mortality in the period have been obtained, which have
been correlated with data for Central European and Balkan contemporary populations.
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Introduction

Infant mortality is one of the most sensitive demographic indicators of changes in
survival conditions of social and nature enviromment. Individuals of infant age are
most vulnerable of negative influences like infections deseases, malnutririon, de-
crease in hygiene. These factors cause high variations in human life span in the first
age after birth, which appears as an important indicator of social development.
Thestudy of infant martality and survival in the period of XV-th-XVII-th c. is of
importance for understanding the demographec processes in Bulgarian populations
during and after Ottoman conquest of Balkans.

Material and Methods

The present study makes use of data about age distribution of the anthropological
material from the following necropolises: by town Kavarna and cape Kaliakra,
which represent Christian populations of the flourishing trade centers of North
Black Sea cost of Early Osman Empire, inheritors of Bulgarian populations from
XIHI-XI1V c¢. [2, 14, 15, 17, 18, 21]; by villages of Krivina, Vladimirovtsi, lliyantsi,
Balsha, some of them dated in more wide chronological limits to XVIII c., which
represent Bulgarian, Christian, rural populations [20, 22], by village Gradishte, near
Shoumen, which represent Islamic population from the epoch [16,19, 23]. The rela-
tive number of infant skeletons in the material from these necropolises exceeds 30
% (with a single exception of the big series from lliyantsi with 29,5 % of infant skel-

132



etons) and the relative number of skeletons, assigned to the individuals in the first
age interval of 0-4 years surpasses that of individuals of the second age interval of 5-
9 years of age. The portion of infant skeletons exceeds even 40 % in more of the
studied populations — Kavarna, Kaliakra, Krivina, Vladimirovtsi, Gradishte.

Data about age distribution of anthropological material are used in construc-
tion of life tables after the methods of paleodemography, using five years age inter-
vals [1]. In analysis parameters from life tables, that directly describe mortality, are
used, namely relative number of dead and risk of death in five-year age intervals of
infant (Infans 1, 0-7 years and Infans Il, 7-14 years) and juvenile (Juvenis, 15-19
years) ages.

Results and Discussion

The relative number of dead in the first age interval (0-4 years) (Table 1, Fig. 1) ex-
ceeds 25 % in populations from necropolises Kavarna, Kaliakra, Gradishte and
Krivina. The population from Vladimirovtsi approaches to this group with a value
of this parameter of 24.14 %. The population from Krivina is distinguished with the
value of 41.94 %. The populations from Kaliakra, Gradishte and Krivina with this
mortality frequency in first age interval show fast decrease in mortality for the sec-
ond age interval of 5-9 years of age. On the contrary, in population of Kavarna such
decrease has not been observed. It seems that some unfavorable factors have been
acting in this case, which led to increase of mortality in the second age interval, in-
stead of decrease as it has been more often observed. An increased infant mortality
in the second age interval in the population from Kavarna is established as well in
values of risk of death (Table 1, Fig. 2), being higher in the second age interval. Simi-
lar unfavorable distribution of values of relative number of dead and risk of death is
established also for population from Vladimirovtsi. In populations from Kaliakra,
Gradishte and Krivina values of risk of death for the first age interval are higher than
calculated for second age interval.

Table 1. Values ofrelative number of dead and risk of death

Kavarna llienzi Kaliakra  Gradiste Balsha Krivina  Vladimirovzi Mean

dx \gx dx |gx. dx Igx dx |gx dx lgx dx Igx dx|gx dx lgx
0-4 27,30 0,27 14,240,14 26,850,27 26,56 0,27 16,670,17 41,94 0,42 24,14; 0,24 19,610,20
59 22,37 0,31 12,080,14: 14,7a0,20; 9,90 0,13; 10,00: 0,12 6,450,111 20,69 0,275 14,36 0,18
10-14 6,26 0;12°3,180,04 3,89 0,071 5,73,0,09. 6,67 0,09 6,450,13; 345; 0,061 "4,640,07
15-19 2,66 0,06 7,590,113,11M),06' 6,77?0,12: 3,33 0,05 6,450,1410,34; 0,20, 4,920,08

Values of relative number of dead and risk of death (Table 1, Fig. 1, 2), calcu-
lated for first (0-4 years) and second (5-9 years) age intervals, are also close for the
population from lliyantsi. In this case this feature is due to the reduced mortality in
the first age interval.

The lowest mortality is established in all of studied populations in the age in-
terval of 10-14 years. In this age interval values of relative number of dead are low
and values of risk of death are the lowest in populations from llientsi, Gradishte,
Vladimirovtsi, and very close to the lowest values in the remaining studied popula-
tions (Table 1, Fig. 1, 2).

Mean values of the relative number of dead in the first and the second age in-
tervals for the period are estimated to be 19.61 % and 14.36 %, respectively, so they
have a relatively low difference of 5.25 % in-between. These values are strongly in-
fluenced by data from small series, where the relative number of infant skeletons is

133



0-4 5-9 10-14 15-19 years

Fig. 1. Distribution of values of relative number of dead (dj)

Fig. 2. Distribution of values of risk of death (<x)

reduced, or from bigger series from Chiprovtsi, Bozhenishki Urvich and Debnevo,
where infant mortality is not satisfactorily represented in the anthropological mate-
rial from these necropolises.

A peculiarity of the studied populations is the increased juvenile mortality,
established from the relatively high values of relative number of dead in the age in-
terval 15-19 years (Table 1), in a large number of populations exceeding 6 % —
lliyantsi (7.59 %), Gradishte (6.77 %), Krivina (6.45 %), n Vladimirovtsi (10 %). The
high juvenile mortality is associated with Christian populations, as with the studied
Islamic population from the period. This feature could be caused by the premature
physical and social overloading of individuals from this age group, expressed in in-
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creased role of their labor in the agriculture and handicrafts, increased economical
and military obligations to the state, premature marriages and subordinate position
in the extended patriarchal families. Increased juvenile mortality is a negative ten-
dency in demographic development of Bulgarian populations from the period.

Results obtained for infant and juvenile mortality in the populations from
Bulgarian lands in the Osman Empire are comparable to the features of contempo-
rary Balkan and Central European populations. In most of investigated skeletal
populations, where infant mortality is satisfactorily represented in the first age in-
terval it remains at a high level and does not strongly differ from the preceding pe-
riod. At the beginning of the period in Rumanian populations from Maicane§ti-
Straule§ti | (end of XIV-XVc.) [7, 8, 9] infant mortality exceeds 40 %, and the rela-
tive number of dead in the first age interval is the highest with 25.69 %. The rela-
tively high infant mortality is kept in populations from XV-XVII c. In the popula-
tion from the necropolis Straule8ti 11 (XV-XVI c.) infant mortality is reduced (34.75
%), but the relative number of dead in the first age interval remains the highest with
20,30 % [9]. In Borlad (XVI-XVII) infant mortality reaches 53.85 % [4], in Bucov —
45.16 % [10], in Radovanu XV-XVII c. Infant and juvenile skeletons (Infans | and 11
and Juvenis) to 19 years of age are 51.5 % from the anthropological material [11].
Lower relative number of infant skeletons (0-14 years of age) is established for
populations from Brigadiru-Zimnicea — 25 % and Cascioarele — 18.18 % [10]. Sum-
ming up in the period preserves the pattern of age distribution of relative number of
dead, where in the first age interval 0-4 years or in the group of Infans | (0-7 years)
fall the highest values of relative number of dead. This is observed in Cernica, with
20.48 % skeletons from Infans | [3], Sinnicolau de Beiu§, with 36.5 % and Borlad
30.77 %. No strong changes in infant mortality in Rumanian populations are estab-
lished from the end of the period XVII-XVIII c. In Sonnicolau de Beiu§ infant mor-
tality reaches 52.37 % [12], in Cernica — 2.58 %. Only population from Strehaia
exhibits much reduced relative number of skeletons of infant individuals (0-14 years
of age) (8.75 %) [10]. Considering data from the other sites this value could be due
to the lack of material.

High infant mortality is established for population from the necropolis Nova
Rada, Croatia. Here the relative number of dead in the first age interval reaches 50 %
[13]. In the series from Kranj, Sloveniathe relative number of infant skeletons is
reduced — 31.1 %, which is estimated by researchers as to low to be a representative
one [6]. These two populations from Slavonic territory of the Habsburgian Empire,
on the border with the Osman Empire show close parameters for infant mortality to
the studied Bulgarian populations from the period. In population from Czech
territories of the Habsburgian Empire in Dukovo infant mortality is estimated to be
30.9 % in spite of the upper chronological limit of the necropolis in the XI1X c. [5].

Conclusions

Three groups of necropolises with similar mortality pattern of infant and juvenile
mortality can be derived from the demographic situation in the XV-XVII c. — first
group — Krivina, Gradishte and Kaliakra with very high and high mortality in the
first age interval, second group — Kavarna and Vladimirovtsi with high mortality in
the first age interval and specifically high mortality in the second age interval, where
in most of the studied populations the mortality is reduced and third group of
populations from lliyantsi and Balsha with favorable low values of mortality
parameters below the mean values for the period. For most of the populations from

135



the period it is established an increased juvenile mortality.

The infant mortality rate in the studied Bulgarian populations correlates to
that established for the Second Bulgarian Kingdom. A significant increment is
established for the juvenile mortality.

Results about studied Bulgarian populations are close to that obtained from
the investigations in the Balkans and Central Europe.
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Overview of the Results of Anthropological Research
of Deformations of Human Bones Remains from
the Neolithic and the Chalkolithic Periods in Bulgaria

G. Bobov
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The present overview summarises the anthropological research results published up to now that describe
deformations of human bones from the Neolithic and Chalkolithic periods in the current territory of
Bulgaria caused by diseases, by deliberate action or by accident. It is based on the publications from the
past 45 years in scientific research periodicals, popular science magazines or monographs. Three groups
of bone deformations are distinguished — pathological deformations, traces from ritual manipulations
and evidence for medical treatment or prophylactic activities. The pathological group includes diseases
like fractures, tuberculosis, tumours, anaemia, etc. Ritual deformations are found more frequently on
skulls, and include post-mortem trepanations, punctures with sharp objects, as well as artificial deforma-
tions of the skull. Medical treatment activities is the least represented group with data from only one
necropolis, and few copper rings found on teeth of several skeletons.

Key words: Neolithic, Chalkolithic, pathological deformation, ritual manipulations.

Data about the diseases of the people who lived in the past can be derived from the
traces that those diseases left on the bones and teeth remains of ancient people.
These traces are studied by palaeoanthropology that on the other side, is part of an-
thropology, and on a larger scale is a part of medicine. Its research results contrib-
ute to different scientific areas, as is archaeology in this case.

The deformations of the studied bone and teeth material can be classified in
three major categories:

« pathological deformations caused by diseases or traumas;

« deformations caused by manipulations of ritual character that the individu-
als survived or such that were conducted post-mortem;

« deformations caused by attempts for medical treatment or prophylactic ac-
tivities.

Deformations of bones of the three categories were discovered in 18 Neolithic
and Chalkolithic sites (necropoles and individual graves) in the current Bulgarian
territory, namely Kremikovtzi — Sofia, Vaksevo — Kiustendil Distr., Tziganova Tell
— Harmanli Distr., Malak Preslavetz — Silistra Distr., Chavdar — Sofia Distr.,
Slatina — Sofia, the necropolis at the village of Durankulak — Dobrich Distr.,
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lasatepe Tell — Plovdiv, Ruse Tell, Kubrat Tell, the necropolis at Liliak village —
Targovishte Distr., lagodinska Cave — Smolian Distr., the necropolis at Varna, the
necropolis near Targovishte, Okrajna bolnitza Tell — Stara Zagora, Devetashka
Cave — Pleven Distr., Polianitza Tell — Targovishte Distr., and the Pchelina
necropolis near Omurtag. The distribution of the different types of deformations var-
ies from site to site. The summary of research results reveals that some of the defor-
mations are concentrated in a certain necropolis, several sites or a bigger region.

Pathological deformations

Diseases of the blood

Traces (cribra orbitalia) of blood diseases (probably haemolytic anaemia) are dis-
covered in three necropoles on the total of seven skeletons — one Neolithic [18] and
one Chalcolithic [19] skeletons from Durankulak, one from the necropolis at
Targovishte [22], and four from the Pchelina Necropolis [5]. In the latter case two of
the skeletons are of children, one of whom was 8—9 years old.

Diseases of the dentition and jaws

Dentition and jaw diseases, the most frequent of which is the tooth caries, are found
in the majority of the enlisted sites (Table 1). In three cases (one form Kremikovtzi
[10], one from Okrajna bolnica Tell [17], and one from Pchelina Necropolis [5])
traces of carious processes are found on the milk teeth — something untypical and
rarely discovered in prehistoric populations. Caries’ complications (dental-root
cysts, pulpitis), as well as parodontal changes are found at most of the sites (Slatina
[4], Chavdar [1], Vaksevo [21], Rousse Tell [8], Tziganova Tell [6], etc.). A bigger
concentration of complications is observed in the necropolis at Targovishte [22].

Diseases of the dentitions and jaws, ranging from caries in early stages of de-
velopment to heavy damages around dental roots and deformations of the alveolar
parts of the jaws, are found on all seven skeletons, which also have other bone de-
formations. At one of the skeletons the damaged teeth amount to thirteenth. In one
case (Okrajna bolnitza Tell [17]) mortification as result of caries is found on one of
the molars. Against the background of this frequency of dentition and jaw diseases,
we have to mention that at some of the biggest necropoles, such as the Varna
Necropolis, these cases are just an exception [11].

Tartar is found on five skeletons (one from Vaksevo [21], two from Slatina [4],
one from lagodinska Cave [12], one from the necropolis at Targovishte [22]). The
case from Targovishte is distinctive with the heavy coating of tartar, causing loss of
the grinding qualities of the teeth.

Abrasion of the grinding and incisive dental surfaces is very frequent (Vaksevo
[21], Malak Preslavetz [14], Slatina [4], Durankulak [18, 19], lagodinska Cave [12],
etc.). The level of abrasion varies ranging from loss of the surface layer of enamel to
almost complete abrasion of the dental crown as is in one case from Slatina [4].

Bone and joint diseases

Pathological changes of the bones and joints are almost as common as those of the
dentition and jaws (Table 1). Basically, they are represented by formations of bone
growth at the edges and joint surfaces of the vertebrae (Vaksevo [21], lasatepe Tell
[9], Slatina [4], Durankulak [18,19], Varna Necropolis [20], Pchelina Necropolis [5],

138



Tablet. Pathological deformations of the bones and teeth
Site Period Diagnoses

traumas diseases of diseases of diseases of tuberculosis tumours
the bones the dentition the blood
and the  and the jaws

joints
Kremikovtzi Neolithic 1
Vaksevo Neolithic 1 1
Tziganova Tell Neolithic 1
Malak Preslavec Neolithic 1 2 1
lasatepe Tell Neolithic 1
Chavdar Neolithic 1 1
Slatina Neolithic 3
Durankulak Neolithic 6 2 1 1
Russe Tell Chalkolithic 2 4
Kubrat Tell Chalkolithic 1
lagodinska Cave Chalkolithic 3
Varna Necropolis Chalkolithic 1 1 1
Targovishte Chalkolithic 2 7 1
Necropolis
Okrajna bolnica Tell Chalkolithic 1 3
Devetashka Cave Chalkolithic 1
PolianitzaTell Chalkolithic 1
Pchelina Necropolis  Chalkolithic 3 2 3
Durankulak Chalkolithic 1 12 1 1 2

etc.). In three cases (one from lasatepe Tell [9], one from Varna Necropolis [20], one
from Okrajna bolnitza Tell [17]) more serious damages are found that had probably
impeded or caused loss of the motor abilities of the individuals.

Malignant formations

Tumour formations are found in individual cases — one from Varna Necropolis [20]
and two skeletons from the Chalkolithic period in Durankulak [19]. In all three
cases the tumour formations are at the inner side of the skull. This kind of forma-
tions could be a cause for epileptic attacks [20].

Tuberculosis

The only case of bone tuberculosis is found on two thoracic vertebrae of one
Neolithic skeleton from Durankulak [18].

Traumas

Traumatic injuries are found in eight skeletons (one from Malak Preslavetz [14], two
from Rousse Tell [8], three from Pchelina Necropolis [5], one from Kubrat Tell [8] and
one from the Chalkolithic period of Durankulak [19]). In six of those cases the trau-
mas are of the skull, which five of the individuals survived (two from Rousse Tell [8],
one from Pchelina Necropolis [5], one from Kubrat Tell [8], and one from Durankulak
Necropolis [19]). In the sixth case (Pchelina Necropolis [5]) the injury most probably
caused death. At the seventh skeleton (Pchelina Necropolis [5]) the cervix of the left
femoral bone was fractured, but later healed up. Fractures of two ribs of the skeleton
from Malak Preslavetz were found, but they were survived and later healed up [15].
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Ritual manipulations on the bones and the teeth

Intentional artificial deformation of the skull

One of the deliberate changes of bones, and especially of the skull, is the artificial
deformation of single-band type. Unlike later periods, i.e. the Middle Ages, when
single- as well as double-band deformations are known, in the Prehistoric periods
the single-band type is the only one found in Bulgaria [16]. It was found both in
Neolithic and Chalkolithic graves (Table 2). Most cases are from Durankulak — on
eighteen Neolithic skeletons [18] and thirty-three Chalkolithic ones [19]. Such a kind
of artificial deformation is found only in two other necropolises (five from Malak
Preslavetz [14] and two from Okrajna bolnitza Tell [17]. Special attention should be
given to the site distribution of artificial deformation and the fact that it is concen-
trated primarily in North Eastern Bulgaria. This distribution may be accidental and
due to the fact that individuals with artificial deformation have not been discovered
yet in other regions, but it may also be a characteristic of the prehistoric population
inhabiting the territory mentioned above.

Unintentional deformation of the skull

One of the reasons for this kind of deformation could be a regular activity, for ex-
ample carrying loads, such as heavy vessels, upon the head. Another similar effect

Table 2. Ritual manipulations and medical treatment

Site Period Ritual manipulations Medical  Uninten-  Intentional
treatment _ onal  geformation
deforma-
tion of the skull
trepanations  punctures ritual of the skull
by sharp  manipulations
objects on the teeth
Malak Neolithic 1 2 5
Preslavec
Durankulak Neolithic 1 18
Rousse Tell Chalkolithic 14 4
Lijak Chalkolithic 1
Necropolis
Okrajna bolnica  Chalkolithic 1 1 2
Tell
Devetashka Chalkolithic 1
Cave
Durankulak Chalkolithic 19 33

may be a result of the continuous lying of a little child (baby) on a hard surface, such
as a wooden cradle, this leading to permanent flattening of the occipital bone and
of the skull [13].

Unintentional deformation of the skull was found in three cases (one from
Okrajna bolnitza Tell [17], two from Malak Preslavetz [14]). The individual from
Okrajna bolnitza Tell was 45-50 years old, and the two skeletons from Malak
Preslavetz belonged to the children in Infans I.

Post-mortem trepanation of the skull

The post-mortem trepanation of the skull belongs to the ritual manipulations. Russe
Tell is a good illustration with its big number of skulls with traces from post-mortem
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trepanation; they are several per skull in some cases [13]. This kind of trepanation is
also found on one skull from Devetashka Cave [7], one from Lilyak [2], and one
from Okrajna bolnitza Tell [3]. For comparison, in Rousse Tell post-mortem
trepanated skulls are fourteen (Table 2).

Puncture of the skull with a sharp object

Such punctures are found in four cases only in Rousse Tell. They are small round
holes in the skulls probably inflicted post-mortem by an awl or another sharp
object [8].

Ritual manipulations on the teeth

An unusual, probably post-mortem ritual manipulation is found at two sites — one
in Malak Preslavetz [14] and one from the Neolithic period of Durankulak [18].
These are peculiar fractures of the dental crown of several molars, premolars and in
one case (Durankulak) of an incisor. The fracture affects parts of the grinding sur-
face, of the tubercles and of the dental crowns. It may be possible to cause such a
fracture by an abrupt infliction along the vertical axis of the tooth [16]. The skeleton
from Malak Preslavetz has four teeth broken in this way, while the total number of
broken teeth of the Durankulak skeleton is eleven. It is believed that such a fracture
could not be caused while a human is alive, and that it was inflicted post-mortem,
probably, with some kind of a ritual purpose.

Traces from medical treatment

Data about probable medical treatment is found only in the Chalkolithic part of
Durankulak [19]. Blue-green colouring is found on the teeth of nineteen skeletons,
more often on the incisors, canines, and the first and second premolars of the lower
jaw. The cause for this colouring was discovered only in several graves — rings made
of copper wire with a diameter equal to the diameter of the necks of the correspond-
ing teeth. One suggestion is that these rings were put on the teeth to exert an overall
prophylactic influence over the organism [16].
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Regulation of Insulin Secretion by Means
of Insulinoma Cell Lines
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The use of primary B cells in biochemical and molecular research is limited by the availability of pancre-
atic endocrine tissue. Numerous investigators have attempted to establsh an insulin-secreting cell line that
retains normal regulation of insulin secretion. The most widely used insulin — secreting cell lines are RIN,
HIT, MIN 6 and INS — 1. Insulin — secreting cell lines represent a potential source of transplantable
tissue to overcome the limited availability of primary islets.

Key words: B cell, cell line, immortalization, insulin.

The transplantation of insulin — producing tissues in patients with diabetes (insulin
— dependent — typel) offers an approach that is much more physiological to the
restoration of the progressive diabetic neurovascular complications. While in the
1970s [2,14] the isolation and transplantation of Langerhans islets was only possible
in experimental animals with diabetes the early 1990s gave rise to several teams
working on diabetes treatment projects for transplantation of isolated pancreatic
islets [11, 28, 29]. The recipients of these transplants maintain normal glucose levels
without insulin therapy years end [16]. The limited opportunities for ensuring
human donor pancreatic islets enhance the studies of a number of authors in
search of means. For stimulating the proliferation of insulin producing endocrine
cell types.

Insulinoma cell lines — definition and classification

Investigations of the differentiation and function of the B cells and elucidation of
abnormalities associated with B cell dysfunction determine the necessity for estab-
lishment of insulinoma cell lines.
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The insulinoma cell line is a cell line capable to grow in cultures and to syn-
thesize and secrete insulin. These are spontaneously occurring and induced tumor
lines even can be other than B cells [12]. To overcome the limited availability of pri-
mary B cells some authors have attempted to immortalize B cells and establish a
stable insulin secreting cell line.

Insulin secreting cell lines can be classified according to the technique used for
transformation of the original tissue:

Insulinomas
Naturally occurring insulinomas

Despite numerous attempts, derivation of stable cell lines from spontaneous
insulinomas of human or animal origin is exclusively difficult [3, 26]. In principle
naturally occurring B-cell tumors dedifferentiate very rapidly in vitro and lose their
ability to synthesize and secrete insulin.

Induced insulinomas

Radiation-induced insulinomas — The first insulin-secreting cell line, the RIN cell
line, was established in 1973 by Chick et al [4]. X-ray-irradiated rats developed pan-
creatic tumors 1,5 years after irradiation. The tumors were excised, sliced and trans-
planted under the skin of 6-week-old rats. Tumors were then propagated in vivo by
serial transplantations into RIN rats or BAIb/C mice [8]. Endocrine cells were then
purified from the tumors and seeded on a hepatocyte matrix. After several passages
the cells begin to adhere spontaneously to the culture vessel. In 1992 [1] have de-
rived INS-1 from parental RINm5f after the following procedure: In a co-culture of
lymphocytes and RIN cells in the presence of 2-mercaptethanol free-floating cell
aggregates were formed which appeared to be morphologically different from the
parental cells. They gave origin to INS-cell line.

Virus-induced insulinomas

The first observation on the development of pancreatic tumors after injection of rats
with a BK-virus suspension and investigation of the oncogenicity of the BK-virus
and isolation of In-111 come from Uchida et al. [27].

Chemically-induced insulinomas

Insulinomas are obtained by administration of nicotinamid and streptozotocin
after that they are serially transplanted in vivo, isolated and propagated in culture
[5, 15].

BK- virus- transformation
By this method isolated rat Langerhans islets are transformed in vitro by incubation

in the presence of BK virus. The problem that arises is that transformed cells do not
secrete insulin after 50 days [10].

144



Morphological and functional characterization
of insulin-secreting cell lines

Morphological characterization

Most insulin-secreting cell lines consist of several cell populations. Immuno-his-
tochemically and with confocal microscopy it is demonstrated that bTC-6 cells con-
tain insulin, glucagon and somatostatin. A colocalization of insulin and glucagon in
the same cells is observed, but somatostatin — containing cells appear morphologi-
cally different [19]. HIT-T15 also contain the three hormones , but in this case most
glucagon -containing cells do not contain insulin [13]. Probably synthesis of gluca-
gon and somatostatin by transformed B-cells might represent a stage of dedifferen-
tiation of all three hormones because the three hormones show a transiently
coexpression in progenitor cells during pancreatic development. Most insulin-se-
creting cells tend to associate in clusters. Usually somatostatin- secreting cells seg-
regate at the periphery, similarly to primary islets of Langerhans [1, 24, 19]. Elec-
tron microscopic analysis of insulin-secreting cells shows typical of the the B cell
numerous secretory granules resembling those of primary B cells [19, 9].

Functional characterization

e Insulin content — Intracellular insulin content in insulinoma cell lines is lower
than that of primary B cells by one to three orders of magnitude [1, 24, 9, 30]. Sup-
pression of the decrease in insulin content of HIT-T15 and bTC-6 cells by a chronic
culture in 0,8 mM glucose is shown [20, 23].

e Glucose-induced insulin secretion — Among the described cell lines only a few
react to changes in glucose concentration. Regulation of insulin secretion by glu-
cose is assessed by static incubation in the presence of increasing glucose concen-
trations. We must note that insulin release from all cell lines is lower than that of
native islets.

Moreover, the magnitude of insulin secretion above the medium level is
greatly diminished. Some of of RIN cell line subclones can retain the ability to se-
crete insulin in response to glucose [21]. HIT cells secrete insulin in response to glu-
cose with a half-maximal stimulatory concentration of ~ 1,5 mM. Obviously differ-
ences found in the literature clearly suggest that assessment of glucose-induced in-
sulin secretion in static incubation highly depends on the techniques used by inves-
tigators [6].

The transformed insulin-secreting cells lose some of the functional charac-
teristics of the primary B cells. The described changes in the functional characteris-
tics (reduction in intracellular insulin content, alteration in glucose-sensing,
coexpression of glucagon and insulin) represent dedifferentiation of the cells.

Possibilities for application of insulin-secreting cell lines

Investigation on the molecular regulation mechanisms of B cell function and abnor-
malities associated with B cell dysfunction require the use of insulin-secreting cell
lines. For example B cell lines are especially appropriate for the study of glucose-
signalling pathways, ion channels, sulfonylurea receptor and regulation of synthesis
and secretion of insulin. Investigation of gene regulation at the transcriptional level
is extremely difficult in primary islets. Transfection of islets using traditional ap-
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proaches are of a limited success: calcium-phosphate precipitation, electroporation
of lipofectinusually provides a transfection efficiency of 1 to 10 per cent [25, 17, 7].
Alternatively, transfection of monolayered transformed cells is easier and more effi-
cient. Moreover, the possibility for long-term cultures allow chronic exposure of
HIT-T15 cells [21,18] and BTC-6 cells [23] to high glucose concentrations. Another
possibility for application of insulin-secreting cell lines is as a source of tissue for
therapeutic applications. The availability of transplantable human islet tissue for
the transplantation and for the treatment of diabetes mellitus is limited.
Xenotransplantation of large animal islets encapsulated in a perm-selective mem-
brane for protection from immune rejection could overcome the shortage of human
tissue [22]. However, large-scale application of this approach is limited by the cost
and inconsistency of large animal islet isolation and purification. Alternatively,
transformed B cells could provide unlimited amounts of transplantable tissue of
constant quality.

Although insulin-secreting cell lines are not so perfect as primary B cells in
terms of regulation of insulin secretion, they represent an extremely valuable tool
for studies of B cell function as well as dysfunction. The use of transformed insulin-
secreting cell lines as transplantable tissues could solve the problem with limitations
of primary islets and tissue rejection. It is reasonable to speculate that recent
progress in cellular engineering and molecular manipulation will render possibili-
ties for modification and stabilization of cell lines, so that their functional proper-
ties can closely mimic those of native B cells.
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It has been reported that dysplasias and neoplasias of the Cervix uteri occur as a result of changes in the
genome and DNA quantity. These changes can be determined by measuring the cell’s DNA quantity us-
ing two methods: Image Analysis and Flow Cytometry. The information obtained from the analysis could
be used to predict the outcome ofthe observed genome change and it could also help in the medical treat-
ment of patients.
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The normal somatic cells of mammalian tissues have a big genetic stability and a
conservative cell cycle. In most tissues the number of the dividing cells is less than
10% from the total cell number. The non-dividing cells have 23 pairs of chromo-
somes and a fixed DNA quantity that is about 7 pg. These cells are known as diploid
or non-dividing cells (Go). Their DNA index equals 1. Entering the synthesis phase
(S-phase), diploid cells undergo a process of replication of the genetic information:
the DNA quantity doubles, i.e., it is about 14 pg. Such cells are known as tetrapioid
or G2 cells. Their DNA index is 2. During the S-phase the amount of DNA varies
between 7 and 14 pg [2].

It has been established that genome changes could be different mutations —
such as translocations, delisions, duplications etc., influencing the quantity of the
cell’s DNA. Cells registered as abnormal to their DNA quantity are known as aneu-
ploid [2, 19].

It has been established that the biological development of the malignant cells
is associated with their DNA ploidy status. The ploidy status depends on the type
of genetic changes during ontogenesis and more specifically it reflects the degree
and the stage of the genome changes [2, 11].

Benign tumors have the amount of DNA and the genetic stability of the
euploid cells. Relative to DNA status, malignant tumors could be either euploid or
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aneuploid. It’'s commonly accepted that euploid tumors have better prognosis than
aneuploid ones. The identification of DNA aneuploidy in dysplatic squamous epi-
thelia can increase the predictive value for malignant transformation to over 90%
[3]. The registration of an aneuploid tumor branch suggests that significant changes
have occured in the genome of these cells and they have an increased malignant
potential [1, 12, 13, 14]. In that case multiple changes of the cell’s genetic informa-
tion could be provoked as well [2, 6]. The presence of aneuploidy usually signifies
either recurrence or dysplasia. Polyploidy most frequently occurs in dysplastic pro-
cesses, whereas diploid cells usually denote a benign disease course [4].

The results of Strang [18] show that DNA ploidy status depends on the
patient’s age: women at the age of 35.6 (+/- 11.7) or younger tend to develop diploid
or polyploid squamous carcinoma, while the older one develop mainly aneuploid
carcinoma (the data show that 80-90% of the solid tumors are aneuploid). Nasiell
et al [17] established that progression of mild and moderate dysplasia (CIN | and
CIN II) is due to serious genome changes. In Fu’s [5] investigations all patients
diagnosed as CIN 11l have aneuploid DNA amounts. Presented in per cent, the
aneuploid DNA status in different types of dysplasia varies from 20% to 100%.
That's why Hanselaar [7] considers aneuploidy as a marker for malignant progres-
sion. Kashyap et al. [12, 13] and Steinbeck [20] accept aneuploidy as a high risk
factor for the development of neoplasia in women with mild and moderate dyspla-
sia. According to Mariuzzi et al. [16] CIN | and CIN Il changes could not be
considered as neoplastic since aneuploidy wasn't found in the performed measure-
ments of the DNA quantity. In CIN Ill, such changes could be observed, so that
these lesions could be considered as neoplastic. In their investigations Shu and
Gloor [18] determined that in CIN 1 lesions almost all cells were diploid. Most of
the cells in CIN Il were also diploid, but polyploid and even aneuploid cells could
be found. In more than 80% of the CIN IlI lesions cells were aneuploid.

Leminen et al. [15] established that the patients with triploid cells had the
worst prognosis for survival among those with aneuploid adenocarcinoma of the
uterine cervix. The authors claimed that 69% of the tumors examined were diploid
and 38% — aneuploid.

The cell fraction in S-phase is significant for the prognosis of tumor develop-
ment [15]. In cases where the number of cells in S-phase is less than 14%, the survival
prognosis of patients is better than in the cases with a high proliferation activity.

Using new methods such as Image Analysis and Flow Cytomerty it’s possible
to determine the ploidy status of the cell population and to register abnormal cells
having deviations greater than 2% in their total DNA quantity [2].

DNA image cytometry, as an additional method, can be used to predict out-
come in patients with CIN I and CIN I1 of the cervix. This is not a screening method
but it can add further information for a treatment decision in doubtful cases [9].

Flow cytometry technique can examine thousands of cells within a very short
time. Each cell is assessed for a variety of characteristics such as shape and size and
cell compositions [8]. The principle of the flow cytometry is that the cells that will
be examined are made into a cell suspension and stained by fluorescent dyes (fluo-
rochromes). The cells are then sent into the examination region via a flowing liquid.
There is a very strong light source, generally a laser beam to irradiate to the cells
one by one. The irradiation will excite the fluorescently stained cells and emit a fluo-
rescent beam, this signal is picked up and sent to the computer to process. The re-
sults will be printed out in histograms. It can measure the DNA content of different
groups of the cells in a cell cycle. With the use of certain fluorescent labelled anti-
bodies it can also measure different antigens in cells.
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In this method fresh specimen could be used. The result of this measurement
corresponds well with that of image analysis. E.g., Jacobsen [10] observed biopsy
specimen of the pre-neoplastic lesions of the cervix by flow cytometry, and found
that there are only 7% of CINI and CIN Il cases which are represented with aneu-
ploid cells, but there are 79% of CIN Il cases showing aneuploid.

The number of the samples is very big and it can yield a reliable representative
results and qualified for statistics.
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The endothelin family consists of isoforms endothelin-1 (ET-1), endothelin-2 (ET-2) and endothelin-3
(ET-3). ET-1 is the main isoform which was synthetized in endothelial cells, muscular cells in arterial walls
and in heart, as well as in the kidney and the central nervous system. Endothelins affect functions of
multiple cells, tissues and organ systems and are involved in the pathogenesis of many diseases.
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Endothelin was detected as a cell factor produced by endothelial cells and causing
smooth muscle contractions in 1985 [10]. Three years later (1988/1989), the bio-
logically active substance — endothelin-1 (ET-1), has been isolated and identified
by Yanagisawa et al. [16] from the in vitro cultivated pig arterial endothelial
cells.

ET-1 is a peptide composed of 21 amino acids, including two disulphide bonds
(the loss of these bonds between the amino acids 1—15 and 3 — 11, leads to the re-
duction of ET-1 biological activity).

In man, the endothelin gene encoding 212 aminoacid pre-pro-ET is localized in
chromosome 6 and consists of 5 exons and 4 introns. Endothelin is formed by cleav-
ing 164 amino acids from the pre-pro-ET by means of specific endopeptidase (s),
resulting in big endothelin.

In further studies endothelin isomers, called endothelin-2 (ET-2) and endothelin-3
(ET-3) — encoded by independent genes were identified, which are different in their
chemical structure and potency to contract the smooth muscle cells [11].

ET-I is produced by vascular endothelial cells, vascular smooth muscle cells
and less by astrocytes and neurons in the central nervous system (CNS), by Sertoli
cells, hepatocytes in the liver and mesangium.

ET-2 is produced mainly within the kidney and intestines. The high levels of
ET-3 have been found in the brain — probably involved in the regulation of neu-
ronal functions.

151



Some cellular factors stimulate and others inhibite the endothelin synthesis
and production by endothelial cells. The stimulating substances are thrombin, Ca ions,
epinephrine, angiotensin |1, vasopressin, dopamine, erythropoietin, cytokines (IL-1,
IL-6), growth factors (fibroblastic, epidermal, insulin-like, GTF-beta),
endothoxines, lipids (low density lipoproteis — LDL, and high density lipoproteis
— HDL) and stress as well.

Inhibitors of the endothelin synthesis are nitrogen oxide (NO), cyclic gua-
nosine monophosphate (cGMP), atrial natriuretic peptide (ANP), bradykinin,
prostacyclin.

The blood levels of ET-1, AT-2 and ET-3 range from 0,3 to 3 pg/ml. [5, 14].
Endothelin concentrations in other body fluids, e.g. in milk, saliva, urine and cere-
brospinal fluid are several times higher than the plasma concentrations.

Endothelin receptors are found in many internal organs and organ systems —
heart, adrenal glands, kidneys, lungs, CNS [7]. The receptors to ET-1 are existing
mainly in the vascular smooth muscle cells. Other type of receptors — responding
equally well to ET-1 and to ET-3, are localized on the surface of endothelial cells.

Acting via the ET-1 receptors, ET-1 contributes to the blood vessels vasocon-
striction and endothelial dysfunction [6, 9]. The mechanism of vasoconstriction (in-
cluding of coronary blood vessels — coronary vasospasm), caused by endothelin,
may be associated with calcium inflow into the cells and directly correlates with the
functional and morphological status of endothelial cells [8, 12, 16]. Endothelin
causes a marked and sustained vasoconstriction, exceeding in molar values the
vasoconstricting properties of angiotensin Il or catecholamines [16].

In this field, the involvement of endothelin in the ethiopathogenesis of arterial
hypertension aroused the interest of medical scientists in ET-1 receptor blockers and
their hypotensive effects [4, 9, 15]. These ET-1 antagonists also prevent the mitoge-
nic effect of ET on vascular smooth muscle cells.

ET-1 is a potent cell growth factor for cardiomyocytes, exerting direct long
term effects (such as myocardial hypertrophy) and causing cellular injury in the
cardiac muscle cells [12].

ET-1 reduces the production of rennin in isolated juxtaglomerular cells in vitro
[13]. Additionaly, endothelin controls some kidney functions: elevated blood con-
centrations of ET-1 have been observed in patient with acute and chronic renal failu-
re [4]. Exerting a mitogenic effect, ET-1 increases as well a renal interstitial proli-
feration of fibroblasts in humans [15].

ET-1 stimulates also pulmonary fibroblasts to produce collagen, increases
mucus secretion of bronchial mucous glands and contracts bronchial smooth
muscles. ET-1 regulates the fibroblast functions in the process of wound healing. At
the levels of cells and tissues, the involvement of ET-1 has been also demonstrated
in the CNS pathology (cerebral vasospasm) as well as in the methabolic diseases
such as atherosclerosis and diabetes mellitus [14]. Some cellular mechanisms of the
ET-1 induced in vitro inhibition of progesterone synthesis in human ovarian granu-
losa cells have been demonstrated [1-3] by electron microscopical and histochemi-
cal methods.
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