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Editorial

Fifty-Fifth Anniversary of the Institute
of Experimental Morphology and Anthropology
with Museum

Dear colleagues, friends and guests,

The foundation of the Institute of morphology at the Bulgarian Academy of Sciences,
whose 55thanniversary we notice today is a result and beginning, as well. A result con-
cerning the achievements of the Bulgarian scientists (histologists, embryologists,
anatomists, anthropologists) in the field of cell, tissue and system morphology, and start
of a new period connected with the development of the structure basis of the biological
and medico-biological sciences.

The Institute of Experimental Medicine was founded in 1947 as a part of the Bio-
logical branch of the Bulgarian Academy of Sciences. On the base of the Department
of histology, embryology and experimental medicine a new independent unit was es-
tablished in 1953 - the Institute of Morphology at the Department of biological and
medical sciences in BAS. This provided the elaboration of institutionalized morpho-
logical and anthropological studies.

Founders of the Institute of Morphology at BAS are the outstanding scientists
Acad. Asen lvanov Hadjiolov and Corr. Member Dimitar Dimitrov Kadanov —re-
nowned university lecturers with long practice, founders of the Bulgarian morphologi-
cal school and supervisors to a large number of young scientists, postgraduate and
graduate students.

The Institute of Experimental Morphology and Anthropology at BAS (1EMA) was
established in 1995 being successor of the Institute of morphology, and since 2006
named Institute of experimental morphology and anthropology with National anthro-
pological museum - IEMAM, BAS.

IEMA is a leading national institute in the field of anthropology, experlmental
morphology and cell biology.

Nowadays IEMAM has 89 employees and it consists of 4 Departments (Depart-
ment of Neuro-morphology, Department of Cell Differentiation, Department of Experi-
mental Cytology and Department of Anthropology); 2 general Laboratory (Laboratory
of Electron microscopy and Radio-isotope Laboratory), as well as an administrative
unit (accountant’s office, library and animal house).



The scientists from IEMAM participate in the educational and research activities
of various Universities by teaching students, working on projects funded by the Minis-
try of Education and Science or international collaborative projects. Throughout 2000-
2007 alone inteinational collaboration of 20 projects have been put into effect with the
following countries and institutes: Russia - RAS, Institute of Physiology in Sankt-
Peterburg; Hungary - HAS, National Institute of Psychiatry and Neurology in
Budapest, Geimany —Institute of Brain Investigations “Paul Flexig”, Leipzig, Institute
of Cell Biology and Bio-Systematic Techniques in the University of Rostock, Institute
of Anatomy in Hamburg, University of Duseldorf; Great Britain - Center of Human
Reproductive Science in Edinburgh; France - University No7 in Paris, Office of Medi-
cal Investigations, Commissariat of Nuclear Energy in the Defense Ministry; Austria -
Institute of Medical Chemistry and Biochemistry in Innsbruck, and USA - VICAM
Company in Boston, University of Alabama, Birmingham.

The achievements of the IEMAM that are confirmed in Bulgaria and abroad could
be presented shortly as follows:

Peculiar completion of the purposeful national study concerning physical deve-
lopment of the Bulgarian population at the end of the past century is the detailed an-
thropological characterization presented in the monograph “Anthropology of the Bul-
garian Population at the End of the 20thCentury”, Sofia, Prof. Marin Drinov Academic
Publishing House, 2006. The data could serve also as a starting point for coming an-
thropological studies. The anthropological investigation of children from birth till 17
years of age characterize the specific processes in children’s growth and development,
the acceleration and deceleration, and the morphological and functional status of the
young population in our country.

The paleoanthropological studies of material from archaeological excavations
characterize the populations who have lived in our lands during different epochs, as
well as the paleo-demography and paleo-pathology. By means of the method concern-
ing the plastic anthropological reconstruction of head on the skull, images of people
who have inhabited the Bulgarian lands from the Neolithic period till the Renaissance
are visualized.

In the realm of Neuromorphology research is aimed at the establishment of: the
paiticipation of neurons in myelinogenesis and in the pathogenesis of multiple sclero-
sis (MS); the participation of the amyloid beta-peptides in the etiology of Alzheimer’s
disease; the changes of the lipid constituents of brain subcellular fractions after experi-
mentally evoked cerebral ischemia and hypoxia and under various feeding regimes; the
topography and reactivity of the cells in the central nervous system through immuno-
histochemical studies of degenerating brains and of the brain mononuclear phagocytic
system.

Control mechanisms of cell proliferation and differentiation in reproductive and
blood tissues are studied by application of experimental animal models and clinical
investigations. In the field of reproductive biology and medicine, the regulatory events
of spermatogenesis, oogenesis, steroidogenesis and programmed cell death in the testis
and ovary are elucidated. Specific changes in different cell types of gonads and repro-
ductive tract are established at various functional and pathological conditions that can
be used as biomarkers for infertility. In the field of hemopoiesis, an in vitro model for
culturing of hematopoietic progenitor cells was developed as a useful tool for morpho-
logical and biochemical studies. New data were generated about influence of hemato-
poietic factors on differentiation of erythroid and myeloid cells and their biochemical
properties with potential use for transplantology and regenerative medicine.

The positive activity of the growth factors in the colostrums on the development
of the newborn gut and in the whey to ameliorate the pathological effects of some medi-
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cines was proved, several immunomodulators of lymphocyte proliferation of plant ori-
gin were found and exploited, the optimal cryoprotective media and regimen for
cryoprotection of corneal stem cells were investigated, fluorescent substrates for local-
ization of peptidases in tumor and normal cells were applied and diagnostic kit pre-
pared; studied and characterized were the morphological substrates of skin vasculutis.

In 1997 has been founded a permanent anthropological exposition "Man in the
Past”, which was conferred statute of a museum collection of IEMA at BAS by the
Managing Board of BAS and the Ministry of Culture and has served as basis of the
National Anthropological Museum foundation. The visiting version of the exposition,
showed in various Bulgarian towns, was visited by thousands of people in the country.
On March 214 2008 was the inauguration of the National Anthropological Museum -
the fourth one in the Bulgarian Academy of Sciences, registered also by the Ministry of
Culture.

The results obtained from the researches carried out in the Institute are presented
in scores of monographs (books) and hundreds of articles reported on many national
and world congresses and being multiple cited in Bulgaria and abroad. The IEMAM
publish two journals - the “Acta morpgologica et anthropologica” and the "Journal of
Anthropology”. .

Nowadays, the Institute of Experimental Morphology and Anthropology with
Museum supported and promoted by the Governing Body in the Bulgarian Academy of
Sciences evolve the morphological and anthropological sciences in conformity with the
contemporary realms of the European and world science and with the requirements of
our days, as well. This fact could guarantee the successes of the Institute in the future
and could help the confirmation of the traditions in the Bulgarian morphological
school.

Happy Fest!

Corn Memb. Dr Yordan Alexiev Yordcinov,
Institute of Experimental Morphology and Anthropology with Museum,
Bulgarian Academy of Sciences, Sofia
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Celebration of the 80th Anniversary
of Prof. Vassil Vassilev

Dear Prof. Vassilev,
Dear guests,

I have the honour and pleasure of opening our meeting relevant to the 80thanniversary
of Prof. Dr Vassil Assenov Vassilev - Honorary Chairman of the Bulgarian Anatomical
Society and Honorary member of the Bulgarian Anthropological Society.

The name and activities of Prof. Dr Vassilev are widely and well known in our
medical community being lecturer of long in human anatomy teaching many genera-
tions medical and dental doctors and pharmacists, Head of the Department of Anatomy,
Chancellor of the Medical University in Sofia, socially active person, awarded many
honorary titles, he is a figure in the Bulgarian Scientists Union and the Union of the
medical Scientific Societies, as well as a good Bulgarian.

The wide administrative experience of Prof. V. Vassilev is of good benefit for his
participation in the High Testimonial Committee - a support concerning his objectivity
and impartiality as reviewer, speaker and consultant for the Committee”

His scientific production is noteworthy not being only numerous, but being a very
good model for high quality, exactness and honesty in the scientific work. An example
for the connection between generations and guarantee about traditions’ confirmation is
the fact that Prof. V. Vassilev is disciple of the great anatomists Dimitar Kadanov, Milko
Balan, George Galabov and Teodor Schibler. Prof. Vassilev himself writes: “For a
young man everyone could be a teacher by whom he could leam anything.” Let us re-
member this!

Everything begins from the point to which it stands. Prof. V. Vassilev has conti-
nued and confirmed his predecessors’ work and gave new directions to the scientific in-
vestigations. He is one of the few very active popularizers of the morphological science.

The development of Prof. V. Vassilev as teacher and scientist followed its normal
progress - from a long service as demonstrator up to professor degree; PhD, DSc, Head
of the Department of anatomy and so on. This more than forty years activity is a result
of many years of enormous labor, constancy and perseverance. It looks like easy to get
it, but only at first sight. Only a wish could not be enough, skillfulness is needed too and
Prof. Vassilev’s makings prove it.

What are the few things that we know or not about the man - Prof. V. Vassilev?

Vassil Assenov Vassilev is a holistic worker - not only concerning his profession
but also in life. Being very active, he is also extremely exact person in everything he
does.



Vassil Assenov Vassilev is married to Dr Margaret Vassileva, the only wife for him
till now. The pride of the parents is both their children - Dr Ekaterina Vassileva and Dr
Ivan Vassilev. | shall omit the grandchildren meaning not that they are persons of no im-
portance, but because of the fact that the Family Vassilev is proud of five great-grand-
children also. Let them be happy, healthy and smart!

As a man coming from Boyana district. Prof. Vassilev is enthusiastic skier. Nowadays,
he is playing basketball ambitiously and passionately. A good example to be followed!

The constant endeavors of Prof. Vassilev are extraordinary for the consolidation
and development of the Bulgarian Anatomical Society that he has done during the past
years and has carried on till now. The tradition enjoins him and undertakes him to do it
being connected with the names of Asen Hadjiolov, Dimitar Kadanov, Milko Balan,
George Galabov. For Prof. Vassilev the professional, alive consolidation of the Bulgar-
ian morphologists is a precondition about contemporary, high-grade development of the
morphological science in Bulgaria, it could support and stabilize the international con-
tacts and could confirm our science.

The high professionalism of Prof. Vassilev as anatomist is well known and univer-
sally accepted - excellent dissector, brilliant lecturer, objective examiner, organizer of
the teaching process.

In support of my words | shall give some data.

Vassil Assenov Vassilev was born on August 15, 1928 in Sofia. He graduated from
the Medical Faculty in Sofia in 1952. Since 1953 he occupied the position of an assis-
tant professor in the Chair of Anatomy in Sofia and passing over all scientific stages he
attained the academic rank Professor in 1975.

In 1959 he gets the clinical specialty in orthopedics and traumatology. Prof.
Vassilev worked and made specializations in several Universities in Bulgaria and
abroad - Wurzburg, Berlin, Lubek, Leipzig, Munich. He is author and co-author of 12
textbooks and high school appliances, as well as of over 200 scientific works published
in authoritative foreign journals and books; he participated with papers in more than
180 Congresses - International and National with international participation.

His scientific work and publications cover a wide frame of reference:

Macroscopic anatomical investigations;

Neuromuscular investigations of sense innervations of different organs;

Spinal column studies

Investigations of the joints’ structure;

Investigations of connective tissue in the skeletal muscles;

Ultrastructure and histo-chemistry of the serous membranes;

Ultrastructure of the meninges.

Summarizing the scientific contributions of Prof. Vassilev one might say he is the
best authority on the connective tissue. He contrived to build up a good scientific group
that successfully applies the new morphological methods (transmission and scanning
electronic microscopy, histo- and cytochemistry, immunohistochemistry and experi-
ments with markers —peroxidase. Ruthenium red). The problems are markedly lelated
to practice being result of his clinical specialty in orthopedics and traumatology. That’s
why Prof. Vassilev could be thought a pioneer of the clinical anatomy at microscopic
and" submicroscopic level. Considerably are the international scientific contacts of Prof.
Vassilev thanks to the possibility of him to work in authoritative German Institutes, as
well as to his participations in many international congresses. He has contacted with our
clinical doctors taking part in lot of the orthopedic and surgeon conferences.

The short presentation of the entire and abundant activity of Prof. Vassilev could
outline clearly his image of a thorough and knowledgeable scientist, a perfect organizer
of science and education, an active public figure.



Please, let me congratulate and wish him on yours behalf and myself longevity and
creative activity, healthy and happy days.

Happy anniversary, honoured Prof. Vassilev!

Many happy returns!

Coir. Memb. Dr Yordan Alexiev Yordanov,
Institute of Experimental Morphology and Anthropology with Museum
Bulgarian Academy of Sciences, Sofia
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Morphology

Projections from the Central Amygdaloid Nucleus
to the Mesencephalic Trigeminal Nucleus in the Rat

K. G. Usunoffm** *** N, E. Lazarov* ** |). E. ltzev**, O. Schmitt***,
A. Rolfs**** A Wree***

*Department of Anatomy and Histology, Medical University, Sofia, Bulgaria
**Institute of Neurobiology, Bulgarian Academy of Sciences, Sofia, Bulgaria
***|nstitute of Anatomy, University of Rostock, Rostock, Germany
****Department ofNeurology, University of Rostock, Rostock, Germany

The efferent connections of the central amygdaloid nucleus (AmCe) to the mesencephalic trigeminal nucleus
(Me5) were investigated in rats. High molecular weight (10 000 mw) biotinylated dextran amine (BDA 10Kk),
an established anterograde axonal tracer, was stereotaxically injected in the AmCe. The AmCe axons, labelled
with BDA 10k ascend from the injection focus and follow two routes. The main axonal stream runs in the stria
terminalis, and a smaller fiber component builds the ventral amygdalofugal pathway. From the latter deviate the
axons descending in the brainstem. After the innervation of the lateral portion of substantia nigra, the labelled
axons take a dorsomedial course in the mesencephalic tegmentum and reach the periaqueductal gray, innervat-
ing also the rostral (mesencephalic) portion of Me5. The axons followed to the pons descend ventrally to the
motor trigeminal nucleus and bend dorsally towards the dorsolateral pons. This bundle terminates with dense
axonal arborizations in the parabrachial nuclear complex and in the caudal (pontine) portion of Me5. It appears
that both the pseudounipolar and multipolar neurons receive axons from AmCe. The present data indicate that
the amygdala, a key structure of the limbic system, is also strongly involved in proprioception.

Key words: anterograde axonal tracing, biotinylated dextran amine, limbic system, orofacial proprio-
ception.

Introduction

The mesencephalic trigeminal nucleus (Me5) is a unique structure in the CNS, mainly
composed of pseudounipolar primary sensory neurons. In the rostral pons Me5 neurons
are located in the triangle between the locus coeruleus and the medial parabrachial
nucleus, and in the mesencephalon they border laterally the periaqueductal gray [5, 13].
Mesencephalic trigeminal neurons innervate the masticatory muscles, the periodontal
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ligament and a subset of the extraocular muscles [1]. Unlike the “ordinary” pseudo-
unipolar neurons in the sensory ganglia, the mesencephalic trigeminal neurons display
axosomatic synaptic contacts [5. 7, 8]. The Me5 receives afferent connections almost
exclusively from the brainstem structures [reviewed in 5, 6].

We presently report an afferent projection to the Me5 from a key structure of the lim-
bic system - the amygdaloid nuclear complex, studied by anterograde axonal tracing.

Material and Methods

Ten adult Wistar rats weighing 220-260 g were used. The animals were anesthetized
with Thiopental and then mounted in David Kopf stereotaxic apparatus in the flat skull
position. Stereotaxic coordinates of the central amygdaloid nucleus (AmCe) were ob-
tained from the atlas of Paxinosand Watson [10]. Under aseptic conditions small
craniotomies were performed. In the AmCe 0.25-0.5 /d biotynilated dextran amine
(BDA;10%, 10.000 mw; Molecular Probes Europe BV, Leiden, The Netherlands) dis-
solved in phosphate buffer (PB, 0.1M, pH 7.2) was injected with a Hamilton
microsyringe (Hamilton™o, Reno Nevada, USA) using a dorsal approach. At the end of
the injection, the injection canula was held in place for 15 min to insure that the injected
tracer had been absorbed into the tissue. After survival time of 8-21 days, the rats were
deeply re-anaesthetized and perfused transcardially with phosphate buffer saline (PBS),
followed by 500 ml of 4% paraformaldehyde in PB. The removed brains were postfixed
overnight in the same fixative, blocked in the coronal plane and soaked in 0.5%
paraformaldehyde in PB containing 20% sucrose at 4°C. Serial sections were cut at a
thickness of 40 fim on Reichert Jung freezing microtome, collected in a free-floating
state in PB and then processed for tracer histochemistry. A commercial avidin-biotin-
HRP complex (ABC) kit was used to visualize BDA (Vectastain ABC Kit, Vector Labo-
ratories Inc., Burlingame, USA). Briefly, the sections were preincubated in PB contain-
ing 0.1 % bovine albumin (fraction V; Sigma Chemical Co, St. Louis, USA) for 20 mm,
and rinsed in PB for 30 min. Subsequently they were incubated in the avidin-coupled
biotynilated HRP solution for 45-60 min, and rinsed again in PB for 30 min. The reac-
tion product was developed with 0.06% 3,3“diaminobenzidine (Sigma Chemical Co, St.
Louis, USA) and 0.02% H,02in Tris buffer (0.05 M, pH 7.6) for 10-15 min in the dark.
The sections were then rinsed in distilled water, mounted on chrome alum gelatin coated
slides and air dried overnight. Finally, the sections were examined in Zeiss Axioplan 2
microscope and selected areas were taken with AxioCam MRc digital camera. The re-
sults from the present experiments on the amygdaloid projections to the forebrain were
presented in our previous study [15].

Results

In all examined cases the injection site involved the AmCe (Fig. 1A). By the five cases,
in which a minute injection of 0.25 (il BDA was performed, the injection foci were com-
pletely selective, e.g. there was no spillage of the tracer upon surrounding structures:
intercalated cell masses of the amygdala (ventrally), basolateral and lateral nuclei of the
amygdala (laterally), medial nucleus of the amygdala and optic tract (medially), and
neostriatum (dorsally). By the five animals, in which a larger quantity of BDA was de-
livered (0.5 (til), in three cases selective injection foci were present (Fig. 1A), and in the
remaining two cases there was a minimal spillage of the tracer along the most ventral
part of the cannula track, upon the most ventral portion of the amygdalostriatal transi-
tion area and globus pallidus. Despite the minimal contamination, these two cases were
excluded from systematic examination.
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Fig. 1. A - A selective injection focus in the central amygdaloid nucleus (AmCe); B - BDA-labeled fibers
and terminals in the rostral portion of Me5; C-Low-power view of the dorsolateral pons at the level of Me5,
D - shows the dense field of BDA-labelled terminals in Me5. Scale bars = 100 4T (A, ¢); 50 4T (B, D)

The labelled efferent axons of the AmCe ascend from the injection site. Most fi-
bers run in the major efferent bundle of the amygdala, the stria terminalis. A smaller
number of labelled axons bend medially above the optic tract, a component of the ven-
tral amygdalofugal pathway. The most caudally located labelled axons in the ventral
amygdalofugal pathway descend to brainstem structures, and the first target is the la-
teral portion of substantia nigra. Afterwards, the labelled axons run dorsolaterally in the
mesencephalic tegmentum towards the periaqueductal gray. Entering this area, the la-
belled axons run among the pseudounipolar neurons of the rostral portion of Me5 (Fig.
IB) that are located at the lateral border of the periaqueductal gray and innervate also
the small multipolar neurons in the Me5. Further caudally the labelled axons proceed in
the pontine tegmentum. They descend along the ventral border of the motor trigeminal
nucleus and bend in dorsal direction towards the dorsolateral pons. The fibers run
through the motor trigeminal nucleus, medially to it in the peritrigeminal nucleus, and
laterally to it in the intertrigeminal nucleus. In the motor trigeminal nucleus most, if not
all, labelled axons represent passing fibers, whereas in the peritrigeminal and
intertrigeminal nucleus also discrete terminal bursts are present. Such are seen also in
the supratrigeminal nucleus. In the dorsolateral pons dense terminal fields are present
in the medial and lateral parabrachial nuclei and in the Me5, whilst no labelled axons
enter the locus ceruleus (Fig. 1C). In the Me5 dense pericellular baskets surround the
large pseudounipolar neurons (Fig. ID), and the small multipolar neurons in this region
are also contacted by amygdalofugal axons.



Discussion

The amygdala is relatively voluminous gray substance, located in the depth of the ven-
tromedial temporal lobe, ventral to the caudolateral striatum and to the pallidum. It is a
very complicated structure and consists of several nuclei, divided on the basis of cytoar-
chitectonic, hodological, histochemical and immunohistochemical studies [reviewed in
3]. The amygdala is involved in the modulation of neuroendocrine functions, visceral
effector mechanisms, and in complex patterns of behavior: learning and memory, ag-
gression and defense, pain modulation, reproduction, food intake, etc. [reviewed in 16].
The classical hodological studies, carried out by silver impregnation of degenerating
axons described projections to certain basal telencephalic and hypothalamic structures
but not to the brainstem [2, 9]. The introduction of modem, more sensitive techniques
for tracing axonal connections led to the description of a much more extensive subcor-
tical distribution of amygdaloid fibers [reviewed in 11].Hopkins and Ho 1stege [4]
followed amygdaloid tracts to the caudal brainstem but did not describe a projection to
the trigeminal nuclear complex. A projection to the caudal (pontine) portion of Me5 was
noticed in the autoradiographic experiments of Postand M ai [12] and of Price and
Amaral [13]. The use of the most effective modern anterograde tracer enabled us to
describe an unexpectedly strong projection from AmCe to the entire rostrocaudal extent
of the Me5. The projection is so massive that the density of BDA labelled terminals in
the Me5 rivals the density in the generally appreciated strong projection of the amygdala
to the parabrachial nuclear complex (see Fig. 1C). On the other hand, we were unable
to confirm the finding of Price and Amara1[13] on a connection to the ventral part
of locus ceruleus. Species differences (monkey versus rat) might explain this discre-
pancy. Our findings suggest that both neuronal types in Me5 receive an amygdaloid in-
put. The projection to the pseudounipolar neurons is especially evident in the pontine
part of the Me5, where the densely arranged mesencephalic trigeminal perikarya are
surrounded by numerous labelled endings. The amygdaloid axons are also in contact
with the small multipolar neurons located in close vicinity. The affiliation of latter neu-
rons to Me5 is a matter of debate, but L azarov [5, 6] provided firm evidence that the
small multipolar neurons belong to the Me5, and represent GABAergic interneurons.

There is growing evidence that the amygdala is unexpectedly important subcorti-
cal nociceptive centre [16, 17]. The input of pain sensation is conducted by the spino
(trigemino) - parabrachial - amygdaloid pathway, and we recently demonstrated that
the amygdala receives a monosynaptic input from the dorsal horn of the spinal cord and
from the spinal trigeminal nucleus [16. 17]. The present data suggest a further sensory
involvement of the amygdala, e.g. a very strong monosynaptic influence over both the
primary proprioceptive neurons of the Me5 and their interneurons
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Gangliosides GM3 are the major gangliosides in the endothelial cells forming blood-brain barrier (BBB) and
in normal human blood serum. The relative distribution of GM3 was determined in the serum of patients with
relapsing - remitting multiple sclerosis (RRMS) during the first attacks of the disease, when there was a sig-
nificant BBB damage and of healthy subjects. A statistically significant decrease of serum GM3 in early
RRMS was observed. These findings revealed for the first time a correlation between the decrease of serum
GM3 during the first clinical signs of multiple sclerosis and the destruction of BBB. Therefore, serum gan-
gliosides GM3 could be used as biomarkers of blood-brain barrier destruction.

Key words', ganglioside GM3, multiple sclerosis, serum, blood-brain barrier.

Introduction

Gangliosides (sialic acid - containing glycosphingolipids) are particularly abundant in
the nervous system. Up to 95 % of cell gangliosides are present in the plasma membrane
[10]. The major gangliosides in the endothelial cells forming blood- brain barrier (BBB)
are GM3 (62 % of total gangliosides) [3, 6]. Gangliosides occur also in non-cell associ-
ated forms in blood plasma and other body fluids. The ganglioside spectra of normal
blood plasma are remarkably stable, but show pronounced changes in pathological con-
ditions [1, 2, 4, 8 ]. In multiple sclerosis (MS) significant changes of gangliosides GM1,
GDla and GTIb were revealed in the serum of patients during the first attacks of re-
lapsing-remitting form of MS (RRMS) [12-15]. There are no data available on the se-
rum GM3 level in MS patients. It was convincingly demonstrated that the damage of
BBB occurred very early in the pathogenesis of MS [9].

The purpose of this study was to evaluate the serum level of GM3 in the patients
with early MS when there was a significant BBB destruction. The relative distribu-
tion of GM3 was determined in the serum of patients with RRMS during their first
attacks.
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Materials and Methods

Sera were obtained from 7 patients with first attacks of MS of what later was definitely
diagnosed as RRMS according to Poser’s criteria [7] and from 30 healthy subjects.

Isolation of serum gangliosides was performed by the method of Ilinovetal.
[5]. It includes the following stages: a) dehydration of the sample by azeotropic dis-
tillation of the mixture of serum water/n-propanol = 1:10 (v/v); b) total lipid triple
extraction with cyclohexane (1), chloroform : methanol = 1:1 (v/v) (I1). and chloroform
: methanol = 1:2 (v/v) (I11); c) non-polar lipids removal by preparative TLC with a mo-
bile phase: chloroform : methanol: 0.3 % CaCl,= 30:18:4 (v/v/v); d) elimination of the
blood sugar by Sep Pak technique according to Wi 1liamsand McCluer [11]; 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 (GM1, GDla, GDIb and GTIb)
(Calbiochem) and GM3 ganglioside (Sigma) were used as a test for identification. The
Student’s test was used to determine statistical differences between the MS patients (I
group) and healthy subjects (Il group) using P<0.05 as the level of confidence.

Results

The relative percentage of GM3 gangliosides in patients with early MS and in healthy
subjects was recalculated on the basis of the densitograms. The relative proportion of
GM3 decreases from 69.10 % in the healthy subjects to 48.60 % during the first attacks
of RRMS (Fig. 1). The relative portion of GM3 content during the first attacks of the
disease and in healthy subjects was statistically significant (P<0.05) (Table 1).

GM3

Fig. 1 Diagram of serum ganglioside GM3 of RRMS patients with first
attacks of the disease (I group) and in healthy subjects (Il group)

Table 1 Relative Percentage of GM3 Serum Gangliosides in RRMS
Patients with First Attacks of the Disease and in Healthy Subjects

| group Il group
Ganglioside (n=7) (n=30)
M = SEM M = SEM
GM3 48.60 +3.88 69.10 £0.45

M - mean value; SEM - standard error of mean; | group - RRMS patients
with first attacks of the disease; Il group - healthy subjects
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Discussion

In this study the relative distribution of ganglioside GM3 was determined in the serum
of patients with RRMS during their first attacks of the disease and in healthy subjects.
The results demonstrated in comparison to healthy individuals a statistically consider-
able decrease of serum ganglioside GM3 in MS patients. The decrease of serum GM3
observed by us correlated with the significant destruction of BBB during the first at-
tacks of MS, revealed by Shariefetal [9]. The endothelium of brain capillaries rep-
resents the structural basis for the BBB in vertebrates. D uv ar et al. [3] found that the
major gangliosides in a new human cerebromicrovascular endothelial cell line are
GM3. Kandaetal. [6] established a method to yield sufficient quantities of highly pu-
rified human brain microvascular endothelial cells and compared their glycosphingoli-
pid composition to that of human unbilical cord vein endothelial cells, as the represen-
tative of endothelial cells not forming BBB. They also detected that GM3 are major
gangliosides of the BBB endothelial cells.

In conclusion, the findings of this study permits us to find, for the first time, that a consider-
able decrease of serum GM3 in early MS correlate with a severe destmction of blood-brain bar-
rier. Therefore, we could suggest that serum ganglioside GM3 may be monitored as biomarkers
of early damage of blood-brain barrier, which provides impetus to initiate early therapy.
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After birth in mammals, neurogenesis continues in restricted regions throughout life. We used the thymidine
analog, 5-bromo-2’-deoxyuridine (BrdU), that labels DNA. and cell-type-specific markers for neuronal cell
lineage (nestin, Dcx, MAP(2) and NeuN). We statistically investigated two parameters of neurogenesis (cell
proliferation and neuronal differentiation) in 10 different regions of the developing rat brain at various time
points after birth from Pl to P51 (P, postnatal day). Both of these parameters showed regional distribution
and age dependency during the postnatal period. Peak neurogenesis was found in the dentate gyrus during
the first week of life with a progressive decline after P9. Since adult mammalian neurogenesis consists gen-
erally of the same processes as early postnatal neurogenesis, our investigaton might provide usefull informa-
tion for studying normal and pathological neurogenesis.

Key words: Neurogenesis, BrdU, rat, dentate gyrus.

Introduction

In the mammalian central nervous system (CNS), neurogenesis occurs intensively dur-
ing the first weeks after birth picking at P7-P9. Thereafter, it remains longlife in the
subventricular zone (SVZ) of the lateral ventricle and the subgranular zone (SGZ) of the
dentate gyrus[I] (DG). Adult neurogenesis repeats the stages of generation and func-
tional integration of new neurons similarly to the developing brain. Therefore, data on
early postnatal neurogenensis might give a better understanding to adult neurogenesis.
The goal of the present study was to provide additional data on basic neurogenic mecha-
nisms of the developing and adult brain.

Material and Methods

All animal experiments were done in accordance to the institutional guidelines. Wistar
rats (BgVV, Berlin) at different age between PO and P30 were injected i.p. with BrdU
(Sigma, St. Louis, MO) using two paradigms: 1) Type 1-100 mg/kg BrdU on PO, P3. P7.
P10, P14. P21, P30; perfusion 24 h or 21 days later for each time point (14 groups, n=3
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Fig. L A- Type 1BrdU paradigm (1 x 100 mg); B - Light micrographs showing BrdU(+) cells (arrows) in
dentate gyrus/neocortex on P9, VNR substrate, hematoxylin counterstaining; C - Type 2 BrdU paradigm (50 mg
daily for 5 days) on P9 corresponding to the images in B

per group) (Fig. 1A); 2) Type 2-50 rng/kg BrdU daily for 5 days starting on PO, P3, P6
and P14; perfusion 9 days later. A similar group as P6 was designed with a survival time
of 28 days (n-5) (Fig. 2A). Animals were anesthetized and transcardially perfused with
0.01M PBS, followed by 4% paraformaldehyde in 0.1M PB. The brains were removed
and postfixed in the same fixative.

Paraffin sections were processed for single or double immunostaining for peroxi-
dase or fluorescence labelling. First antibodies to detect BrdU, Nestin, Doublecortin
(Dcx), NeuN and MAP(2) were used. Biotinylated second antibodies, ABC reagent and
DAB/VNR substrate were then applied. By fluorescence labeling, Alexa Fluor 594 or
488 and Vectashield mounting medium with DAPI were used. Morphometric countings
evaluating BrdU(+) nuclei on P9, P12. P15. P23 and P34 or Dcx(+) cells, BrdU(+) nu-
clei and Dcx(+)/BrdU(+) colocalization using confocal images were done in a blinded
fashion. Values are presented as mean + S.E.M.

Results

We first compared same age groups with different BrdU paradigms or survival timings
between P1-P51 (Fig. 1A). We found that in both groups, 24 h and 21 days, older ani-
mals expressed progressively less BrdU and longer survival timings reduced
singnificantly the number of labeled cells. At the end of the second postnatal week
BrdU/neuronal marker expression was restricted mainly to two regions - SVZ of the
lateral ventricle and SGZ of DG. BrdU staining in DG and cortex on P9 is shown in Fig.
IB; corresponding BrdU paradigm is indicated in Fig. 1C. Summarized total prolifera-
tive scores of BrdU(+) cells on P9, P12, P15, P23 and P34 (BrdU paradigm in Fig. 2A)
showed statistical significance (Fig. 2B). With few exceptions, cell countings in ten
brain regions have shown significant decrease in proliferative rate to the previous age
group (Fig. 2C). Compared to P23, values for P34 were higher because of younger ani-
mals by P34. We quantified numbers of immuno(+) cells for Dex(+) (77.12%), BrdU(+)
(50.60%) and cells coexpressing both of these markers (39.48%) in the DG on PI 5 (Fig. 3).
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Fig. 2. A - Type 2 BrdU paradigm (50 mg daily for 5 days); B - Summarized total proliferative scores of
BrdU(+) cell counts on P9 (n=9), P12 (n=9), P15 (n=8), P23 (n=8) and P34 (n=5); C - BrdU(+) cell counts
in ten individual brain regions (frontal cortex layer | = CX Fr I, frontal cortex layer Il = CX Fr Il, parietal
cortex layer 1 = CX P |, parietal cortex layer Il = CX Pl1l, caudate nucleus = Caudate, mediodorsal thalamus
= Thai M, corpus callosum = CC, molecular layer of cerebellum = MCL, subgranular zone of the dentate
gyrus = DG-SGZ, granular cell layer of the dentate gyms = DG-SGL on P9, P12, P15, P23 andP34. Student't
f-test; ***P<0.001, **P<0.01 or *P<0.05, when compared with total or individual score of the previous time
point or between P15 and P34 as indicated

Fig. 3. A- Type 2 BrdU paradigm (50 mg daily for 5 days) on P15; B - Percentage of Dcx(+) cells, BrdU(+)
cells, Dex(+)/BrdU(+) cells and unlabeled cells in the dentate gyrus on P15 (n=5)

21



During the first two postnatal weeks, Nestin(+) radial glia and Dcx(+) cells under-
went a considerable reduction. MAP(2) and NeuN immunoexpression increased after
P9 and remained constant by older animals. Frequent colocalization for BrdU(+)/
Nestin(+) or BrdU(+)/Dcx(+) was found in specific regions such as the SVZ, cerebe-
llum. corpus callosum and DG-SGZ. BrdU(+)/MAP(+) or BrdU(+)/NeuN(+)
colocalization was seen rarely by later timings.

Discussion

Cell proliferation and neuronal differentiation in the developing rat brain display re-
gional distribution and age dependency. BrdU labeling shows dose, age and survival
time dependency. Expressions of Nestin and Dcx decrease, especially for nestin(+) ra-
dial glia in neocortex. Radial glia are known not only to guide migrating neurons to
outer cortical layers but also to generate neurons [3]. We registered also an increasing
expression for MAP(2) and NeuN showing that neuronal migration and differentiation
are still going on during the early postnatal period. This is one of the vulnerable periods
to pathological factors leading to disruption [2].

We found that after the first three weeks, postnatal neurogenesis in the rat is con-
siderably reduced and restricted to two brain regions: the SVZ of the lateral ventricle
and SGZ of the DG. In both zones multipotent neural precursors are preserved lifelong
[1] and may contribute to repair following CNS diseases [4]. Our data on early postna-
tal neurogenesis might contribute to a better understanding of basic neurogenic events
in the mammalian brain.
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The distribution of nerve cell bodies and fibres which contain adenosine triphosphate (ATP), nicotine amide
adenine dinucleotide phosphate-diaphorase (NADPH-d), choline acetyltransferase (ChAT), tyrosine hy-
droxylase (TH) and substance P (SP) have been studied in rat recto-anal region using quinacrine fluorescent,
NADPH-d histochemical and ABC immunohistochemical methods respectively. Single ATP fluorescent
nerve perikarya were observed in the myenteric ganglia of the rectum and anal canal. Numerous NADPH-d
nerve cell bodies in myenteric ganglia of both investigated regions were found. Single nerve cell bodies im-
munoreactive for ChAT and SP were found in the myenteric ganglia of the rectum and anal canal. High num-
ber of immunoreactive nerve fibres in the myenteric ganglia and in the internodal strands were observed.
Large number nerve fibres, demonstrating immunoreactivity for all three peptides in the muscle coat between
the smooth muscle cells were observed. In the internal anal sphincter ChAT-, TH-, SP-immunoreactive and
NADPH-d-positive varicose and folded nerve fibres were found.

Key words', adenosine triphosphate, nicotinamide adenine dinucleotide phosphate-diaphorase, choline
acetyltransferase, tyrosine hydroxylase, substance P.

Introduction

The maintenance of continence is a complex process of interrelating factors which in-
cludes the sphincter muscles, rectal and anal sensation and stool composition. The regu-
lation of activity of muscles in recto-anal region depends on the intrinsic myogenic
properties and external innervation. Projections from nerves within the enteric nervous
system serve to control the internal anal sphincter [2]. The localization and function of
nerve types innervating the distal part of the intestinal canal has been intensively exam-
ined in view of their involvement in process of maintenance of the bowel continence [1,
4, 6, 10]. Generally, these studies investigate only the single neurotransmitter in norm
[6] and in some pathological conditions, such as chronic constipation, anal fissure,
Hirschprung’s disease [5, 7].

The aim of this study was to investigate the presence, localization and distribution
of the ATP, NADPH-d-, SP-, ChAT- and TH-positive nerve elements in the myenteric
ganglia and in the muscle coat of rat recto-anal region.
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Materials and Methods

All experimental procedures were carried out in agreement with the Bioethic Commis-
sion of the Institute of Neurobiology of the Bulgarian Academy of Sciences. To investi-
gate ATP in myenteric ganglia, the quinacrine fluorescent technique of O 1sson et al.
[10] was used. The tissue sections were incubated in 106quinacrine solution for 30 min
at 37°C. Appropriate filter combination was applied. Under deep ether anesthesia 6
young male Wistar rats were perfused transcardially with 0.05 M phosphate buffered
saline (PBS), pH 7.3, followed by a fixative solution containing 4% paraformaldehyde
in 0.1 M phosphate buffer (PB), pH 7.3. The rectum with the anal canal and the inter-
nal anal sphincter were cut out and postfixed in the same fixative over night at 4°C.
Then, the specimens were cryoprotected in 20% sucrose in PB. Thirty pm thick tissue
sections were cut on “Reichert Jung” freezing microtome. The sections from muscle
coat were collected in PBS and washed in the same solution over night. The his-
tochemical staining procedure was performed according to the NADPH-diaphorase
technique [11].

The immunohistochemical reaction was realized by using the avidin-biotin-peroxi-
dase complex (ABC) technique of H su et al. [3]. Mouse anti-TH monoclonal, rabbit
anti-SP polyclonal and goat anti-ChAT polyclonal antibodies and respective (anti-
mouse, anti-rabbit or anti-goat) 1gG and ABC complex were used. Visualization of the
reaction was made by 3,3ABABAHO-, and nickel ammonium sulphate in some experi-
ments was applied for magnification intensity of the reaction. Following the develop-
ment of the reactions the sections were mounted on chrome-gelatin-coated slides, air
dried, dehydrated in alcohol, cleared in xylene and embedded in Entellan. Control sec-
tions were processed by omission of the substrate (3-NADPH and or respective primary
antibody and the results were negative.

Results

Single quinacrine-fluorescent, numerous NADPH-d- (Fig. la), single SP- (Fig. 2a) and
ChAT-positive (Fig. 3a) nerve cell bodies in the myenteric ganglia of the distal rectum
and anal canal were observed. TH-immunoreactive neuronal perikarya in the myenteric
ganglia of both regions were not found. Quinacrine-fluorescence nerve fibres were not
presented. The immunoreactive nerve fibres were observed in the myenteric ganglia.
The nerve fibres were of different sizes and had a characteristically varicose appear-
ance. The number of SP-positive nerve fibres around the neurons was greater than the
number of the other positive varicosities. The immunoreactive nerve fibers formed a
network in the neuropil of the ganglia (Figs. 2a, 3a) and they could be traced for long
distance in the internodal strands. NADPH-d- and peptide-positive fibres as single fi-
bres or in nerve trunks run parallel to the muscle cells of the muscle layers. In the circu-
lar muscle layer they occurred more often than in the longitudinal one. In the internal
anal sphincter NADPH-d- (Fig. Ib), SP- (Fig. 2b), ChAT- (Fig. 3b) and TH-immunore-
active nerve fibres were observed such as varicose, folded and run parallel to the
smooth muscle cells. The NADPH-d-positive nerve fibres were more humerous than the
peptide immunoreactive ones.
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Fig. L NADPH-d-positive perikarya in myenteric ganglion of the anal canal () and positive, varicose and
folded nerve fibres (arrows) in internal anal sphincter (b)

Fig. 2a- SP-immunoreactivity in myenteric ganglion of the anal canal. Single SP-positive perikarya (head
airows) and varicose axons branching to form basket-like structures apparently around unlabeled myenteric
nerve cell bodies (arrows); varicose and folded SP-positive nerve fibres (airows) in internal anal sphincter (b)

Fig. 3. ChAT-positive nerve perikarya (arrows) and varicose nerve fibres in myenteric ganglia of the distal
rectum (@); positive nerve fibres (arrows) in internal anal sphincter (b); scale bar - 50 pm
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Discussion

The myenteric plexus is a major target of nerves in the gut wall. The results of the
present study provide further evidence concerning the existence of ATP-, NADPH-d-
and peptide-positive nerve elements in the recto-anal region in rat model. Our results
for distribution of NADPH-d-positive nerve perikarya in the recto-anal region are in
agreement with the observations of O ' Ke 1ley et al. [6]. We present the distribution
of NADPH-d-positive nerve fibres in the internal anal sphincter also. The presence of
single SP- and ChAT-positive perikarya in the myenteric ganglia and numerous positive
axons in the ganglia and in muscle layers did not exclude of extrinsic origin. In our study
the lack of TH-immunoreactive nerve perikarya in the myenteric ganglia but numerous
positive axons suggests that these axons could be of extrinsic origin, probably of
postglionic sympathetic neurons. This finding corresponds to the data of O 1ssonetal.
[9], received by using combined tract tracing and immunohistochemical studies.
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In normal circumstances, galanin (GAL) and neuropeptide Y (NPY), two putative neuromodulators, are not
expressed in the neurons of the mesencephalic trigeminal nucleus (MTN), a unique structure of
(pseudo)unipolar sensory neurons in the CNS. Here we demonstrate GAL and NPY immunoreactivity in
MTN neurons after an axotomy of n. massetericus in rats. Following survival periods of 7 and 14 days, the
MTN neurons on the ipsi lateral (axotomized) side display immunostaining, while on the contralateral side
they are negative. It can be inferred that axonal injury initiates a cascade of intracellular events, leading to a
de novo synthesis of neuroactive substances, such as GAL and NPY, which otherwise are not specific for the
MTN neurons under normal conditions. The newly synthesized peptides possibly play a trophic role in the
revival process or actively take part in re-establishing the MTN sensory modalities in the orofacial region.

Key words: axotomy, neuropeptides, mesencephalic trigeminal neurons, neurochemical plasticity, rat.

Introduction

Primary afferents in the trigeminal system have their cell bodies both in the trigeminal
ganglion and the mesencephalic trigeminal nucleus (MTN) [6, 9]. The MTN is a dis-
tinctive structure because it is the only nucleus in the CNS predominantly consisting of
(pseudo)unipolar neurons of a nerve crest origin, much like these in the peripheral sen-
sory ganglia. The MTN perikarya are located in the midbrain and the rostral portion of
the pons and send out their peripheral processes to muscle spindles of the jaw-closing
muscles and extrinsic ocular muscles, and to mechanoreceptors in the periodontal liga-
ment [8]. In normal circumstances the MTN utilizes in synaptic transmission a variety
of neuroactive substances, although certain ones are expressed only under pathological
conditions such as injury and pain. To date there exist no data on neuropeptide synthe-
sis or expression in the MTN perikarya in health, notwithstanding the presence of fibre
networks of varying density containing different neuropeptide substances amidst the
neuronal bodies [6-8]. However, when subjected to injury of their peripheral processes,
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the production of neuroactive substances and neuromodulators in MTN neurons, which
normally are not a constituent of their milieu, is initiated [1, 4].

Thus, we set it as a goal of this study to test the MTN neurons in the rat for the
expression of two neuropeptides, galanin (GAL) and neuropeptide Y (NPY) as a result
of an acute trauma inflicted to the masseteric nerve unilaterally and to register chrono-
logically the emergence and intensity of immunoreactivity, and its possible decrease.

Materials and Methods

Four adult rats underwent a unilateral transection of the n. massetericus. The untreated
side served for a control. The animals were left to survive for 7 or 14 days. Then they
were re-anesthetised and perfused with 4% paraformaldehyde. The brains were re-
moved and the brainstem cut at the level of the MTN. After cryoprotection, the samples
were cut on a freezing microtome at 20-30 pm. For immunostaining the sections were
processed in accordance with the avidin-biotin-peroxidase complex (ABC) method [5].
Briefly, they were treated with 1.2% H2 2in absolute methanol and preincubated in 3%
normal goat serum in 0.01 M PBS containing 0.3% TritonX-100. Then they were incu-
bated in primary polyclonal antibodies against GAL and NPY respectively, diluted
1:1000, in the preincubation medium for 48 h. The sections were consequently treated
with biotinylated goat anti-rabbit 1gG and the ABC complex. The peroxidase activity
was visualized with 3,3'-diaminobenzidine. The sections were mounted on gelatin-
coated glass slides and subsequently observed with a Zeiss AxioPlan 2 microscope.

Results

In the MTN of the animals subjected to unilateral transection of n. massetericus, promi-
nent immunoreactivity (IR) was registered on the ipsilateral side of the axotomy 7 days
after the intervention, while no IR was seen contralaterally (Figs. 1, 2). The IR was best
expressed in the MTN neurons as well as in the surrounding nuclei, i.e. the locus
ceruleus and the medial parabrachial nucleus. In the case of GAL, the IR was notably

Fig. 1 GAL-1R on the ipsilateral side of axotomy seven days after
the intervention
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Fig. 2. NPY-IR seven days after axotomy. Although less pronounced,
it is still well seen on the ipsilateral side of the intervention, while the
contralateral remains negative

Fig. 3. Fourteen days after axotomy GAL-IR is still present, albeit in
a weaker manner

expressed in the population of MTN neurons throughout the whole length of the
nucleus, where they were visualized as dark-stained round-to-ovoid cell bodies against
a negative background (Fig. 1). The GAL-IR was evenly dispersed throughout the
perikarya. In the case of NPY the IR was clearly visible in the MTN neuronal popula-
tion along the entire extent of the nucleus, although its intensity was somewhat weaker
than that of the GAL-IR (Fig. 2).

We noted that 14 days following axotomy the overall IR, both of GAL and NPY,
although much preserving the patterns as 7 days after the procedure, is in general nota-
bly weaker, which is a feature of a down-regulation in the expression of the two neu-
ropeptides already commenced (Fig. 3).
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Discussion

This study reveals the de novo synthesis and expression of two putative peptide neu-
rotransmitters, GAL and NPY, in the MTN of the rat after peripheral transection of the
n. massetericus. The obtained results are in agreement with the already published data
by other authors, as well as earlier studies of ours [1, 2], confirming the induction of
synthesis and upregulation of neuropeptides in the MTN neurons of "the rat [1] and cat
[6] following injury of their peripheral axons. For the first time we note that while there
is a pronounced neuropeptide expression 7 days after axotomy, the intensity of the reac-
tion diminishes two weeks following the intervention, which may be regarded as a sign
of an already commenced down-regulation. The fact that MTN neurons react to periphe-
ral axotomy by a de novo synthesis of neuropeptides such as GAL and NPY leads to the
notion that these substances may play some central role in the trophic responses of neu-
rons to the altered environmental cues. In this respect the study is in conformity with
other sources reporting on the significant changes in the neurochemical content of pri-
mary sensory neurons following peripheral axotomy [1, 4. 9]. We support the view of
these authors that obviously nerve damage causes the surviving neurons to shift their
functional activities from normal maintenance and neurotransmission away to sustain-
ing survival and regeneration. In our opinion, the newly synthesized neuropeptides.
GAL and NPY, possibly play a supportive role as neurotrophic factors in the course of
the adaptive processes that initiate and develop in response to injury. Thus they may
protect the peripherally axotomized MTN neurons in their pathway back to re-establish-
ing the usual functional modalities. Very recent data in vitro confirm that the MTN.
similar to certain hypothalamic nuclei, possibly has a determinative role in setting the
circadian rhythms and serves in regulating daily feeding behavior [3]. It may be specu-
lated that the de novo expression of neuropeptides is one way of adaptation to a newly
geared biological clock in accordance with the changed environmental conditions and
that it assists in re-establishing the MTN sensory modalities in the orofacial region.
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The distribution, topography and morphology of the TL-reactive objects in hamster cerebral hemispheres
were studied by histochemical procedure with tomato lectin -TL (Lycopersicon esculentum) immunochis-
tochemistry. The analysis reveals TL-positive objects in the healthy and degenerative cortex, hippocampus
and thalamus of hamster central nervous system (CNS). A little number of them are sparse lectin-reactive
cells identified as ramified microglia exhibiting elongated forms and branched processes. The bigger num-
ber of TL(+) objects are components of brain microvasculature. Details of morphology and topographical
distribution of the TL(+) objects-in hamster CNS are described.

Key words'. TL (tomato lectin) immunohistochemistry, ramified microglia, brain microvasculature.

Introduction

Tomato lectin (TL) from Lycopersicon esculentum as neurobiological marker was pro-
posed earlier [1] but its specificity remains till now non-well determined. It was known
that the lectin of Lycopersicon esculentum has affinity for poly-N-acetyl lactosamine
sugar residues [23]. Tomato lectin binding in CNS is related to some of the glial cells
[6]. Microglial cells are basic potential target for TL binding in CNS [1, 3, 6, 22, 23].
Now microglial reactivity usually is estimated by a number of other markers as for ex-
ample monoclonal antibodies 5D4 against keratan-sulfate [9] or wide-used macrophage
specific markers (MAC-1). At the same time many investigators propose TL for this aim
[5, 8, 12, 15, 21]. In several cases they use to confirm the results with a second specific
microglial marker like MAC-1, RCA-1 or Isolectin B4 [7, 17, 20]. Equally TL is pro-
posed for electronmicroscopical immunohistochemisry [19]. A high specificity of TL
for microglial cells in the normal adult brain is presumed [4, 11]. Here, we demonstrate
that TL immunohistochemistry applied in healthy and degenerative brain tissue is
marker simultaneously for several objects of CNS microanatomy.
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Material and Methods

Adult five-week-old female outbred golden Syrian hamsters (45 animals) were source
of healthy and degenerative brain tissue. A procedure for obtaining degenerative brain
tissue was described previously [14]. Commercially available biotinilated - Lycopersi-
con esculentum (tomato) lectin (VECTOR Labs, Cat.No. B-1175) diluted in working
solution of 10 micrograms/ml buffer PBS (phosphate buffer saline), enriched with
CaCL, (ImM). MgCl, (0.1 mM) and stabilized with Natrium azide (0,08%) was used for
procedure. Incubation of the brain sections with TL was performed at 20°C for two
hours followed by application of ABC reagent (VECTOR Labs, Cat.No.PK-7100).
DAB substrate kit for peroxidase (VECTOR Labs, Cat.No. SK-4100) was used as
diaminobenzidine chromogen source for 2-10 min.

Light microscopy and interferential contrast microscopy (Nomarski optics) was
performed.

Results

In healthy or degenerative hamster cortex, thalamus and hippocampus of hamster CNS
TL immunohistochemistry reveals different kinds of positive objects - ones with deter-
mined cellular shape bodies and others obviously non-cellular elements of the brain
microanatomy. TL(+) cells are very irregularly shaped with ramified and amoeboid
morphologies (Fig. 1). Elongated cells with several processes and rounded cells are la-
belled generally. These microglia-like cells are seen abundantly in the degenerative
hamsters brains. A microgliosis could be registered during the terminal stage (after 80l
day of the agent inoculation) of the experimental transmissive spongiform encephalopathy,
provoked by the strain scrapie 263K (Fig. 2). Detailed study of the immunostained CNS
fields in cortex, thalamus and hippocampus reveals many other objects positive to TL

Fig. 1 TL(+) cellular objects are very irregularly shaped with ramified and
amoeboid morphologies. Cortex, x 200
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Fig. 2. Microgliosis could be registered by TL immunohistochemistry during
the terminal stage (after 80thday of agent inoculation) of the experimental
transmissive spongiform encephalopathy, provoked by the strain scrapie 263K.
Thalamus, x200

Fig. 3. Other CNS objects positive to TL are components of the brain
microvasculature. Thalamus, xIOO

(Fig. 3). The light microscopy reveals rounded and prolonged objects situated every-
where in the brain tissue both in healthy and degenerative CNS. The interferential con-
trast microscopy shows that lectin positive objects in studied regions are components of
the brain microvasculature.

Discussion

TL immunohistochemistry reveals a lower density of labelled microglia in comparison
with other procedures for microglial visualization (5D4 monoclonal antibodies) [14].
Second, a great number of the TL(+) objects in hamster brain are components of the
thinnest network of the brain microvasculature.
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During degenerative changes in hamster CNS a marked response of the microglia
occurred in the terminal stages of the experimental scrapie 263K in the cortex, hippo-
campus and thalamus. The universal phenomenon of microgliosis could be registered
with TL immunohistochemistry as it is proposed earlier [13]. The widespread extracel-
lular TL labelling found by us in the hamster CNS corresponds to fine microvasculature
components. A sure explication of this fact is that tomato lectin is specific for blood
brain capillary endothelium [10, 16, 18].

The staining of the vascular network by TL immunohistochemistry in healthy and
diseased CNS is higher efficient than this with commonly used vascular markers as
EMS laminin or PECAM-1 [16].

References

L Acarin, L,J. Vel a B.Gonz al es, B. Cas tel 1ano. Demonstration of poly-N-acetyl lactosamin
residues in ameboid and ramified microglial cells in rat brain by tomato lectin binding. - J. Histochem.
Cytochem., 42, 1994, No 8, 1033-1041.

2. Acarin, L., B.Gonzales, B. Castellano, A.Castro. Microglial response to N-methyl-D-as-
partate-mediated excitotoxicity in the immature rat brain. - J. Comp. Neurol., 367,1996, No 3, 361-364.

3. Acarin, L, B.Gonzales, B.Castellano, A J. Castro. Quantitative analysis of microglial re-
action to a cortical lesion in the early postnatal brain. - Exp. Neurol., 147(2), 1997, 410-417.

4. Acarin, L, B.Gonzales, B.Castellano. - Triflusal posttreatment inhibits glial nuclear factor-
kB downregulates the glial response ant is neuroprotective in an excitotoxic injury model in postnatal
brain. - Stroke, 32, 2001, No 10, 2394-2402.

5.Acarin L, B.Gonzales, Castro A J., B. Caste 11ano. Primary cortical glial reaction versus
secondary thalamic glial response in the excitotoxically injured young brain: microglial/macrophage
response and MHC class | and class Il expression. - Neuroscience, 89, 1999, No 2, 249-265.

6. Ambalavanar, R.,R. Morris. The binding of a poly-N-acetyllactosamine specific lectin from the
tomato to primary afferens in the rat trigeminal system. - Eur. J. Neurosci., 4(suppl.), 1991, 27-29.

7.Anjelkovoc, A V,B. Nikolic J S.Pachter, N. Zecevic. Macrophages/microglial cells in
human central nervous system during development: an immunohistochemical study. - Brain Res., 814,
1998, No 1-2, 13-25.

8. Bass, W.T,,G. A. Singer, F.J. Liuzzi. Transient lectin binding by white matter tract border zone
microglia in the foetal rabbit brain. - Histochem. J., 30,1998, No 9, 657-666.

9. Bertolotto, A, B.Katerson, G. Canavese, A Migheli, D. Schiffer. Monoclonal anti-
bodies to keratan sulfate immunolocalize ramified microglia in paraffin and cryostat sections of rat
brain. - J. Histochem. Cytochem., 41, 1993, 481-487.

10. Fac 1a, I, A.Hever,J. Molnar, J. Fisher. Tomato lectin labels the 180 kD glycoformof P-glyco-
protein in rat brain capillary endothelia and mdr tumor cells. - Anticancer Res., 1998, No 18(4C),
3107-3111.

11. Fuj ita»S. C.,K. Sak uta, R. Tsuch iya H. Hamanaka. Apolipoprotein E is found in astrocytes
but not in microglia in normal mouse brain. - Neurosci. Res., 35, 1999, No 2, 122-133.

12. Ignacio, A, Y. Muller, M. Carvalho, E M. Nazar i. Distribution of microglial cells in the ce-
rebral hemispheres of embryonic and neonatal chicks. - Braz. J. Med. Biol. Res., 38, 2005, No 11,
1615-1622.

13. Jimeno, D., A Velasco, C. Lilo, J Lara, J Aijon. Response of microglial cells after a
cryolesion in the peripheral proliferative retina of tench. - Brain Res., 816, 1999, No 1, 175-189.

14. Kadiysky, D.,M. Svetoslavova, N. Sales, C. Lasmezas, J-P. D es 1y s. Keratan-sulfate im-
munohistochemistry: a new tool for characterization of microglial morphology and topography. - Acta
Morphologica and Anthropologica, 10, 2005, 5-8.

15.Kong, G. Y, K. Kristensson, M. Ben ti vogl io. Reaction of mouse brain oligodendrocytes and
their precursors, astrocytes and microglia, to proinflamatory mediators circulating in cerebrospinal
fluid. - Glia, 37, 2002, No 3, 191-205"

16. Mazzett.i S, S. Frigerio, M. Gelati, A Salmaggi, L Vitellaro-Zuccarello.
Lycopersicon esculentum lectin: an effective and versatile endothelial marker of normal and tumoral
blood vessels in the central nervous system. - Eur. J. Histochem., 48, 2004, No 4, 423-428.

17. Moffett, J. R, M. G. Espey, S. A Walter, W. J. Streit, M. A Namboodiri. Quinolinate
immunoreactivity in experimental rat brain tumors is present in macrophages but not in astrocytes. -
Exp. Neurol., 144, 1997, No 2, 287-301.



18. MolJnar, J.,A. Hever, |.Fakla, J Fisher, 1 Ocsovski, A. Aszalos. Inhibition ofthe trans-
port function of membrane proteins by some substituted phenothiazines in E. coli and multidrug re-
sistant tumor cells. - Anticancer Res., 17, 1997, No 1A, 481-486.

19.Nacher, J.,C. Ramirez, J.J. Palop, P. Artal,A. Molowny, C.Lopez-Garcia. Microglial
i%lésldlu?ring the lesion-regeneration of lizard medial cortex. - Histol. Histopathol., 14, 1999, No 1,

20. Pe laez, B, J. L BlazquezF E Pastor, A Sanc hez, P. Amat. Lectin histochemistry and ul-
trastructure of microglial response to monosodium glutamate-mediate neurotoxicity in the arcuate
nucleus. - Histol. Histopathol., 14, 1999, No 1, 165-174.

21.Peng, Z C, K Kristensson, M. Bentivoglio. Distribution and temporal regulation of the im-
mune response in the rat brain to intracerebroventricular injection of interferon-gama. - Exp. Neurol.,
154, 1998, No 2, 403-417.

22.Velasco, A ,E Caminos E Vecino, J. Lara J. Aijon. Microglia in normal and regenerating
visual pathways of the tench: a study with tomato lectin. - Brain. Res., 705, 1995, No 1-2, 315-324.

23.Z hu, BC-R,, R. L aii ne. Purification of acetyllactosamine specific tomato lectin by erythroglycan-
sepharose affinity chromatography. - Prep. Biochem., 19, 1989, No 4, 341-350.



Institute of Experimental Morphology and Anthropology with Museum
Bulgarian Anatomical Society

Acta morphologica et anthropologica, 15
Sofia » 2010

Experimental Model of Parkinson’s Disease:
Antioxidant Defense System in Rat Brain
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Parkinson’s disease (PD) is characterized by progressive degeneration of dopaminergic neurons, arising in
substantia nigra pars compacta and terminating in the striatum. Oxidative stress has been implicated in the
pathogenesis of PD based on its role in the cascade of biochemical changes that lead to dopaminergic neu-
ronal death. The aim of the present study was to measure in vivo the levels of antioxidant enzymes and their
lateralization in different brain regions (cortex, striatum, hippocampus) in the experimental model of
Parkinson’s disease in rat brain. Our results suggest that lipid peroxidation is elevated while the activities of
antioxidant enzymes (glutathione reductase, glucose-6-P-dehydrogenase, superoxide dismutase and cata-
lase) are altered in Parkinson’s disease model, underlying a hemispheric asymmetry.

Key words: Parkinson’s disease, antioxidant enzymes, striatum, cortex, hippocampus.

Introduction

Parkinson’s disease (PD) is a common age-related neurodegenerative disease that is
pathologically characterized by the selective loss of dopaminergic neurons in the sub-
stantia nigra. Oxidative stress has been implicated in the pathogenesis of PD based on
its role in the cascade of biochemical changes that lead to dopaminergic neuronal death.
In PD there is a progressive death of substantia nigral cells leading to less availability of
dopamine to the striatum, which participates in movement control. Neurons of substan-
tia nigra may be particularly vulnerable to oxidative stress, because the oxidative me-
tabolism of dopamine (oxidized by either monoamine oxidase or undergo
autooxidation) has the potent to generate cytotoxic free radicals. The body possesses a
complex protective antioxidant system against these potentially toxic products such as
vitamin E, vitamin C, vitamin A, glutathione and antioxidant enzymes. These enzymes
include glutathione reductase, glutathione peroxidase, superoxide dismutase and cata-
lase [4]. The aim of this study was to measure in vivo the levels of antioxidant enzymes
and their lateralization in different brain regions (cortex, striatum, hippocampus) in
Parkinson’s disease model.
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Material and Methods

The experiments have been performed according to the “Principles of laboratory ani-
mal care” (NIH publication No. 85-23), and the rules of the Ethics Committee of the
Institute of Neurobiology, Bulgarian Academy of Sciences (registration FWA 00003059
by the US Department of Health and Human Services).

A) Surgical procedures

A total of 24 male Wistar rats, weighing 150-200 g at the time of surgery, were randomly
divided in groups and housed in cages with free access to rat chow and water. The rats
were anesthetized with chloral hydrate (400 mg/kg, i.p.), had their heads shaved, and
placed in a stereotaxic apparatus. The scalp was cleaned with a iodine solution, incised
on the midline and a burr hole was drilled through the skull at the appropriate location.
The target coordinates were: AP = +0.2; LR =-3.0; H =-5.6 according to the stereo-
taxic atlas [8]. The experimental group received an injection of 20 (tg/2 jal of 6-OHDA
(Sigma-Aldrich, St. Louis, MO, USA,; calculated as free base, dissolved in ice-cold sa-
line with 0.02 % ascorbic acid) while the control group received an injection of 2 jil
saline. All injections were made into the right striatum area by a Hamilton microsyringe
at a rate of 1 (il/min. The needle was left in place an additional 2 min before being
slowly withdrawn. The wound was closed with stainless steel clips and the rat was al-
lowed to recover before being returned to its cage.

B) Biochemical procedures

Protein content was measured by the method of L o wry et al. [7]. Lipid peroxidation in
the absence and in the presence of an inducer (5.105 M Fe2y was determined by the
amount of the thiobarbituric acid-reactive substances, formed in fresh preparations for
60 min at 37°C [5]. The absorbance was read at 532 nm against appropriate blanks; the
absbrbance at 600 nm was considered to be a non-specific baseline and was, therefore,
subtracted from A532. Total glutathione level was measured according to Ti etz e [11].
Cu, Zn-superoxide dismutase activity (SOD) was determined according to Beau -
champ and Fridovich [1]; one unit of SOD activity was the amount of the en-

Fe-ASCORBAT-INDUCED LIPID PEROXIDATION

g Control (left)
w, Parkinson (left)
O Control (right)

g Parkinson (right)

CORTEX STRIATUM HYPOCAMP

Fig. 1 Levels of lipid peroxidation in cortex, striatum and hippocarffius in
control and Parkinsonian rats
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Fig. 2. Levels of antioxidant enzymes and their lateralization in cortex, striatum and hippocampus in control and Parkinsonian rats



zyme, producing 50% inhibition of nitro-blue tetrazolium-reduction. Glutathione per-
oxidase activity was measured by the method of Gunz ler et al. [3]. Glutathione re-
ductase activity was measured by the method of Pintoand Bartley [9]. Glucose-6-
phosphate dehydrogenase activity was determined according to Cartier et al. [2].

Results and Discussion

Levels of lipid peroxidation (Fig. 1) and antioxidant enzymes (Fig. 2) in the left and
right striatum, hippocampus and cortex of control (saline 2 ul into the right striatum)
and Parkinsonian rats (6-OHDA 20 ,ug/2 gil into the right striatum) were evaluated at
the 21gday after surgery. The experimental model of Parkinson’s disease was proved by
the rotational behavior of rats induced by apomorphine (0.5 mg/kg. s.c.) two weeks af-
ter surgery [10, 6].

The presented results of our investigation suggest that lipid peroxidation is ele-
vated while the activities of antioxidant enzymes (glutathione reductase, glucose-6-P-
dehydrogenase, superoxide dismutase and catalase) are altered in Parkinson’s disease
model, underlying possible hemispheric asymmetry.

Acknowledgement. This study was supported by National Science Fund, Bulgarian Ministry of Education
and Science under Grant MU-L-1502/05.
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In the present study were carried out ultrastructural and morphometrical investigations of the rat choroid
during development and after hypokinesia and low doses of ionizing irradiation. Investigations of the rat
choroid plexus during development provide evidence that light and dark epithelial cells finish their differen-
tiation on 30 days postnatum. Changes of the epithelial cells during development suggest that dark and light
cells are modulations of the same basic cells with possible functional differentiation starting from 17 days
postconception and continue to 22 months. The observed ultrastructural and morphometrical data during
hypokinesia may be related to the increased functional activity of the dark epithelial cells and earlier adult
changes, for which epithelial ultrastructure gives evidence in the investigated period. Investigations after to-
tal-body irradiation of rats with low doses have shown that changes of the epithelial and endothelial cells of
the plexus choroideus are more marked after irradiation with oxygen ions and neutrons in comparison with
gamma rays.

Key words: rat choroid plexus epithelial cells and blood vessels, ultrastructure and morphometry, de-
velopment, hypokinesia and low doses irradiation.

Introduction

The choroid plexuses are specialized highly vascular anatomycal structure which pro-
trude into the lateral ventricle, as well as in the third ventricle and fourth ventricle. The
surface of the choroid plexus consist of numerous villi each covered with single layer of
epithelial cells surrounded by vascular connective tissue cells [8]. As a secretory source
of vitamins, peptides and hormones for neurons, the choroid plexus provides substances
for brain homeostasis [4]. Most blood vessels in the plexus choroideus are wide-calibre
(approximately 15 pm) fenestrated capillaries [7]. Investigation of the influence of
hypokinetic conditions indicates that immobilization of pregnant rats for 5 days consid-
erably influences the morphology of the corpus luteum and luteal cells [6]. X-rays, neu-
trons, alpha- and beta-particles come from environment or are produced by human ac-
tivities. The real long-term effects of this background radiation are nevertheless a mys-
tery, which is why they are currently being investigated by the scientific projects.

The aim of the present study is to investigate the ultrastructural and
morphometrical changes of the rat choroid plexus during development and after hypoki-
nesia and exposure to low doses of ionizing irradiation.
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Materials and Methods

Development. Wistar rats 0=60) aged 17 and 20 days postconception, 5, 15. 30, 45 and
60 days postnatum and 4, 7, 10, 13 and 22 months were used. The animals were fixed
by immersion [14] and by intracardial perfusion [5].

Hypokinesia. One-month aged Wistar rats were divided into two groups: | group 0=20)
rats subjected to 3, 6, 9 and 12 months of hypokinesia in specially constructed indi-
vidual cages for physiological immobilization [15] and Il group - control rats 0=20)
under normal vivarium conditions.

Irradiation. Three-months aged female Wistar rats were divided into four group: | group
-irradiated with single dose of 104particles /cm2of oxygen ions («=3), Il group - irradi-
ated with fast neutrons («=3) to 1.5 MeV at the dose of 1.0 Gy, Il group - irradiated
with gamma rays Co@0=3) at the dose of 1.0 Gy and IV group —eontrol six months
aged rats 0=4). Three months after irradiation the animals were intracardially perfused
[7]. The choroid plexuses were embedded in Durcupan and examined with JEOL JEM
1200EX transmission electron microscope.

We obtained morphometric data from the light microscope at I0OOOx magnification
using a square grid system [13] calibrated for linear measurement in pm and area mea-
surement in pm2. All values were expressed as mean + SEM, and statistically analyzed
by Student t-test.

Results and Discussions

In our investigations of the rat choroid plexus from aged 17 days postconception to 22
months we established the three periods of the development. The first period may be
divided into three phases of the differentiation. During thefirst phase (17-20 days post-
conception) the epithelial cells are pseudostratified and they have electron-light cyto-
plasm with many glycogen granules and scanty cell organelles, concentrated at the api-
cal part (Fig. 1 A, B). During the second phase (20 days postconception - 15 days
postnatum) the epithelial cells come to low columnar, in the apical part of the epithelial
cells there are many cytoplasmic protrusions with glycogen, short and fine microvilli
(Fig. 2 A). The most marked ultrastructural changes of the epithelial cells on the 15 days
postnatum are many cytoplasmic protrusions, filled with glycogen, many vacuoles,
granular endoplasmic reticulum and mitochondria with unformed cristae (Fig. 2 B). The

Fig. 1A - Pseudostratified epithelial cells of the rat choroid plexus aged 17 days postconception, x 3 000;
IB - High columnar epithelial cells of the rat choroid plexus aged 20 days postconception, x 3 000
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Fig. 3. Light and dark epithelial cells of the rat choroid Fig. 4. Rat choroid plexus aged
plexus aged 30 days postnatum. x6 000 22 months, x 12 000

concentiation of glycogen in the rat choroid plexus epithelial cells increased to 5 days
postnatum and decreased at the 15 days postnatum. Sturrock made similar observa-
tions in the mouse choroid plexus [12]. During the third phase of the rat choroid plexus
development (15-30 days postnatum) the epithelial cells come to cuboidal, the electron
density of the epithelial cytoplasm is increased, the microvilli are well shaped and tight
packed, and the connective tissue and the blood vessels are well differentiated (Fig. 3).
Fiom morphometrical analysis of the rat choroid plexus during development it was es-
tablished that the nuclear, cytoplasmic and cell area of the dark epithelial cells is smaller
than the same parameters of the light epithelial cells during the whole investigated pe-
riod. The nuclear, cytoplasmic and cell area of the light and dark epithelial cells in-
creased from 17 days postconception to 5 days postnatum and decreased from 5 days
postnatum to 15 days postnatum. Changes of the nuclear, cytoplasmic and cell area of
the light and dark epithelial cells from 17 days postconception to 15 days postnatum are
proceeded simultaneously with the ultrastructural data for glycogen accumulation. On
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Fig. 5. Rat choroid plexus after 3 months hypokinesia, ~ Fig. 6. Rat choroid plexus after

x 5 000 6 months hypokinesia, x 3 000
Fig. 7. Apical part of the epithelial Fig. 8 Rat choroid plexus after
cell of the rat choroid plexus after 9 12 months hypokinesia, x 25 000

months hypokinesia, x 30 000

the basis of the ultrastructural and morphometrical investigations of the rat choroid
plexus during the second period of development (45 and 60 days postnatum, 4, 7, 10
and 13 months) it was established that the epithelial cells are cuboidal. as the average
area of the light cells is 204.5 g T 2, and of the dark cells - 137.2 g 1 2. The nuclei of the
epithelial cells are rounded, located basally and have homogeneous chromatin. The
large numbers of mitohondria are present, concentrated at the apical ends of the cells.
The most marked ultrastructural changes of the epithelial cells during the third period
of development (13-22 months) are the presence of many lipid droplets, second lysos-
omes, imbibing mitochondria and dense bodies (Fig. 4). The main morphological
changes noted with age suggest a decrease in efficiency of choroid plexus cells in old

age [4].

J [T]he prolonged hypokinesia provoked significant ultrastructural and morphomet-
ric changes of the rat choroid plexus. The most marked ultrastructural changes of the rat
choroid plexus during 3 and 6 months of hypokinesia are elongated mitochondria, giant
electron-light vacuoles, dense bodies, multivesicular bodies and coated vesicles in the
epithelial cytoplasm (Figs. 5. 6). These changes pointed out the increased absorptive ac-

43



Fig. 9. Rat choroid plexus 3 months after irradiation Fig. 10. Rat choroid plexus
with high energy oxygen ions, x 10 000 3 months after irradiation with
high energy oxygen ions, x 25 000

tivity of the choroid plexus epithelium and probably depend on the increased vaso-
pressin [11]. The epithelial cytoplasm of the rat choroid plexus cells during 9 months of
hypokinesia, in contrast to control, contains a great number of dense bodies,
multivesicular bodies, coated vesicles and electron-dense lysosome-like bodies with
lamellar structures (Fig. 7). These changes may be associated with increased transce-
llular transport by fenestrated capillaries and earlier adult changes. Destructive changes
of the choroid plexus epithelium (numerous swollen mitochondria, lipid droplets, sec-
ond lysosomes and electron-dense bodies with lamellar structures) observed during 12
months of hypokinesia are an evidence for earlier adult changes (Fig. 8). The obtained
morphometrical data point out that the increased relative part of the dark cells, the large
value of the nuclear, cytoplasmic and cell area of the dark cells, and decreased nuclear,
cytoplasmic and cell area of the light cells more significantly during 12 months of hy-
pokinesia, in comparison with dark cells, may be related to the increased functional ac-
tivity of the dark epithelial cells and earlier adult changes [9].

Choroid plexus of the brain is an ideal model for studying the development of ra-
diation damage due to a close contact between vascular and epithelial cells, which nor-
mally have very slow turnover [1]. On the apical surface of the epithelial cells of the rat
choroid plexus 3 months after irradiation with high energy oxygen ions were seen cyto-
plasmic protrusions and elongated and dilated microvilli (Fig. 9). In the epithelial cyto-
plasm there are seen dense bodies, vesicles, multivesicular bodies and vacuoles, con-
taining glycogen granules (Fig. 10). In the epithelial cytoplasm of the rat choroid plexus
3 months after irradiation with fast neutrons were seen well defined Golgi apparatus,
coated vesicles, pinocitotic vesicles and multivesicular bodies (Fig. 11). Most charac-
teristic ultrastructural changes of the rat choroid plexus 3 months after irradiation with
gamma rays were elongated mitochondria, many pinocytotic vesicles on the basolateral
intercellular junctions as well as in the endothelial cells of the capillaries. Many epithe-
lial cells possessed two nuclei after exposure with oxygen ions and gamma rays. The
obtained morphometrical data after irradiation of the rat choroid plexus have shown that
the nuclear and cytoplasmic area of the light and dark epithelial cells is changed statis-
tically significant after irradiation with oxygen ions and gamma rays. The relative part
of the capillaries, i.e. vessel <16/xm in diameter were 70.66% in control rats, and
34.86% in fast neutrons, 56.34% in oxygen ions and 70.52% in gamma rays irradiated
rats. The initial loss of capillaries and the increase in number of large vessels in plexus
choroideus 3 months after irradiation were consistent with the effects attributed to re-
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Fig. 11. Rat choroid plexus 3 months after
irradiation with fast neutrons, x 15 000

generation in the plexus choroideus [10]. These changes may be indicative of compen-
satory reactions in the organism following radiation exposure. Experimental study have
shown a significant reduction in the number of blood vessels > 16 g T in diameter and
atrophy of the choroid plexus epithelial cells only after 25 Gy of X-rays [2, 3]. These
results clearly demonstrate that the effect on blood vessels after irradiation can be in-
duced in the choroid plexus by single dose of 1.0 Gy fast neutron, oxygen ions and
gamma rays. We suggest a hypothesis that the vascular damage is predominant factor
leading to development of late effects in irradiated normal tissues.

Conclusion

Plexus choroideus performs a multiplicity of functions for the central nervous system.
From fetal period of development through adult, and extending into terminal physi-
ological stages, plexus choroideus actively engages with building, maintaining and re-
pairing of the brain homeostatic mechanisms which are vital to neuronal system.
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In this study, we report lipid changes in brain nuclei and microsomes in arat model of cerebral ischemia. We
found a decrease of total phospholipids and an increase of total cholesterol and glycolipids in both fractions.
Total free fatty acids (FFASs) tended to decrease in microsomes and to increase in nuclei. These changes indi-
cate a disturbance of lipid metabolism and may be interpreted as a physiological adaptive response to is-
chemia.

Key words-, lipids, cerebral ischemia, nuclei, microsomes, rat brain.

Introduction

Among the biochemical events occurring during ischemia, membrane alterations have
important consequences on the brain metabolism and function. Despite the intense re-
search on lipid metabolism during cerebral ischemia, little is known about lipid changes
in the brain subcellular fractions. The aim of the present investigation is to evaluate the
level of phospholipids, cholesterol, glycolipids and free fatty acids in nuclei and mi-
crosomes in rat model of cerebral ischemia.

Materials and Methods

Three-month-old male Wistarrats were used in the experiment. Animals were subjected
to cerebral ischemia according to the model of Smith et al. [8] with minor modifica-
tions. Nuclear and microsomal subcellular fractions were isolated according to the
method described by Ven ko v [10]. Lipids were extracted according to the technique
described by K ate s [11]. The content of cholesterol and FFAs was determined by gas
chromatography as we previously described [5, 6]. The content of total glycolipids was
determined according to Ham i 11lon et al. [3]. Total phospholipids were determined
by the method of Bartlett [1]. Glycolipid and phospholipid classes were separated
by thin-layer chromatography.
The data were analyzed with Student’s t-test.
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T ab le 1 Changes of the phospholipid content in nuclei (Nuc) and microsomes (Ms) after cerebral ischemia

Brair fraction Phosphatidic
acid
Control 2.07+0.05
Nuc
. 0.7860.02
Ischemia 15<0.001
Control 2.996+0.07
Ms
. 0.735+0.02
Ischemia 15<0.001

Lysophospho-

lipids

0.261+0.03

0.188+0.02
0.01<p<0.001

Phosphatidyl-

inositol
0.055+0.01

0.668+0.04
/><0.001

0.563+0.04

Sphingo-
myelin
0.304+0.03

1.131+0.01
/><0.001

0.871+0.02

2.036+0.04
/><0.001

Values are expressed in mg/g dry lipid residue/ml. A dash indicates trace amounts.

Phosphatidyl-

serine
5.249+0.05

6.562+0.04
/><0.001

9.763+0.05

4.459+0.04
/><0.001

Phosphatidyl-

choline
13.515+0.06

11.048+0.04
/><0.001

20.288+0.07

17.325+0.08
/><0.001

Phosphatidyl-
ethanolamine

24.803+0.07

12.411+0.02
/><0.001

29.421+0.09

12.195+0.08
/><0.001

Total
phospholipids

45.995+0.07

32.60620.08
/><0.001

63.599+0.1

37.501+0.06
/><0.001



Results and Discussion

Our results showed a decrease in total phospholipid content by 29% in nuclei and by
41% in microsomes which is due to hydrolysis by different phospholipases (Table 1).
The total cholesterol increased 2.4-fold and 7.2-fold in nuclei and microsomes, respec-
tively (Table 2). Ischemia caused nearly 2-fold increase in total FFAs in nuclei and 3.7-
fold decrease in total FFAs in microsomes (Table 3). The content of total glycolipids
rose 6-fold in nuclei and 20-fold in microsomes (Table 4).

The various changes of the phospholipid classes may be influenced by differences
in their turnover. Another possible reason is the difference in the substrate specificity of
each phospholipid or in the accessibility of phospholipase A, to phospholipids due to a
different distribution of each phospholipid in the membrane™ [2]. In nuclei, 12-fold in-
crease in phosphatidylinositol (PI), and 2.6-fold decrease in phosphatidic acid (PA)
were the most pronounced changes. Probably the low content of PA is due to its mobili-
zation in the synthesis of Pl or to the action of nuclear PA-phosphohydrolase. In mi-
crosomes, all phospholipid classes tended to decrease except for sphingomyelin whose
concentration was increased by 134% (Table 1).

The concentration of the free cholesterol was increased 3-fold in nuclei and nearly
2-fold in microsomes. In the latter, we found 22-fold increase in esterified cholesterol
(Table 2). The high concentration of sterol esters can apparently be explained with a role
of the ester to serve as a carrier and storage site for some toxic free fatty acids [7]. It is
reported that the accumulation of cholesterol and cholesterol esters represents a durable
adaptive response to different forms of cell injury and there is a striking correlation be-
tween the severity of tissue injury and the extent of cholesterol accumulation [9].

The gangliosides increased 6-fold and 12-fold in nuclei and microsomes, respec-
tively, while cerebrosides rose 6-fold and 41-fold in nuclei and microsomes, respec-
tively (Table 4). Probably the high content of cerebrosides makes the membrane steadier
because cerebrosides contribute to a dense network of H-bonding between three hy-
droxy groups of cholesterol, the hydroxy group of the sphingosine, the hydroxy groups
of the acyl chains and the amide bond of the sphingolipids. Considering gangliosides as
neuroprotectors [4], these changes may be interpreted as a defensive and compensatory
mechanism against the ischemic shock.

In nuclei, the concentration of stearic acid (Clg0 increased 7-fold (Table 3). In
microsomes the content of arachidonic acid (C,04) decreased 2.6-fold and it can be due

Table 2 Changes of the cholesterol content in nuclei and microsomes after cerebral ischemia

Free Esterified Lano- Total

Brain fraction
cholesterol cholesterol cholesterol cholesterol

0.293+0.06 0.131+0.05 0.005+0.001 0.431+0.05

Control

Nuc
ichemia 0-921#0.06  0.1020.05 1.025+0.17
schemia 0,001 - p<0.001

0.392+0.06  0.138+0.02 0.531+0.09

Control -

Ms
ichemia 0708005 3.11:0.05 3.824+0.33
schemia — /s<0.001 /5<0.001 - /5<0.001

Values are expressed in mg/g dry lipid residue/ml. A dash indicates trace amounts.
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T ab 1le 3. Changes of the FFAs content in nuclei and microsomes after cerebral ischemia

Brain fraction

Control
Nuc

Ischemia

Control
Ms

Ischemia

cl4:l

0.267+0.02

0.596+0.02

Cl6:0

0.324+0.01

0.055+0.01

cie:l

1.73+0.03

0.955+0.02

Ci8:0 cis:l
0.256+0.02
1.828+0.04
p<0.001 1.501+0.06
13.29+0.09
2.325+0.02

Values are expressed in mg/g dry lipid residue/ml. A dash indicates trace amounts.

Cig:2

0.435+0.01

0.977+0.04

Cr0:0

0.153+0.0
2

C20:2

0.112+0.01

Cro:4

3.471+0.13

3.418+0.13

6.309+0.05

2.413+0.11
p<0.001

Total

4.905+0.18

8.473+0.1

p<0.001

21.23£0.04

5.805+0.1
p<0.001



Tab 1e 4. Changes of the glycolipid content in nuclei and microsomes after
cerebral ischemia

Brain fraction Gangliosides ~ Cerebrosides TOtfiI.
glycolipids
0.216+0.02 0.324+0.03 0.54+0.04
Control
Nuc
Ischemia 1.363+0.05 2.006+0.05 3.368+0.04
p<0.001 p<0.001 p<0.001
0.212+0.03 0.082+0.05 0.294+0.04
Control
Ms
. 2.503+0.04 3.372+0.05 5.875+0.04
Ischemia

pcO.001 p<0.001 p<0.001

Values are expressed in mg/g dry lipid residue/ml.

to its involvement in Pl synthesis, oxidation processes, diffusion into cerebral spinal
fluid or reesterification. A prominent change was the accumulation of C16,, Clgland
C22in both fractions which would contribute to membrane permeability because of the
high rate of unsaturation.

In conclusion, our results suggest that the ischemic process causes various lipid
changes in nuclear and microsomal brain subcellular structures, directed to enhance-
ment of the functional adaptive possibilities of the brain during ischemia.
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Recent studies demonstrated that testicular angiotensin-converting enzyme (tACE) is essentialfor fertilizing
ability of spermatozoa. The aim of the present paper is to characterize localization and distribution of tACE
in adult and developing rat testis. First immunoreactivity appeared in the cytoplasm of round spermatids step
8 at stage VIII of the cycle of seminiferous epithelium. Later that stage the immunostaining progressively
increased and reached maximum at stages IV-VIII. Stage specific localization characterizes tACE as a
marker for stages of spermatid differentiation. In the course of the first spermatogenic wave tACE is a marker
for developmental stage of germ cell differentiation. Testicular ACE also could serve as a marker for germ
cell depletion during experimental and pathological conditions.

Key words: angiotensin-converting enzyme, testis, spermatogenesis, rat.

Introduction

ACE is well-known component of renin-angiotensin system and exists as two isoforms
- somatic and testis-specific (germinal) encoded by one and the same gene. Somatic
ACE is responsible for the conversion of angiotensin | to the potent vasoconstrictor an-
giotensin Il (Ang Il) and inactivation of vasodilator peptides, bradykinin. Thus, SACE
is involved in the control of blood pressure and fluid-electrolyte balance [8]. In the male
reproductive system SACE is localized in testicular endothelial, Leydig cells; epithelial
cells of the epididymis and prostate. The enzyme is expressed transiently in human
germ cell during fetal life and is constant feature of germ cell cancer. Ang Il locally pro-
duced by sACE regulated steroidogenesis in Leydig cells, secretory function of epididy-
mis and tubular contractility in the prostate. Ang Il has been shown to maintain sperm
motility and to stimulate capacitation [3].

Testicular ACE is transcribed by an alternative promoter in 12 intron of ACE gene.
Due to transcription of 13 exon, the N-domain of tACE is unique and C domain is iden-
tical in both isoforms [3]. The substrate preference of tACE is still unknown and this

IN.A. and E.L. contributed equally to this study and should be considered as joint first authors.
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isoenzyme does not generate Ang Il. Testicular ACE has been shown to play an essen-
tial role in the control of male reproduction [4] . Dipeptidase activity of tACE was iden-
tified as factor of sperm-zona pellucida binding [1]. On the other hand. tACE acts as
releasing factor for some GPI proteins anchored on spermatozoa membrane and neces-
sary for fertilization [6]. Based on these findings, it can be suggested that tACE may
serve as marker of fertilizing ability of spermatozoa.

Testicular ACE is expressed in spermatids and spermatozoa in human and mice; in
rat it is hormone dependent [11]. Consisting data on the expression of tACE in rat testis
are lacking. On the other hand, rat provides various experimental models for investiga-
tion of hormonal regulation of different factors involved in spermatogenesis. In this re-
spect the current study aimed to characterize specific pattern of localization of tACE in
adult and developing rat testis.

Materials and Methods

Immunohistochemistry for tACE. Dewaxed and rehydrated 5 pm sections were sub-
jected to antigen retrieval in 0.01 M Citrate buffer, pH 6 at 95°C for 5 min water bath.
For endogenous peroxidase block, slides were incubated in 3% HZ 2in methanol for 5
min at RT. Then, they were blocked for 1hour in 1.5% donkey serum in PBS. Primary
antibody against ACE (1:500) was applied for 30 min at 37°C. After that goat
biotinylated secondary antibody-ABC staining system was applied and liquid DAB was
used as chromogen.

Results

Immunohistochemical analysis revealed stage-specific pattern of tACE expression in
postmeiotic germ cells. First faint immunoreactivity appeared in the cytoplasm of round
spermatids step 8 (stage VIII of the cycle) in a round shape manner (Fig.lA, table 1).
Weak intensity was found in elongating spermatids step 9 at stage 1X of the cycle of
seminiferous epithelium. Later that stage the immunostaining progressively increased
and was located in caudally organized cytoplasm of elongating spermatids. Medium
intensity of reaction was observed in spermatids stepl0-11 at stages X-XI of the cycle
of seminiferous epithelium (Fig. IB). Immunoexpression became strong later than steps
12 of spermiogenesis (stage XII of the cycle; Fig. 1C) and reached maximum in steps 17-
19 (stages IV-VIII of the cycle; Fig.ID). Strong immunoreactivity was confined to re-
sidual bodies that were numerous in the lumen of seminiferous tubules at stages VIII-
IX of the cycle (Fig. IB). Residual bodies were also found in the basal part of the tubules
where they were phagocytosed by Sertoli cells. Flagela of late elongated spermatids step
18-19 were also strongly reactive. No immunoexpression was observed in other germ
cell types (spermatogonia, spermatocytes) as well as in somatic cells (peritubular cells,
Leydig and Sertoli cells).

In the course of the first spermatogenesis tACE appeared in stage-specific manner.
Lack of tACE expression in the testis is due to absence of corresponding type of sper-
matids. Mid-pubertal testis (28-day-old) is negative for tACE as germ cell development
proceeds to stage round spermatids 1-3 step (Fig.IE). In late pubertal testis (42-day-old)
spermatogenesis are not completed and proceeds to elongating spermatid 16 step in
stage Ill. Imunoreactivity is observed in all the stages with an exception of stages IV-VI
(Fig. IF). Lack of reaction in these stages is due to that elongating spermatids step 17-19
did not appear yet.
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Fig. 1 Stage-specific immunoexpression of tACE in the cytoplasm of differentiating spermatids in adult
(A-D) and developing (E-F) rats. Note the minimal intensity at step 8 and maximal intensity at step 19 of
spermiogenesis, both at stage VIII of the spermatogenic cycle. Residual bodies are strongly positive (long
arrow). Reaction pioduct in the cytoplasm of elongating spermatids is denoted by short arrows. Negative
reaction in 28-day-old rat as germ cell development proceeds to stage round spermatids 1-3 steps (asterisks)
in early stages (e), late stage is identified by first and second meiotic divisions (arrowheads). In 42-day-old
rat spermatogenesis are not completed and proceeds to elongating spermatids 16 step in stage IlI.
Immunoreactivity is observed in all the stages with an exception of stages IV-VI as elongating spermatids
steps 17-19 did not appear yet. Scale bar- 50 p



Table 1 Semiquantitative evaluation of tACE immunoexpression at the stages of the seminiferous
epithelium and steps of spermiogenesis in adult rats

Stages of the seminiferous epithelium
Steps of spermiogenesis

Vil VI IX X-XI XI-X1V I-111 1IV-VI
7 19 8 19 9 10-11 12-14 15-16 17-18
— -+ + ++ ++/+++ +++ ++++
++++ ++++
Discussion

The role of tACE in male reproduction and fertilization is proved by knockout models
in mice lacking ACE gene [2]. ACE null mice lacking both somatic and testicular ACE
are infertile independently of normal testis weight, normal sperm count and morpho-
logy. Infertility is due to poor sperm migration in the oviduct and failure to bind zona
pellucida. Mutants exhibit also low blood pressure and renal dysfunction. The expres-
sion of transgenic sXfcE exclusively in vascular endothelial cells of ACE-null mice re-
stores blood pressure, but male mice remain sterile, indicated that SACE cannot substi-
tute for tACE in supporting male fertility [5]. Interestingly, expression of testicular ACE
in ACE null mice restored fertility.

The present study demonstrated stage-specific expression of tACE in the cytoplasm of
male germ cells of 16-week-old normal Wistar rats. Gradual increase of immunostaining
was evident from step 8 to step 19 of spermiogenesis. With one exception our results are
consistent with data by Sibony et al. [10] in 8-10-week-old Sprague-Dawley rats. Dis-
crepancy is related to weaker immunoreactivity in elongating spermatids at steps 15-17
compared to earlier steps. As a result gradual increased immunoexpression of tACE during
spermiogenesis is not observed. In another study by L angfordetal. [7] tACE immunore-
activity in mouse testis was detected later than step 10 spermatids. The differences between
our data and those by both author groups could be explained by using different antibodies
against the portion common to the testicular and somatic ACE isoforms. Species-specific
expression of tACE was demonstrated in human testis where reaction was found only in
adluminal membranes of postmeiotic germ cells later than step 3 round spermatids [9] cor-
responding to step 7 round spermatids in rat.

Stage specificity of tACE localization during spermatogenic cycle characterizes

tACE as a good marker for stages of spermatid differentiation. Expression of tACE
starts and reaches maximum in androgen dependent stage VIII of the spermatogenic
cycle that implies androgen regulation of enzyme production in postmeiotic germ cells.
In this respect, future investigations involving proper experimental models for andro-
gen ablation is needed and such studies are in progress by our group.
" Localization pattern of tACE revealed the importance of elongation phase of sper-
matids in male germ cell differentiation with respect to gene expression and not only to
morphological modifications. Expression of tACE in postmeiotic germ cells is an ex-
ample for specific gene activation/translation during spermiogenesis. In the course of
the first spermatogenic wave tACE is a marker for developmental stage of germ cell
differentiation. Testicular ACE also could serve as a marker for germ cell depletion
during experimental and pathological conditions.
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A Case of Clear-Cell Endometrioid Adenocarcinoma
Developed in an Endometrioid Cyst of the Ovary
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We present a case of a 33-year-old female with ovarian cyst verified clinically and ultrasonographically,
which required surgical therapy. Cystadenoma was found on the gefrir examination. Right-sided
adnexectomia was performed. The postoperative histological examination verified mixed clear-cell
endometrioid adenocarcinoma originating in endometriotic cyst with atypia of the lining epithelium.

Key words: clear cell; endometrioid adenocarcinoma; ovarian cyst.

Introduction

Endometriosis is an ectopically situated endometrium - glands and stroma. In cases of
localisation in the myometrium it is classified as internal endometriosis (adenomyosis);
when localised in other sections of the genital tract it is classified as external genital or
extragenital endometriosis.

Endometriosis is a relatively common condition, found in 29% of women under-
going laparotomy [3]. It is often found in the ovaries, and its origin is associated with
metaplasia of the mesothelium of the ovary into a uterine-corporal type or with the im-
plantation of endometrial cells retrogradely carried through the uterine tube [7]. Mac-
roscopically it manifests as cysts of varying size, called endometrioid or “chocolate”
cysts.

d Endometriosis rarely gives rise to malignant tumours, but it is believed to play a
major role in their development in the presence of an excess of exogenous (e.g.
tamoxifen) and endogenous estrogens [4, 6]. Sampson was the first to describe the
malignant transformation of endometriosis in 1925 [5]. Later a multitude of authors
have reported malignant changes in the endometriosis in genital and extragenital places.
They often make note of ovarial carcinoma associated with the endometriosis - in par-
ticular clear-cell adenocarcinoma and endometrioid adenocarcinoma. Several authors
have described atypical endometriosis and have classified it as precancerocis.

In this report we describe a case of mixed clear-cell/endometrioid adenocarcinoma
which originated in a endometrioid cyst.
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Case description

A thirty-three-year-old woman (S. R. B. No 1425-31/05) with two-week-long com-
plaints of pain in the lower abdomen, stronger on the right side. A gynecologic exami-
nation revealed a tumoural formation in the region of the right ovary. An echography of
the pelvis established aright-sided ovarial cyst. A laparotomy was performed. Gefrir ex-
amination showed the process in the right adnexes to be a cystadenoma. Per the diagno-
sis the only surgery undertaken was a right-sided adnexectomy.

A macroscopic inspection of the biopsy specimen established a monolocular cyst
10 cm in diameter, with thick, dense, and in some places fibrous yellowish-brown walls,
its cavity filled with thick chocolate-like matter. A washout revealed a dense, solid knot
filling more than a half of the cavity, on a wide base, with coarse imperfections and with
a light-yellowish-gray sectional surface flecked with hemorrhages, necroses, and cavi-
ties with jelly-like contents. The tissue fragments of the biopsy specimen were pro-
cessed and stained according to routine methodology w