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SEX CORD NESTS WITH ANNULAR TUBULES
THE INCIDENCE OF IDENTIFYING THEM
IN NORMAL OVARIES

G. S. Delides, J. Elemenoglou, G. Garas
DEPARTMENT OF PATHOLOGY, METAXA’S MEMORIAL CANCER INSTITUTE PIRAEUS, GREECE

(Received 16 May 1987)

Sections from 588 ovaries removed during various operations and reported as
being within normal size limits were reviewed. In seven cases structures with the
characteristic appearances of sex cord “tumours” with annular tubules (SCTAT)
were found.

We called the lesions sex cord nests with annular tubules (SCNAT). Their mean
diameter was 0.17 mm.

If ovaries were cut in serial sections the probabilities of identifying such lesions
should increase very much.

Keywords: Sex cord tumours, sex cord nests in ovaries

Introduction

Sex cord tumour with annular tubules (SCTAT) is arare ovarian neoplasm
with distinctive appearance described by Scully in 1970 [8].

He reported 13 cases and 16 further examples have been reported since
then [1-10]. Of interest (as in the case of other ovarian tumours) is the associa-
tion of the above tumour to Peutz—deghers syndrome [9].

A small SCTAT found incidentally in an ovary removed during hyster-
ectomy for fibroids, drew our interest to the possible excistence of “occult”
SCTAT that could not have been noticed in routine work.

Materials and methods

The sections from ovaries removed during 358 operations performed for various reasons
during the period 1976-1980 were reviewed.

Ovariectomy was unilateral in 128 cases and bilateral in the rest. The patient’s age
ranged from 32 to 67 years. Ovaries of older women were not included in the study.

In nearly all these cases the ovaries were reported as being within normal size limits.
In the cases in which a lesion was found, additional sections from the paraffin blocks were
also examined. The SCTAT found incidentally was included in the study (Case 1). The diameter
of the lesions was measured with the use of an eyepiece with a micrometer graticule.

Send offprint requests to: G. S. Delides, Department of Pathology, Diagnostic and
Therapeutic Institute of Piraeus Metaxa’s Memorial Cancer Institute, 51 Botassi Str. Piraeus
30, Greece
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4 G. S. DELIDES et al.

Results

The incidentally found tumour was 1.2 cm in diameter, yellowish in colour
and solid in consistency. Seven additional lesions composed of one or two
structures resembling SCTAT nests were found. The mean diameter of those
lesions was 1.7 ~ 0.07 mm (SD).

In all cases rounded nests of epithelial cells with abundant vacuolated
cytoplasm and spheric nuclei with a single nucleolus were present. There
was no nuclear atypia and no mitotic figures were observed. The epithelial
cells were arranged in single tubules or in complex networks that contained
acidophilic hyaline bodies single or coalescent (Figs 1 and 2).

The diameter of the lesions, the reason of operation and the number of
nests found, are shown in Table I. No one of the patients including Case 1
presented the Peutz—Jeghers syndrome.

Discussion

W ith the exception of our first case the lesions which were found in
our material cannot be characterized as “tumours” and we would prefer the
term “Sex cord nests with annular tubules” (SCNAT). The appearance of
those single nests are not in any way different from the “nests” observed
within the tumour of Case 1 or from those described in previous papers.

The incidence of SCTAT is reported to be very low. Gloor found four
cases in areview of ovarian tumours among 560 000 biopsies examined during
40 years in the Institute of Pathology of the University of Lausanne [4].
In the same period in the above Institute 47 granulosa cell and 8 Sertoli and/or
Leydig cell tumours were observed.

In the period 1976-1980 approx. 20 000 surgical specimens were examined
in the Dept, of Pathology of “Metaxa’s Memorial Cancer Institute”. Among

Table 1

Reason of operation, number of nests and diameter of lesions

Case Age Operation ’;‘fuqunets)tesr Diamet(enr"g; lesions

| 38 Uterine fibroids Large 12
(tumour) number (tumour diamet.)

2 45 Breast cancer-ovariectomy 1 0.26

3 36 Breast cancer-ovariectomy 1 0.24

4 49 Uterine fibroids 1 0.2

5 48 Breast cancer-ovariectomy 2 0.14-0.12

6 48 Breast cancer-ovariectomy 1 0.1

7 51 Uterine fibroids 1 0.1

8 39 Uterine fibroid-adenomyosis 1 0.26

Mean diameter of lesions J; S.D.: 0.17 ~ 0.07

Acta Morphologica Hungarica 36, 1988



SEX CORD NESTS

Fig. 1. Case 1. Sex cord tumour with annular tubules HE x 160
Fig. 2. Case 5. Two sex cord “nests” within the ovarian cortex HE x 100

Acta Morphologica Hung r'.ca 36, 1988



G. S. DELIDES et al.

those 8 were granulosa cell tumours, 1 Sertoli and 1 SCTAT (Case 1). The seven
SCNAT found in the 588 ovaries reported as normal, give an incidence of
1.19% of this lesion.

Identification of SCNAT with a diameter of approximately 0.2 mm
within a routinely sectioned ovary appears to be a matter of chance. If the
ovaries were cut in serial sections the probability of identifying the lesion
should increase and the incidence of the lesion should be much higher than
that estimated.

The origin of SCTAT is a matter of discussion. Both a granulosa cell
and a Sertoli cell origin are under consideration [1, 4].

To us it appears probable that SCTAT have their origin in SCNAT like
those we described. If we accept these lesions as potential tumours then SCTAT
is not so rare and a granulosa cell origin would be more probable. In our
series ages ranged from 32 to 67 years but SCTAT have been described
in children (1) and if SCTAT have their origin in SCNAT one should expect
the nests to exist in young ages.

Differentiation of SCNAT from parts of follicles with Call Exner bodies
especially if calcifications are not present is of a real difficulty. Apart of the
appearances of the nest the absence of theca cells surrounding them appears
to be the main criterion.

All the examined ovaries were reported as within “normal” size-limits
and it seems possible that the lesion had been overlooked or characterized as
part of follicles. A further research on the frequency of SCNAT in normal
ovaries will be perhaps of value for the study of the histogenesis of SCTAT.
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COMPETITIVE MECHANISMS
OF BASIC PEPTIDES INDUCING
TRANSGANGLIONIC DEGENERATIVE ATROPHY*

J. Tajtil B. Penke2, K. Kovacs2 B. Csillikl1l

1IDEPARTMENT OF ANATOMY AND ! DEPARTMENT OF MEDICAL CHEMISTRY,
SZENT-GYORGY! ALBERT MEDICAL UNIVERSITY, SZEGED, HUNGARY

(Received 17 March 1987)

In addition to the classical microtubule inhibitors (antimitotic agents), trans-
ganglionic degenerative atrophy of central terminals of primary sensory neurons can
be induced also by means of applying to a peripheral nerve basic polypeptides (Poly-
myxin B and Colimycin) and two basic derivatives of glutamic acid that do not exert
any microtubule inhibition. This effect is independent of other pharmacological effects
(histamine liberation, Ca2+-binding, etc.) of the applied compounds, and probably it is
based on a competitive reaction with nerve growth factor.

Keywords: Spinal cord, degeneration nerve growth factor

Introduction

Primary nociceptive neurons are under a special transganglionic control.
The most obvious sign of this transganglionic regulation is that following the
transection of a peripheral sensory axon, transganglionic degenerative atrophy
(TDA) ensues in the dorsal horn of the spinal cord [3]. It was shown in our
earlier studies [1] that the blockade of the retrograde axoplasmic transport is
responsible for TDA. It was proved by Csillik et al. [2, 5] that retrograde
transport of Levi-Montalcini’s nerve growth factor (NGF) plays an outstand-
ing role in the maintenance of the structure and function of the central ter-
minals of primary sensory neurons. In our present studies, TDA was induced
by non-antimitotic polypeptide antibiotics (lacking any anti-microtubular
activity) and by basic glutamic acid derivatives, which seem to interact
with NGF.

Materials and methods

Investigations were performed on 51 young adult CFY rats of both sexes, 220-250 g
body weight. In Nembutal anaesthesia, the left sciatic nerve was exposed and surrounded by
a Gelaspon (Jenapharm) cuff (Fig. 1), soaked previously in one of the following compounds:

* Supported by Research Grants No. 527 from the Hungarian Ministry of Health and
No. 05-065 from the Hungarian Academy of Sciences

2 Send offprint requests to: Prof. Dr. B. Csillik, Department of Anatomy, 6701 Szeged,
P.O. Box 512, Hungary

Acta Morphologica Hungarica 36, 1988
Akadémiai Kiadd, Budapest



8 J. TAJTI et al.

Fig. 1. Diagram of the experimental paradigm for studying the TDA-inducing effect of the

investigated compounds. The sciatic nerve is surrounded by a Gelaspon cuff soaked in the

experimental substance (exp) for 30 min; on the contralateral sciatic nerves a cuff soaked in

physiological saline solution is applied for 30 min. After 14 days, FRAP activity of the Rolando

substance is studied by histochemical methods in serial frozen sections; the sciatic nerve was
studied in non-stained teased samples

Polymyxin B sulphate® (Pfizer).Colimycin sulphate® (Bellon), 48/80® (Sigma), Peremin®
(Chinoin), H-Lys-OHxH250,, BOC-GLU-EDA, TFAxII-G]Ju-EDA-FMOC( Figs 2a, b, cand d).
The contralateral sciatic nerve was surrounded by a cuff soaked in isotonic saline solution.
Concentrations of the substances applied to our biological test system are summarized in
Table I.

After 30 min, the cuffs were removed and the wounds closed. The animals were allowed
to survive for 14 days; thereafter, in Nembutal anaesthesia, the rats were killed by the trans-
cardial perfusion with a formaldehyde-glutaraldehyde solution [13]. After fixation, both
sciatic nerves and the lumbosacral spinal cord were removed, and post-fixed for 36 h in
the same fixative at +4 °C. The sciatic nerves were studied in teased samples after free-hand
dissection under a Zeiss stereomicroscope, without any staining. The spinal cord was studied
in serial frozen sections stained for acid phosphatase according to a modified Gémdori tech-
nique [8].

Results

Local perineural application of 1% Polymyxin B sulphate or 1% Coli-
mycin sulphate induced TDA, which, at the light microscopic level is clearly
indicated by the depletion of the extralysosomal fluoride resistant acid phos-
phatase (FRAP), i.e. the marker enzyme of the primary nociceptive neurons,
from the central sensory axon terminals in Rexed’s lamina Il in the upper
spinal dorsal horn (Fig. 3).

4cta Morphologica Hungarica 36, 1988
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COMPETITIVE MECHANISMS OF BASIC PEPTIDES n

Fig. 2. a—d. Chemical formulas of the substances used in perineural application

Polymyxin B is known to be a strong histamine liberator. In order to
clarify the TDA-inducing effect of Polymyxin B and to exclude any eventual
histamine effects, the histamine liberator poliamine 48/80 and Peremin (Hista-
minum bihydrochloricum) were also applied perineurally. In either case, we
did not encounter any change in the FRAP reaction of substantia gelatinosa,

Acta Morphologica Hungarica 36, 1988



12 J. TAJTi et ul

Fig. 3. The effect of the perineural application of Polymyxin B (10 7M) on the FRAP activity
of substantia gelatinosa Rolandi (Lamina Il of Rexed). On the side of the sciatic nerve treated
with Polymyxin B (apparent left) depletion of FRAP activity is nearly complete; only a
minimal residual activity can be observed, mainly at the lateral edge of the substantia
gelatinosa Rolandi which represents the somatotopically corresponding zone of the (intact)
postaxial dermatome (asterisk). The contralateral substantia gelatinosa Rolandi (where the
sciatic nerve was treated only by a physiological saline solution) shows a completely normal,
intensive FRAP reaction (arrow)

indicating that TDA did not ensue; in other words, histamine liberation is
not responsible for the TDA-inducing effect of Polymyxin B.

On the other hand, since both Polymyxin and Colimycin were applied in
the form of sulphate salts, the TDA-inducing effect could be due to a simple
binding of intraaxonal Ca2+ ions by the sulphate groups — it is known that
Ca2+ plays a crucial role in axoplasmic transport mechanisms. Therefore, to
exclude the role of the sulphate groups, a pH-dependent H2-Lys-OHxH2504
was also applied perineurally. No FRAP-depletion was encountered indicating
that TDA did not occur, proving that Ca2+ binding is not responsible for the
effects of Polymyxin B and Colimycin.

Table | summarizes the biological effects of 7 different chemical com-
pounds on the spinal cord and the sciatic nerve. Only the first four compounds
induce TDA. These substances have a common chemical feature: all of them
possess at least one basic centre — Polymyxin B and Colimycin even more.
We assume that basic compounds like BOC-GLU-EDA and TFAxH-Glu-
EDA-FMOC [4] (the monomeric units of poliantin [9]) could be active in our
biological test system because they have a proper chemical structure fitting
into the target molecule. Very probably, the presence of a basic (e.g. amino)
group in the molecule is not satisfactory for inducing the TDA effect; the

Acta Morphologica Hungarica 36, 1988



COMPETITIVE MECHANISMS OF BASIC PEPTIDES 13
Table |
Dose-effect correlation of perineurally applied compounds

Effect
Perineurally Substance on FHAP in the

. A on the n

applied compounds concentration Rolando substance sciatic

nerve
Polymyxin B 10-" M* Depletion (TDA) 0 16
Colimycin 10-" M* Depletion (TDA) 0 12
TFAXH-GIu-EDA-FMOC 10-GM* Depletion (TDA) 0 3
BOC-GIlu-EDA 10“GM* Depletion (TDA) 0 5
H-Lys-OHxII1.,SO, 10-6and 10-4M 0 0 5
48/80 10~9and 10~6 M 0 0 5
Peremin 10 sand 10 GM 0 0 5

*Threshold concentration. If applied in higher amounts, Wallerian degeneration ensues.
In lower than threshold concentration. FRAP depletion does not occur

presence of an amide (peptide) bond in the neighbourhood of the amino group,
in proper distance seems to be necessary. This could be the reason why lysine
alone proved to he inactive.

Discussion

TDA-inducing classical compounds, like Vinca alkaloids [8], Colchicin,
Podophyllotoxin and Griseofulvin, exert their effect by inhibiting the micro-
tubular function. A serendipitous observation called our attention to the
peculiar TDA-inducing effect of Polymyxin B. The basic peptides applied in
our investigations have no antimitotic or anti-microtubular activity; accord-
ingly TDA induced by these compounds must be the result of some different
mechanism. We assume that these compounds induce TDA as a result of
interaction with NGF. Such a reaction can take place either in a competitive
manner, because of the presence of the basic centers in the NGF molecule
that exert similar structural properties like the basic glutamic acid derivatives,
or because the basic groups fit into the stereochemical structure of the NGF;
in other words, the reaction may result in modification of the conformation
of NGF.

It is well known, however, that in addition to configurational similarities,
the basic peptide compounds, studied by us e.g. Polymyxin, have also other
pharmacological properties. Thus, for instance, in isolated mastocyte cultures
Polymyxin causes marked degranulation i.e. histamine release [7, 10]. It is
also well known that in the peripheral nerves, like the sciatic nerve, mastocytes
are present in considerable numbers [14].

So the idea that the TDA-inducing property of Polymyxin B is based on
a histamine effect, seemed to be germane. However, on the basis of our inves-

Acta Morphologica Hungarica 36, 1988



14 J. TAJTI et al.

tigations carried out with the histamine liberator 48/80 and with histamine
itself (Peremin), histamine liberation as a TDA-inducing factor can be excluded
with certainty.

Yet there is another intriguing possibility. Both Polymyxin and Coli-
mycin are sulphate ions. Thus it could be assumed that the sulphate groups
are responsible for the TDA-inducing property of these compounds, mainly by
their reaction with Ca2+ ions which are known to play a key role in axoplasmic
transport mechanisms. According to this hypothesis, sulphate groups would
form a salt with Ca2+ ions thus inhibiting the Ca2+-activated Calmodulin
effect, i.e. the activation of Ca2+—Mg2+-ATPase, resulting in a blockade of the
microtubular transport [6, 12, 16].

The role of the sulphate groups has been studied in experiments where
the pH-dcpendent H-Lys-OHxH2504 was perineurally applied. This com-
pound behaves as an absolute cation below the pH 7.4 range; accordingly
lysine is ineffective while the sulphate is active. This way, the result of the
experiments performed with perineurally applied H-Lys-OH XH 2504 — that
is, the lack of FRAP depletion — obviously proves that S04ions do not play
any role in the induction of TDA.
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IN THE ATRIOVENTRICULAR VALVES OF THE RAT
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The development of the adrenergic and cholinergic innervation of the rat atrio-
ventricular valves was studied in whole mount stretch preparations. Specimens obtained
from rats ageing 2-30 days were processed for the histofluorescenee and enzyme
histochemical demonstration of monoamines and acetylcholinesterase (AChE) activity,
respectively.

Adrenergic and ACIiE-positive nerve fibres could be detected from the 9-10th
postnatal days onwards. Fluorescence microscopy showed the presence of many
brightly fluorescent mast cells in the close vicinity of the ingrowing terminals. The
presence of mast cells during early stages of development of the ground plexus may be
related either to the preneural state of the tissue or the structural and/or functional
maturation of the autonomic nerve terminals.

Keywords: Heart valves, innervation, development, mast cells

Introduction

During an examination of the innervation in the endocardium, Smir-
now [29] observed a network of thin nerve fibres in the valves of the heart
and thus first drew attention to the presence of nerves in the atrioventricular
valves of mammals. Michailow [22] and later Wollard [36] discovered a
similar network of fibres, which revealed a close connection with the endo-
cardial tissue. The introduction and more widespread use of the histochemical
procedure have recently resulted in the demonstration of the innervation of
atrioventricular valves. The AChE reaction [5, 7, 9, 12, 30, 35] and the mono-
amine fluorescence technique [2, 5, 7, 9-12, 20] revealed light microscopically
a cholinergic and an adrenergic network of similar distribution in the valves
of the heart.

Electron microscopic examination of the autonomic innervation oftissues
has revealed that the sympathetic and parasympathetic nerve fibres are
embedded in the cytoplasm of the same Schwann cells, producing the innerva-
tion apparatus of the tissue in this way. This means that the tissues have a
double innervation. A similar arrangement of the cholinergic and adrenergic
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fibres has been observed on ultrastructural examination of the atrioventricular
valves [7, 17].

Several theories have been put forward concerning the function of the
nerve fibres in the valves of the heart. According to the generally accepted
view, the movement of the heart valves is passive, it depends on pressure
conditions regulated by the rhythmic contraction of the cardiac muscle, and
the neural structures present here are not related to the function of the valves
[21]. There are other theories that the movement of the atrioventricular valves
is an active process and that the smooth muscle and heart muscle cells are
here under neural control [5, 10, 14, 27, 31]. Lipp and Rodin [20] considered
that the function of the nerves of the valves is not the innervation, but rather
the “secretion” and/or uptake of noradrenaline into and from the blood
stream, respectively. Most authors, however, have emphasized the sensory
character of the nerve fibres of the valves [7, 12, 15, 23, 34, 35].

In the present work, light microscopic histochemical methods were used
to study the development of the innervation of atrioventricular valves in rats
on postnatal days 2—30, and to establish whether, in the knowledge of the
ontogenesis of the ground plexus, conclusions may be drawn concerning the
functional maturation of the terminals.

Materials and methods

Young 2-30-day-old white rats of both sexes were used. The animals were killed by
decapitations, hearts were immersed in cold (4 °C) physiological saline solution, and the
atrioventricular valves, together with the annulus fibrosus and the chordae tendineae were
dissected. The development of the nerves was followed by the parallel use of the monoamine
fluorescence method of Falck [13] and the AChE reaction of Koelle [18] in whole mount
stretch preparations of mitral and tricuspidal valves. The leaflets were studied under a Zeiss
fluorescence microscope, using a HBO 200 W high-pressure mercury lamp equipped with
BG 12 exciter filter, OG 1 and GG 11 ocular filters. Non-specific cholinesterase was blocked
with 2 x 10-4 M ethopropazine.

In addition to the fluorescence microscopic investigation, successive toluidine blue
staining, moreover alcian blue-safranine staining of parallel preparations fixed in Carnoy’s
fluid according to Réhlich and Csaba [28] were used for identification and differentiation of
the mast cells, respectively.

Results

The different histochemical methods gave almost identical results from
the aspects of the time of ingrowth, density, enzyme activities and fluorescence
intensity of the fibres in the mitral and tricuspidal valves of the rat.

Fig. 1. Fluorescence microscopic pattern in the atrioventricular valves of the rat. X250.

(a) Mitral valve on the 9th postnatal day: conspicuous mast cells along slightly fluorescent

nerve fibres; (b) mitral valve on the 12th day: branching axons closely connected with

mastocytes; (c) tricuspidal valve on the 14th day: axon ramification with degranulated mast
cells; (d) mitral valve on the 16th day: chain-like nerve plexus
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Fig. 2. Fluorescence microscopic pattern in the mitral valves of the rat. Stage of structural
maturation: axon varicosities in ground plexus. x 250. (a) 20th day; (b) 30th day

W ith fluorescence histochemical methods, the extremely weakly fluores-
cent axons emerging from the annular margin were first observed in the atrio-
ventricular valves on the postnatal day 9; only the brightly fluorescent mast
cells situated along the ingrowing fibres appeared in the pictures (Fig. la).
On day 12, intensely fluorescent primary axon-branchings could already be
observed. At the same time, the perinuclear arrangement offluorescent granules
became pronounced in the mastocytes (Fig. Ib). Besides the scanty network
of nerve fibres, only the outlines of the mast cells could be seen 14 days after
birth (Fig. Ic). On day 16, the characteristic stage of development of the
adrenergic ground plexus was conspicuous in the fluorescent pictures of the
valves: due to the axon segregation and the subdivision of axon bundles, the
nerve fibres showed a chain-like appearance, which later, through the widening
of the chain loops, gave rise to the network of the ground plexus (Fig. 1d).
On day 20, the appearance of axon varicosities and an even more abundant

Fig. 3. Distribution of AChE in the atrioventricular valves of the rat. x 250. (a) Mitral valve

on the 10th postnatal day: ingrowth of enzyme-active nerve fibers from annular margin;

(b) tricuspidal valve on the 12th day: primary axon branching; (c) mitral valve on the 14th
day and (d) on the 16th day: development of the chain-like nerve network
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Fig. 4. Distribution of AChE in the atrioventricular valves. Structural maturation of cholin-
ergic ground plexus. X 250. (a) Tricuspidal valve of 20-day-old rat; (b) mitral valve of 30-day-
old rat

network could be observed, but it did not yet extend to the entire valve.
Fluorescent mastocytes could no longer be seen. The varicose ground plexus
was fully developed by postnatal day 30 (Figs 2a, b).

The earliest observation of AChE-positive nerve fibres in the leaflet was
on day 10 after birth, when there was a few ingrowing nerve fibres from the
annular margin (Fig. 3a). An increasing number of enzyme-active, branching
nerve fibres were subsequently observed (Fig. 3b). On day 14, due to the
segregation of the axons, the development of the chain-like network had
started. It had become pronounced by day 16, just as in the case of the
adrenergic fibres (Figs 3c, d). Besides the increasing density of the network
the varicosities of fibres were noticed 20 days after birth, and by day 30,
a fully mature, varicose cholinergic plexus could be seen (Figs 4a, b).

The applied non-specific cholinesterase blocking agent, 2x10 -4 M etho-
propazine did not influence either the intensity of the enzyme activity, or the
density of the network.

The adrenergic and cholinergic networks developing from the ingrowing
nerve fibres from the annular margin did not extend over the whole leaflets,
but only to the border of the chordal third. At the same time, the ingrowth
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Fig. 5. Ascending nerve fibres in the atrioventricular valves of 25-day-old rat. x 160. (a) Flu-
orescence pattern; (b) AChE reaction

Fig. 6. Identification of mast cells in the mitral valve of 9-day-old rat. X250. (a) Monoamine
fluorescence and (b) toluidine blue staining of the same preparation
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of nerve fibres to the chordae tendineae from the papillary muscles could also
be observed. These fibres could be seen only from day 16 and their varicose
terminals extended only into the chordal third, where they branched out in a
fan-like way but did not contact the network growing from the annular margin
(Figs. 5a, b).

In the early developmental stage of the ground plexus, strongly fluores-
cent cells revealing a close connection with the developing adrenergic terminals
were present. The equivalents of these fluorescent cells stained with toluidine
blue and alcian blue-safranine proved to be mast cells (Figs. 6a, b).

Discussion

In the present study of the ontogenesis of the innervation in the atrio-
ventricular valves of the rat, the earliest appearance of both adrenergic and
cholinergic nerve fibres was on postnatal days 9-10. The first fibres came from
the base of the leaflets; these axons formed a network first and it is probable
that they are dérivates of the atrial ground plexus. At the chordal third, con-
spicuous axon arches can be seen, which form a peculiar borderline. Varicose
axons originating from the plexus of the papillary muscles and running in the
opposite direction can be observed in the chordae tendineae. After a usually
straight course these fibres can also he followed up to the chordal third. This
borderline probably corresponds to the systole closing area. Since there are no
contractile elements in this area, we suggest that the autonomic innervation
plays a role in the modulation of the reflexogenic zone.

The consistent participation of the sensory nerve fibres was supposed
already by Szentagothai [32] in the structural organization of the autonomic
ground plexus. Recently, electron microscopic studies have revealed that
mitochondria-loaded varicosities of presumptive sensory fibres are present
often close to the adrenergic terminals in the atrioventricular valves [7, 17],
similar to those in the myocardium [3, 4, 19].

The presence of intensively fluorescent mast cells was observed in the
early period of appearance of fluorescence in the developing adrenergic nerves,
but these cells could be seen only up to days 12-14 of postnatal development.
Together with the increase of the fluorescence of the axons and the progress
of axon arborization, the fluorescence of the mastocytes gradually decreases
and later totally disappears. It may be suggested that changes in fluorescence
of mast cells reflect cytochemical changes — mainly the release of biogenic
amines — after degranulation that was observed in our previous electron
microscopic studies [25]. The vast majority of young mastocytes as well as the
degranulated cells showed alcian blue-positivity, in accordance with earlier
wide-ranging observations of Rdhlich and Csaba [28].
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The ontogenesis of the ground plexus in the iris of rat was first described
by Csillik and Koelle [6] on the basis of parallel monoamine fluorescence and
AChE histochemical reactions. They observed that at the time of develop-
ment of the ground plexus, during the first two weeks of postnatal life, brightly
fluorescent “sphaerical bodies” are present. Similar information was obtained
about the appearance of numerous fluorescent mast cells in different tissues,
particularly in the heart atrium, iris and submaxillary gland of the rat during
the postnatal development of their adrenergic innervation [8, 26]. An increased
number of mastocytes was also found in the liver of adult rats after partial
hepatectomy, under circumstances when the adrenergic nerve regeneration
probably run parallel with a considerable regenerative growth of hepatic tis-
sues [33]. In this case the growing nerves are supposed to tend towards their
newly formed target cells.

In our previous investigations, the development of the ground plexus in
the rat iris was studied during normal ontogenesis and under experimental
conditions [16], and we also observed intensively fluorescent mast cells during
the early period of development. Our experiments on accumulation, depletion
and liberation, as well as the characteristics of their fluorescence indicated
that these cells contained mainly serotonin, but they could also take up the
catecholamines. Our electron microscopic studies proved that the mast cells
are very closely connected with the developing terminals [25]. As a general
phenomenon, we observed in the newborn rats that the axon bundles contain-
ing numerous unmyelinated fibres were surrounded by the cytoplasm of a
single Schwann cell, and in the vicinity of these, mastocytes showing the signs
of degranulation could lie seen. The bundles contained on the average 30-40
small axons running closely together. The sign of the next developmental
stage is when the axon segregation starts vigorously. As a net result, the
cytoplasm of the Schwann cell separates all the axons from each other. It is
suggested that the axon segregation is of great importance in the develop-
ment of the unmyelinated axons, and this can be regarded as the starting
basis of the maturation. In the structural maturation of autonomic neurons
the developmental period of terminal varicosities may be critical when the
transmitter storing vesicles accumulate in enlargements which are supposed to
be the sites of the functional transmitter release.

The two main stages, namely the segregation and the formation of
varicosities can also be observed well on examination of the atrioventricular
valves around days 16 and 20 after birth, respectively. Consequently, both
essential phenomena, as well as the first appearance of the nerves occur here
later than in the irides.

Lastly, the role of the mastocytes in the early period seems to be verified
that, after sympathetic decentralization of the iris in newborn rats, besides the
retardation of the development of adrenerg ground plexus, the involution of
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the mastocytes characteristic of normal course of development does not take
place. Their number are even multiplied by the locally observed mitoses,
indicating an early developmental stage of innervation [16]. It seems that
mast cells appear in the tissues when the growing nerves do not come in touch
with their target yet. This view is supported by the studies of Aloe and Levi-
Montalcini [1], who found that, after the treatment of newborn rats with nerve
growth factor, there was a ten-fold increase in the number of amine-fluorescent
mastocytes, suggesting a specific effect of this protein also on these cells.

Our investigation have revealed that the presence of the mastocytes
during the ingrowth stage of the autonomic nerves can be observed in the
atrioventricular valves as well as in the irides. The results presented here and
the earlier light and electron microscopic experiments together demonstrate a
close relationship between the mast cells and the developing ground plexus,
and it may be suggested that the mastocytes in the tissues are somehow
directly or indirectly connected with the growth of the autonomic nerves,
their structural or functional maturation, and/or the preneural state of the
target tissues, probably by the involvement of the transitional balance of the
developing transmitter uptake systems.
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Steroid hormones are incorporated by Tetrahvmena, and appear intracellularly
in both cytoplasmic and intranuclear localizations. At primary interaction with the
steroid, incorporation was the greatest at 10 min, whereas at the second interaction it
tended to increase with time. The Tetrahymena cells preexposed to a steroid incorporated
a greater amount of it at the second exposure, owing presumably to the induction of
steroid receptors at the first interaction.

Keywords: Hormonal imprinting, Tetrahymena, steroid hormones, autora-
diography

Introduction

Evidence has been accumulated that the unicellular Tetrahymena pyri-
formis is able to respond to hormones of higher organisms [3-6] and that
such hormones or similar active molecules are native to the Tetrahymena
[2, 11—34]. The primary interaction of the Tetrahymena with a hormone gives
rise to hormonal imprinting [3, 4], which accounts for a greater intensity of
response at later interactions [5, 6].

Steroid hormones also act on Tetrahymena [8, 10] and induce in it the
formation of steroid binding sites after preexposure [9].

We examined by light and electron microscopic autoradiography the
incorporation of different 3H-labeled steroids into Tetrahymena, to obtain
evidence whether or not preexposure to the given hormone influenced the
intracellular accumulation of labeled steroid. The results of these studies were
expected to elucidate new aspects of the phylogeny of receptor-hormone
interaction.

Materials and methods

Tetrahymena pyriformis GL cells were cultured in 0.1 per cent yeast extract containing
1 per cent Bacto Tryptone (Difco, Michigan, USA) medium at 28 °C. Mass cultures were
treated with the following steroids: estradiol-17 (Gedeon Richter Ltd. Budapest, Hungary);

Send offprint requests to: G. Csaba, Department of Biology, Semmelweis University
Medical School, H-1445, Budapest, Nagyvarad tér 4, Hungary
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dihydroepiandrosterone (DHEA, Organon-Oss, Holland); triamcinolone-acetonid (Gedeon
Richter Ltd. Budapest, Hungary), dexamethasone (Serva, Heidelberg, FRG). The steroids
were dissolved in ethanol and were added to the culture medium at 10-G M; the ethanol
concentration never increased over 0.1 per cent (and the control also got it). The steroid
pretreatment lasted 72 h, after which the cells were separated by centrifugation and were
returned to plain medium for 48 h before exposure to labeled steroids, such as estradiol-
2,4,6,7-3H (spec. act. 104 Ci/mmol), dihydro (1,2,6,7-3H) epiandrosterone (spec. act. 65 Ci/mmol),
dexamethasone-1,2,4-3H (spec. act. 40 Ci/mmol), triamcinolone-(l,2,4-3H) acet.onide (spec,
act. 22 Ci/mmol). All labeled molecules were products of the Amersham Ltd. (England). The
pretreated and untreated mass cultures were incubated in presence of label for 10 min, 30 min,
1, 4 or 24 h. The concentration of label was 2 /vCi/ml, the ethanol concentration was less than
0.2 per cent. After incubation the cells were fixed in 2 per cent glutaraldehyde (in 0.1 M,
pH 7.4 phosphate buffer) for 2 h, postfixed in 1 per cent Os04 (in Millonig buffer) for 1 h,
and were embedded in Araldite. Semithin and ultrathin sections were cut and coated with
IIford G5 and Ilford L4 emulsions, respectively. The light microscopic preparations were
developed in ORWO R 9 after 8 weeks and the electron microscopic preparations in KODAK
D 19B after 9 or 11 weeks of exposure. The light microscopic preparations were stained with
toluidine blue and silver grains were counted over the longitudinal sections of 25 cells. Grain
counts obtained were evaluated statistically by the Mann-Whitney test or Student’s two-
sample i-test; homoscedastic samples were analyzed with the F-test.

Results

Results obtained by light microscopic autoradiography are shown in
Table | and Fig. 1. The cells not preexposed to dexamethasone incorporated
initially little 3H-dexamethasone, somewhat less after 10 min, and a slightly
increasing amount after 1 h, whereas those preexposed showed an increasing
tendency of incorporation at 1 h, and no change after this period. Both statis-
tical tests indicated a significant difference between the incorporation values

Table |

Incorporation of label after inciabation for
Pre- Treatment 10 min
treatment 30 min 1h 4h

3H-dexamethasone 4.0+0.6 (25) 2.9+0.9 (15) 2.4+ 0.6 (20) 5.6+0.7 (16)
Dexa-
methasone 3H-dexamethasone 3.5+0.9 (15) 3.7+0.7 (25) 7.5+0.6 (20)“ 6.9+0.9 (16)

— 3H-triamcinolone 4.0+0.6 (25) 4.6+ 1.1 (24) 7.7+0.6 (24)¢

lnam-
cinolone 3H-triamcinolone 6.51.6 (25) 6.4+0.7 (25) 7.1+0.6 (24) 5.1+0.5 (25)
- 3H-estradiol 15.1+0.9 (25) 10.4+0.7 (25) 10.6+ 0.9 (25) 12.2+0.8 (25)
Estradiol aH-estradiol 30.0+1.4 (22)“ 11.6+ 1.1 (25) 16.9+ 2.0 (8)a 21.1+0.22';
— 3H-DHEA 16.5+ 1.1 (19) 12.0+ 0.7 (25) 8.1+0.5 (25) 7.6+ 8.8 (25)
DHEA 3H-DHEA 9.2+ 0.6 (9h 13.8+ 1.1 (25) 18.8+ 1.3 (10)* 28.3+ 2.1 (22)c

Xi S.E. (grain count)

aThe Mann-Whitney test showed a significant (p < 0.01) difference between the pre-
treated and untreated cells.

bStudent’s two-sample i-test showed a significant (p < 0.01) difference between the
pretreated and untreated cells.

cThe F-test showed the pretreated and untreated groups to be heteroscedastic; therefore
the i-test was not performed
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of the pretreated and not pretreated cell groups. The incorporation of 3H-
triamcinolone was similar to that of 3H-dexamethasone, but the difference
between the pretreated and not pretreated cultures was not significant statis-
tically. :H-estradiol and 3H-DHEA were incorporated more readily than
labeled dexamethasone or triamcinolone, and preexposure to the same hor-

Pretreated Untreated
————— « Dexamethasone o—

Fig. 1. Number of grains above the untreated and pretreated Tetrahymena

mone stimulated incorporation significantly after longer periods (1,4 h) of
incubation. The shapes of the curves of incorporation of label were highly
similar except in the case of the DHEA-treated cells.

Electron microscopic autoradiography complemented light microscopic
findings by the detection of intracellular localization of incorporated steroids
(Fig. 2). These molecules penetrate into the Tetrahymena cells rapidly, as
judged by their appearance inside the nucleus within 10 min of exposure.
It appears that the steroids can enter the cell body practically everywhere;
they gain access into the nutrient vacuoles detaching from the cellular pharynx,
enter the cell in sites where the external alveolar membrane is lacking, i.e. at
the roots of cilia, across the membrane of the emptied mucocyst, and in all
probability, across any surface site. Inside the cells labeled steroids can be
detected in association with subcellular membrane structures, and also freely
in the cytoplasm. The grain counts tend to increase not only above the cyto-
plasm, but also above the nucleus after longer incubation. In the case of
3H-dexamethasone even a distinct intranuclear accumulation could be dem-
onstrated.
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Fig. 2. Electron microscopic autoradiograms of Tetrahymena pyriformis incubated with different 3H-steroids. Grains are above the

nucleus (a: 3H-dexamethasone 10 min, X49 500 and g: 3H-dexamethasone 4 h, x 28 500), around the cytopharynx (b: 3H-DHEA 24 h,

X 33 000), above the vacuoles (c: after 72 h estradiol pretreatment, 3H-estradiol 30 min, X 22 000), around the radix of a cilium (d:

3H-estradiol 4 h, x51 500), above a mucocyst (e: after 72 h, DHEA pretreatment 3H-DHEA 30 min, X 42 500), on the cell surface (f: after
72 h, DHEA pretreatment 3H-DIIEA 30 min, x 30 000)
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Discussion

Light microscopic autoradiography indicated a low penetration rate of
the examined synthetic glucocorticoids, but a considerably greater one of
natural steroid hormones, such as DHEA and estradiol, into Tetrahymena
cells. The factors responsible for variations in steroid penetration are with all
probability (i) the dissimilar lipid solubility of the different steroids, and
(ii) presence of steroid binding sites in Tetrahymena, or (iii) the joint effect of
both. While an interaction between lipid solubility and binding conditions
seems to be most probable, it should be taken into consideration that, with
respect to penetration, the complementarity of natural steroids might be
greater than that of the synthetic ones. Moreover, consideration should also
be given to the fact that certain higher hormones are native to the Tetrahymena
[2, 9, 11, 14].

The amount of the incorporated molecules changed in the function of
time. The incorporation of all hormones except dexamethasone into the not
preexposed cells was greatest after 10 min, and showed a relative decrease
later, with occasional peaks which, however, never attained the 10 min peak
again over the incubation period of 4 h. By contrast, incorporation of label
into the preexposed cells tended to increase after 10 min, in the case of all
hormones except estradiol. The difference between the incorporation of label
into preexposed and not preexposed cells does not seem to be an accidental
phenomenon, although its precise cause is not known. Probably, at primary
exposure, the cell is “unprotected” against the influx of hormone until a state
of equilibrium becomes established between the cell and its environment.
At the second exposure, however, hormone influx seems to be controlled.
This explanation does not, naturally, hold for the behaviour of dexamethasone
in not pretreated cells and the behaviour of estradiol in the pretreated cells,
but is should be noted that, e.g. in the case of estradiol, grain count was
extremely high above the not preexposed cells whereas it tended to decrease
markedly above the preexposed cells after 10 min. The different lipid solubility
and longer half-life of dexamethasone, compared to the other test substances
can probably explain its dissimilar behaviour [1].

Earlier investigations into the influence of dexamethasone and DHEA
have shown that exposure for similar times as in this study provoked the
appearance of steroid receptors, which are normally not present in Tetra-
hymena. This may explain the greater binding of labeled hormone to the
hormone-pretreated cells, for the receptors, once they are present, alter the
(influx- and efflux-dependent) equilibrium between the cell and its environ-
ment to the advantage of the cell.

The present experiments have subtantiated the results of earlier studies
along this line [9], which indicated induction of receptor formation by pre-
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exposure to the hormone, while the present findings indicated an increase in
intracellular — presumably bound — hormone content of the preexposed cells.

Electron microscopic autoradiography has enabled the location of in-
corporated 3H-steroid hormones inside the cells.

The electron microscopic findings support the hypothesis that the intra-
cellular accumulation of a steroid depends partly on its lipid solubility, partly
on the presence or absence of presumed steroid binding sites, for grains appeared
not only over membrane structures, but also over the cytoplasm and nucleus,
and the pretreated cells showed an increase in both cytoplasmic and nuclear
grain counts. As to dexamethasone, its accumulation inside the cell nucleus
indicated that the extraordinary affinity of this compound to chromatin also
took effect in Tetrahymena [15].
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Structural and functional properties of central terminals of primary sensory
neurons are regulated by nerve growth factor supplied by retrograde axoplasmic
transport to dorsal root ganglion cells. Two important aspects of this regulatory
system: transganglionic degenerative atrophy and regenerative synaptoneogenesis are
reviewed in view of electron histochemical, electrophysiological and clinical studies
performed during the last decade in the authors’ laboratory and abroad.
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Introduction

According to the law of neuronal trophism as it was formulated at the
turn of the century, axons and axon terminals are dependent of the trophic
substance(s) manufactured by the cell bodies [7]. Thus, whenever a peripheral
or a central axon is transected, the distal stump undergoes a series of destructive
cytological and electrophysiological changes called axonal or Wallerian
degeneration.

According to this concept, also called the trophic entity of the neuron,
the cytoplasm or perikaryon is essential for the synthesis of neuroproteins.
These are carried distally by axoplasmic flow, so as to replace proteins in the
course of the cell’s metabolic activity. Therefore, the axon cannot survive long
when separated from the perikaryon. Throughout its whole length, the distal
stump of the axon becomes swollen and irregular during the first day after
transection, crush, or ligation. In mammalian peripheral nerves, the distal
stump breaks up into fragments by the 3rd to 5tli day. Impulse conduction
decreases gradually from the 12th h after transection; it ceases completely
at 72 h.
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At the same time, it has implicitly been assumed that, if the connection
of the terminal with the perikaryon was intact, it had no reason to undergo
degeneration. In fact, this is the basis of all the microscopic (and electron
microscopic) degeneration techniques, often used in hodological research, like
the Nauta or Fink-Heimer methods.

On the basis of our light- and electron cytochemical investigations
started in the early 70-es [14, 57, 58, 59, 60J, performed and in the course ofthe
last decade in this laboratory and confirmed by studies done in other labo-
ratories it became obvious that primary sensory neurons represent a remark-
able exception from this general rule. It turned out that whenever the ana-
tomical continuity of the peripheral axon of a dorsal root ganglion cell is
interrupted (by a mechanical injury, like transection, crush or ligature), histo-
chemical reactions characterizing axon terminals of primary sensory neurons
in the upper dorsal horn, like FRAP (fluoride resistant acid phosphatase),
TMPase (thiamine monophosphatase) [23], SP (substance P) [40], lectin-
binding carbohydrate epitopes [37, 38, 85] and SSEA (stage-specific embryonic
antigens) disappear or more properly, are depleted in the course of days,
weeks or months; depletion is followed by fine structural alterations of primary
central sensory terminals in this area that bear close resemblance to a slowly
proceeding Wallerian degeneration. The term TDA (transganglionic degenera-
tive atrophy) was coined to this process, in order to emphasize (i) its trans-
ganglionic character (ii) its similarity to, but distinct difference from. Wallerian
degeneration. Also it became obvious that TDA is a transient effect; as soon
as the anatomical continuity of the peripheral axon is reestablished by success-
ful regeneration, histochemical marker substances are slowly replenished in
the Rolando substance, accompanied by a restitution of the original synaptic
circuitry, by means of an axonal regeneration which is unique in the central
nervous system.

The objective of the present paper is to summarize the results of our
team aiming to reveal the dynamic mechanism underlying TDA and synaptic
restitution, and to point out the perspectives in neuroscience opened up by
these investigations.

Materials and methods

Experiments were performed on albino rats (R-Amsterdam strain, of both sexes;
body weight 200-250 g), and on Macacus rhesus monkeys (both sexes; body weight 8-12 kg).
A buffered glutaraldehyde-paraformaldehyde solution was used for transcardial fixation for
enzyme histochemical studies; Zamboni’s picric acid-formalin for immunohistochemical
studies; neutral 4% formalin for lectin histochemical investigation and Rakic’ aldehyde
fixative for electron microscopic investigations, using a nitrogen-driven pump. FRAP was
demonstrated in serial frozen sections by a slightly modified Gomdri technique; TMPase was
visualized by a modification of the method of Ogawa etal. (1982). For electron cytochemistry,
30-50 /tm thick Vibratome slices, were used; after completing the histochemical reaction
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tissue blocks measuring 1 mm3or less were excised with a razor blade, postfixed in S-collidine
buffered 1% osmic acid, dehydrated in graded alcohols and embedded in Durcupan ACM.
Silver interference sections were cut on a Reichert Ultrotome using glass or diamond (Du Pont)
knives. Sections were stained with lead citrate and studied under a Tesla 500 or JEM 100 B
electron microscope.

Experimental surgery was performed under Nembutal or ether anaesthesia, under semi-
sterile (laboratory) conditions in rats and under aseptic conditions in monkeys.

Results

Transganglionic degenerative atrophy

Transganglionic degenerative atrophy (TDA) is a recently discovered
trophic phenomenon peculiar to primary sensory neurons that apparently
contradicts the neuron theory [8]. When a peripheral sensory axon is damaged
(transected, crushed or ligated), dramatic alterations occur not only in the
distal stump (Wallerian degeneration), hut also in the central terminals of the
affected primary sensory neuron. Branches and endings in the spinal cord
suffer structural, cytochemical and functional impairments. Obviously related
to the metabolic alterations within the perikaryon (manifested in the “axon
reaction” or chromatolysis of the Nissl substance), TDA is similar in many
respects to a slowly proceeding Wallerian degeneration [3, 4, 45, 46, 48, 53, 54,
80, 91, 92]. The main characteristics of TDA are as follows:

(1) Vesiculolysis which results in an electron lucent terminal axoplasm
(light type of TDA), starts on the 4th postoperative day. The electron lucent
terminals swell and in later stages, form intricate structures (axon labyrinths)
that consist of spirally wound, onion-like, flattened axoplasmic profiles, some-
times containing flattened dendritic and glial profiles. The number of axonal
labyrinths is 300/um2in the upper dorsal horn, 3 months after transecting the
sciatic nerve in the monkey spinal cord.

(2) Shrunken electron-dense osmiophilic terminals (dark type of TDA) are
occasionally engulfed by phagocytic glial elements; this is, however, far less
common than in the course of Wallerian degeneration.

(3) Depletion of the marker enzymes FRAP [61] and TMPase [63] char-
acterizing nociceptive neurons [50, 81] from a class of primary central ter-
minals in lamina Il (in rat and mouse) results in the disappearance of the
enzyme positive line characterizing the Rolando substance on days 4-6 after
surgery [35, 36, 41, 42, 69, 77].

(4) Depletion of putative transmitter neuropeptides from the afflicted
primary afferent terminals occurs in lamina I and Il [5, 28, 52, 72].

(5) Depletion of lectin-binding glycoconjugates from a class of primary
central terminals occurs in lamina Il in humans and in lamina | and Il in
rodents.
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(6) There is an increased latency, decreased amplitude, and reduced dura-
tion of the dorsal root potential (DRP); the dorsal root reflex disappears
[51, 78, 93].

These alterations characterize the glia-surrounded portions of the central
branch and its terminals. The dorsal root proper, where axons are surrounded
by Schwann cells, does not show any alterations. The changes in DRP reflect
alterations in the synaptic circuitry of the upper dorsal horn rather than in
the dorsal root.

TDA can be evoked not only by mechanical injury of a peripheral
sensory nerve, but also by blocking retrograde axoplasmic transport by micro-
tubule inhibitors [24, 43]. Extremely small amounts of drugs such as vin-
blastin, vincristin, vindesin, leurosin and formyl-leurosin, as well as podo-
phyllotoxin and griseofulvin, that do not block anterograde transport and
thus do not cause Wallerian degeneration (e.g.. 10~8 M vinblastin or 10~9 M
vincristin) are sufficient to induce TDA. Fine structural, histochemical, and
electrophysiological consequences of TDA induced by blockers of retrograde
axoplasmic transport do not differ in any respect from the TDA induced by
mechanical injury of the peripheral axon.

TDA, a reversible process, should not be mistaken for transganglionic
degeneration, or for a Wallerian degeneration of dorsal roots and their terminals
following cell death in the dorsal root ganglion.

Circumstantial evidence suggests that blockade of the retrograde trans-
port of nerve growth factor (NGF) is responsible for TDA [10, 32, 33, 34, 44, 86].

In sharp contrast to a Wallerian degeneration that follows dorsal rhi-
zotomy, TDA in the upper dorsal horn is a reversible process. As soon as
retrograde transport of NGF is reestablished in the peripheral sensory axon,
either by axonal regeneration or by cessation of microtubule inhibition, full-
scale structural, cytochemical, and functional reorganization takes place, in-
volving reactive synaptoneogenesis.

Regenerative synaptoneogenesis

Regenerative synaptoneogenesis in the upper dorsal horn, also called
regenerative proliferation, starts with the formation of axonal growth cones [64]
similar to those observed in the course of embryonic development of the spinal
cord [22]. Axonal growth cones contain large amounts of smooth endoplasmic
(axoplasmic) reticulum which is also present in preterminal myelinated and
non-myelinated portions of the reactivated dorsal root axons. Filopodia emanat-
ing from axonal growth cones establish synapses with dendritic growth cones
of substantia gelatinosa cells; this process leads to a complete restoration of
the original fine structure and synaptic connectivity of the upper dorsal horn
which had been derailed by the effect of TDA [65, 75].
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Regenerative synaptoneogenesis in the upper dorsal horn is accompanied
by cytochemical replenishment of primary central afferent terminals. FRAP
and TMPase, which were depleted in the course of TDA, reappear again in the
regenerating terminals (12, 15, 17, 18, 20, 36, 39]. The same applies also for
substance P and lectin-binding glycoconjugates. Repletion of newly formed
axon terminals with marker substances takes place not only after a sensu
stricto regeneration of the peripheral nerve following mechanical injury hut
also if retrograde axoplasmic transport is reestablished following microtubule
inhibition in the respective peripheral nerve. Also functional properties of the
formerly incapacitated upper dorsal horn are reestablished: original parameters
of the dorsal root potential (latency, amplitude, and duration) gradually return
to normal values in the course of regenerative synaptoneogenesis [51, 78].
Circumstantial evidence suggests that regenerative synaptoneogenesis in the
upper dorsal horn is subjected to transganglionic regulation by NGF, which is
taken up by peripheral receptors at the nerve endings of sensory axons and
carried by means of a retrograde axoplasmic transport mechanism to their
perikarya in dorsal root ganglia. Here, NGF promotes synthesis of neuro-
proteins by means of a second messenger.

Discussion

Transganglionic regulation, a relatively recently discovered dynamic and
plastic gene expression phenomenon of primary sensory neurons, obviously
calls for reassessment of the law of neuronal trophism. It offers a unique
model to study neural plasticity and regeneration in the central nervous
system [30].

Several characteristic features of TDA clearly indicate the regulatory
role of NGF in the maintenance of central terminals, viz:

(1) TDA is consequence of blockade of axoplasmic transport mechanisms

This follows from the fact that application around a peripheral nerve of
small amounts of microtubule inhibitors induce TDA in the segmentally
related ipsilateral Rolando substance [13, 24, 29, 31]. While such small amounts
of microtubule inhibitors do not induce Wallerian degeneration in the nerve,
higher concentrations of microtubule inhibitors, however, may do so.

(2) 1t isthe (fast) retrograde component of axoplasmic transport, the blockade of
which is responsible for TDA

Application of 10-9 M Vincristin or 10-8 M Vinblastin to the dorsal
Toots does not induce FRAP depletion in the segmentally related upper dorsal
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horn. In contrast, transection of the dorsal root, or application of 10.3 M
Vinca alkaloid around the root, results in a rapid disappearance of the FRAP
reaction [27].

(3) TDA involves only terminal and preterminal portions of central sensory
axons ; the dorsal root proper is not affected

Neither transection of the sciatic nerve, nor perineural application of
any of the microtubule inhibitors, induce degeneration or atrophy in the
Schwann-cell surrounded portion ofthe dorsal root, either at light or at electron
microscope levels [1, 2, 16, 22, 25, 66].

(4) TDA is not related to the conductivity of the peripheral nerve

Instillation of local anaesthetics or application of tetrodotoxin around
the nerve, do not induce TDA [61, 90]. On the other hand, if TDA was already
induced (either by mechanical injury or by a microtubule inhibitor), replenish-
ment of the marker enzyme cannot he obtained by electrical stimulation of
the nerve [61].

(5) TDA is the consequence offailure of nerve growth factor to reach dorsal root

ganglion cells

Applying an anti-NGF serum (raised in goat) in a Gelaspon cuff around
the sciatic nerve, results in TDA in the segmentally related ipsilateral upper
dorsal horn. In contrast, application of a human anti-D serum does not have
any effect [32].

(6) TDA-inducing effect of Vinca alkaloids is due to blockade of retrograde trans-

port of NGF in the peripheral nerve

The amount of Vinblastin, needed to block retrograde transport of ex-
perimentally injected, radio-labeled 15-NGF is identical with the threshold
amount sufficient to induce TDA [34]. TDA-inducing amounts of Vinblastin
and Vincristin cause accumulation of 1Xl-labelcd NGF distally from the site
of application and a dramatic decrease in NGF transported to nerve cell bodies
in the dorsal root ganglia.

(7) TDA can be prevented or at least delayed by local application of NGF

This follows from experiments when NGF was applied at the proximal
stump of the transected sciatic nerve [10, 33, 44]. NGF is even more effective
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if applied 40-50 h after transection, i.e. when pioneer fibres of regenerat-
ing axons have already grown out; these are known to be equipped with NGF
receptors [34].

(8) Polymyxin and Colimycin, tivo cyclic basic peptides uith antibiotic properties,

induce TDA after perineural application, via competitive inhibition of NGF

The TDA-inducing action of these drugs is not related either to histamine
release or to interaction with Ca2+ in a calmodulin-mediated axoplasmic trans-
port mechanism [86].

(9) TDA causes a derangement of synaptic transmission in the Rolando substance

Dorsal root potentials (DRP) undergo marked alterations after blockade
of retrograde axoplasmic transport in the peripheral nerve: amplitude is
decreased, latency is increased [78, 88, 89]. TDA is accompanied by the in-
creased latency of the lick reflex in the hot plate test [82].

*

An important aspect of transganglionic regulation is that small, dark
nerve cells in dorsal root ganglia are more dependent on NGF than the large,
pale nerve cells. Subgroups of small nerve cells are known to be involved in
nociception, while large nerve cells supply other senses.

It should be noted that in contrast to FRAP and TMPase, depletion of
neuropeptides like substance P, somatostatin (and probably also cholecysto-
kinine) in the course of TDA, is never as complete as that of the marker
enzymes since neuropeptides are also present in propriospinal nerve cells [72].
Obviously, these are not influenced by TDA, and even may exert compen-
satory effects, as shown recently by Wall’s group [76].

The survival value of TDA to the animal might be that it switches off
nociceptive afferentation soon after nerve injury and during the process of
peripheral nerve regeneration. Thus, meaningless signals from impaired and
incompletely restructured axons are prevented from kindling higher levels of
sensory chains.

While the adult mammalian central nervous system is notorious for
being refractory in producing new synapses in replacing degenerated ones, it
is possible to induce formation of new synapses experimentally. Such reactive
synaptogenesis was observed (1) in central monoaminergic neurons after
electrolytic lesions [55]; (2) in the dentate gyrus and hippocampus after
transection of its afferents [73, 74]; (3) in the olfactory bulb after regenera-
tion of the olfactory nerve [49]; (4) in the ventral horn of the spinal cord,
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rostral from the site of transection [6, 47], and (5) in the upper dorsal horn
after TDA of central terminals of primary sensory neurons (this paper). Since
this last is the only one that occurs in mammals, including primates, whenever
an injured peripheral sensory nerve succeeds in regenerating, it is an important
proof for the regenerative capacity of the primate (and, in general, the mam-
malian) central nervous system.

Since TDA can be evoked by applying microtubule inhibitors by ion-
tophoresis to the skin of patients, it offers a non-invasive therapy for the
treatment of autochtonous intractable chronic pain syndromes, like post-
herpetic neuralgia, intercostal neuralgia, meralgia, various polyneuropathies,
irradiation-induced brachial plexus lesion, and terminal pain [9, 26, 56, 62, 65,
67, 71, 83, 84]. By disrupting the reverberating circuits in the upper dorsal
horn, this treatment results in alleviation of pain for several months and,
indeed, as a result of inducing formation of a proper wiring in the course of
the subsequent synaptoneogenesis, in many instances it offers permanent pain
relief [21, 68].

In addition to microtubule inhibitors, like the Vinca alkaloids, also sub-
stances that interfere with NGF, such as polymyxin and colimycin, are the
most likely candidates for pain-relieving iontophoretic treatment [32].

Since depletion of neuropeptides, in contrast to FRAP and TMPase, is
only partial in the course of TDA, it is evident that the pain-relieving action
of iontophoretically administered Vinca alkaloids and basic peptides alike,
is not simply due to a cytochemical depletion of central primary sensory
terminals. As a working hypothesis it can be assumed that the intrinsic pain-
relieving system of the organism, operating with serotoninergic and endorphin-
ergic neurons [11], gets the upper hand after depletion by TDA of neuro-
peptides [19].

By extrapolation, it can be assumed that essentially similar principles
may be operative in the regulation and maintenance also of other cell types of
the central nervous system. In this respect, of course, the term transganglionic
regulation has to be replaced by the wider concept of “transperikaryal regula-
tion”. Prestige [79] suggested long ago that the survival of ventral horn moto-
neurons is due to a (largely unknown) maintenance factor carried retrogradely
by the motor axon to the perikaryon. Kreutzberg [70] demonstrated that the
receptive field of the neuron (extension of the dendritic tree) is dependent
on the structural and functional integrity of the axon. Recently, Unsicker [87]
provided evidence for the existence of several trophic factors in the central
nervous system, probably each factor specific for a specific cell type; and it
appears that also these factors exert their action by a transperikaryal route.
The idea seems germane that, by influencing transperikaryal regulatory mech-
anisms, embryonic developmental potencies of otherwise stagnant adult central
neurons, like axonal growth and synaptogenesis can be revived. Therapeutical
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application of this principle might be an important step forward in promoting
regeneration of pathways and synaptic circuitries destroyed by pathological
events, injuries and accidents.
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PERSONAL MICROCOMPUTER-AIDED
THREE-DIMENSIONAL RECONSTRUCTIONS

J. Spacer
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(Received 26 May 1987)

A fast, cheap and simple method is described which enables three-dimensional
reconstructions to be produced from short series of sections. The reconstruction is
formed and displayed either as a full line or hidden line diagram or shaded model.
It may be rotated, magnified or reduced, all with the aid of a personal microcomputer,
peripherals and software, the total cost of which does not exceed several hundreds
of US dollars.

Introduction

It should be an effort of each microscopist to obtain three-dimensional
information from two-dimensional individual or serial sections. This is par-
ticularly important for electron microscopists. To obtain such valid informa-
tion, three-dimensional reconstructions have been used for more than a cen-
tury in light microscopy [4, 11]. Although computer-assisted graphics has
been applied for about the last ten years to make the reconstruction process
easier [e.g., 3, 7, 11], only reasonably priced microcomputers made it possible
for many microscopists to take advantage of this modern approach.

The total cost of an attainable hardware equipment consisting of a
digitizer, microcomputer and a plotter reaches approximately from about ten
thousand to several tens of thousands of US dollars [2, 5, 7]. Such a sum may,
however, represent a substantial burden on the economic budget in many
laboratories. Programs for small personal computers, therefore, have appeared
just recently [10].

The purpose of this communication is to direct the attention of micro-
scopists to the fact that it is possible to create satisfactory three-dimensional
reconstructions from short series of sections with the aid of a personal micro-
computer, peripherals and software, the total cost of which does not exceed
a few hundreds of US dollars.

Send offprint requests to: Dr. Josef Spacek, Department of Pathology, Charles Uni-
versity Hospital, CS-500 36 Hradec Kréalové, Czechoslovakia
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M aterials and methods

The Sinclair ZX Spectrum (48 K RAM) personal computer, a cassette recorder and
home TV set were used as the hardware. The “VU 3D” — a design and modelling commercial
program produced specifically for this computer by Psion Ltd., 1982, was used as the software.
This elegant program allows to construct objects in three dimensions from section profiles.

Outlines of structures selected from serial sections were redrawn on transparent sheets
(cellophane), aligned and provided with two landmarks for mutual orientation (see 8 for the

Fig. 1. Personal computer (A), casette recorder (B) and TV set (C) were used as hardware.
The selected profile was traced in the form of a polygon from the electron micrograph (D) on
the transparent sheet (E) and placed into the coordinate tablet projected on the TV screen (F)

details). The same landmarks were drawn on the TV screen. The sheets with the outlines were
fixed in turn on the screen by an electrostatic charge or by scotch tape. Both the sheet and
screen landmarks have matched to secure always the same position (Fig. 1). The outlines
were traced from the sheets into an X, Y, Z coordinate system point-by-point with the aid of
a cursor simply by pressing keyboard buttons. Alternatively, numerical coordinates alone
were used to define the points of individual profiles.

Both the cursor and coordinate tablet are being projected on the screen as a constituent
part of the VU 3D program (Fig. 2). The traced outline is defined by a set of closed lines form-
ing a polygon. The individual outlines or produced solid objects may be viewed from any
angle and any distance using commands for a rotation (Figs 6, 7, 8, 12, 15), magnification
(Figs 12, 13, 15) or reduction. Stereoscopic pairs can be produced. The three-dimensional
representation is displayed either as a full wire line diagram (Fig. 3), a hidden line diagram
(Figs 4, 6, 8, 12, 16) or a shaded solid diagram (Figs 5, 7, 10, 11, 14, 15) each of these in full
perspective. Nine directions of a light source are at disposal for the shading. The colour of
the object and the background may be chosen from eight possibilities and any individual
screen display or the computer data file of the reconstructed object can be stored on the tape
and loaded later. When loaded into the Oxford computing art studio program (Rainbird
software, 1985) the screen display can be edited in different ways (Figs 13, 17).

Both the hidden line diagram or the solid diagram can serve as a basis for a finer hand-
drawn graphic reconstruction (Fig. 9).

No plotter was used in this study. Photographs from TV screen were taken for the
documentation.
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Fig. 2. The cursor and coordinate tablet projected on the TV screen. Part of section profile
is also displayed

Figs 3-5. Part of Schwann cell displayed as a full wire line diagram, a hidden line diagram
and shaded solid model (cardiac vegetative nerve)

Figs 6-7. Hidden line diagram and shaded solid model of a part of dendritic shaft with two
drumstick-shaped dendritic spines (cerebral cortex)

4 Acta Morphologien Hungarica 36, 1988



50 j. spaCek

Figs 8-15. Mushroom-shaped dendritic spine displayed as hidden line diagram (8), hand-
drawn graphic reconstruction (9), and shaded solid models. Direction of light source was
from lower right (10) and from upper left (11). The spine was rotated (12), edited using art
studio program (raster background in 13) and magnified (14, 15). The spin(ié is more prominent
in rotated displays (12-15)
Figs 16, 17. Hidden line diagram of a drumstick-shaped dendritic spine constructed from a
series of circidar profiles (cerebral cortex). Shading edited by art studio program shown
in Fig. 17
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Results

Some of the results achieved with the method described above are shown
in a variety of displays on the screen photographs (Figs 3—7) and explained
in the figure legends. All of them represent small objects reconstructed from
series of electron micrographs of the nervous tissue: a part of a Schwann cell
from a cardiac autonomic nerve (Figs 3-5) and dendritic spines (Figs 6-17)
from the cerebral cortex.

Discussion

A hand-made geometrical tilting and rotation of section profiles is a
method requiring many working hours in addition to the fact that it may he
a source of possible inaccuracies. Thus, if nothing more but a possibility of
the rotation of individual profiles was offered by the small personal computer
and VU 3D program, it would lie worth of attention. It is therefore admirable
that this program includes even the construction of graphic models including
the enhancing effect of hidden lines removal and on the top of it — the shading.

There are, of course, many limitations resulting from the low capacity of
memory of the used computer. The reconstruction program requires at least
64 kB of random access memory [5]. When the computer with only 48kB of
RAM s used, as in our case, the program itself engages as much as 46 kB.
The remaining free capacity is very small and, according to our calculations,
it allows to receive not more than about 270 points only. Thus, either short
series of small uncomplicated outlines are convenient for this program, or the
series must be divided into several parts, each of them to be processed sepa-
rately. Series with profiles of the same shape are especially suitable (Figs
16, 17). Another disadvantage is that the computer stacks the outlines in a
plate-like form, which doubles the amount of entered points and further
limits the free capacity of the memory. The number of points per profile
should be, therefore, as small as possible. Neither surface and volume calcula-
tions can be done using the YU 3D program, nor more than one colour may
be used in one model. The raster used for the shading is rather coarse-
grained, too.

All these disadvantages cause that the created reconstructions are hardly
comparable with first-class examples of computer graphics in this field [e.g.
1, 6, 9]. We suppose, however, that the reached results entitle us to conclude
that the described method is, in the case of inaccessibility of more efficient
equipment, highly recommendable.
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The temporal sequence of morphological events resulting in limb and face
malformations was studied in pyrimethamine (PY) treated female rats. 30 mg/kg of
PY in a 10 ml/kg suspension of 0.9% NaCl were administered i.p. on days 12, 13 and
14 of gestation. Controls received only 0.9% NaCl solution. The females were killed at
different stages of gestation (between 14 and 21 days). Early PY treated embryos
showed mainly haematomas in the extremities and the mandibulo-maxillary areas.
During the course of gestation, fewer haematomas and more malformations were
observed. At term, malformations were observed in the same localisations where
haematomas were previously seen.

Keywords: Pyrimethamine, congenital malformation, acid, antagonist rat

Introduction

In general, studies in teratology only deal with congenital malforma-
tions at term. Only little has been published on the morphological events at
different stages of development in animals and in human beings [1, 13, 15,
28, 35]. The purpose of the present work was to study the teratogenesis of
face and limb malformations during development in rats induced by pyri-
methamine. Our previous experiment has shown that pyrimethamine (PY)
induced red cell macrocytosis resulting in haemorrhages in the limb ex-
tremities [19]. PY is a well-known powerful teratogenic agent with an antifolic
action. In addition, the experimental malformations were similar to those
observed in clinics induced by antifolic agents [12, 26, 29, 30, 34]. Therefore,
PY was used as a tool to study the morphogenesis of limb and facial mal-
formations.

* This investigation was supported in part by C.N.R.S. (France) U.A. No. 307, and
Fondation pour la Recherche Médicale
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Materials and methods

Virgin female W istar rats (Janvier, France), 80 to 100 days old weighing 180-210 g
were mated with males of the same strain and age. Food (UAR, France) and water were
available ad libitum. One male was housed overnight with three to five females. The initial
time was considered to be the beginning of day 0. The females were controlled by weighing
and palpation to verify for gestation on day 12. The pregnant females were randomly assigned
to the control and PY groups. 30 mg of PY was dispersed in 10 ml sterile physiological saline.
30 mg/kg/day PY was administered intraperitoneally at 9 a.m. on day 12, 13, and 14 of
gestation. The females were observed and weighed throughout gestation. The females were
sacrificed at 8 different stages at 4 p.m. between days 14 and 21 of gestation and the uteri
were examined. The number of live foetuses, the number of early and late resorptions and
their location in each uterine horn were noted. All foetuses were weighed and examined for
external anomalies. The 14 to 17 days old foetuses were preserved in Bouin’s fixative. Half
the foetuses from each litter of 18 to 21 days old were fixed in Bouin’s fluid in order to allow
a later dissection for visceral malformations under a low-power microscope. Some of them
were histologically examined in serial sections. The other half were fixed in 96% ethanol
and subsequently stained with alizarin red S and blue alcian for a later skeletal examination.
Only the external malformations are discussed in the present study. The visceral and skeletal
malformations will be described in forthcoming papers. The effects of PY on various days of
gestation were analyzed.

Table |

Effect of pyrimethamine on litters of pregnantfemales examined
on days 14-21 ofgestation

e . . Live Mean litter
Sacrifiigg Group Litters Implant Mortality; Total abnormal, weight
day No. Sites No. live No. gt SE.
14 c 5 62 6.45 58 0 0.13 + 0.01
PY 4 31 3.22 30 3.33 0.15 + 0.04
1S C 5 52 7.69 48 0 0.23 + 0.01
PY 6 5 6.66 70 20 0.18 + 0.03
16 C 6 66 7.57 61 0 0.42 £ 0.01
PY 6 55 1.80 54 83.33 0.32 £ 0.03
17 C 7 69 2.90 67 0 0.75 £ 0.03
PY 9 85 23.53 63 100 0.42 + 0.04
18 C 5 44 18.13 36 0 1.26 + 0.04
PY 6 64 10.93 57 100 0.67 + 0.06
19 C 6 56 11.71 50 0 2.01 + 0.08
PY S 55 7.27 51 100 1.17 -+ 0.18
20 c 8 79 13.92 68 0 3.38 + 0.10
PY 5 54 9.26 49 100 1.22 + 0.17
21 € 5 48 6.25 45 0 4.94 + 0.09
PY 5 57 7.02 53 100 1.92 + 0.19

C = contiol groups. The mothers weie treated with 0.9% NaCl (10 ml/kg/d) i.p. on days

and 14 of gestation,

PY = pyrimethamine treated groups. The mothers were treated with PY (30 mg/kg/d)
i.p. on days 12, 13 and 14 of gestation.

No significant difference in any comparison of the foeta\ mortality between control and
PY treated groups by chi-square test.

Significant difference of the foetal weight % from control in all PY treatment group
p < 0.001.

Acta Morpliologica liungarica 36, 1988



PATHOGENESIS OF LIMB AND FACIAL MALFORMATIONS 55

Results

PY was very little toxic as evidenced by virtually no weight loss and by
the generally healthy appearance of the treated females. Table | summarizes
the effect of PY on average foetal weight, the number of resorptions and
malformed foetuses. The mean foetal weight was lower in the PY-treated
groups at each gestation day excepting day 14. There was no difference in
foetal mortality rates between the control and PY -treated groups. No abnor-
malities were found in the control groups.

Table Il summarizes the frequency and types of external abnormalities
observed at different days of gestation. The study was carried out on a total
of 433 control and 403 treated embryos/foetuses. No malformations were
observed on day 14 and 15 of gestation. Only 1 embryo bad haematomas of
the extremities anti the mandibular area on day 14 of gestation. Haematomas
were more frequent between the digital plates of the extremities, and in the
maxillary region in 15-day-old foetuses. The haematomas occurred earlier and
were more severe in the hindiimbe than in the forelimbs (Fig. IB). The most
serious haematomas and the highest percentage were seen on day 17 of gesta-
tion (Fig. 2). During the course of gestation, fewer haematomas and more
malformations were observed. Mandibulo-maxillary malformations (micro-
gnathia, agnathia, malposition of the external ears, open eyes, cleft palate)
and limb malformations were observed. Of particular interest is the mainly

Table 11

Frequency of various external abnormalities due to pyrimethamine in foetuses examined
on days 14 -21 ofgestation

Sacrifice day

14 15 16 17 18 19 D 2
No. foetuses examined 30 70 54 61 47 46 42 53
Haematomas %
forelimbs 3.3 142  12.96 40.98 42.55 45.65 7.14 11.32
hindlimbs 3.3 20.00 44.44 63.93 8.51 19.56 2.38 —
mandibular part 3.3 1.42 - - - - -
maxillary part 4.9 4.9 12.96 21.31 10.63 8.69 4.76 -
Malformations %
forelimbs — 9.26 80.32 57.45 50.00 100.00 83.02
hindiimbs — — 38.89 50.32  100.00 76.09 100.00 100.00
mandibular area — — — 100.00 100.00 100.00 100.00 100.00
eyes — — — 34.04 2.17 7.14 3.77
ears — — — — — — 9.52 3.77
oedema — — 44.44 93.44  100.00 36.95 76.19 33.96
tail — — 18.81  100.00 38.29 58.69 97.62  100.00
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Fig. IA. Lateral view of a 15-day-old control foetus
Fig. IB. Lateral view of a 15-day-old abnormal foetus from a mother treated with PY showing
haematomas in forelimbs (a), in hindlimbs (b) and in the mandibulo-maxillary areas (c, d)

symmetrical manifestation of the malformations. The hindlimbs were more
seriously affected than the forelimbs. Syndactyly, aphalangy, ectrodactyly
were mainly observed in the forelimbs and phocomelia, meromelia in the
hindlimbs; short, kinky tail was generally observed at the latest stages of
gestation (Fig. 3). Usually, several defects were combined in the same
specimen.

Discussion

The sequence of morphological events was studied to understand the
genesis of limb and facial malformations induced by PY treatment. Embryos
examined at 14 and 15 days of gestation exhibited haematomas mainly in
the limbs and in the mandibulo-maxillary area. After day 15, haematomas
and malformations were also observed. At term, malformations were found in
the above regions. This sequence suggests that the haematomas seen at earlier
developmental stages led to the malformations observed at later stages of
development.

Haematomas are teratogenically important since they can induce the
abnormal development of contiguous structures.
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Fig. 2A. Lateral view of a 17-day-old control foetus (left) and abnormal foetus (right) showing
haematomas in hindlimbs (b) and in the maxillary area (c). Note the micrognathia (d) already
developed at this stage and a generalized oedema

Fig. 2B. Ventral view of a 17-day-old abnormal foetus showing symmetrically formed hae-
matomas in the maxillary areas (d) as well as in the peromelic hindlimbs (b)
Fig. 2C. Lateral view ofa 17-day-old abnormal foetus showing peromelic forelimbs (a), peromelic
hindlimbs with haematomas (b). Note haematoma in the maxillary area (c), agnathia (d),
short kinky tail (e) and generalized oedema
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Kalter and W arkany [11] observed large haematomas on the snout of
mouse foetuses subjected to riboflavin-deficient, galactoflavin-containing diets.
They observed that haematomas interfered with the osteogenesis of the nasal
and premaxillary areas and led to malformations. Hamburgh [9] observed
caudal haematomas in mouse embryos after treatment of the mothers with
trypan blue and suggested that these haematomas might have a destructive
effect leading to malformations of the tail. Ferm and Carpenter [3] showed
that lead salts produced caudal haematomas during early morphogenesis fol-
lowed by tail and sacral malformations in the golden hamster. Haematoma is
the most common consequence of hypoxia or anoxia [4, 5, 7, 8]. One of the
most plausible causes of vascular rupture is high blood pressure and physio-
logical changes in the bloodstream [5, 7, 8, 20]. Hypoxia may result from a
blood disorder or the presence of abnormal haemopoietic cells. A predominance
of red blood cell macrocytosis and abnormal immature megakaryoblastic cells
were observed in the br/br rabbit and the hd/hd rat during the sensitive stages
of limb development [2, 22, 23]. These authors concluded that abnormal
haemopoietic cells induced hypoxia followed by haemorrhages in the mesen-
chymal tissue, leading to haematomas, necrosis, thrombosis and amputations.
Treatment with hyperoxia, phenylhydrazine, folic acid -)- vitamine B12 partly
prevented foetal blood cell macrocytosis as well as congenital malformations.

Fig. 3. Lateral view of a 21-day-old control (left) and an abnormal foetus (right) showing
ectrodactyly (a), peromelia (b), agnathia (d), short kinky tail (e), open eyes (f) and malposition
of external ear (g). The foetuses were fixed in Bouin’s fluid. x 2.5
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Fig. 4. Hypothesis of the pathogenesis of PY-induced limb and face malformations

According to Tangapregassom et al [27], PY induces vascular alterations result-
ing in haemorrhages and haematomas. At term, they observed rudimentary
vessels in the affected areas. Figure 4 shows possible pathogenetic mechanisms
of PY-induced malformations

The anomalies produced by folic acid antagonists in laboratory animals
are strikingly similar to those observed in man [10, 29, 31, 32]. Our study
concerning the sequence of morphological events beginning with a teratogenie
treatment resulting in malformations at term might he helpful to clarify the
teratogenic mechanism of drugs having an antifolic action in human beings.
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Down’s syndrome seems to be an adequate indicator condition of germinal
numerical chromosome mutation. The true birth prevalence of Down’s syndrome was
1.2 0.1 per 1000 total births in Hungary 1973-1982. The rate of undernotification
and misdiagnosis was 25% and 5%, resp. A significant deviation was detected in the
occurrence of Down’s syndrome in twenty territorial-administrative units of Hungary
due to the different ascertainment. The maximum figures may represent the true birth
prevalence. No significant monthly variation, i.e., seasonality was found in the birth
of Down’s syndrome. A Surveillance of Down’s syndrome was established in 1980
based on the Hungarian Congenital Malformation Registry.

Keywords: Down’s syndrome, birth prevalence, seasonality, surveillance

Introduction

Down’s syndrome has been known as a clinical pattern since Langdon
Down described this congenital anomaly syndrome in 1866 [12]. In 1958
Lejeune, Gauthier and Turpin detected the first human chromosome aberra-
tion type, a small extra acrocentric chromosome in group G, i.e., chromosome
21 in the cells of patients with Down’s syndrome and published their paper in
1959 [27]. Later the Robertsonian translocated forms of chromosome 21 in
Down’s syndrome were also observed. After the introduction of chromosome
handing techniques the triplication of q21.2 segment of chromosome 21 was
proved as a direct cause of Down’s syndrome.

Four sources of information concerning Down’s syndrome are available
in Hungary:

1. The Hungarian Congenital Malformation Registry (HCMR) [3] based
on the obligatory notifications of malformed newborn infants diagnosed from
the birth till the age of one year and the prenatally diagnosed malformed
fetuses.

2. The Case-Control Surveillance System of Congenital Anomalies which
incorporates the Down’s syndrome as a positive control group [8].

Send offprint request to: Dr. E. Czeizel, National Institute Hygiene, 1966 Budapest,
Gyali at 2—6, Hungary
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3. The Hungarian Registry of Chromosome Aberrations [21 which in-
volves only cytogenetically verified cases of trisomy 21 without age limita-
tion based on the data of cytogenetic laboratories.

4. Some supplementary studies connected with the material of the
HCMR [22, 41] and some other Hungarian studies [24, 35].

The birth prevalence of Down's syndrome in Hungary

The recorded annual birth prevalences of Down’s syndrome in the HCMR
are demonstrated in Table I. On the one hand the first two years of the HCMR
had a considerable undernotification. On the other hand there is a recent
decrease in the birth prevalence of Down’s syndrome due to the increasing
trend of prenatal fetal diagnosis in women over 38. The recorded birth pre-
valence of Down’s syndrome was 0.85 per 1000 total births between 1970 and
1984, but 0.91 per 1000 total births in the period of 1973-1982. Annual birth
prevalences of Down’s syndrome had a relatively narrow range (0.85—0.98)

Table |

Pregnancy outcome and sex ratio of index patients affected by notified Down s syndrome
in Hungary, 1970-1984

Livebirth Stillbirth Total .
Male Female Sex ratio

No. (No. %)** No. % No. %
1970* 95 20 21.1 0 — 95 0.62 52 43 0.547
1971 111 16 14.4 0 — 111 0.73 50 61 0.450
1972 128 12 9.4 0 — 128 0.83 71 57 0.555
1973* 137 18 13.1 1 0.7 138 0.88 70 68 0.507
1974 173 18 10.4 2 11 175 0.93 100 75 0.571
1975 160 28 175 8 4.8 168 0.86 78 90 0.464
1976 165 10 6.1 4 2.4 169 0.90 89 80 0.527
1977 165 14 8.5 3 1.8 168 0.94 87 81 0.518
1978* 154 12 7.8 0 — 154 0.91 89 65 0.577
1979 136 37 27.2 2 14 138 0.85 64 74 0.464
1980* 146 29 19.9 1 0.7 147  0.98 72 75 0.489
1981* 125 19 15.2 3 2.3 128 0.89 63 65 0.492
1982 124 21 16.9 1 0.8 125 0.93 70 55 0.560
1983 96 16 16.7 1 1.0 97 0.76 54 43 0.557
1984 82 25 30.5 1 1.2 83 0.70 44 39 0.530

Total

1970-1984 1997 295 14.8 27 1.3 2024 0.85 1053 971 0.520
1973-1982 1485 206 13.9 23 15 1510 0091 782 728 0.518

*Completed by some later notified eases
** Notification with karyotype
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Fig. 1. The territorial distribution of births with Down’s syndrome in Hungary, 1973-1982

within the above ten year period. It is worthwhile mentioning that the mini-
mum and maximum occurred in two successive years.

Only 1.3-1.5% of Down’s syndromes was diagnosed in stillborns. It is
nearly the double of the population stillbirth figure (about 0.8), but there
must be a considerable underascertainment. The clinical diagnosis of Down’s
syndrome is a difficult and unreliable task in the late fetal death. At the
same time the chromosome analysis is used only in exceptional cases of
stillborns.

It is not worthwhile separating live- and total birth prevalences because
they represent nearly the same rates due to the low proportion of stillbirths
(less than 1% in total births).

Only 15% ofliveborn with Down’s syndrome was notified with karyotype
confirmation. Later on chromosome analysis was made in several other cases
too but without a new notification.

The sex ratio does not differ significantly from the sex ratio of Hun-
garian birth (0.515) in the study period hut the well-known male preponderance
is existing [17].

As in general, there are two important criteria of the Down’s syndrome
surveillance.

a) Completeness of ascertainment. There are two possibilities to estimate
the rate of notifications.

5 Acta Morphologica Hungarica 36, 1988
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Table 11

Territorial distribution of cases with Downs
syndrome and the proportion of index patients’
mothers over 35

Birth prevalence Proportion of

of Down’s index patients’
Territorial unit syndrome per mother
1000 total over 35

births <0/0)

Budapest 0.90 5.2
Baranya 0.86 3.2
Béacs-Kiskun 0.97 4.4
Békés 0.79 4.2
Borsod-Abaulj-Zemplén 0.76 4.5
Csongrad 0.87 4.3
Fejér 1.02 4.0
Gyor-Sopron 1.39 4.0
Hajda-Bihar 0.77 4.3
Heves 1.01 3.3
Koméarom 0.88 35
Négrad 0.69 3.1
Pest 0.75 4.2
Somogy 0.59 3.3
Szabolcs 1.01 4.7
Szolnok 0.97 45
Tolna 0.81 3.2
Vas 0.99 3.9
Veszprém 1.25 4.0
Zala 1.01 4.0
Total 0.91 4.2

First, the territorial distribution of index patients affected by Downs’
syndrome. Hungary of 93,000 km2 has twenty administrative-geographic
entities (19 counties and the capital, Budapest). As Fig. 1 shows there is a
significant deviation in the birth prevalence of cases with Down’s syndrome
among 20 units. The explanation may he found in three factors: (1) technical
biases, mainly differences in diagnostic skill and notification discipline, (2) dif-
ferences in confounding variables, e.g., maternal age distribution and (3) in
true environmental and/or genetic differences. The mathematical analysis in-
dicated some differences in the distribution of maternal age groups (Table I1).
However, the proportion of mothers over 40 was very low: 1-2%. The age-
group of 35-39 also represented a small fraction of mothers (about 3%). Thus
only a weak, no significant correlations was found (r = 0.2153) between the
birth prevalence of Down’s syndromes and the proportion of mothers over 35
in 20 territorial units, 1973-1982 (Table Il). It is not reasonable to postulate
any significant differences in environmental and genetic factors within such a
small country. Thus the main explanation of observed territorial differences
may be the different ascertainment. The county or counties with highest birth
prevalences may be near to the true birth prevalence of Down’s syndromes in
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Hungary. The County Gydr-Sopron has the maximum figure: 1.39 per 1000
total births. The second is the County Veszprém with a figure of 1.25. How-
ever, these two counties are near to each other and the cytogenetic service is
supplied by the same lab in the town of Gydér. The head of paediatric and
genetic services in the County Gyd&r-Sopron (Dr. K. Méhes) has had a special
interest concerning autosomal numerical chromosome aberrations for a long
time [32]. Furthermore the proportion of mosaicism was significantly higher
(11.4%) in his cytogenetic lab due to the much higher number of cells ana-
lyzed [1]. Four other counties have figures over 1 per 1000 total births. Two
of them are in the western part of Hungary (the so-called Transdanubia =
Dunéantal).

Second, co-workers of our department [411 organized a cytogenetic
epidemiological study of 248 index patients born in Budapest, 1970-1979 and
recorded in the HCMR (Table Ill). Two supplementary sources of ascertain-
ment were used. On the one hand the so-called Record of Infant Death Evalua-
tion Committee was scrutinized. It was a satisfactory finding that this source
did not give new cases. On the other hand all paediatricians working in out-
patient paediatric clinics in Budapest were asked to send from their catchment
area a list of babies with Down’s syndrome independently of their age. This
approach resulted in 92 new Down’s syndromes. All notified cases were over
the age of one year. According to the results of this study the birth prevalence
of cytogenetically verified Down’s syndromes was 1.17 i 0.11 per 1000 total
births in Budapest. In Budapest the completeness of notification was 72.9%
in the cases of Down’s syndromes between 1970 and 1979. However, two points

Table 111

Data of a cytogenetic-epidemiological study of Downs syndromes
born in Budapest, 19701979

Compliimentary

ascertainment by Total of
HCMR paediatricians confirmed cases
Years
Notified Confirmed Notified Confirmed No.
cases cases cases cases

1970 24 21 8 8 29 1.21
1971 19 17 12 11 28 1.24
1972 15 12 11 11 23 0.96
1973 23 21 9 9 30 1.23
1974 28 26 8 7 33 1.08
1975 31 30 10 10 40 1.21
1976 28 28 6 6 34 1.08
1977 25 24 11 11 35 1.16
1978 31 30 7 7 37 1.32
1979 24 23 10 9 32 1.24
Total No. 248 232 92 89 321 1.17

% — 93.6 — 96.7 — _
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have to be considered. After the first two years ofthe HCMR, the completeness
of notification increased significantly (Table I). Furthermore Budapest was a
somewhat more undernotified area than the whole country in the study
period (Fig. 1).

On the basis of the above available data, the estimated underascertain-
ment rate is 25% in Hungary, 1973-1982. Higher underascertainment rates:
44% were found in New York State [17] and 38% in British Columbia [29].

b) validity of diagnosis. The material of Down’s syndromes within the
HCMR was checked-up cytogenetically twice.

A clinical and cytogenetic study was performed in 1480 cases with
multiple congenital abnormality (MCA) of the HCMR, 1970974 [22]. Of the
997 identified MCAs, so-called congenital anomaly syndromes, 581 were
Down’s syndromes. We planned to carry out chromosome studies in 100
randomly chosen cases of Down’s syndrome, but it was possible only in 81
children. Trisomy 21 was found in 77 cases. Thus the clinical diagnosis was
confirmed cytogenetically in 95.1 per cent of notified Down’s syndromes.
(Other chromosome aberrations were found in two, hypohydrotic ectodermal
dysplasia in one and an unidentified MCA-entity in one case.) The above-
mentioned Budapest study (Table 111) showed a similar validity rate of
diagnosis (93.6%). Only two misdiagnoses were found among Down’s syn-
dromes lately notified by paediatricians. Thus, the rate of misdiagnosis was
about 5% in the study period.

The purpose of two other Hungarian studies was to determine the dis-
tribution of different subtypes of trisomy 21 (Table IV). Papp et al [35] sum-
marized the data of eight cytogenetic laboratories including our own, in the
period of 1965 and 1974 while Kosztolanyi [24] collected chromosome aberra-

Table IV

Distribution of different types of trisomy 21 in tivo Hungarian samples compared
with a combined international material

Papp et al. [25] Kosztolanyi [24] material*
Number % Number % Number %
47,21 + ** 332 91.7 656 93.2 8845 93.1
46/47,21 + 16 4.4 15 2.1 229 2.4
46,D-, t(DqGQq) 91 25) 242) 251
14 3.9 33*** 4.7 426 54.5
46,G-, t(Gqg, Gq) 51 14 J 184 1 20
Total 362 100.0 704 100.0 9500 100.0

* Materials of Giroud and Matter [14], Matsunaga and Fuiita [30], Lindsten [28]
and Hock [17].

** Including cases with double trisomy and any other combined chromosomal aberrations.
*** Including two special structural aberrations
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Table V

The distribution of maternal age groups in Hungary

Year -19 20-24 25-29 30-34 35-39 40-49 Total X

1930 8.0 31.2 27.1 19.0 10.8 3.9 100.0 27.25

1960 13.1 39.9 26.5 13.3 6.3 0.9 100.0 25.10

1970 15.0 41.0 26.6 11.8 4.4 1.2 100.0 24.65

1980 145 41.1 29.9 10.5 3.3 0.7 100.0 24.90

1984 14.1 37.2 31.1 134 3.6 0.7 100.0 25.33
Table VI

Expected (E) and observed (0) cases in maternal
age-groups of index patients with Down s syndrome
in the Hungarian Case-Control Surveillance
System of Congenital Anomalies

Maternal Expected Observed
age-grmips No No. O/E
-19 31 4 1.29
20-24 48.8 25 0.51
25-29 75.4 57 0.76
30-34 41.9 45 1.07
35-39 13.2 22 1.67
40-44 2.4 21 8.75
45- 0.3 11 36.67
Total 185.1 185 1.00

tions from the material of three cytogenetic laboratories. The Hungarian dis-
tribution of different types of trisomy 21 fits in well with the well-known
international data.

The true birth prevalence of Down’s syndrome is estimated about
1.2 ~ 0.1 per 1000 total births in Hungary during the main study period,
i.e., in 1973-1982. There were about 25% undernotifieation and about 5%
misdiagnosis in the Down’s syndrome material of the HCMR. The estimated
1.2 per 1000 birth prevalence of Down’s syndrome is, of course, the con-
sequence of a considerable shift in the maternal age (Table Y). According to
our previous calculation the birth prevalence of Down’s syndrome might be
reduced by about 33% due to the decreasing mean maternal age between 1930
and 1960 [9]. However, only a moderate further decrease teas found in the
advanced maternal age groups (over 35) in the last 25 years (Table Y). The
material of the Case-Control Surveillance System of Congenital Anomalies
System confirms the well-known maternal age effect, i.e., an increase in the
maternal age-specific birth prevalence of Down’s syndrome (Table VI).

Some random fluctuations [15, 26] and significant clusterings in space
and time [e.g., 32, 34] in the birth prevalence of Down’s syndrome have been
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reported several times. However, in general the significant changes in the
birth prevalence of Down’s syndrome can be explained by the different
ascertainment and confounding factors. For example the previously mentioned
cluster in the County Gydér-Sopron, Hungary (Fig. 1) was caused by the better
ascertainment and different laboratory method. Recently an unusual cluster
of babies with Down’s syndrome horn to former pupils of an Irish boarding
school has been published [38]. The more widespread use of prenatal fetal
chromosomal examination (by amniocentesis or CVS) in pregnant women over
38 resulted in the recent general decline in time. Furthermore the higher pre-
natal loss [7] and the lack of any restriction in the legal termination of preg-
nancy in women over 35 have also led to a considerable decline in the propor-
tion of birth from with advanced age.

Seasonal changes in the birth prevalence of Down's syndrome

Significant monthly variation in the birth prevalence of a congenital
anomaly may indicate the role of environmental factors in its pathogenesis.
However, there are at least three explanations for this phenomenon. First,
the occurrence of conception in which the specific congenital anomaly will be
manifested differs in different months. Thus the different time-distribution of
abnormal meiotic divisions may result in a monthly variation. It might be
caused by both extrinsic (e.g., mutagens) and intrinsic (e.g., pre- or post-
ovulatory overripeness of ova) factors. Second, teratogens, e.g., virus epidemics
may be bound to certain seasons. However, this supposition cannot be har-
monized with the preconceptional origin of Down’s syndrome. Third, prenatal
selection varying from month to month may lead to a monthly variation of
birth prevalence. A seasonality in spontaneous abortion rate [7] exists but it
seems less likely that a time-determined specific prenatal selection can modify
the birth prevalence of Down’s syndrome. However, the recent hypothesis of
Stein et. al. [40] concerning the attrition of trisomies as a maternal screening
device may prefer this possibility.

The seasonality of births with Down’s syndrome has been published
[10, 15, 19, 20, 21, 25, 26, 37] though the majority of previous papers did not
find any significant seasonality [4, 31, 33, 39, 43]. Recently Jongbloet and
Vrieze 121] have divided 287 patients with Down’s syndrome into four cate-
gories: those resulting from (1) a non-disjunctional event in paternal meiosis |
(13%), (2) in paternal meiosis Il (7%), (3) in maternal meiosis | (63%) and
(4) in maternal meiosis Il (17%). The non-disjunctions during maternal
meiosis |, by far the most common category, occurred more frequently during
the seasonal “restoration” and “inhibition” phase of the “ovulatory seasons”
and less frequently when the ovulation rate is stabilized. The hypothesis of
the Seasonal Preovulatory Overripeness Ovopathy coined by Jongbloet [19]
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is based on the existence in humans of an ovulatory vestige of “ovulatory
seasons” alternating with “anovulatory seasons” as occurs in non-human
primates. In his opinion the seasonal periodicity of the prolactin concentra-
tion in women and “transient hyperprolactinaemia” with an antigonadotrophic
activity may be related to these seasonal clusters of Down’s syndrome’s con-
ceptions due to the delayed ovulation. Later, by testing the above data of
Jongbloet et al. [19], Yidebach and Nielson [42] did not find a statistically
significant seasonality (yh = 8.2; 0.6 < p < 0.7). Another study of seasonality
has been made in birth of individuals with verified chromosome aberrations of
Down’s syndrome registered in the Danish Cytogenetic Central Register before
January 1, 1981 [42]. No significant seasonal variation was found in con-
ceptions of index patients with Down’s syndrome. However, during the first
4 months of the year, using a chi square with 2 degrees of freedom a significant
increase was observed in the frequency of conceptions for Down’s syndrome.
This corresponds with what was found by Lander et al. [25] in a study of 1192
patients with Down’s syndrome born in Sweden. Leek [26] observed a sig-
nificantly higher frequency of conceptions from April to September in 482
patients with Down’s syndrome in the U. K. Rothman and Fabia [37] studied
2469 patients with Down’s syndrome horn in the USA and found a slight, hut
significant peak of monthly distribution of births in summer.

All these suggest that the seasonality of births with Down’s syndrome
is a debated question worth of further studies.

Three methods are worthwhile using for the evaluation of monthly varia-
tion in the birth prevalence of Down’s syndrome. First, it is necessary to
determine whether or not there is a significant difference in the monthly dis-
tribution of births with Down’s syndrome. In the case of a significant hetero-
geneity, i.e., monthly variation after the correction concerning the total num-
ber of births in different months, the next step is to distinguish between har-
monic, e.g., seasonal and periodic, i.e., non-harmonic variations. The so-called
Edwards [13] method is good to fit a sinus curve to the recorded differences
between observed and expected numbers of cases in each calendar month.
According to Wehrung and Hay [43] “0<C o 2n” is the angle corresponding
to the data of maximum incidence on the “fitted curve” this estimation is
very rough, therefore the least squares’ method have been used. Maximum
probability is not suitable for this purpose. If y\ is large and p is under 0.05,
it is against the sinus curve, i.e., a harmonic-seasonal monthly distribution.
There is a supplementary approach and it is a comparison between the figures
of above y\land y}tests. Ifyi = ya — ylI is significant, it confirms a significant
seasonality. The third approach is a non-parametric one [16, 36] when the
monthly birth prevalences are ranked from the highest 12 down to the lowest 1.
Because the random probability is to obtain the largest possible sum for six
successive months is smallest for r = n/2, the rank-sum for six successive
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Fig. 2b

Fig. 2.a—b. The monthly distribution of births with Down’s syndrome in Hungary, 1973—982
(a) and according to the Edwards’ method (b)

months was chosen for study. A figure of the test criterion equal to or smaller
than 26 is significant at the conventional 5% level.

The monthly distribution of 1997 recorded cases affected by Down’s
syndrome born in Hungary, 1970-1984 was analyzed. No significant variation
was found among months of years studied (Fig. 2). The homogeneity of births
with Down’s syndrome is explained by chance. According to the Edwards
method it is not a harmonic-seasonal, and the periodic variation is probably
explained by the different ascertainments (Fig. 2b). The modified Hewitt’s
method did not show a significant seasonality of births with Down’s syndrome
either (Fig. 2a). The period of December and July had a higher level of births
with Down’s syndrome while its occurrence was lower in the period of June
and January. However, these differences did not reach the level of significance,
i.e., these were the manifestations of random fluctuations except in 1970
and 1981.

Summing up the results of these studies environmental factors exerting
their effects seasonally do not seem to play an important role in the etiology
of Down’s syndrome.

Surveillance of Down s syndrome

Owing to an obvious increase by exposures to ionizing radiations and
chemicals, the extent of germinal mutations is a matter of public concern in
developed societies [44]. The surveillance of Down’s syndrome seems to be a
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useful system for the recurrent measurement of one genetic endpoint in the
population at large to detect changes in the occurrence of de novo germinal
numerical chromosome mutations as soon as possible in order to take some
course of counter-measures [18]. Within the Hungarian Centre for Congenital
Anomaly Control [5] we have attempted to use the Down’s syndrome for
this purpose.

There are five arguments for the surveillance of Down’s syndrome as an
endpoint related to mutation:

(1) Down’s syndrome is a common congenital anomaly, its birth pre-
valence exceeds the level 1 per 1000 total births. The registration of prenatally
diagnosed and electively terminated fetuses affected by Down’s syndrome is
a useful complementary approach in a population-based system with high
ascertainment.

(2) Only a few kinds of numerical autosomal chromosome aberrations
commonly survive to birth. Down’s syndrome seems to be the exception,
because two thirds of recognized cases are born and it represents 87% of al.
autosomal numerical chromosome aberrations in livebirths [18]. After the
perinatal period only Down’s syndrome cases have a chance to survive.

(3) Among germinal chromosome aberrations the numerical ones repre-
sent a much higher proportion than structural aberrations. The ratio of struc-
tural to numerical aberrations is about 1 :4 to 1:5 at livebirths [44]. No less
than 0.3% of all newborns are aneuploid and the incidence of aneuploidy is
higher in the human than any other organisms investigated. The trisomy 21
seems to be an adequate model for the study of the origin of aneuploidy in
humans [11].

(4) Down’s syndrome almost always (98%) occurs as a de novo event,
i.e., the consequence of a new mutation. Thus, it is an adequate indicator
of germinal numerical chromosome mutations.

(5) Down’s syndrome is reliably recognizable on its clinical symptoms.
Additionally karyotyping is an easy means to confirm or to exclude the clinical
diagnosis and to separate the different subtypes of Down’s syndrome.

Nevertheless, there are some methodological problems unsolved in the
surveillance of Down’s syndrome. First, the clinically diagnosed Down’s syn-
drome represents a heterogeneous group from the nosological point of view.
“Pure” trisomy 21 is caused by non-disjunction. Robertsonian translocation
is caused by chromosome mutations and mosaicism are caused by somatic
mutations. However, the cytogenetic analysis can identify these subgroups
Second, within the subgroup of pure trisomy 21 the first and second meiotic
non-disjunction may take place at quite different times before or after fertiliza-
tion both in mother and father. However, the recent DNA and other method
offer a possibility for their separation. Third, a number of fetuses with trisomy
21 die in the pre- and postrecognition periods of fetal life but before birth.
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Thus, one of the most important purposes of the surveillance of Down’s syn-
drome is to record all prenatally diagnosed cases, too.

The completeness and validity of the Hungarian recorded annual birth
prevalences of Down’s syndrome seemed to be good for the population sur-
veillance of germinal numerical chromosome mutations, thus the Surveillance

Table VII

Estimated numbers of births needed to detect
an increase in the birth prevalence
of cases affected by Downs syndrome

Magnitude Number
of increase of births
15x 51 042
2Xx 15 026
3x 4 811
4x 2578
5% 1687

of Down’s syndrome was established in 1980. It is part of the Hungarian
Surveillance of Indicator Conditions caused by Germinal Mutations which
involves also the Mutation Surveillance of Sentinel Anomalies as indicators
of germinal gene mutations [6] and the program entitled Pairwise Analysis
of Unidentified Multiple Congenital Abnormalities as indicators of germinal
gene and chromosome mutations [23]. The mean number of new germinal
chromosome mutations detected by this approach was about 114 in a 10.6 mil-
lion population per year between 1980 and 1984.

Assuming a Poisson distribution of events with a background rate of
1.2 Down’s syndrome per 1000 births and a 98 per cent proportion of sporad-
icity, a sample size of 15 000 would be needed to detect a doubling of muta-
tion rate with probabilities of type | and Il errors of 0.05 level (Table VII).
Knowing the average number of yearly births (135 548) in Hungary in the
early eighties, the detection of a significant increase in germinal numerica
chromosomal mutations through this surveillance system seems to be feasible.
Additionally this updating record system provides an opportunity to give
some medical, educational and social help to these patients and their parents
(e.g., there is a course for parents teaching them the most effective methods
how to bring up these babies).
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The purpose of these experiments was to study the effect of Ipriflavone (7 iso-
propoxy-isoflavone) on the osteoporosis induced by immobilization. The immobiliza-
tion was produced by plaster cast of the right hind limb in young and old rats. Ipri-
flavone was administered via a gastric tube in a daily dose of 40 mg/kg body weight
for 8 weeks. On the basis of histological and histomorphometric examinations of the
tibia, results of Ipriflavone treatment are the following:

1) The decrease in the density and volume of spongy trabecules was less apparent
in both meta- and diaphysis;

2) The amount of persisting cartilage core and structural rarefication of trabecules
were diminished;

3) In the metaphysis osteoblastic activity was considerably enhanced;

4) Bone resorption and cortical thinning were decreased:

5) Bone remodeling was increased subperiosteally and to small extent also
endosteally;

6) The treatment did not prevent the development of osteoporosis but signifi-
cantly diminished it.

Keywords: Immobilization, osteoporosis, Ipriflavone, rat, [histology, histomor-
phometry

Introduction

It is known that the state of weightlessness of astronauts results in
osteoporosis [15, 26]. Experimental inactive osteoporosis can be produced by
different immobilizations (denervation, plaster cast, etc.). Many authors [3, 4,
5, 11] have shown that the rat is a suitable model of immobilization. In our
recent studies we have confirmed that the plaster cast immobilization method
is also capable of inducing marked osteoporosis in rats [7, 10, 24].

According to the different personal communications Ipriflavone increased
the retention of Ca and P, and the Ca contents of tibia in experimental stron-
tium rachitic chicken. During the preparation of our article many papers
were published by Japanese authors on the effect of Ipriflavone on the bone
or osteoporotic hone produced by different experimental methods [18, 25,

Send offprint requests to: Dr. |. Fdldes Institute of Anatomy, Debrecen University
Medical School, H-4012 Debrecen, Hungary
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30, 31], or on the calcitonin secretion by means of estrogen [28, 29]. The
earlier data prompted us to investigate the effect of Ipriflavone on the experi-
mental osteoporosis produced by plaster cast.

Materials and methods

For the experiments 35 male W istar rats were used. Out of 20 young rats (initial body
weight 100 g) 15 were immobilized whereas out of adult rats (initial weight 250 g) 10 were
subjected to plaster cast immobilization. The right hind limb was fixed in a slightly flexed
position using bandage applied in the area between the ankle and the middle of thigh under
anaesthesia of pentobarbital Na (5 mg/100 g body weight). The plaster cast was continuously
checked and strengthened or replaced when it was necessary. In the group of young rats 8,
whereas in the old rats group 4 animals received daily Ipriflavone (7 isopropoxy-isoflavone,
a product of Chinoin Pharmaceutical and Chemical Works LTD, Budapest). Ipriflavone
suspension was prepared in the following manner: 500 mg Ipriflavone was suspended in 100 ml
0.9% NacCl solution containing 1 ml Tween 80. This suspension was administered to rats via
a gastric tube at a daily dose of 40 mg/kg body weight for 8 weeks. Five-five rats in both
young and old groups served as untreated controls. The animals were fed LATI rat chow.
At the end of experiment the tibia was removed and haved in the midsagittal plane, fixed
and decalcified in Susa-solution, 8-10 fi thick sections were stained with haematoxylin-
chromotrop, Goldner and Azan’s methods. The stained histological sections were first assessed
qualitatively and then quantitative histomorphometric measurements were carried out by a
pointcounting method as described by Schenk and Olah [22].

Bone formation was estimated by determining the surface density of osteoid seams (OS),
of osteoblast-osteoid interface (OB), the trabecular surface (Sv) and trabecular volume (Vv)
and osteoblast index (OBI). The surface density of total Howship’s lacunae (HL), of osteoclast-
bone interface (HO) and osteoclast index (OCI) served as parameters of bone resorption.
From each bone to the pointcounting investigations 2—2 sections, and from these 5-5 visual
fields were examined. By contrast to general practice, values for Sv, Vv, OS, OB, and OBI
were separately evaluated in the meta- and diaphysis. Standard deviation and significance
were calculated for the parameters studied.

Results
Young group (Table I)

Control group. The spongy trabecules were of normal density and thick-
ness in both the meta- and diaphysis. Mostly in the metaphysis the trabecules
were covered by thin osteoid seams and osteoblastic activities were present
in several jilaces. The medullary cavity was of normal size. The cortical
hone was of normal width, its periosteal surface was slightlv eroded. In
some areas Howship’s lacunae appeared with a few osteoclasts. At the
endosteal surface slight osteoblastic activity was observed. Inside the hone
signs of regenerative osteogenesis (vascularization, osteoblasts) also appeared
occasionally.

Plaster cast immobilized group. In the metaphysis the spongy trabecules
were more scattered and thinner. In the trabecules cartilage-cores were
seen. The structure of trabecules was also looser, the osteocytic capsule was

Acta Morphologica Hungarica 36, 1988



THE EFFECT OF IPRIFLAVONE TREATMENT ON OSTEOPOROSIS 81

Table |
Young animals Old animals
c P P+TC P P+T
1. Number of spongy trabeculae in the meta-
physis 0 — — 0 — —
2. Thickness of spongy trabeculae in the meta-
physis 0 - + 0o - -
3. Number of spongy trabeculae in the diaphysis 0 - 0 - —
4. Thickness of spongy trabeculae in the dia-
physis 0 0 _
5. Persisting cartilage in the spongy trabeculae = + + 0 + + +
6. Structural rarefication of trabeculae 0 + + + 0 +++ +
7. Osteoblastic activity in juxtaposition to the
trabeculae ++ + + ++ 0 + +
8. Enlargement of osteocytic capsule 0 + + 0 ++ +
9. Goldner’s osteoid 0 ++ 4- 0 + i
10. Enlargement of medullary cavity 0 +++ ++ 0 +4++ +4
11. Thinning of the cortex 0 — — 0 - —
12. Howship’s lacunae + ++ + + + + + +
13. Osteoclastic activity 0 ++ + + + ++ + +
14. Endosteal oesteoblastic activity 0 + 0 + +
15. Osteocytic osteolysis 0 ++ +4+ 0  +4- +
16. Cortical osteolysis 0 + + = 0 ++ +
17. Goldner’s positivity in the cortex 0 ++ + 0 + +
18. Subperiosteal osteogenesis +
19. Endosteal osteogenesis +
20. Bone regeneration (remodeling) 0 + 0 + ++
P = plaster cast markedly increased
P f-T = plaster cast + tieatment very markedly increased
C = control moderately decreased
0 = normal markedly decreased
-f- = moderately increased very markedly decreased

enlarged, the osteoid seams were more apparent; after all, instead of active
osteoblasts, quiescent osteoblasts and progenitor cells could be seen (Fig. 1).

In the diaphysis the trabecules were even more scattered, their structure
was much looser and these areas stained red with Goldner’s stain indicating
demineralization. The medullary cavity was extremely enlarged. The cortical
bone was considerably thinned, the periosteal surface strongly eroded, many
Howship’s lacunae occupied by osteoclasts were observable (Fig. 2). The struc-
ture of the bone was also altered, several areas showed Goldner’s positivity.
Osteocytic osteolysis was also prominent. On the basis of these findings an
apparent osteoporosis was diagnosed.

Plaster cast immobilized group with drug treatment. The spongy trabecules
of the metaphysis were more rare and thinner as compared to control or
contralateral bone. Occasionally inside the trabecules there was a minimal
amount of cartilage cores. At the surface of the trabecules there was a thin
osteoid seam. Beside the trabecules osteoblastic activity was enhanced (Fig. 3).
The osteocytic capsule inside the trabecules was also slightly enlarged. The
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Fig. 1. Plaster cast. Metaphysis trabécules. Enlargement of osteocytic capsule (-*-), structural
rarefication of the trabecules, few osteoblasts. Haematoxylin-eosin staining, x 130

Fig. 2. Plaster cast. Cortical bone. Howship’s lacunae, osteoclasts (0), structural rarefication.
Goldner’s staining, x 130

Acta Morphologica Hungarica 36, 1988



THE EFFECT OF IPRIFLAVONE TREATMENT ON OSTEOPOROSIS 83

Fig. 3. Plaster cast -f- drug treatment. The structures of the metaphyseal trabecules are
better preserved. Osteocytic capsules are enlarged (J). In the proximity of the epiphyseal
cartilage many active osteoblasts (-*-). HE staining, X 130
Fig. 4. Plaster cast drug treatment. Cortical bone. Howship’s lacunae without appearance
of osteoclasts, osteocytic capsules are enlarged. Vascularization, endosteally osteoblasts ( t).
HE staining, X 130
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decrease in the number of spongy trabecules in the diaphysis was more
apparent than in the metaphysis or in the control bone.The trabecular structure
was also altered, Goldner’s red positive areas also appeared inside the
trabecules. The medullary cavity was also enlarged.

The cortical bone was slightly thinned. At the periosteal surface Howship’s
lacunae (Fig. 4) and a few osteoclasts appeared. The osteocytic osteolysis was
also apparent here, the structural rarefication of the bone and Goldner’s
positivity were of moderate degree. Inside the cortical bone regenerative osteo-
genesis of moderate degree was seen. Thus alterations indicated the develop-
ment of a slight-degree of osteoporosis.

Old group (Table 1)

Control. The spongy trabecules ofthe metaphysis were dense and ofnormal
thickness. At the surface of the trabecules a very thin osteoid seam appeared
populated moderately with osteoblasts. The trabecules did not show signs of
structural anomaly. The trabecules in the diaphysis were more rare than in
the metaphysis. The extension of the osteoid was small, osteoblastic activity
was hardly seen. The thickness of the cortical bone was normal, it showed
periosteally some pits and Howship’s lacunae sparsely populated with osteo-
clasts. Regenerative osteogenesis appeared more enhanced (Fig. 5).

Plaster cast immobilized group. In the metaphysis the density of trabecules
was moderately diminished as compared to the control. Alterations in

Fig. 5. Control. Cortical bone. Goldner’s staining, x 130
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Fig. 6. Plaster cast (old rat). Structure of metaphyseal trabecules are looser, enlarged osteo-
cytic capsules 0\), osteon disintegration (-<-). Goldner’s staining, X 130

trabecular thickness and structure were more apparent (Fig. 6). Thus
accumulation of cartilage cores, enlargement of osteocytic capsule and
rarefication of trabecular structure were prominent. The osteoid seam was
thin, osteoblastic activity appeared rarely. In the diaphysis the diminution of
spongy trabecules was even more conspicuous. The structure of the
remaining trabecules was also looser. The medullary cavity was considerably
enlarged. The thinning of the cortical bone was also more expressed with
occasional fractures. A great number of Howship’s lacunae filled with
osteoclasts was present (Fig. 7). The osteocytic osteolysis was more enhanced,
disintegration of osteons could also be observed. These findings indicated
the development of a severe-grade of osteoporosis.

Plaster cast immobilized group with drug treatment. In both the meta-
physis and diaphysis the number of cancellous trabecules diminished mod-
erately as compared to the control. Reductions in trabecular density and
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Fig. 7. Plaster cast (old rat). Cortical bone. Howship’s lacunae with osteoclasts (0). Osteon
disintegration (—). Goldner’s staining, X130

thickness were more apparent in the diaphysis than in the inetaphysis.
Alterations in trabecular structure were manifested in a moderate enlarge-
ment of osteocytic capsule and rarefication of hone (Fig. 8). The osteo-
blastic activity and the osteoid seams were very mild. The medullary cavity
was markedly enlarged. The cortical hone was thinner than in the control.
At the periosteal surface of hone a fairly high number of Howship’s lacunae
was present containing only few osteoclasts. Osteocytic osteolysis was also
seen. A striking finding was the appearance of the subperiosteal (Fig. 9) and
partly endosteal osteogenesis. On the basis of the above findings the altera-
tions were considered as manifestations of a moderate-grade osteoporosis
associated with apparent signs of bone regeneration. It is to be noted that
the contralateral limb essentially corresponded to limbs of control animals.
The difference was manifested in signs of a moderate increase of osteogenesis.

Histomorphometric results
Group ofyoung animals (Table 11)

The quantitative data substantiated the qualitative histological findings.
Namely, the treatment in the metaphysis significantly increased the trabecular
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Fig. 8. Plaster cast + drug treatment (old animal). The structures of metaphyseal trabecules
are moderately disintegrated, osteoblastic activities (<-/ /) appear at several sites along the
trabeculas. Goldner’s staining, X 130

surface (Sv) and osteoblastic activity (OB and OBI). In rats with plaster cast
immobilization the extension of the osteoid (OS) was significantly greater
indicating that calcification did not occur and/or demineralization took place
from the trabecules. The trabecular volume in both experimental groups
diminished considerably as compared to the control, the surface density of
osteoblast-osteoid interface (OB) did not attain the control level. In the dia-
physis there was no significant difference in the trabecular surface between
the experimental groups but it was much less than in the controls. The exten-
sion of osteoid (OS) was significantly higher than in the control in both experi-
mental groups. Signs for bone resorption such as surface density of osteoclast-
bone interface (HO), osteoclastic activity (OCI) indicated that the drug treat-
ment significantly suppressed osteoclastic activity.
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Table |
Young
Parameters Control Immobilized
Metaphysis Sv mm2cm3 2915.1 + 198.0 1822.0 + 211.8
Vv% 220 1.7 15.6 £ 21
O0S% 14.7 + 6.4 36.2 = 3.5
OB% 52.3 81 19.0 + 4.0
OB index 95.0 + 6.4 51.7 + 3.7
Diaphysis Sv mm-7cm3 1616.7 + 48.8 966.6 £+ 73.6
Vv% 120 + 10 8.7 14
0S% 537 15 25.6 5.4
O0B% 84+ 33 85+ 6.6
OB index 217+ 35 118+ 54
HL% 3.4 % 0.4 6.4 1.4
HO % 0.5+ 0.2 14 + 0.25
OC index 55 * 1.3 228+ 21

1 symbol p < 0.10; 2 symbols p < 0.05; 3 symbols p < 0.025; 4 symbols p < 0.02?
5 symbols p < 0.01; 6 symbols p <c 0.005; 7 symbols p < 0.001.

Symbols: # Immobilized vs. control; O Immobilized -f- drug treatment vs. control;
-J Immobilized + drug treatment vs. contralateral side; X Immobilized + drug treatment vs.
immobilized; N.S. not significant

Group ofold animals (Table 111)

In both the metaphysis and diaphysis the extension of trabecular sur-
face (Sv) was significantly higher in the drug-treated group than in the plaster

Fig. 9. Cortical bone. Area of subperiosteal osteogenesis (S). Goldner’s staining, X 130
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animals
oyl Immabiized o Resuls aferences)
2711.4 = 1030 23778+ 457 .  QO, +T XX X X X X X
242+ 20 151+ 10 ... 00
333+ 23 203+ 33 o 0 s e e o X X XXX XX
370+ 52 318+ 22 e.. . 0O,
61.1 + 151  133.8 + 10.7 0O00000. XXXXXXX
1744.0 + 162.1 1161.0 + 93.4 000000,
142+ 26 g6 27 o OT
351+ 23 491+ 49 XX XXXXX
175 + 101 147+ 55 N.S
188 + 4.9 19.7 + 35 N.S
46+ 1.4 6.8+ 21 o o
0.66 + 0.4 08+ 0.2 X X
50+ 05 85+ 1.7 + 4, XXX X XXX

Sv = Surface density of trabecular bone; Vv% = Trabecular bone volume % of total
cancellous bone; OS% = Surface density of osteoid seams % of total trabecular surface;
OB% = Surface density of osteoblast-osteoid interface; HL% = Howship’s lacunae % of total
trabecular surface; HO% = Surface density of osteoclast-bone interface

cast group. The extension of osteoid (OS) was increased in comparison to the
control in both experimental groups: osteoblastic activity (OBI) was reduced.
In the treated group, however, the values of osteoblastic activity (OBI) was
significantly increased compared to the plaster cast-group. Signs of bone
resorption osteoclastic activity were significantly enhanced in rats with plaster
cast immobilization as compared to the respective values of control or drug-
treated rats.

Discussion

The present histological and histomorphometric data showed unequi-
vocally that osteopenic osteoporosis produced by immobilization can mainly
be accounted for the accelerated resorptive activity both in osteoclasts and in
osteocytes. Johnston [12] raises the question: is the loss of trabecular hone due
to a decrease in the number (density) of trabecules, or to a decrease in the
thickness of individual trabecules ? His studies indicate that both mechanisms
are in part responsible. The pathogenesis of trabecular bone loss in osteo-
porosis is still the subject of numerous controversies. Although it is now
recognized that the bone remodeling activity is heterogeneous [19, 27] the
mechanism leading to bone loss have been successively attributed to an
increased hone resorption [13] or to a decreased formation. Parfitt et al. [19]
suggest that during the accelerated phase of bone loss, osteoclasts perforate
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Table 11
Old animals
o Contralateral Immobilized + drug .
Parameters Control Immobilized (control) side treatment Results (differences)
Meta- Sv mm2cm3 29151 * 198.0 2195.0 + 138.0 2240.5 + 156.0 27412 + 1944 .« mXXX
phvsis Vv % 22.0;% 1.7 15.3 + 11 22.6 2.4 18.4 £ 2.2
0s% 14.1 + 7.0 316 + 113 26.6 + 4.4 33.3 95 .« 00
OB% 523+ 81 275+ 3.6 283+ 3.0 354+ 22 .+ ..., 0000, xxx
OB index 95.0 + 6.4 68.5 * 4.4 90.6 * 7.2 75.4 £ 45 . X
-
Dia- ) Sv mm2cm3 1616.7 + 48.8 11267 + 66.3 2005.0 + 111.4 16622+ 913 =+ o XXXXX 'C_>=
physis v 120+ 10 7.4+ 04 192+ 53 139+ 13 X XX XX =
0s% 53 + 15 35.7 £ 3.4 6.7 £ 2.2 42.5 + 47 + s e e e e 4+ +++++, 0000000, X n
0B % 8.4 3.3 15.2 + 1.7 10.6 31 12.8 + 1.0 N.S. it
OB index 21.7 £ 3.5 17.4 + 4.7 318 £ 8.3 13.3 £ 65 + 1* 2
HL% 4.4, 0.4 7.0 = 2.0 6.0 + 25 7.3 % 2.7 N.S.
HO % 0.5 + 0.2 2.2 0.8 0.8 + 0.4 12 % 02 s« eee 00, XXX
OC index 55 % 1.3 31.2 £ 1.4 6.7 £ 11 6.1 + 2.1

1 symbol p < 0.10; 2 symbols p < 0.05; 3 symbols p < 0.025; 4 symbols p < 0.02; 5 symbols p < 0.01; 6 symbols p < 0.005; 7 sym-

bols p < 0.001.

side; X

Symbols: ¢ Immobilized vs. control; O Immobilized -f- drug treatment vs. control; -j- Immobilized -} drug treatment vs. contralateral
Immobilized -f- drug treatment vs. immobilized; N.S. not significant.
Sv = Surface density of trabecular bone; Vv = Trabecular bone volume % of total cancellous bone; OS% = Surface density of osteoid

seams % of total trabecular surface; OB% = Surface density of osteoblast-osteoid interface; HL% = Howship’s lacunae of total trabecular

surface

; HO% = Surface density of osteoclast-bone interface
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trabecules, thus there is no remaining structure upon which new hone can be
rebuilt. It is important to make a distinction between two pathways that
would both lead to bone loss [1, 8]: (i) uncoupling, a situation in which the
coupling message is not functioning and where osteoblasts do not appear in
the remodeling focus, therefore leading to an accumulation of Howship’s
lacunae without osteoclasts; (ii) imbalance, a situation in which the coupling
occurs but where the osteoblasts do not synthetize as much matrix as was
previously resorbed by the osteoclasts. Among the many causes of diminished
skeletal mass, parathyroid hormone (PTH) mediated bone resorption has been
the most widely studied experimentally. PTH has been shown to stimulate
bone resorption and inhibit bone formation in organ culture. The effect on
bone formation appears to be direct and due in part to decreased transcription
of procollagen in RNA, but direct effect on preosteoclasts or osteoclasts have
not been ruled out [20].

Mechanical loading perhaps acting through a direct or an indirect stim -
ulation of osteoblasts thereby producing a positive remodeling balance may be
important in attainment of adult bone mass, and in subsequent rates of loss.
It is known that mechanical stimuli leads such as the pressure of active
muscles are needed for the normal remodeling, metabolism and blood supply
of bones.

All these factors may participate in the development of osteogenic osteo-
porosis induced by immobilization. According to our present investigations
the treatment of Ipriflavone decreased the bone alterations of immobilization.
The treatment decreased the loss of trabecular mass (density and volume) both
in the proximal metaphysis and the diaphysis, and resorption of cortical bone
as compared to the immobilized tibia. The interruption or the decrease of
resorption process was determined by the moderate number of Howship’s
lacunae and by osteoclasts index. These data are in agreement with the results
obtained in the different experiments with Ipriflavone. Results indicate that
in osteoporosis produced by steptozotocin and glucocorticoid treatment or
ovariectomy Ipriflavone markedly suppresses bone resorption [23, 30, 31].
In fetal long bone culture system Ipriflavone inhibited basal 45Ca release from
bones, and this inhibitory effect was demonstrated in the presence of sub-
maximal concentration of parathyroid hormone.

According to Ohata et al [18] Ipriflavone inhibits the bone resorption
provoked by calcitriol, but it does not influence bone formation. The question
arises, how can lIpriflavone inhibit bone resorption, or how can the treatment
influence osteopenic osteoporosis.

Recently it has been suggested that calcitonin release from the thyroid
gland is stimuled by estrogen [6, 28, 29] and it has been demonstrated that
Ipriflavone enhanced the action of estrogen stimulated calcitonin secretion.
Endogenous estrogen promotes formation of 1.25 (OH)2D from 25-OHD and
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it may reciprocally inhibit synthesis of 24, 25 (OH)2D [2]. According to Kuntz
et al. [14] and Gruber et al. [9] the calcitonin treatment in post-menopausal
women may induce a reduction of bone resorption. It was demonstrated by
Nakamura et al. [17] that a transient inhibition of osteoclastic bone resorption
occurred in the bones of calcitonin treated rats.

According to our investigations lIpriflavone treatment of immobilized
rats resulted in a mild increase of osteoblastic activity and thereby in an
increased subcortical osteogenesis. This may indicate that Ipriflavone may
change the uncoupling pathway, or may reduce the imbalance situation. This
effect of Ipriflavone may he connected with the other effect of calcitonin.
Immunocytochemical evidence was found by Morel et al. [16] for the inter-
nalization of calcitonin in osteoblasts, a direct participation of calcitonin in
the regulation of osteoblasts, while the absence of estradiol receptors in osteo-
blasts. Salmon et al. [21] described that chronic calcitonin treatment stimulated
the bone alkaline phosphatase in growing rats. It was found, on the other
hand, that Ipriflavone behaves as an electron acceptor in the terminal part of
the respiratory chain. Ipriflavone increased the cytochrome-oxidase enzyme-
activity in the liver and the blood 0 2 level. However, the details of these
actions are still obscure.

Finally, we have to mention that our experiments started in 1984 differ
from the investigations of Yamazaki et al. [30, 31] in the doses used, the
experimental test, the investigational method and the mode of administra-
tion. However, the main results are similar and these yield a hopeful pos-
sibility in the treatment of osteoporosis.
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CUPRIC IONS AND DOPA OXIDASE ACTIVITY
IN MELANOCYTES
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The inhibition of DOPA oxidase activity by cupric ions has been quantitated
in cases of vitiligo showing dendritic and non-dendritic melanocytes at the margins.
Cupric sulphate was added to the substrate solution, containing a reacting quantity of
12.12 pg of DOPA, to give 42.8 pg, 85.6 pg, 128.4 pg and 171.2 pg of cupric ions. Control
slides were incubated with DOPA alone as substrate.

On cytospectrophotometric analysis, it was seen that the initial level of enzyme
activity determines the type of inhibition curve. Thus, there is a gradual fall in activity
with dendritic melanocytes which have a very high enzyme content, whereas the non-
dendritic melanocytes show complete inhibition with one dose. It was observed that
15.75 pg of cupric ions were reduced by 12.12 pg of DOPA. The enzyme activation by
cupreous ions is countered by the enzyme inhibition by cupric ions, the rate of inhibition
being determinated by the level of cupric ions.

Keywords: DOPA oxidase, melanocyte, cupric, cupreous, enzyme inhibition

Introduction

It was observed in earlier studies [1, 2] that addition of cupric ions in
the substrate inhibits the tyrosinase/DOPA oxidase activity in the dendritic
melanocytes of vitiligo. In the present work this inhibition has been quan-
titated, to study the inhibition patterns in dendritic and non-dendritic melano-
cytes in vitiligo.

Materials and methods

Skin from 20 cases suffering from vitiligo were fixed in cold buffered formol gluta-
raldehyde Tor 24 h at 4 °C. Frozen sections were cut at 5 p thickness on a Lipshaw cryotome
at —25 °C. Ten of these were from cases with dendritic melanocytes at the margin and 10
from non-dendritic melanocytes.

Copper sulphate was added to the DOPA substrate [3, 4] in the following concentra-
tions: 350 mg, 700 mg, 1050 mg, 1400 mg in the stock solution giving a final reacting quantity
of cupric ions as 42.8 pg, 85.6 pg, 128.4 pg and 171.2 pg. The amount of DOPA in this solution
is 12.12 pg contained in 0.016 ml of solution overlying the tissue. Control slides were incubated
with DOPA as substrate without the addition of CuS04 [4]. Staining was done on serial
cryosections so that the same set of cells was followed. The enzyme levels in 20 melanocytes
were measured at the margins of the vitiliginous zone in each case on a Reichert Zetopan,
Binolux cytospectrophotometer.

Send offprint request to: Dr. Bhanu lyengar, Institute of Pathology-ICMR, Safdarjang
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Results

1. Controls: The enzyme levels in dendritic melanocytes were very high,
the average absorption value being 1.134, in non-dendritic melanocytes the
average values were 0.628 (Table I).

2. Treatment with cupric sulphate: (Table I, Fig. 1).

Table |
Copper levels (fig) K (o) 42.8 85.6 128.4 171.2
DOPA level (Mg) 12.12 12.12 12.12 12.12 12.12
Dendritic melanocytes 1.134 0.594 0.437 0.280 0.301
Non-dendritic melanocytes 0.628 0.316 0.359 0.275 0.282

Absorption values of DOPA oxidase activity in dendritic and non-dendritic melanocyte
on treatment with different levels of cupric ions

a) Dendritic melanocytes : A gradual loss of DOPA oxidase activity oc-
curred with an increasing level of cupric ions. Thus after 42.8 pg, the absorp-
tion is 0.594, after 85.6 pg it is 0.437, after 128.4 pg it is 0.280 and 0.301 after
171.2 pg (Table I). There was a complete inhibition of activity seen in Fig. 1.

b) Non-dendritic melanocytes : In non-dendritic melanocytes a nearly com-
plete inhibition took place even after the 1st dose. The curve had a plateau
inspective of increasing doses i.e. 0.316 after 42.8 pg, 0.359 after 85.6 pg,
0.275 after 128.4 pg and 0.282 after 171.2 pg of copper (Table I, Fig. 1).

Tyrosinase/DOPA-oxidase is a copper dependant enzyme. There are
reports suggesting that the first part of the reaction i.e. conversion of tyrosine
to DOPA is due to a peroxidase and the second part converting DOPA to
DOPA-quinone is catalyzed by DOPA-oxidase, a copper dependent enzyme
originally considered to be tyrosinase [5, 6, 7, 8].

DOPA oxidase functions in the presence of cupreousions, the cupric ions
being reduced to cupreous ions in the presence of trace amounts of DOPA
[9, 10]. In the present work the effect of a high level of cupric ion on the
enzyme function has been studied.

It was observed that there is an inhibition of DOPA oxidase and tyrosi-
nase on increasing the cupric ion concentration [1]. In this work different doses
have been used to quantitate the inhibition by cupric sulphate and to study
the pattern of inhibition in the highly dendritic melanocytes and non-dendritic
melanocytes seen at the margins of the vitiliginous zone.

It was noted that the basic levels of DOPA oxidase activity differ
markedly in the cell types. Thus the enzyme levels are very high in the
dendritic melanocytes, slightly increased in the non-dendritic melanocytes.
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Fig. 1. Inhibition of DOPA oxidase activity, in dendritic and non-dendritic melanocytes on
increasing the cupric ion levels in the substrate

In dendritic melanocytes, increasing levels of copper sulphate give rise
to an early phase of a gradual fall in enzyme activity complete inhibition
occurring on addition of 128.4 /.gnis indicating a stoichiometric reaction to
cupric ions (Fig. 1).

In comparison, non-dendritic melanocytes show complete inhibition even
after addition of 42.8 ug of cupric sulphate showing an all or none type of a
reaction. This feature is possibly due to the difference in enzyme levels in the
two cell types (Fig. 1).

From the above measurements the amount of cupric ions reduced to
cupreous ions by the presence of 12.12 /xg DOPA can be calculated from the
effect on the dendritic melanocytes which have a high level of enzyme.

7 Acta Morphologica Hungarica 36, 1988
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Thus the control (K) activity of the dendritic melanocytes i.e. 1.134 is
taken as 100% activity and 0.280 on treatment with 128.4 pg of cupric ions
is taken as 0% activity as this is the baseline absorption in the section on
counterstaining (Table 1).

The 0.016 ml substrate solution contains 12.12 pg DOPA which reacts
with the cupric ions. DOPA reduces cupric to cupreous ions. Thus on addition
of 42.8 pg copper the absorption is 0.594 i.e. 36.8% activity remains and
63.2% is inhibited.

Thus 36.8% activation is due to the conversion of Cu:l+ to Cu2+ in
42.8 (1g Cu by 12.12 pg DOPA.

If 100% cupric ions are taken as 42.8 fig,

36.8% cupric ions equal to: -— = - = 15.77 [ig of cupric ions.

On treatment with 85.6 pg Cu3+ the absorption value falls to 0.437
which is 18.4% of the initial activity.

Thus, there is 18.4% activation of Cu3+ to Cu2+ in 85.6 pg of copper by
12.12 pg DOPA.

Thus if 100% cupric ions are taken as 85.6 pg

L 85.6 X 184
18.4% cupric ions equal to:-— 15.75 pg

100

Thus 12.12 pg DOPA reduces 15.75 pg of copper till complete inhibition
takes place.

Non-dendritic melanocytes, in comparison with the dendritic melano-
cytes show almost complete inhibition already with the first dose.

The initial level of activity within the non-dendritic melanocytes is
70.25% of the control levels of dendritic activity (0.876). On addition of
42.8 fig only 4.8% activity remains. Thus the inhibition is 65.45% which is
close to that seen with dendritic melanocytes i.e. 63.2%. As the level of DOPA
is the same, the level of cupreous ions is also maintained. This indicates that
the rate of inhibition of DOPA oxidase is determined by the level of cupric
ions and not by that of cupreous ions in the medium.

In conclusion, 15.75 fig of cupric ions is reduced by 12.12 fig of DOPA.
The non-dendritic melanocytes with an initial 70.25% enzyme activity, com-
pared to that of dendritic melanocytes show 65.45 inhibition after 42.8 fig
of Cu3+. Thus enzyme activation by Cu2+ is countered by the enzyme inhibi-
tion by Cu3+, the rate of inhibition being determined by the level of Cu3+
ions in the medium and not by the level of Cu2+ ions.

From the above observations it is evident that the level of enzyme
activity determines the type of inhibition curve seen. Thus, there is a gradual
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fall in activity with the dendritic melanocytes which show a high enzyme
activity. In comparison, the non-dendritic melanocytes show almost complete
inhibition with the first dose itself.

10.
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HISTOGENESIS OF METASTATIC TUMOURS:
UECTIN REACTIVE SUBSTANCES
AND INTERMEDIATE FIUAMENT PROTEINS

L. Pajor, J. Fischer, G. Kelényi
DEPARTMENT OF PATHOLOGY, UNIVERSITY MEDICAL SCHOOL OF PECS, HUNGARY
(Received 7 May 1987)

The reactivity of 38 anaplastic tumours for cytokeratin, vimentin, desmin, milk
fat globule membrane antigen, la antigen as well as peanut agglutinin and Ulex
europaeus | lectins were investigated immunohistologically in paraffin embedded tissue
samples. By this typing of tumours establishment of the histogenesis of 34 out of
38 neoplasms was possible. Among the epithelial markers milk fat globule membrane
antigen proved to be superior to cytokeratin. Vacuolar or intraluminal binding of
peanut lectin was found to be more sensitive than PAS reaction for detecting early
secretory activity. Our study substantiates the previous data that binding of Ulex euro-
paeus | lectin is indicative of nasopharyngeal carcinoma. In this study we also provide
evidence for viinentinization in solid métastasés as well as for shift in the cytokeratin
profile upon malignant transformation.

Keywords: Anaplasia, intermediate filament proteins, lectins

Introduction

Surgical pathologist frequently face the problem of establishing the
histogenesis of primary or metastatic tumours of unknown origin. The dif-
ferentiation of malignant lymphomas from métastasés of the lymph nodes is
of great practical importance. In the case of métastasés knowledge of the
location of the primary tumour might also have clinical consequences.

Electron microscopy can be of help with these diagnostic problems;
however, it needs special processing of the biopsy tissues and is relatively time
consuming. A reliable and rapid characterization of the tumour cells can be
obtained by immunohistology. The typing of intermediate filament proteins
(IFPs) proved to he suitable for distinguishing tumours of epithelial, mesen-
chymal, myogenic or neuronal origin [2, 3, 26]. In addition, lectins specific
for terminal sugar components of glycoproteins are also helpful in establishing
the origin and degree of differentiation of a given tumour [5, 8, 10, 20, 27].

In the present study cytokeratin (CK), vimentin, desmin, human milk
fat globule membrane antigen (MFGMA) and la antigen were studied immuno-
histologically in 38 anaplastic tumours. In addition, peanut agglutinin (PNA,

Send offprint requests to: L. Pajor M.D., Department of Pathology, University Medical
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demonstration of early secretory activity [10] and Ulex europaeus | (UEA I,
identification of endothelial cells and nasopharyngeal carcinomas) were used
[24]. In certain cases prostate specific acid phosphatase (PSAP) and neuro-
filaments (NF) were demonstrated immunohistologically. The pre-B-cell selec-
tive monoclonal antibody VIB-C5 cross-reacting with cells of neuroectodermal
origin were also used.

On the basis of our studies establishment of the histogenesis of 34 out
of 38 tumours (90%) was possible. In 26 out of 38 cases (68%) it was also
possible to indicate special differentiation and/or location of the primary
tumours.

Materials and methods
Light microscopy

For light microscopical investigations materials were fixed in 10% formalin, then
embedded in paraplast. 5 /mi thick sections were stained with haematoxylin-eosin, PAS,
Giemsa and reticulin.

Im mu nohistology

Cytokeratin, vimentin, desmin and neurofilament immunoreactivity were studied on
5 /an thick formol-paraffin sections using the peroxidase-antiperoxidase (PAP) method. For
these investigations polyclonal anti-cytokeratin and desmin as well as monoclonal anti-
vimentin and anti-neurofilament protein antibodies were employed (Histogenc PAP Kits,
BioGenex Laboratories). For demonstrating the la antigen and the neuroepithelial nature
OKla (Ortho Diagnostic System Inc.) and VIB-C5 [19] monoclonal antibodies (dilution 1 : 40)
were used (PAP method; Histogenc PAP basic kit; BioGenex Laboratories). Prostate specific
acid phosphatase (PSAP) was detected by means of polyclonal anti-PSAP (Immunoloc Inc.).

In a limited number of cases cryostat sections obtained from samples frozen in iso-
pentan by liquid nitrogen were also used. Frozen sections were cut at —20 °C, then air-dried
and fixed in acetone for 10 min at 4 °C. The sections were stored at —20 °C and used for
irnmunohistology within a week.

Human milk fat globule membrane antigen (MFGMA) was isolated by PNA affinity
chromatography and a polyclonal, monospecific antibody was generated against the protein
moiety of the antigen in rabbit as described elsewhere [9]. The indirect immunoperoxidase
method was used for immunostaining.

The reaction products were visualized by either 3,3’-diaminobenzidine-HCL (DAB,
Serva) or 3-amino-9-ethvilcarbazol (Sigma).

Lectin histochemistry

Lectins from peanut (PNA) and Ulex europaeus (UEA 1) labelled with horseradish
peroxidase were purchased from Sigma. Deparaffinized and rehydrated sections were treated
with labelled lectins (10 /zg/ml, 30 min, room temperature). After incubation the slides were
washed three times in PBS. Lectin binding sites were visualized by means of 3-ainino-9-
ethylcarbazol. To uncover the masked binding sites for PNA, tissue sections were pretreated
with neuraminidase (N-PNA reaction; 0.1 U neuraminidase/ml, Vibrio Cholerae, Boehring).

Cytokeratin, vimentin, desmin, N-PNA, UEA-1 and MFGMA were tested on skin,
tonsil, nasopharyngeal epithelium, bronchial epithelium, mammary gland, stomach, small
and large intestines, urinary bladder, prostate and striated muscle as positive and negative
controls. All the test materials were routinely processed using 10% formalin as fixative.

Electron microscopy

In selected cases, where electron microscopy was done, small blocks of the tissues were
fixed in 2.5% glutaraldehyde, postfixed with 1% 0s04 and dehydrated in graded acetone.
Ultrathin sections were stained with lead citrate and uranyl acetate, then examined in a
JEOL 100 C electron microscope.
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Results

(1) Reactivity pattern of antisera with normal tissues

The reactivity of the antibodies to cytokeratin (CK), vimentin and
desmin was consistent with reports on immunohistological and biochemical
studies [22, 26, 37]. Two exceptions were, however, found: (i) a rather slight
and equivocal positivity for CK was seen in the epithelium throughout the
gastrointestinal tract; (ii) the antibody directed against vimentin exhibited
consistent negativity in lymphoid cells, the negativity being independent of
the normal or malignant nature of the cells and of whether formol-paratfin
sections, frozen sections or cytopreps were used.

After neuraminidase treatment PNA (N-PNA) reacted distinctly with
the epithelial cells of mammary glands, particularly with their apical membrane
and with the secreted material. Slight to strong positivity was seen in stratified
squamous epithelium, urothelium, in the membranes of podocytes and in the
tubular epithelium of the kidney, in bronchial epithelium and pneumocytes |
as well as in the columnar epithelium of prostatic glands. N-PNA was prac-
tically negative in normal gastrointestinal epithelium and mucus with the
exception of the supranuclear dot-like staining of the Golgi regions in the
glandular epithelium of the stomach. The epithelium of the tonsillar crypts
and of the nasopharynx were positive with UEA-I; however, they failed to
show binding for N-PNA.

The reactivity of the antibody directed against the protein moiety of
the PNA receptor in the human milk fat globule membranes followed the
reaction pattern of N-PNA except for the strong positivity of tonsil crypt
epithelium and columnar epithelium of the gastrointestinal tract as well as the
negativity for MFGMA of the membranes of podocytes.

(2) Immuno- and lectin histochemicalfindings in tumours

The age and sex of the patients, the sites of the biopsies, the reaction
patterns of the tumours with the antibodies and lectins, the histopathologic
diagnoses and the locations of the primary tumours are summarized in Table 1.
The combination of the routine histologic methods with immuno- and lectin
histochemistry enabled the histogenesis in 34 out of 38 tumours (90%) to be
established. Moreover, in 26 out of 38 cases (68%) an assessment of their
differentiation or some indication of the location of the primary tumours
could be given. In four cases (No 14, 17, 20, 22) the tumour cells failed to show
any positivity with the antibodies and lectins used. Thus, only 4 out of 38
tumours (approx. 10%) remained unclassified.
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No.

W N O W N e

11
12
13
14
15
i6
17
18
19
20
21
22
23
24
25
26
27
28

Agelsex

(yrs)

60
82
55
49
14
67
78
63
80
76
3
35
57
73
3i
70
38
57
54
66
72
55
56
70
74
75
63
74
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Table 1

The clinical data and the results of immunohistological Jinding in 38 tumours

Location

urinary bladder

I.n., inguinal
urinary bladder
l.n., axillar
l.n., cervical
l.n., cervical
colon

l.n., cervical
l.n., cervical
l.n., cervical
l.n., axillar
l.n., cervical
l.n., cervical
I.n., inguinal
bone marrow
l.n., cervical
l.n., cervical
l.n., cervical
l.n., cervical
l.n., axillar
I.n., inguinal
l.n., axillar
l.n., ceivical
epipharvnx
I.n., axillar
l.n., cervical
I.n., abdominal
l.n., cervical

N-PNA UEA-I
+ n.d
N _
. _
- +
. _
. _
. _
— +
— -f
— +
. _
— +
. _
. _

MFGMA

CcK

+ t + + 4+

n.d.
n.d.
n.d.
n.d.

n.d.
n.d.
n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.
n.d.

Diagnosis’l

prostatic carcinoma0
prostatic carcinoma0
prostatic carcinoma0
adenocarcinoma
NPC

epithelial tumour
epithelial tumour
epithelial tumour
adenocarcinoma
malignant lymphoma
neuroblastoma'l
epithelial tumour
adenocarcinoma
anaplastic tumour
adenocarcinoma
epithelial tumour
anaplastic tumour
NPC

NPC

anaplastic tumour
epithelial tumour
anaplastic tumour
epithelial tumour
NPC
adenocarcinoma
NPC

adenocarcinoma
adenocarcinoma

Primary tumourl

prostatic gland
prostatic gland
prostatic gland
breast
nasopharynx
lung

colon
unknown
thyroid gland
l.n.

adrenal gland
unknown
unknown
unknown
stomach
unknown

lung
nasopharynx
nasopharynx
unknown
unknown
unknown
ovary
epipharynx
stomach
nasopharynx
unknown
stomach
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29
30
31
32
33
34
35
36
37
38

69 ?
34 %
67 <
36 ¢?
13 d
54 $
60 <
32%
52 £
50 $

NPC
l.n.
N-PNA
UEA-I
MFGMA
CK

n.d.

I.n., inguinal + — — — — n.d. adenocarcinoma colon

parotid gland - + + + — nd. NPC parotid gland
l.n., cervical — — + + — —  oat-cell caieinomag'l lung
retroperitoneum — + + + — n.d. mesothelioma retroperitoneum
retroperitoneum — — — — -f n.d. liposarcoma letroperitoneum
I.n., inguinal n.d. — — + + — — adenocarcinoma thyroid gland
I.n., axillar - — — — + malignant lymphoma l.n.

I.n., cervical — + + — n.d. hypernephroma kidney

l.n., cervical . — + — + — — adenocarcinoma colon

skin + — + — n.d. Merkel cell tumour6é skin

nasopharyngeal carcinoma

lymph node

peanut agglutinin after neuraminidase treatment
Ulex europaeus agglutinin 1

human milk fat globule membrane antigen
cytokeratin; Y = vimentin; D = desmin, la =
positive

negative

not done

diagnosis made by routine pathologic study supplemented with immunohistology, lectin histochemistry as well as elec-
tron microscopy

primary tumour unknown means that either the clinical-radiological examination gave negative results or the patient
dropped out the follow-up

prostate specific acid phosphatase positive

VJB-C5 positive

neurofilament positive

intra- or intercellular luminal membrane staining was absent

a antigen
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Table I1

Histogenetic subtyping of tumours (n — 38)

Epithelial 28/38 4%
Neuroectodermal 3/38 8%
Malignant lymphoma 2/38 50
Non-muscle sarcoma 1/38 3%
Myogenic 0/38 0%
Unclassified 4/38 10%
Total 38 100%
Table 111

The distribution of MFGMA, CK and N-PNA reactivity
among the epithelial tumours (n = 28)

MFGMA+ 24128 86%
CK+ 18/28 64%
N-PNA + 11/28 39%
MFGMA+ + CK+ 16/28 57%
MFGMA + + CK+ + N-PNA+ 5/28 18%
MFGMA+ + N-PNA + 9/28 32%
MFGMA+ + N-PNA 15/28 54%
MFGMA' + N-PNA + 2/28 7%

Among the classifiable tumours the epithelial ones (28 out of 38) re-
presented the overwhelming majority (74%). In addition, there were 3 (8%)
tumours of neuroectodermal origin, 2 (5%) malignant lymphomas, 1 (3%)
non-muscle sarcoma, whereas myogenic tumours were absent in this series
(Table I1).

(a) Epithelial markers. The diagnosis of epithelial tumour was established
when either MFGMA or CK, or both were shown to be present or early secre-
tory activity could be demonstrated by means of N-PNA (Table Ill). MFGMA
positivity proved to be the most consistent feature of epithelial tumours (in
24 out of 28 neoplasias, 86%). It was followed by CK being present in 18 out
of 28 cases (64%), whereas secretory activity was detected in 11 out of 28
malignancies (39%). Glandular epithelial origin was established only in those
cases when besides the intracellular dot-like staining of the Golgi regions intra-
cellular vacuolar or luminal membrane stainings were seen with N-PNA.
A shift from the luminal membrane to dot-like cytoplasmic staining was
observed with increasing anaplasia. It is remarkable that among the 11
tumours with N-PNA positivity there were only 5 (No 3, 4, 13, 25, 17) showing
also MFGMA and CK reactivity (Fig. 1). Three of them proved to be of glan-
dular epithelial origin, whereas in 2 cases the primary tumours were unknown
at the time of this study.

Acta Morphologica Hungarica 36, 1988



‘ge eorrebunpy eortbojoydiow eloy

886T

Fig. 1. Metastatic adenocarcinoma (No 25). a. CK (x250); b. and ¢. MFGMA and N-PNA, positively stained intra (arrow)-,
and intercellular (arrowhead) lumen-like structures (X400 and X250); d. vimentin positive paranuclear whirl-like struc-
tures (arrows, X400)
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Fig. 2. Metastatic prostatic carcinoma (No 2). a. Haematoxylin-eosin (X 100); b. CK (X 400);
c. PSAP (X100); d. MFGMA staining at luminal membranes (arrows) of the neoplastic cells
(X 250)
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Fig. 3. Metastasis of oat cell carcinoma (No 31). a. Haematox-
ylin-eosin (x 250); ». CK (x400); < monoclonal antibody
VI B- C5 (x 400)
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Fig. 4. Metastasis of Merkel tumour (No 38). a. EM whirl-like arrangement of intermediate
filaments (IF, x 8300); 6, ¢, d and e dot-like cytoplasmic positivity (arrows) for cytokeratin,
neurofilament, MFGMA and with N-PNA ( x 400)
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Fig. 5. Mesenchymal tumour (liposarcoma) (No 33). a. Giemsa staining (x400); ». dot-like cytoplasmic positivity for
vimentin (arrows, x400); c. EM whirl-like arrangement of intermediate filaments studded with mitochondria ( X 13 000);
¢. EM lipid droplets (LD) and bundle of intermediate filaments (IF, X 26 000)

SYNOWNL JILVLISVLIIN 40 SISINIOOLSIH



‘gg enisebunpy eabojoydio eldy

886T

Fig. 6. Metastatic adenocarcinoma (No 34). a. Haematoxylineosin ( X400); b. and c. strong positivity for CK and vimen-

tin (x400); d and e. EM glandular structure with microvilli (MV) in the lumen, the surrounding cells contain secretory gran-

ules (G), intermediate filaments (IF), tonofilaments (arrows) and desmosoine-like junctional complexes (arrowheads)
(X5000 and X 20 000)
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Fig. 7. Metastatic adenocarcinoma (No 37). a and b. Dot-like cytoplasmic (arrow) and luminal membrane staining (arrow-
head) with N-PNA and for MFGMA (x400); ¢. intensive positivity for vimentin (X400); «. EM mitochondria and inter-
mediate filaments in the poorly differentiated cytoplasm (x33 000)
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It is also worth mentioning that of the 24 MFGMA positive tumours
only 9 (32%) showed simultaneous reactivity to N-PNA and MFGMA whereas
15 tumours failed to exhibit a N-PNA binding property (Fig. 2). Moreover,
there were two cases of neoplasia in which luminal membrane staining by
N-PNA was not accompanied with anti-MFGMA binding.

Fig. 8. Metastasis of nasopharyngeal carcinoma (No 19). a. Haematoxylin-eosin, infiltrating

cells (arrows) in the parafollicular space, GC germinal centre (XIOO); 6, ¢ and d anaplastic

cells positive for MFGMA, CK and with UEA-I (arrows) (x400); e,f. EM desmosomes (D)
and intermediate filaments (IF) (X8300)
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(b) Tumours of neuroectodermal origin. Out of the tumours with a definite
diagnosis of neuroectodermal origin two proved to he positive for MFGMA
and CK (No 31, 38) and to (No 11, 31) with antibody (VIB-C5) indicating
their neuroepithelial nature (Fig. 3). In addition to the MFGMA and CK
reactivity the tumour cells in case No 38 showed dot-like cytoplasmic positivity
with N-PNA and for neurofilament protein (Fig. 4).

(c) Vimentin reactivity. Four (No 25, 33, 34, 37) out of the 38 investigated
tumours were positive for vimentin hut none for desmin. One of the vimentin
positive tumours (No 33) proved to he only vimentin reactive indicating its
mesenchymal origin (Fig. 5), the other three exhibited simultaneous reactivity
for epithelial markers (Figs 1, 6 and 7).

(d) UEA-1 reactivity. Seven tumours (No 5, 18, 19, 24, 26, 30 and 32)
showed UEA-I staining, and all of them were also positive for at least one of
the epithelial markers (Fig. 8). In five out of 7 the subsequent clinico-radio-
logical investigations revealed the primary tumours to he situated in the
nasopharynx whereas in the remaining two in the parotid gland and in the
retroperitoneum.

(e) 1a antigen. Three (No 10, 15, 35) out of 13 tumours were positive for
la antigen in cryostat sections, two of the three failed to react with any of
the antibodies or lectins used. However, the third (No 15) was reactive with
MFGMA and exhibited secretory activity as well.

(f) Electron microscopic findings. In the few cases where electron micro-
scopy was made findings confirmed the histogenetic assumption based on
immuno- and lectin histochemistry. In cases No 6 and 19, bundles of inter-
mediate filaments and desmosome-like junctional complexes were observed
(Fig. 8). In case No 34, in addition to the desmosomes and tonofilaments,
early signs of glandular differentiation with lumen-like formations, lined with
microvilli, surrounded with epithelial cells containing secretory granules were
seen (Fig. 6). In case No 37 a large number of intermediate filaments were
observed whereas secretory granules could not be revealed (Fig. 7). In case
No 33, tumour cells were heavily packed with intermediate filaments and a
large number of lipid droplets were seen (Fig. 5). The tumour cells in No 38
contained a large number of intermediate filaments forming whirl-like struc-
tures as well as neurosecretory granules (Fig. 4).

Discussion

The aim of the present study was to estimate the efficacy of immuno-
histology and lectin histochemistry in establishing the histogenesis of anaplas-
tic tumours. Among the markers studied the IFPs have recently been taken
for reliable and highly specific indicators of the known embryonic pathways of
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differentiation [2, 3]. It is also known that tumour cells, even in métastasés,
retain the specific IFP pattern of the corresponding normal cells [21].

Fixation significantly influences the immunohistological demonstration
of IFPs. The use of frozen sections was undoubtedly the most reliable method;
nevertheless, a number of authors reporting on IFP typing used formol-
paraffin sections [17, 34, 35]. The results can be improved by alcohol fixa-
tion [2].

When the antibodies used in the present study were tested on formol-
paraffin sections, a strong, distinct and specific reaction was seen in all the
cells and tissues where it was to be expected. Nevertheless, two points need
some consideration. First, the reactivity of gastrointestinal epithelium with
the polyclonal antibody directed against cytokeratin was not unequivocal.
Because this antibody was prepared predominently against 56 kD and 64 kD
cytokeratin filaments, the poor reactivity of the gastrointestinal tract epithe-
lium is likely to be due to the failure of this antibody to react with cyto-
keratin proteins of lower molecular weight which are more characteristic of
columnar epithelium [38]. Second, we were not able to demonstrate vimentin
in lymphoid cells of different origins. This is surprising because vimentin has
recently been demonstrated at least in the lymphoid elements of the T-zone
as well as in malignant lymphomas [13, 14].

By means of combined application of immunohistology and lectin histo-
chemistry about 90% of tumours was classified. These results are in good
agreement with that was reported by Poston and Sidhu [28] in their recent
study.

Tumours of epithelial origin

(1) MFGMA reactivity. MFGMA positivity proved to be the most con-
stant feature of the epithelial origin: 86% of epithelial tumours expressed
this antigen. Similarly, Zotter et al. [42] reported 90% reactivity in non-
mammary epithelial tumours using a monoclonal antibody (MAM-6) against
human MFGMA on paraffin sections. It should be mentioned that on the basis
of biochemical and immunological analysis MFGMA isolated by PNA affinity
chromatography seems to be very similar if not identical with the epithelial
membrane antigen [9]. Thus the wide tissue specificity, including simple,
squamous and stratified epithelia, of the antibody against MFGMA used in
this study may explain the superiority of MFGMA as an epithelial marker.

(2) cytokeratin reactivity. Epithelial tumours were positive for CK in 64%.
This result is similar to the 57% reactivity found by Schlegel et al. [35] using
formol-paraffin sections.

Studies on CK biochemistry led to the recognition that stratification
and keratinization result in a shift of CK polypeptide expression to higher
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apparent molecular weight [41]. Consequently, the specificity range of the
antibody used by us makes the demonstration of CK of columnar epithelial
type somewhat uncertain. This may be one of the factors responsible for the
lower value of anti-CK in epithelial tumours. Nonetheless, only 5 out of 11
tumours with sign of an early secretory activity were reactive to CK. Although
Moll et al. [22] did not report any significant changes in the CK pattern due
to malignant transformation, this observation suggests that in the above-
mentioned cases the malignant transformation may have been accompanied
with a shift of CK profile. This assumption was further supported by the
finding of strong CK reactivity in one of the tumours (No 34) in which electron
microscopy revealed intercellular lumina lined with microvilli. Besides fine
and scanty IFs there were, however, also rough bundles corresponding to
tonofilaments, which are present all but exclusively in squamous epithelial
cells [12].

3) N-PNA reactivity : secretory potential. N-PNA specific to the terminal
D-galactosyl-(I-3)-N-acetyl-D-galactosamine moiety has recently been shown
to be an excellent marker of early secretory activity [8, 18]. In addition, PNA
reactivity seems to closely parallel the estrogen receptor status in mammary
carcinomas [16]. Our results confirm that N-PNA is superior to the PAS
reaction in demonstrating early secretory activity (11 N-PNA positive and
PAS negative tumours vs. one tumour with combined reactivity, data not
shown). Three types of N-PNA staining were observed: dot-like cytoplasmic
cytoplasmic vacuolar and intraluminal staining. Depending on the maturity
of the tumour the latter two were more or less pronounced probably indicating
secretory malfunction with complete or incomplete inhibition of secretion.
Dot-like cytoplasmic staining in itself is not indicative of an anaplastic adeno-
carcinoma because a number of neoplasias including melanoma, malignant
histiocytosis and Merkel tumour were found to show this feature [10, 27].

Neuroectodermal tumours

Two out of three tumours considered to he of neuroectodermal origin
proved to be positive for MFGMA and CK indicating that these markers are
reliable and overall indicators of the ectodermal origin. The CK reactivity of
oat cell carcinoma substantiates the recent finding of Blohel et al. [6], however,
it contradicts that of Lehto et al. [21], who found negativity for CK in oat
cell carcinomas. The tumour diagnosed as neuroblastoma metastasis failed to
show positivity for any of the markers supporting the finding of Osborn et
al. [25]. Although there are contradictory reports regarding the IFP content
of Merkel cell tumours [15, 33, 39], the combined reactivity to CK, neurofila-
mcnt, N-PNA and to MFGMA in case of tumour No 38 spoke unequivocally
for a neuroectodermal malignancy [27].
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Coexpression of vimentin and CK

As a rule a single cell type is characterized by a single IFP [39]. There
are, however, exceptions among both normal and transformed cells [3, 4, 7, 26].
Although tumour cells do retain their original IFP pattern in the course of
dissemination, sometimes they additionally acquire vimentin, a phenomenon
referred to as vimentinization [29]. Generally, vimentinization is considered to
occur when tumour cells spread in body fluids resulting in pleural effusion or
ascites [30]. In three of our cases we demonstrated the presence of vimentin
in solid métastasés of epithelial tumours which might be due to the vimen-
tinization.

Ulex europaeus agglutinin 1 reactivity

The histogenesis of nasopharyngeal carcinoma (NPC) is somewhat con-
troversial, but, in the light of recent investigations, the balance is just leaning
towards the respiratory epithelial origin [36]. Besides the characteristic CK
protein pattern, NPC cells have recently been found to hind preferentially to
the fucose specific UEA-I lectin. The differential diagnostic value of this
feature was emphasized [23]. In our hands the combined reactivity to UEA-I
and MFGMA/CK proved to be a very reliable diagnostic tool in differentiating
NPC from other epithelial tumours or from malignant lymphomas.

la antigen reactivity

On the basis of la antigen reactivity, two tumours (No 10, 35) were
diagnosed as malignant lymphoma [32]. However, in contrast to the observa-
tion of Osborn et al. [26] and Gabbiani et al. [11] as well as in agreement
with that of Giorno [13] and Giorno and Sciotto [14] we were unable to
demonstrate vimentin in lymphoma cells. la antigen has also been detected
in a series of non-haematologic cells and tumours [1, 40]. In case of tumour
No 15, positive for la antigen, the simultaneous reactivity to N-PNA and
MFGMA helped us in establishing the glandular origin.
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EFFECT OF CADMIUM ON THE RAT INTESTINE
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The effect of cadmium on rat jejunal mucosa was observed after application of
CdClI2 doses: acute single (325 mg ¢kg-1) or combined (32.5 -|- after 24 h 162.5
mg < kg-1) and chronic (250 mg «1— daily consumption 10 ml for 3 months). Inhibi-
tion of mucosal respiration, measured by a Clark electrode was 44, 50.4 and 38.4%
respectively, as related to 100% of controls. Metallothionein was determined in the
mucosa for combined and chronic doses.

Electron X-ray microanalysis has shown Cd2+ distribution in dependence on
pathological changes: greater regressive changes caused smaller Cd2+ retention. In acute
experiments Cd2+ penetrate by passive diffusion through foci of damaged villi into the
lamina propria. In crypt absorptive cells with preserved alcalic phosphatase and suc-
cinate dehydrogenase activity and in Paneth cells Cd2+ retention was determined.
Combined dose of Cd2+ damaged homeostasis and prevented Cd2+ retention. In chronic
experiments occurred a diffuse distribution of Cd2+ in the mucosa.

Keywords: Mucosal respiration, metallothionein, Paneth cells

Introduction

Little is known about the mechanism of absorption and transport of
cadmium through the wall of small intestine into the organism [8, 14]. Patho-
logical changes in small intestine after oral application of low Cd2+ doses were
observed by Richardson and Spivey-Fox [13]. Taguchi and Suzuki [17] ascer-
tained very fast uptake of Cd2+ by absorptive cells and its binding to metallo-
thionein in the intestinal mucosa. Also the presence of cellular organelles in
cadmium storage has not been fully explained. Even the opinion of Steibert
et al. [15] about the importance of mitochondria in storage and transport of
cadmium is of a relative value only, as well as binding of cadmium to cellular
nuclei, as supposed by Goyer and Wilson [5].

The aim of this study is to contribute to the understanding of transport
mechanism of cadmium in gastrointestinal tract after its oral entry.

Send offprint request to: D. Hulinska, Institute of Hygiene and Epidemiology, Electron
Microscopy, Prague, érobéarova 48, 100 42, Czechoslovakia
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Materials and methods

Experiments were performed on female Wistar rats, average weight 200-250 g. In an
acute test with a single dose (a) rats were given in ether narcosis 32.5 mg ¢ kg- 1CdCl2on the
first day by gavage. This dose was effective for 24 h. In acute test with combined doses (b)
rats were premedicated with an oral dose of 32.5 mg *kg-1 CdCI2for 24 h before the applica-
tion of second oral dose of 162.5 mg *kg-1 CdCI2 by gavage. Second dose was effective for
1 h, in respiration tests also for 3 h. In chronic tests (c) rats were drinking daily 10 ml
on average a solution with 250 mg ¢ 1—1 CdCI2 for 3 months. Control rats drank distilled
water only. After 3 months rats were killed by decapitation and after laparotomy the jejunum
was isolated.

For biochemical study the jejunum was soaked with a cold saline and mucosa was
scraped by means of microscopic glass. Oxygen consumption was measured on jejunal mucosal
scraping in a Krebs-Ringer phosphate buffer (pH = 7.4) by means of Clark electrode in a
glass vessel at 37 °C, provided with magnetic stirring. For range calibration air oxygen at the
start and nitrogen at the end of measurement were used.

Determination of metallothionein in the jejunal mucosa cytosol was performed accord-
ing to Squibb et al. [14]. After previous mucosa homogenisation and centrifugation in cold
mucosal cytosol was separated on a chromatographic column with Sephadex G-75. Individual
fractions were measured spectrophotometrically on Unicam SP-1800 and atomic absorption
spectrophotometer Varian Techtron AA 175 was used for cadmium determination.

For histochemical study the jejunum was frozen in liquid nitrogen and cut on cryocut
(Reichert). Succinate dehydrogenase (SDH) activity, Mg2+ adenosine triphosphatase (ATPase)
activity as well as acid (AcP) and alcalic (A1P) phosphatase activities were determined accord-
ing to Lojda and Papousek [9].

Another part of the jejunum was fixed in Baker’s neutral formaldehyde, dehydrated
and embedded in paraffin. Energy dispersive spectrometer (EDS) together with Jeol JCX 11
microscope was used for the study of ultrathin jejunal sections in transmission (TEM), scanning
(SEM) and scanning transmission (STEM) mode. Samples for X-ray microanalysis were fixed
either with 2,5 glutaraldehyde in 0.1 mol «1“ 1cacodylate buffer or were snap frozen in liquid
nitrogen and freeze substituted with 1% osmium tetroxide. After dehydration with acetone
samples were embedded in Epon 812.

For ultrastructural study tissue was fixed with Karnovsky’s glutaraldehyde-para-
formaldehyde fixative in Thyroid buffer, postfixed with 1% Os04, dehydrated and embedded
in Epon. Thin sections were mounted on Cu or Al grids, carbonized for STEM and SEM study
or stained with uranyl acetate (UA) or lead citrate (LC) for TEM study. For determination
of selected area composition with EPMA following conditions were chosen: 80-100 kV, 80 (lA.
emission current, slope angle 45°, detector distance 21 mm, sampling time 200 s.

Results

Biochemically, the effect of Cd2+ on the respiration of jejunal mucosa
and induction of metallothionein (MT) were observed. The results of the
effects of cadmium on oxygen consumption of mucosa are depicted in
Table 1. Both acute (a, b) and chronic (c) tests cadmium caused significant
inhibition of respiration. In acute tests with combined doses (b) degree of
inhibition was increasing with duration of CdCI2 exposure.

The presence of metallothionein induction in mucosa was not determined
in acute (a) tests but in acute (b) tests MT was demonstrated even if micro-
analysis has not proved cadmium. The presence of MT was confirmed also in
chronic experiments (Table I).
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Table |
Inhibition of respiration by cadmium injejunal mucosa scraping

Application CdClj dose Exposure period Inhibition

Acute single (a)

Controls 0 0
Experiment 325 mg *kg-1 24 h 44%
Acute combined (b)

Controls 0 0
Experiment 325 + 1625 24+ 1h 50.4%
mg *kg'l
Experiment 325 + 1625 24 + 3 56.3%

Chronic (c)
Controls 0 0
Experiment 250 mg ¢ I-1 3 months 38.4%

10 ml/day/rat

All inhibition values are related to 100% value of controls. All inhibitions are statis-
tically significant, t-test: P < 0.01

Histochemical changes

In all experiments there were histologically proved focal lesions in the
jejunal mucosa. Morphological changes corresponded to histochemical altera-
tions which in turn depended on the extent of lesions:

In acute (a) tests foci of regressively changed villi with vacuolar dys-
trophic cells were seen. At the base of the crypts no damaged goblet and
Paneth cells occurred. From the brush border of the group of villi in lesion
area, AIP activity has disappeared (Fig. 1). In the surrounding villi and crypts
outside lesions AIP activity was detected, though smaller than in controls.
No Mg2+ ATPase was shown in absorptive cells of villi in lesion area. Crypts
were slightly positive. In absorptive dystrophic cells of villi no SDH activity
could be demonstrated while it was present in the crypts. AcP activity was
increased in lamina propria at the base.

In acute (b) tests there were extensive regressive villous changes, their
cells were necrotic. Brush border was absent or greatly reduced. Hypertrophic
goblet cells covered mucosal surface. Pathological product formed granules in
the mucus of goblet cells, but also in enterocytes and plasm of mucosa histio-
cytes. AIP and Mg2+ ATPase activities disappeared entirely from the regres-
sively changed mucosa. SDH-active sites were rare.

In chronic (c) tests microscopic lesions appeared in the mucosa, focally
affecting isolated villi. Bases of absorptive cells formed vacuoles. Goblet cells
were unchanged. AIP activity was decreased in isolated absorptive cells at
the top of villi and negative in the focus of regressively changed crypts (Fig. 2).
Outside lesion foci there was a marked SDH activity.
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Fig. 1. Rat jejunum. Acute Cd2+ dose (a). Microvillar border (mv) of damaged villi has no
A1P activity contrary to undamaged villi. (Arrow). X250

Fig. 2. Rat jejunum. Chronic Cd2+ dose (c). Local A1P activity decrease in the base of villi
and crypts. (Arrow). X 250
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Fig. 3. Rat jejunum. Acute Cd2+ dose (a). Dilatation of intercellular connections (ic) of
absorptive cells, swelling of mitochondria (m) and dilatation of endoplasmatic reticulum (er).
X 14 800
Fig. 4. Rat jejunum. Acute Cd2+ dose (b). Necrosis in the microvillar border (mv) and in the
cytoplasm after fusion of lateral connections. X7600
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Fig. 5. Rat jejunum. Chronic Cd2+ dose (c). Normal goblet cells (gc) and microvillar border
(mv) but vacuolizing mitochondria (in) of absorptive cells (ac). X4900

Fig. 6. Rat jejunum. Chronic Cd-f dose (c). Vacuolization of Paneth cells (PC) and infiltration
of lamina propria. (Arrow). X 4900
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Ultrastructural changes

In acute (a) tests ultrastructural changes occurred in the absorptive cells
of villi. Numerous vacuoles in cells originated from swollen mitochondria,
some of which were surrounded by a double membrane and contained isolated
cristae, while others were covered by a single membrane only. Absorptive
cells in crypts were not vacuolized and in the mitochondria had an electron-
dense matrix. Paneth cells of crypts contained granules. Plasma cells in lamina
propria had dilated endoplasmatic reticulum (Fig. 3).

In acute (b) tests extensive changes were affecting both the absorptive
and goblet cells. Necrotic cells protruded into the lumen (Fig. 4). Microvilli in
the necrotic focus were reduced, shortened and without filaments. Goblet
cells also suffered from necrosis, their nuclei being pycnotic or vacuolized.
In the secreted mucus electron dense granules were seen. Crypt Paneth cells
were also vacuolized.

In chronic (c) test vacuolized absorptive cells showed focal alterations.
Goblet cells were unchanged (Fig. 5). Tight junctions of absorptive cells were
dilated and filled with vesicles in some places. Paneth cells were vacuolized,
nuclei of crypt absorptive cells were active. In the lamina propria macro-
phages with greatly vacuolized cytoplasm (Fig. 6) were encountered.

Electron probe microanalysis

X-ray spectrum of jejunal mucosa has shown in acute and chronic tests
the presence of cadmium Ka and lines. Microvillar border, absorptive and
goblet cells, lateral membranes and nuclei of Paneth cells and lamina propria
in the mucosal hase were investigated. Point microanalysis did not prove the
presence of Cd2+ in mitochondria.

X-ray spectrum in acute (a) tests: dotted line depicts previous liver
analysis from the same experiment and below there is an analysis of proper
absorptive cells of villi base (Fig. 7). Diffuse Cd2+ distribution in the cyto-
plasm of absorptive cells as shown by surface analysis in STEM (Fig. 8).
Higher Cd2+ distribution appeared in crypts. In SEM mode, the distribution
of Cd2+ in lateral membranes of cells surface analysis was ascertained (Fig. 9).

In acute (b) tests EDS analysis did not detect Cd2+ either in the mucosal
epithelium or in the lamina propria. In the pathologically changed crypts
there was no Cd2+ retention. Cadmium applied probably entered the blood
system through the changed mucosa.

In chronic (c) tests there appeared to be an elevated Cd2+ content in
crypt base and lamina propria. EDS system did not prove the presence of
Cd2+ either in the microvillar border or in absorptive cells. Retention of Cd2+
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Fig. 7. Rat jejunum. Acute Cd2+ dose (a). X-ray spectrum of jejunal mucosa base. Dotted
line: liver analysis. X 10 000

Fig. 8. Rat jejunum. Acute Cd2+ dose (a). Surface Cd-"+ analysis in the absorption cells (ac),
demonstrating diffused distribution of cadmium ions. (Arrow). X 10 000
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in crypt base was proved by X-ray peaks, whicli were higher than those in
acute tests (Fig. 10). Surface analysis has shown a diffuse distribution of
cadmium.

Discussion

Findings suggest that cadmium influences the respiration of jejunal
mucosa depending on dose and length of exposure. Degree of respiration
inhibition in these experiments is lower than that from in vitro tests [22, 23].
It is interesting, that inhibition of respiration by a single acute dose is com-
parable to decrease shown for oxygen consumption in chronic tests. An expla-
nation of this may be that the total retained quantity of cadmium in chronic
tests is near to the amount used in acute single dose (a) tests. Long-term
application of Cd2+ in lower concentrations simultaneously causes in the
intestine a binding of toxic Cd2+ into MT, while the remaining cadmium
produces structural focal changes. These changes may lead to decreased respi-
ration levels.

Functional changes are in agreement with ultrastructural and histo-
chemical findings. The results from our acute chronic tests indicate various
degrees of permeability changes of cellular membranes in the jejunal mucosa,
which operates as a sieve. Cumulation of Cd2+ in undamaged cells was demon-
strated by X-ray microanalysis. In tests with combined doses (b) cadmium
was not proved in pathologically changed mucosa or in chronic tests cadmium
was found diffusedly in the crypt epithelium and lamina propria. In patho-
logically changed spots the retention of Cd2+ either did not occur and cadmium
was rapidly transported by the blood into the liver [24] or was lower than the
detection limit.

Truchet 119] detected Li+ by using a inicroanalyzer in the liver in con-
centrations higher than 10 mg | ]. Hart et al [6] pointed out MT by immuno-
cytochemistry in the lung but using the LAMMA method they found no cad-
mium. Binding of cadmium to MT in intestinal or liver cytosol has been proved
by Squibb et al 114].

In agreement with Aungst and Fung [1] we presume, that with increased
damage to the mucosal epithelium a higher degree of passive diffusion in metal
transport can be supposed.

In chronic experiments the problem of defense of organism against
cadmium toxicity by MT is discussed [3, 18, 20, 25].

According to our results the magnitude of premedication dose is signifi-
cant. In our tests with combined doses (b) the first dose was higher than that,
used by Yoshikawa [25] and Cherian [3]. Similarly to Yoshikawa [25], we
found regressive changes leading to jejunal mucosa necrosis.

In our acute (b) tests rats were surviving and in chronic tests there were
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no pathological findings in the liver even if the intestine had focal lesions in
mucosal epithelium. According to Morita [11] a defensive mechanism against
Cd2+ toxicity develops already in the intestine.

Cells of absorptive villi are more sensitive to the toxic Cd2+ influence
than goblet and Paneth cells [4, 21]. Richardson and Spivey-Fox [13] ob-
served dense deposits of Cd2+ in endothelial and in absorptive cells of the
quail. Similarly to Holt and Webb [7] we presume, that the speed and
degree of Cd2+ transport into the intestine depend on dose. According to
Nordberg [12] intestinal uptake of cadmium is much greater than its trans-
port into the body.

The origin of binding places for Cd2+ at the suhcellular level is not quite
clear yet. Taguchi [16] observed binding of Cd2+ to membranes of epithelial
cells. In our tests the presence of cadmium could not be proven in intestinal
mitochondria by point microanalysis. This is consistent with ultrastructural
finding of mitochondrial vacuolization. Also Makashew and Verbolovich [10]
described mitochondrial changes under the effect of lead. Brunner and
Bucher [2] supposed the passage of cadmium through the mitochondrial
membrane.

In all experiments the correlation between mucosal respiration and
mitochondrial structural changes was apparent.
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THE STUDY OF STEROID HORMONES
IN EPITHELIAL OYARTAN TUMOURS
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We examined the estradiol and testosterone content of 13 benign, 5 border-line
and 26 malignant epithelial ovarian tumours with the aid of an indirect immuno-
peroxidase method. While the two hormones were rarely detected in the epithelium of
benign tumours, they were frequently present in border-line or malignant tumours.
In cases where the intersitial substance of the tumours was coupled to a glandular
hyperplasia of the endometrium, estradiol predominance could be demonstrated.

In the epithelial cells of malignant tumours of cytological grade 2 of the Broders
grading system, which are of the highly differentiated and border-line types, the
simultaneous presence of estradiol and testosterone is more frequent (4/5 and 6/9)
than in poorly differentiated tumours of grades 3 and 4 (4/17).

In the group of grade 2 with better prognosis, the tumour cells also contain
estradiol. Similar tendency can be observed in patients with poorly differentiated
tumours.

Our observations refer to the possible prognostic value of the estradiol content
of tumour cells.

Keywords: Ovarian tumours, steroid hormones

Introduction

The indirect immunperoxidase method proved to he suitable tor the
immediate detection of steroid hormone-content in tissues embedded in paraf-
fin and fixed in formalin. This method has been used by several researchers
to investigate steroid-content and localization of sex cord tumours in the
ovary and the testis as well as in case of breast cancer and endometrium
cancer [5, 8, 9, 15, 17, 19]. However, there are no similar data available for
ovarian tumours of epithelial origin. In the stroma of endocrinologically active
epithelial ovarian tumours enzymes having direct contact with steroid genesis
have been found [7, 14].

In our previous investigations we examined the prognostic value of
histological grading systems in cases of ovarian tumours of epithelial origin [4].
The present study was aimed at the demonstration of the estradiol and testo-
sterone content of tumours mentioned above, searching for possible correla-
tion between the hormone content and the grade of differentiation.

Send offprint request to: Ilona Péter, Research Inst, of Oncopathol., National Inst, of
Oncology, Budapest, Rath Gy. 7-9, H-1112 Hungary
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Materials and methods

Paraffin sections of 10% formalin-fixed tissue derived from border-line and benign
tumour cases [4] were prepared, selected according to different histological types of ovarian
carcinomas, previously grouped as to their grade of differentiation. We also performed the
histological examination of the uterus sent together with the tumours. For detecting endo-
genous estradiol and testosterone, indirect immunperoxidase (PAP) reaction has been carried
out according to Sternberger et al [18] using Immunostaining Systems kits (Ortho Diagn.
Syst. Inc. Raritan, N.Y. USA). As a positive control for endogenous estradiol display, normal
ovary, for endogenous testosterone normal testis was used. For negative control examinations
we incubated the sections with normal rabbit-serum instead of using a primary antibody.

Results

The intercellular sulistance of the examined benign cystic tumours was
positive to estradiol (12/13) and to testosterone (10/13) in immunperoxidase
reactions in most cases (Table I). According to the relative intensity of the
reactions, estradiol predominance or the mere presence of estradiol could be
observed in cases where the benign ovarian tumour occurred together with
glandular hyperplasia of the endometrium, endometriosis or Brenner-tumour
(Table I, cases 1, 2, 4, 6, 9, 12, 13, and 7). The hormone content of the tumour
cells could be demonstrated only in two cases (Table I, cases 1, 5).

Table |

Benign tumours — Steroid hormone content in the tumour cells
and the stroma

Hormone content

Case Age .o Uterus assoc. —
No. years Histol. type lesions epithelial stromal
estr. test. estr. test.
1 39 serous gl. hypl. end. + + + o+ +
2 48 serous gl. hypl. end. — - o+ —
3 51 serous - - — +
4 64 serous gl. hypl. end. — + o+ +
5 21 mucinous — + + + o+ + +
6 49 mucinous +
serous endometriosis - + —
7 53 mucinous -f-
Brenner - - - o+ +
8 53 mucinous — — — + +
9 58 mucinous fibromy. - — + —
10 65 mucinous fibromy. — —_ + +
n 67 mucinous - — + o+ + o+
12 78 mucinous gl. hypl. end. — — + o+ +
13 83 mucinous gl. hypl. end.
fibromy. — — + o+ -j-
estr. = estradiol Intensity of immunperoxidase reaction
test. = testosterone + -f- — strongly positive
gl. hypl. end. = glandular hyperplasia of 4- = moderately, slightly positive
endometruim — - negative
fibromy. = fibromyomatosis
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Case Age

No. years
| 48
2 55
3 56
4 63
5 65

Table 11

in the tumour cells and stroma

Histol. type

serous
serous
serous
serous

mucinous

Uterus assoc,
lesions

gl. hypl. end.

fibromy.

gl. hypl. end.
gl. hypl. end.
gl. hypl. end.

fibromy.
fibromy.

Table 111

epith
estr.

Border-line tumours — Steroid hormone content

Hormone content

elial stromal
test. estr. test.
r Sf-r r
+ -j-4- +
+ 4-+ f
+ + + + +
+ + + + +

Malignant tumours — Steroid hormone content in the tumour cells and the stroma

Case Age

No. years
| 35

2 36
3 41
4 47
5 48
6 48
7 54
8 60
9 62
10 64
11 64
12 69
13 73
14 28
15 47
16 50
17 60
18 60
19 71
20 36
21 43
22 44
23 48
24 48
25 50
26 50

endometr.

adenocc. end.
adenoacanth. end.

Histol. type

serous
serous
serous
serous
serous
serous
serous
serous
serous
serous
serous
serous
serous
mucinous
mucinous
mucinous
mucinous
mucinous
mucinous
endometr.
endometr.
endometr.
endometr. -f-
mucinous
endometr.
endometr.
endometr.

endometrioid

Uterus assoc,

lesions

fibromy.

fibromy.
fibromy.

fibromy.
gl. hypl.
fibromy.
fibromy.

gl. hypl. end.
gl. hypl. end.

adenocc. end.
adenoacanth.

adenocc. end.
adenocc. end.

adenocc. end.

end.

end.

Hormon content

epithelial stromal
estr. test. estr. test.
+ + + + + + + +
+ + + + +
+ + + + + +
+ + + + +
+ + + + + +
— + + +
+ + + + +
— + + + + +
— + + + + +
— + + -r
+ + + + +
— + + — + +
+ — + +
— + — +
+ + + + + +
— + + — +
+ + + + + +
+ — + + +
+ + — + + —
— + —

— + —
+ — + —
— + + + +
+ — + + +
“r + + -L
— + + + +

adenocarcinoma of endometrium
adenoacanthoma of endometrium
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Fig. 1. Mucinous tumour of border-line type. Moderately intense estradiol reaction in the
epithelial cells and the stroma (Table Il, case 5)

Fig. 2. Intensive epithelial and stromatic testosterone positivity on other parts of the
same tumour

The epithelial cells in the tumours of border-line type (low malignancy)
contained estradiol (4/5) and testosterone (5/5) (Talde I1). In the tumours
accompanied by glandular hyperplasia of the endometrium, reaction of the
connective tissue teas more intensive for estradiol then for testosterone (Table
I, cases 1, 2, 3, 4).

Similarly to the border-line type, the presence of these two steroid hor-
mones could be observed more often in the epithelium of malignant tumours
(Table 111) than in benign ones. Positive estradiol reaction was recorded in
more than half of the cases (15/26) and it was even higher in the case of testo-

Acta Morj)liologica Hungarica 36, 1988



STEROID HORMONES IN EPITHELIAL OVARIAN TUMOURS 137

Fig. 3. Mucinous carcinoma of cytological grade 3. Strong testosterone immunperoxidase
reaction in the tumour cells, the stroma is slightly positive (Table Ill, case 16)

Fig. 4. An endometrioid malignant tumour of cytological grade 2 (adenoacanthoma). Es-
tradiol positive, moderate reaction in the cells of the pavement epithelium, the glandular
epithelium and in the interstitial cells (Table Il1, case 25)

sterone positivity (19/26). In one case the tumour cells contained no hormone
at all (Table 111, case 21).

The variation of hormone-content in tumour cells could he observed in
all three histological types, in some cases both hormones simultaneously, in
others they contained cither testosterone or estradiol (Figs 1—4). There was
no correlation between the hormone-content of the tumours and the age of
the patients.

The estradiol predominance of the connective tissue could be shown in
two of three cases occurring together with glandular hyperplasia of the endo-
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metrium (Table Ill, cases 17, 19) and in three of five cases with endometrium
carcinoma (Table I, cases 21, 22, 24).

Examining the steroid hormone-content of malignant tumours in cor-
relation with their grade of differentiation (Table I1V), we can note the simul-
taneous presence of estradiol and testosterone more often in the group of
highly differentiated tumours (6/9), cytological grade 2 in Broders grading
system, than among tumours belonging to grade 3 (3/10) or grade 4 (1/7).

The course of disease shows significant individual differences within the
same clinical stage having the same cytological grade. In the group of grade 2,
in case of better prognosis (Table IV, cases 25, 17, 2, 3, 11 and 4) estradiol in
the tumour cells could also be pointed out in contrast to cases of poor prog-
nosis (Table 1V, cases 10, 20, 12). The chance of survival of a patient in clinical
stage 1 with a tumour grade 3 containing both hormones (Table IV, case 7)
proved to be better than that of the patients in the same group with tumours

Table IV

Malignant tumours — Steroid hormone content and cytological grunding

Epithelial hormone

(;:cacsgr(’j\‘ofo Histol. type Clinical content Clin, follow-up
Table I’II) . stage estr. fest. (months)

Cytological grade : 2

25 endometr. I/c + + alive, 134

17 mucinous I/a + + + died, 44

2 Serous /b + + alive, 61

3 serous 11/b + + died, 101

n serous 11/b + + alive, 95

4 serous /b + + + alive, 155

10 serous 11/b — + died, 12

20 endometr. 11/b - + died, 1

12 serous 11 — + 4+ died, 1
Cytological grade : 3

7 serous I/c + + + alive, 70

14 mucinous I/c — + died, 19

19 mucinous 11/b + + — died, 14

18 mucinous /b + - died, 9

16 mucinous 11/b - + 4+ died, 23

13 serous /b + — died, 30

21 endometr. 11/b — — died, 8

15 mucinous 11 + + died, 2

6 serous HI — + died, 12

5 serous \Y + + died, 10
Cytological grade: 4

24 endometr. 1l/a + died, 63

23 endometr. 11/b - + died, 3

1 serous Hl + + + + died, 11

8 serous v — + died, 16

9 serous v - + 4+ died, 12

22 endometr. v + - died, 16

26 endometr. v + died, 7
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containing no estradiol (Table IV, case 14). Patients with tumours of grade 4,
but estradiol positive and endometrioid type have a better survival than those
of the same group but with estradiol negative tumours (Table 1V, cases 24,
23, 22, 26).

Discussion

The indirect immunperoxidase reaction used in our examinations gives
information about steroid hormones obtained either from the serum or secreted
by the cells [9, 19]. The role of enzymatically active stroma cells of epithelial
ovarian tumours in steroid synthesis is well known and can be correlated
with the estrogenic or androgenic functions of these tumours [10, 11]. The
interstitial estradiol predominance found in tumours occurring with glandular
hyperplasia of the endometrium, post-menopausal bleedings and endometrium
carcinoma corresponds to the above data of the literature. Enzymes of estro-
genic metabolism have also been isolated in the epithelial components of
breast cancer [13].

We cannot exclude that the demonstrated hormone-content partly cor-
responds to hormones bound by receptors. The biochemical detection of estro-
genic and testosterone receptors in epithelial ovarian tumours had a diversified
result. In malignant tumours the occurrence of estrogenic receptor was 50-
100% while that of testosterone receptors was 41-72% [2, 6]. Receptors were
found in approximately half of the highly differentiated endometrial carci-
nomas, while in the case of poorly differentiated ones, receptors were only
sporadically detected [3]. The prognostical value of receptor status is still
argued.

In our previous examinations based on Broders system the prognosis of
tumours of grade 2 was significantly better than that of tumours of grade 3
or 4, while there was no difference regarding survival according to histological
type [4]. Although in larger examination series significant differences can be
demonstrated in the prognosis of the patients according to clinical stages or
the grade of differentiation [1, 12, 16], nevertheless great individual dif-
férencies occur within each group concerning the course of disease, which is
due to tumour heterogeneity. Estradiol and testosterone were simultaneously
present more often in cases of highly differentiated tumours of grade 2 with
low malignancy (border-line) than in tumours of grade 3 or 4.

The prognosis of patients with highly differentiated tumours containing
estradiol was better than the prognosis of patients in the same group with
estradiol negative tumours. A similar tendency could be observed in our
patients with poorly differentiated tumours in clinical stage 1 as well as in
patients with poorly differentiated tumours of endometrioid type.

The possible prognostic value of estradiol-content of tumour cells re-
quires confirmation in a larger population of patients.
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BOOK REVIEW

W. F. Neiss: Ultracytochemistry of intracellular membrane glycoconjugates. Yol. 99.
Advances in anatomy, Embryology and Cell Biology. Eds: F. Beck, W. Hild, W. Kriz, R.
Ortmann, J. E. Pauly, T. H. schiebler.

Springer V. Berlin, Heidelberg, New York, London, Paris, Tokyo, 1986. 92 pp, 113 Figs.
Price: DM 65, soft cover

The book has appeared in the series of Advances in Anatomy, Embryology and Cell
Biology as Volume 99 published by Springer Verlag Publishing Company (Berlin, Heidelberg,
New York, London, Paris and Tokyo) in 1986. The editors are: F. Beck, W. lliid, W. Kriz,
R. Ortmann, J. E. Pauly and F. H. Schiebler.

This book consists of 92 pages text and 113 excellent quality EM figures. The topic is
comprehensive and joins the main stream of recent membrane research. The author’s aim
was to study the topology of intracellular glycoconjugates of the post-Golgi membranes:
lysosomes, peroxisomes, secretory granules and mitochondria. At the time, it is the first
attempt to fill the gap between biochemical and morphological data by the use of selected
ultracytochemical methods. The techniques used were as follows: neutral- and sialo-glyco-
conjugate-specific phosphotungstic acid or periodic acid oxidation-thiocarbohydrazide-silver
proteinate reactions and sialyl group-specific mild periodate oxidation, thiocarbohydrazide-
silver proteinate reaction at the ultrastructural level. These reactions demonstrated the
protein-bound glycoconjugates but not the glycolipids. The study revealed a coat of glyco-
conjugates on the inner surface of post-Golgi membranes, such as the lysosomal and secretory
granular membranes. Based on these observations, the author proposed a general model of
the inner membranes of lysosomes and secretory granules, which represents an intracellular
glycocalyx — similar in structure to the coat present on the cell membrane. This intracellular
glycocalyx appears only on intracellular membranes originating from the Golgi-apparatus or
which are fusion-compatible with each other and the cell membrane. These membranes are
joined by the membrane recycling of exo- and endocytosis and crinophagy. The function of
their inner coat could be the separation of the organelle-membrane from the matrix of lyso-
somes and secretory granules and could perform a mechanical/chemical barrier to protect
the membrane against the action of lytic enzymes from within. The book may attract the
attention of membrane biologists, morphologists and pathologists, but can be highly recom-
mended to general biologists as well.

J. Timar
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PERMANENT METACHROMATIC EFFECT OF
1,9-DIMETHYL-METHYLENE BLUE ON ACIDIC
MUCOPOLYSACCHARIDES OF MASTOCYTES

E. Pokorny, T. Kremmer, L. Holczinger

NATIONAL INSTITUTE OF ONCOLOGY, RESEARCH INSTITUTE OF ONCOPATHOLOGY,
BUDAPEST, HUNGARY

(Received 29 July 1987)

The 1,9-dimethyl-methylene blue (SERVA) has a very strong metachromatic
reaction with sulphated mucopolysaccharides of mastocytes at pH =1 (Tris-HCI buf-
fer). This metachromasia is retained also at increasing pH (2.5—05), and is not affected
either by the quality or by the concentration of the ions present (1/240 M Tris-HCI,
and 0.2 M phosphate buffer).

The smears do not need any special mounting medium, only Canada balsam.
The metachromasia is preserved for a considerable length of time.

Keywords: Mastocytes, sulphated mucopolysaccharides, 1,9-dimethyl-methy-
Icne blue (DMMB), metachromasia

Introduction

Reactions based on the phenomenon of metachromasia play an important
role in the histochemical detection of sulphated mucopolysaccharides [2, 5, 10,
11, 13, 17].

Disadvantage of these staining techniques lies, however, in the fact that
results are considerably influenced by the pH and ion concentration ofthe stain-
ing medium and the preparations, in the majority of cases, lose their metachro-
masia within a short time and fade out [3, 6, 13].

Present investigations have been performed with the dye 1,9-dimethyl-
methylene blue chloride (SERYA) on mouse mast cells. Attention to this dye
has been called upon by Taylor and Jaffree [14] and Toepfer [16] because of its
strong metachromatic properties. Mast cells contain, beside histamine and
serotonin, mainly heparin [1, 9]. Consequently, these cells seem to be most
suitable to test the staining reaction.

Materials and methods

Mast cells were separated by the technique of Thon and Uvnéas [15] from the abdominal
cavity of Swiss mice. From the cells obtained smears were prepared. After having air-dried
the smears were fixed in Carnoy’s solution for 15 min then washed in distilled water for 4 x 1
min and dried at room temperature.

Send offprint requests to: Dr. E. Pokorny, National Institute of Oncology, Research
Institute of Oncopathology, Budapest, Rath Gy. u. 7—9, H-1122, Hungary
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144 POKORNY et al

After drying the preparations were stained with 0.05% 1.9-dimethyl-methylene blue
(DMMB) dye solution at pH = 1, pH = 25 and pH = 5. It is well known that at pH = 1
only sulphate groups, at pH = 2.5 phosphate groups and at pH = 4 carboxyl groups are
dissociated and able to enter in reactions within biological objects [4, 8]. pH values were
adjusted with 0.001 M Tris buffer (Tris-/hydroxy-methyl/-amino-metan/ — 0.1N HC1, or with
0.2 M phosphate buffer.

After staining and drying at room temperature the smears were covered with Canada
balsam.

Results and discussion

In preparations stained at pH : 1 only the granules of mast cells were
stained metachromatically, while other cellular elements remained unstained.
Absorption maximum of granules stained purple, was shifting to 570 nm instead

b

Fig. la Mast cell preparation stained with DMMB solution at pH = 1. Mast cells are intensively
stained while other cells are hardly visible in the background. (X 320)

Fig. Ib Mast cells stained with DMMB solution at pH = 1. Within the cells only the granules
get stained no other cellular components are visible. (X1820)

Acta Morphologica Hungarica 36, 1988
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of the 660 nm original maximum of the dye in cells. Absorption maxima were
recorded by scanning and integrating cytophotometer (Barr and Stround,
Glasgow). Some other cells present in the preparations displayed a faint blue
colour. Background staining was hardly discernible. Consequently, no or
minimal adsorptive staining took place (Fig la, b). With increasing pH
(2.5—05), other cellular components become also visible, but while the mast cell
granules retain their metachromatic staining properties, they stain orthochro-
matically.

It can be stated that the DMMB staining at pH : 1 is highly selective
for sulphated mucopolysaccharides. Strong metachromasia granules (shifting
the absorption maximum from 660 to 570 nm) remains at pH :2.5 and pH :5
as well. The phenomenon is not affected, even within very wide limits, either
by the quality or by the concentration of the ions present.

It is of additional significance that no special mounting medium is needed
and under a layer of Canada balsam metachromasia is preserved for a consider-
able length oftime.

Further characterization of DMMB staining and the study of its applica-
bility are in progress.
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RE-INNERVATION OF PANCREATIC TISSUE
IMPLANTS IN NORMAL AND IN SYMPATHETICALLY
DENERVATED EYES OF RATS

T. Donath, E. Adeghate

1st DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY, SEMMELWEIS
UNIVERSITY MEDICAL SCHOOL, BUDAPEST, HUNGARY

(Received 12 October 1987)

Embryonic, newborn and adult pancreatic tissue fragments were implanted
into the anterior eye-chamber of rats of the same offspring to determine whether there
is any difference in the pattern of their re-innervation. In another experiment the
embryonic pancreatic tissue fragments were implanted into sympathetically denervated
eyes of homologous rats. Newborn, adult and embryonic pancreatic tissue implants
were removed under a stereo-microscope after 17, 45 and 53 days, respectively. The
embryonic pancreatic tissue implants in denervated eyes were removed after 46 days.
The implants were processed for electron microscopy.

The embryonic, newborn and adult pancreatic tissue implants were equally well
re-innervated by agranular and granular vesicle-containing nerve terminals and varicos-
ities from the host iris. The embryonic pancreatic tissue implants were also re-inner-
vated in sympathetically denervated eyes, most likely by parasympathetic nerves of
the iris. Except for the few intrinsic nerve profiles, the re-innervating nerve fibres seemed
to reach the implant stroma through the blood vessels revascularizing the implants.
The re-innervation of the endocrine pancreas is more pronounced than that of the whole
tissue.

Keywords: Re-innervation, pancreatic implants, eye-chamber

Introduction

In spite of the fact that pancreas has been extensively transplanted
experimentally to treat induced diabetes mellitus, less attention has been paid
to the ultrastructural morphology of the transplants [3], and even much less
to its re-innervation. Since intact innervation is probably vital to the endocrine
secretion of pancreas, the importance of a detailed knowledge of the pattern of
re-innervation of pancreatic tissue implants cannot be overemphasized.

In the present study, newborn and adult pancreatic tissue fragments
were implanted into the anterior eye-chamber of rats of the same offspring to
determine if there is any difference in their pattern of re-innervation from the
host iris. In another experiment, embryonic pancreatic tissue fragments were
implanted into sympathetically denervated eyes of homologous rats to study
the phenomenon of re-innervation from the pool of parasympathetic nerves in
the iris.

Send offprint requests to: Dr. T. Dondath 1st Dept, of Anatomy, Semmelweis Univer-
sity Medical School, Budapest, TGzolt6 u. 58, H-1450 Hungary
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Materials and methods

18 day-old embryonic, newborn and adult rats were anaesthetized with aether and
chloral hydrate. Median laparatomy was performed and the tail of or the whole (embryonic
and newborn) pancreas were removed and cut into small pieces in physiological solution. The
pieces were immediately implanted with fine watchmaker’s forceps into the anterior eye-
chamber of anaesthetized, homologous rats through a small incision (3—4 mm) made on the
cornea. Prior to implantation, the host rats received 0.5 ml of 0.05% atropine to enhance pupil
dilatation and to minimise the by-effects of the anaesthetics. Plastubol spray (EGIS, Hungary)
producing a sterile methylmetacrylate film was used to cover the incision on the cornea. 8000
i. u. of penicillin was given intramuscularly against any procured infection.

In another experiment, 18-day-old pancreata were implanted as described above into
sympathetically denervated eyes of homologous rats. Sympathetic denervation of the iris was
performed by the extirpation of the superior cervical ganglion. After 17 days, animals having
received newborn pancreatic tissue fragments were anaethestized as described above, perfused
transcardially with Karnovsky’s solution, the eyes dissected out and the implants removed
under a stereo-microscope, while those with adult and embryonic pancreatic tissue implants
were treated in the same way after 45 and 53 days, respectively. The embryonic pancreatic
tissue fragments implanted into sympathetically denervated eyes were removed after 46 days
as described above.

The implants were refixed and postfixed in Karnovsky’s and in 1% osmium tetroxide
solutions, respectively. They were dehydrated in graded ethanol and propylene oxide. Ulthra-
thin sections stained with lead citrate and uranyl acetate were investigated under a Tesla BS 500
electron microscope.

Results

Adult pancreatic tissue implants

After 45 postimplantation days, a nerve plexus with different types of
varicosities were found around the acinar cells. Empty round vesicles were seen
in one type of axon, medium dense-cored vesicles in another while a third type
contained flattened or oval-shaped vesicles. The axons were enclosed in
Schwann cell processes which opened towards the acinar cell (Fig. 1). Parallel
with acinar degenration, proliferation of pancreatic tubules and existence of
endocrine cells were also observed.

Newborn pancreatic tissue implants

At 17 days after implantation, newly formed neuro-insular complex was
found around fenestrated capillaries in the substrate of the implants. (Fig. 2).
Nerve fibre terminals containing agranular vesicles were observed on the cell
membrane of the beta cells. (Fig. 3). The nerve filtres were enclosed in Schwann
cell processes and open towards the endocrine cells except when they lied on the
plasma membrane of the endocrine cells.

In the beta cell, light and dark secretory granules were discernible. Some
granular vesicle-containing nerve fibre terminals were also found on the plasma
membrane of delta cells. Around them many axons with neurotubular struc-
tures and varicosities containing medium dense-cored vesicles were seen.
(Figs 4, 5).

Acta Morphologica Hungarica 36, 1988



HE-INNEIIVATION OF PANCREATIC TISSUE IMPLANTS 149

Fig. 1. 45-day-old adult pancreatic tissue implant: Nerve plexus with different types of vari-

cosities around degenerating acinar cell (ac). Empty round vesicles are found in one axon

(arrow head), medium dense-cored vesicles in another (thin arrow), while a third contains
flattened or oval-shaped vesicles (thick arrow). X 40600

In addition to the above observations, there was a marked re-vasculariza-
tion of the implanted tissue to be seen. In harmony with gradual acinar degener-
ation there occurred a proliferation of pancreatic tubules resulting in duct-islet
and duct-acinar transformation. The ratio and organization of the endocrine
cells to each other did not change except for a slight increase in the number of
beta cells.

Acta Morphologica Hungarica 36, 1988
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Fig. 2 17-day-old pancreatic tissue implant: Neuro-insular complex consisting of beta (B) and
delta (D) cells, nerve fibre terminals (arrow head) and gxons (thick arrow) around fenestrated
capillaries (thin arrow). 11600
Fig. 3 17-day-old pancreatic tissue implant: Nerve fibre terminals (arrow head) and axons
(thick arrow) containing agranular vesicles on the plasma membranes of beta (B) cells. Nerve
fibre varicosities (thin arrow) are also found on the periphery of the cells. 29000
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Fig. 4 17-day-old pancratic tissue implant: Axon (arrow head) with medium dense-cored
vesicles around delta (D) cells. X 40600
Fig. 5 17-day-old pancreatic tissue implant: Medium dense-cored vesicles containing nerve fibre
terminals (thick arrow) on plasma membrane of delta (D) cells. A nerve fibre varicosity (thin
arrow) containing many agranular vesicles in the periphery of delta (D) cells.
X 29000
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Embryonic pancreatic tissue implants

After implantation of 18 embryonic days old pancreatic tissue fragments
for 56 days, nerve plexus with varicosities and axons enclosed in Schwann cell
processes were observed around beta cells. The varicosities contained agranular
vesicles and mitochondria. Some nerve fibres were myelinated. (Fig. 6). The
differentiation of the implants which were composed mostly of pancreatic
tubules seemed to be delayed because relatively undifferentiated pancreatic
tubular and islet cells could still be recognized at this stage.

Embryonic pancreatic tissue implants in sympathetically denervated eyes

46 days after implantation of 18 embryonic days old pancreatic tissue
fragments, axon profiles with neurotubular structures were discernible around
beta cells. The axons were enclosed in Schwann cell processes which opened up
as they came closer to the endocrine cells (Fig. 7). Nerve fibre varicosities were
also observed among the Schwann cell enclosed nerve fibres.

Discussion

Results of the present study corroborate that embryonic, newborn and
adult pancreatic tissue implants are equally well re-innervated in the anterior
eye-chamber [1]. Simard (7] and Coupland [2] have also reported the existence
of nervous elements in pancreatic implants. They attributed this to the survival
of the nervous elements which are observed only in fully differentiated adult
pancreatic tissue implants and not in embryonic pancreas. The discrepancy
might be due to the fact that Simard [7] and Coupland [2] used only light mi-
croscope to examine the structure of the implants. The light microscope is not
capable of demonstrating smaller and fine nervous elements.

The pronounced re-innervation of the endocrine pancreas might probably
explain the stronger intimacy of the endocrine pancreas to the nervous system.
Since it is well established that the secretion of endocrine pancreas is finely
regulated by the autonomic system [5], intact innervation is therefore essential
for the normal regulation of endo- and exocrine secretion of the pancreas.
Most of the re-innervating nerve profiles contain agranular vesicles, probably
denoting a predominance of parasympathetic over sympathetic nerves in re-
innervating the rat pancreatic tissue implants. Embryonic pancreatic tissue
implanted into sympathetically denervated eyes are re-innervated. The re-inner-
vating nerve fibres are likely to be parasympathetic, because superior cervical
ganglionectomy causes complete degeneration of sympathetic nerve fibres in
the iris. [6].
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Fig. 6 18 embryonic days old pancreatic tissue implant: Nerve fibre varicosities (arrow heads
around beta (B) cells. X 29000
Fig. 7 18 embryonic days old pancreatic tissue implant in sympathetically denervated eyes:
Nerve plexus with axons containing empty vesicles (arrow) around beta (B) cells. X 40600
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Though nerve fibre terminals are found on the plasma membranes of the
endocrine cells suggesting a possibly parenchymatic origin, it appears that the
re-innervating nerve fibres reach the implants through the re-vascularizing
blood vessels also from the iris. The axons without vesicles might represent
regenerating and/or developing nerve fibres.
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Using a new method for the simultaneous demonstration of myelin breakdown
products and cell elements in the demyelinated nervous tissue, a number of previously
unknown regularities were revealed concerning interconnection between demyelination
processes and inflammation in the dynamics of experimental allergic encephalomyelitis
(EAE). Alterations in osmophilia and in size of myelin breakdown products in the
demyelination foci are demonstrated to be the most essential in the EAE pathomorphol-
ogy, a certain type of cellular reaction corresponding to each stage of periaxonal
changes. A close relationship was found between demyelination processes and inflam-
mation which determines the structure of the demyelination foci at various stages of
the disease.

Introduction

Despite prolonged efforts to investigate the pathogenesis of demyelinating
disease, their underlying mechanisms are still not clarified. Up to the present
time, the problem of pathogenic effect of cellular and humoral factors of the
immune response to myelinated structures of the brain is argued. There cannot
he any progress in this field without a fundamental study of all the factors of
nervous tissue lesions in their interaction to determine the sequence of their
appearance and their significance in development of demyelination.

A suitable model to study the demyelinating process is the experimental
allergic encephalomyelitis (EAE). In the literature one can come across con-
flicting views on the interconnection of the demyelinating processes and in-
flammation in EAE — beginning with their topographic discrepancy [2, 3, 13]
up to the idea about possible development of EAE without demyelination [1,
7,9, 10]. The cause of similar conclusions is the fact that some inadequate meth-
ods are used to demonstrate demyelination and its connection with other
alterations in the nervous tissue (for example, Weigert’s, Kultschitzky’s,
Spielmeyer’s methods, staining after Kliiver-Barrera). Luxol Fast Blue, MBS
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and some other stainings are capable to reveal only advanced stages of demyelin-
ation, and Marchi’s highly sensitive method cannot identify safely neurological
and inflammatory cells. Electron microscopy is known to be suitable to investi-
gate both aspects of the pathological process — inflammation and demyelina-
tion. Since, however, the pathological alterations in the CNS at EAE appear in
small areas and in large space-time ranges, the volume ofthe material necessary
for the investigation is often beyond the methodical possibilities of electron
microscopy.

The aim of the present investigation was to study the relationship be-
tween the processes of demyelination and inflammation in the EAE dynamics
using the method developed at our institute for simultaneous demonstration of
myelin breakdown products and cell elements in demyelinated nervous tissue.

Materials and methods

EAE was induced in non-inbred mature guinea pigs (body weight 350—400 g) with a
single subcutaneous injection in a forefoot pad of 0.001 mg myelin basic protein fraction
(BPF) or 20 mg (wet weight) of brain tissue homogenate (BHT) in mixture with 0.05 ml com-
plete Freund adjuvant (CFA). BPF was isolated from bovine spinal cord by means of column
chromatography [14]. Histological signs of EAE were detected and examined in 113 animals
sensitized with BPF and in 49 sensitized with BTH. The animals investigated were killed at
various stages of the EAE development: at 8— 10 days (latent period), at 14—17 days (neuro-
logical signs of EAE) and 48—365 days (clinical recovery). According to our modification of
Marchi’s method [4], CNS materials were fixed in 10 per cent formaldehyde, kept in 3 per cent
potassium bichromate solution followed by 1 per cent osmic acid solution for 2 days in each.
Samples were then washed in tap water for 12 h, dehydrated successively in 70, 96, 100 per
cent eathanol and embedded in celloidine. Histological sections of 2.5—5 thickness were
stained with toluidin blue and mounted with balsam. A part of the material was fixed in 70%
ethanol and stained with the Nissl method. Rapid preparations were obtained by means of a
freezing microtome after specimen impregnation in osmic acid.

Results

Neurological symptoms of EAE-pareses and paialyses of hind limbs,
pelvic disorders, haemipareses and hyperkineses were observed in the animals
for the first time in 10— 14 days after the injection of encephalitogenic mixture.
Lethality at EAE, induced with BPF, was 85%, while among the animals,
inoculated with BTH, 100% death was registered (usually on the 3rd—4th
days from the onset of the disease). In 3 animals, inoculated with BTH, a hyper-
acute course of EAE was observed with a shortened latent period up to 8 days
and a rapid (during several hours) mortal outcome.

The main pathological changes, revealed during the latent period of EAE,
beginning from the 10th day after inoculation of the encephalitogenic mixture,
were demyelination and cellular inflammatory infiltration. The inflammatory
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reaction, found mainly in the lumbosacral segments of the spinal cord and in the
zone of the pons Variolii, produced two types of cellular infiltrations: either
lymphocytes and haematogenic macrophages, or macrophages and neutrophilic
granulocytes. Already at this stage of the disease, the peculiarity of the inflam -
matory process was its close connection with demyelination. In the areas, free
of haematogenic elements,the myelin breakdown products were absent and cer-
tain stages of periaxonal changes corresponded to definite types of cellular reac-
tions. For example, in areas where the white substance was infiltrated with
lymphocytes and haematogenic macrophages, single myelin breakdown products
were detected (Fig. la), while in the zones where macrophages and neutrophilic
granulocytes occurred, focal accumulations of osmiophilic granules were ob-

Fig. 1. White matter of the spinal cord lumbar segment. Marchi’s modified method with to-

luidine blue staining, a — lympho-monocytic, infiltration in the zone of single small slightly
osmiophilic myelin breakdown products (arrows). EAE. The 11th day after inoculation with
BPF. X460; b - infiltration with macrophages and neutrophilic granulocytes in the zone of

focal accumulation of small slightly osmiophilic myelin breakdown products (arrows). EAE.
The 11th day after inoculation with BPE. X280 ¢ — haematogenic macrophages with an
admixture of astrocytes and a neutrophilic granulocyte among focal accumulation of the
myelin breakdown products possessing various degree of osmiophilia (arrows). EAE. The
17th day after inoculation with BPF. X460 d — large intensively osmiophilic myelin break-
down products among glial cells. EAE, induced with BPF. The 5th day of the clinical recov-
ery. X580 e— desintegrated fragments of myelin sheaths of small size and weak degree of
osmiophilia. The cerebellar white matter. Modified Marchi’s method. EAE, induced by BPF.
Twelve months after clinical recovery. X140
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served (Fig. Ib). Usually, in the foci of initial demyelination lymphoid cells were
absent. These foci were often revealed rather far from the lymphoid infiltrates.
Small size (0.5—2.5 mem) and extremely low osmiophilia in fragments of de-
stroyed myelin sheaths in the areas of the initial demyelination attracted our
attention.

An essential manifestation, dissemination and polymorphism were specif-
ic for the pathomorphology of EAE during the period of neurological signs.
Besides the changes described above, the inflammatory infiltration of the CNS
white matter was produced by haematogenic macrophages and astrocytes,among
which the myelin breakdown products were situated; their osmiophilia was of
higher degree and they were larger in size (Fig. Ic).

Various zones of the inflammatory infiltrates could noticeably differ by
their ratio of cellular elements. Near large vessels and in the pia mater encephali,
as a rule, lymphocytes predominated, in the deeper zones — haematogenic
macrophages, and at the border of the inflammatory infiltrates with the white
matter — haematogenic macrophages and neutrophiliac granulocytes. If near
the large vessels and the pia mater the macrophages usually had a peculiar
round form, in the depth ofthe white matter and especially in the demyelination
foci these cells acquired an elongated form.

On the first days after the disappearance of visible neurological distur-
bances, certain lesions of the spinal cord white matter of various intensity were
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seen. The manifestation of demyelination could be rather essential, however,
inflammatory changes were gradually decreasing. During this period the demy-
elination foci were revealed in the anterior and posterior funiculi of the lumbo-
sacral segments of the spinal cord and were seen as accumulations of large (up to
40—50 and more mem) intesively osmiophilic granules localized in the cerebral
white matter among astrocytes and oligodendrocytes (Fig. 1d). Inflammatory
changes during the first week of clinical recovery were manifested as a rather
moderate lymphotic and monocytic infiltration in the area of the anterior and
posterior longitudinal sulci in the lumbosacral segments and very seldom in the
zone of the spinal cord white matter.

Structure ofthe demyelination foci in 3—3.5 months after EAE induction
remained, as a whole, the same. Only a more diffuse arrangement of the myelin
breakdown products in the white matter can be mentioned.

In 11—12 months of reconvalescence in the brain and spinal cord weakly
osmiphilic, mainly small size (5—7 mcm) fragments of desintegrated myelin
sheaths were found freely scattered in the white matter (Fig. le).

Changes connected with glial cells were not significant. Only in cases of a
hyperacute course of EAE a noticeable re-arrangement (Fig. 2a) and a sharp
condensation of the nuclear chromatin (Fig. 2b, ¢) was observed in the demy-
elination foci. Pathological changes in neuronswere usually absent. In 3 animals,
however, inoculated with BTH, lesion of the grey matter in the lumbosacral
segments of the spinal cord took place as destruction and ischemic changes.
Destructive changes in the neurons were acute swelling, sharp hyperchromatosis
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Fig. 2. Lumbosacral segment of the spinal cord (a~e — white matter,/ —g — anterior horn).
a — redistribution of chromatin in gliocytic nuclei. EAE. The 8th day after inoculation with

BTH. Nissl method. X900 b — intensive hypertrophy of cytoplasm and condensation of
chromation in the gliocyte nucleus. EAE. The 8th day after inoculation with BTH. Nissl
method. X840. ¢ — intensively manifested condensation of chromatin in a gliocyte. EAE.

The 8th day after inoculation with BTH Nissl method. X840. d — remnants of condensed

chromatin near erythrocytes. EAE. The 8th day after inoculation with BTR. Nissl method.

X590 e — acute swelling with phenomena of a clumped chromatolysis nuclear hyperchroma-

tosis and hypertrophy of the nuclear apparatus in the neuron. EAE. The 8th day after inocula-

tion with BTH. Nissl method. X 480/— ischemic alteration of the neuron. EAE. The 8th day

after inoculation with BTH. Nissl method. X320 g — pericellular incrustation of the neuron.
EAE. The 8th day after inoculation with BTH. Nissl method. X280
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of the nucleus with hypertrophy of the nucleolar apparatus (Fig. 2d). The signs
of hypoxia were pyknotic nuclei, their form copying the contours of cytoplasm
(Fig. 2e). Pericellular incrustation of the bodies of the nerve cells with calcium
salts (Fig. 2f) indicated ischemic changes. It should be noted that the pathologi-
cal changes described were detected in the brain and the spinal cord of all ani-
mals with neurological disorders which appeared after the BTH inoculation as
well as in 60 per cent of guinea pigs with EAE, induced by BPF. The CNS
lesions were predominant in the spinal cord in 31 per cent and in the brain in 9
per cent of the affected animals sensitized with BPF. Demyelination and cellu-
lar inflammatory infiltration in the CNS of animals inoculated with BPF were
considerably less pronounced than after the BTH inoculation (Fig. 3a, b).
Therefore, on the black and white photo the myelin breakdown products are
hardly discernible in the foci of early demyelination being masked by granulo-
cyte nuclei fragments (Figs 3b, Ib). After the BTH inoculation the demyelina-
tion foci became so extensive that they could be seen when using low magnifica-
tion (Fig. 3c). The myelin breakdown products in such animals were found not
only along the periphery of the white matter of the spinal cord (as in EAE in-
duced by BPF) hut also in its depth and even among the nerve cells of the grey
m atter (Fig. 3d).

Fig. 3. Lumbar segment of spinal cord. White matter (a, b, c). Grey matter (d). Marclii’s
modified method with toluidin blue staining, a widespread cell infiltration and clearly vis-
ible myelin breakdown products (arrows). EAE. 11th day after inoculation with BTH. X90
b — moderate cell infiltration. Small and scattered myelin break down products hardly differ
from granulocytes nuclear fragments (arrows) in the foci of moderate demyelination. EAE.
11th day after inoculation with BPF. X120 ¢ — extensive demyelination in the peripheral
areas. EAE. 17th day after inoculation with BTH. X22 d — myelin breakdown products in
the grey matter. EAE. 17th day after inoculation with BTH. X290
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Discussion

As demonstrated, a specific feature of the EAE morphological picture is
the change of osmiophilia in the' desintegrated fragments of the myelin sheaths.
Evidently, in the foci of the initial periaxonal process there are not yet essentia]
changes in the chemical composition of myelin. Therefore, during the EAE
latent period in the CNS almost exclusively poor osmiophilic granularity is
revealed, and at advanced stages of the disease the intesitiy of osmiophilia of the
myelin breakdown products increases essentially; this depends on their aggre-
gation and digestion by haematogcnic and glial elements. Decreasing affinity of
the desintegrated fragments of the myelin sheaths to osmium at far-off stages
of clinical recovery, undoubtedly, demonstrates that the processes ofthe myelin
breakdown products digestion with glial cells have come to their end.

Demyelination, not connected with the haematogenic elements, has not
been observed. Inflammatory infiltrates consisting of lymphocytes and haema-
togenic macrophages were the most frequent findings in the pathomorphology
of the EAE latent period. In immunological reactions T-killers are known to
perform damaging action to the tissue-targets without any assistance of anti-
bodies and the complement, but in cooperation with macrophages [11]. When
speaking about the immunological phenomenon of the delayed type hypersen-
sitivity, macrophages and lymphocytes act as a single lympho-macrophageal
system [8]. Thus, the data obtained make it possible to suppose that develop-
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ment of early stages of the periaxonal process in the CNS can he resulted from
cooperative action of lymphocytes and haematogenic macrophages.

Contrary to the data of some authors, who have stated the absence of
demyelination in places of accumulation of neutrophilic granulocytes in the
CNS [12], our investigation demonstrates that initial stages of the myelin
sheath destruction arc accompanied with the appearance of neutrophilic granu-
locytes in these areas. This discrepancy can he caused by insufficiently sensitive
staining method with Luxol (the Luxol method) applied by other authors for
revealing initial demyelination.

The lymphoid cells are demonstrated in this work to determine mainly
in the white matter areas with minimal damage of the myelinated fibers and
they are absent in the initial demyelination foci, where predominant elements
are macrophages and neutrophilic granulocytes. This observation makes possi-
ble to consider in a new way the participation of cells in the infiltrations during
the EAE development and suggests that polymorphonulcear neutrophils and
macrophages evidently,possess not only phagocytic hut also non-specific myeli-
notoxic activity. Certain dependence between the number of neutrophilic
granulocytes and manifestation of periaxonal changes can be considered also as
reactions of these haematogenic elements to preformed lesions in the CNS.

The data presented suggest that in the EAE morphodynamics the degree
of the osmiophilic changes, size of the myelin breakdown products and cellular
composition of the demyelination foci, where certain type of cellular reactions
corresponds to each stage of the periaxonal changes (Table I), are the most

Table 1

Periaxonal changes and cellular reactions in the EAE dynamics

. Structure of periaxonal Cell elements in the demy-
Periods of EAE changes elination zones

Single, small (0.5—1.5 mcm) slightly Lymphocytes and haematoge-
osmiophilic fragments of myelin nic macrophages

L atent sheaths .
Focal accumulations of small slightly Haematogenic macrophages
osmiophilic myelin breakdown and neutrophilic granulocytes
products

Neurological Focal accumulation of fragments of Haematogenic macrophages

manisfestations destroyed myelin sheaths varying in with admixture of astroglio-
size and degree of osmiophilia cytes

Convalescence Accumulation of mainly large (20— Astrocytes and macrophages
50mcm) and highly osmiophilic granules of microglial origin

Remote time of Diffuse accumulation of predominantly Astrocytes with intensively

convalescence slightly osmiophilic, small (5—8 mcm) hypertrophied processes

the myelin breakdown products
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important. Thus, in the dynamics of the EAE development between the de-
myelination processes and inflammation there exists a close interaction that
determines the structure of the demyelination foci at various stages of the
disease.

REFERENCES

1. Colover J: A new pattern of spinal cord demyelination in guinea pigs with acute experi-
mental allergic encephalomyelitis mimicking multiple sclerosis. Brit J Exp Pathol

61: 390, 1980
2. Khoruzhaya TA, Bardachachyan EA: Electron microscopic investiagetion of the experi-
mental allergic encephalomyelitis in dogs. Communication Il. Peculiarities of ultra-

structural alterations in the central nervous tissue depending on severity of the course.
Mechanism of allergic demyelination. Cytol Gen 13: 16, 1979 (Russian)

3. Howell G, Kidd M: An electron microscopical comparison of primary and secondary demy-
elination in the rat central nervous system. Virchows’ Archiv Abt B Zellpath 2:
181,1969

4. Khizhnyak MG: The method of nervous tissue staining on histological sections. Bull In-
ventions No. 44 (authors certificate No. 1273769) 1986

5. Mayansky AN, Mayansky DN: Essays on Neutrophil and Macrophage. Nauka, Novosi-
birsk, 1983 (Russian)

6. Mayansky AN, Galiulin AN: Neutrophil Reactivity. University Press, Kazan, 1984
(Russian)

7. Moore C, Traugott U, Farog M, Norton W, Raine C: Experimental autoimmune encepha-
lomyelitis. Augmentation of demyelination by different myelin lipids. Lab Invest
51: 416, 1984

8. Pigarevsky VE: Polymorphonuclear leucocyte and macrophage in inflammatory and
hypersensitivity reactions. Arch Pathol 45: 14, 1983 (Russian)

9. Raine C, Traugott U, Farog M ,Bornstain M, Norton W: Augmentation ofimmuno-mediated
demyelination by lipid haptens. Lab Invest 45: 174, 1981

10. Raine C, Traugott U: The pathogenesis and therapy of multiple sclerosis is based upon the
requirement of a combination of myelin antigens for autoimmune demyelination. J
Neuroimmunol 2: 83, 1982

11. Serov VV: Inflammation and immunity, hypersensitivity. Arch Pathol, 45: 3, 1983
(Russian)

12. Vacenic J, Grcevic M, Vitale B: Correlative study of immunological and pathological
events involved in experimental allergic encephalomyelitis. Period Biologorum 79:
91, 1977

13. Zhabotinsky Yu M, loffe VI: Experimental Allergic Demyelinating Diseases of the Nervous
tissue. Meditsina, Leningrad, 1975 (Russian)

14. Zhitnukhin Yu L, Pleskov VM: Isolation and analysis of encephalitogenic fractions of the
spinal cord proteins. Problems Med Chem. 1: 57, 1978 (Russian)

Acta Morphologica Hungarica 36, 1988



Acta Morphologica Hungarica, 36 (3 —4), pp. 167—175 (1988)

ULTRASTEREOLOGIC STUDIES ON THE
MYOCARDIAL MITOCHONDRIA IN
EXPERIMENTAL HYPOTHYROIDISM

P.Bloch, A. Kulig

DEPARTMENT OF PATHOMORPHOLOGY INSTITUTE OF DIAGNOSTICS,
MILITARY MEDICAL ACADEMY, L6Di, POLAND

(Received 19 November 1987)

Ultrastereologic studies were performed on myocardial mitochondria in experi-
mental hypothyroidism induced by the excision of the thyroid gland. Studies were
carried out using accepted methods in stereology according to Weibel et al. [15].

Mitochondrial membrane surface areas and relative volumes of individual mem-
branes and compartments were calculated by means of Weibel’s grid and square grid.

Quantitative studies disclosed that in hypothyrotic animals mitochondrial
matrix volume increased, while mitochondrial external compartment volume was reduc-
ed, which reflected lowered energy production by mitochondria and its transfer to other
subcellular structures of myocardial fibers.

The studies allowed to evaluate energy state of mitochondria and enabled to
examine the course bioenergetic disturbances within myocardial fibers, the effect of
which was progressive heart hypodynamism and failure.

Keywords: Hypothyroidism, myocardium, ultrastereologic analysis of mito-
chondria

Introduction

A series of experimental studies [1, 2, 3] on chronic hypothyroidism in-
duced by surgical excision of the thyroid gland enabled to evaluate dynamics of
morphological changes in the myocardium. They were expressed as small scars
and areas of congelative necrosis. Their cause was ascribed to impaired vascular
perfusion associated with developing atherosclerosis, which, consequently, led
to myocardial hypodynamism. Simultaneously performed electrocardiographic
investigations confirmed diffuse damage to the myocardium, hut they did not
explain the reason for hypodynamism.

A new insight was provided by electron microscopic studies [2]. It was
found that in the development of damage to the myocardium in the course of
hypothyroidism an important part is played by disturbances in energetic
processes reflected by mitochondrial alterations. Results of this studies prompt-
ed us to analyze further mitochondrial bioenergetics of the myocardium, the
more so as the explanation of morphologic basis of myocardial alterations in the
course of hypothyroidism has not been attempted as yet.
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Materials and methods

The studies were performed on 4 rats subjected to surgical excision of the thyroid gland
(group E). Detailed description of the procedure was presented in our previous paper [2].
The control group consisted of 7 Sham-operated rats (group C).

The animals were operated by thoracotomy under ether anaesthesia. The heart was
taken for investigations following 32 weeks of the experiment.

After thoracotomy a needle was introduced inside the left ventricle and the heart was
perfused with approximately 100 ml of 5% glutaraldehyde in cacodylate buffer. Myocardial
samples were taken from identical 4 points of the left ventricle. Samples were additionally
fixed in the perfusion solution for 3 h. Then, they were washed in 0.13 M cacodylate buffer
for 14 h, and post-fixed in 1% osmium tetrocxide for 2 h at 4°C. The material was then em-
bedded in Araldite and cut with an LKB 11l ultramicrotome. Seinithin sections were stained
with 1% toluidine blue. Ultrathin sections were contrasted with uranyl acetate and lead
citrate. The examinations were performed using a Philips EM 300 electron microscope.

Stereologic analysis of myocardial mitochondria was performed according to Weibel
et al. [7, 13, 14, 15]. Ultrathin sections were photographed in constant initial magnification of
X 27 000 taking 6—8 electronograms from each block [4,5]. To minimalize underestimation
of parameters concerning mitochondrial internal membrane, a special method of selection
was applied, as described previously [11, 13], therefore, only those mitochondria were photo-
graphed, which had the areas of the transversely cut cristae as large as possible and were free
of artifacts (Fig. 1). A total 514 mitochondrial profiles were analyzed from the experimental
group and 1.066 ones from the control group. In order to calculate mitochondrial membrane
surface area per unit of volume the Weibel’s network with 15 test lines (z - 0.494/un) was
placed 17 x 23 cm electromicrograph with final magnification of X81 000. Data for measure-
ments of relative volumes of individual mitochondrial membranes and compartments were
obtained from a square network of density of 53.8 points/*m2 Points falling over mitochondrial
profile (Pmit), matrix (PniatX internal membrane plus cristae (Pc) and external compartment
(Pec) (intermembrane space plus intracristal space) were counted. The following parameters
were calculated:

Relative volume of the mitochondrial external membrane (Vem):

it- Pmat 4~ P P
Ivein - Enl ma p C * e<_] X 100%
\% *mit

Relative volume of the internal membrane (Vim):

P x 100%
*mit
Relative volume of the matrix (Vmat)*
Vmat X 100%
Pmit

Relative volume of the external compartment (Vec):

Vec — pP_ X 100%
mit

Surface area of the external membrane per unit of mitochondrial volume (Sem):
em 71 1

Surface area of the internal membrane per unit of mitochondrial volume (Sjm):

c 4 lem + 8 lim
™ * X Imit
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Fig. 1. Representative electron microphotograph of a longitudinal section of mitochondria
from a left ventricular myocardial cell. The tissue was obtained from a hypothyroid rat.
X81 090
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In order to evaluate interrelationships between compartment volumes and internal membrane
surface area, partition coefficients were calculated [5, 12]:

Vmat
Sim

They determine matrix (Emat) or external compartment (Eec) volumes per unit of mitochon-
drial internal membrane surface area.

All calculations of mean values, standard deviations and standard errors of means were
calculated with a special programme for an Odra 1305 computer. Statistical analysis was
performed using Kruskal-Wallis rank sum test [6].

Results

External and internal membrane surface areas were found to be signifi-
cantly decreased in the experimental groups (Table 1, Fig. 2).

Internal membrane to internal membrane surface area ratio was lower in
the group E than that in the control group (Table 1, Fig. 3) and the difference
was statistically significant.

Relative volume of the external compartment was significantly decreased
in hypothyreotic rats in comparison with that in normal rats (Table 1, Fig. 4),
while relative volume of the internal compartment significantly increased from
42.870.97 in the group Cto 67.970.75 in the group E (Table 1, Fig. 4).

Relative volume of the internal membrane significantly decreased from
29.0” 1.1 in the group Cto 11.970.43 in the group E (Table 1, Fig. 4), while the
difference in the relative volume of the external membrane between both groups
was insignificant.

Partition coefficient Eéc was decreased in the group E (Table 1, Fig. 5),
while it Ematraised in the group E and the rise was significant in relation to that
in the group C.

Discussion

Ultrastereologic analysis of myocardial mitochondria performed according
to Weibel [14, 15], enabled to evaluate their energy states and bioenergetic
disturbances in myocardial fibers in the course of hypothyroidism. Quantitative
assessment revealed that at the end of the experiment hypothyrotic animals
had increased matrix volume and lowered external compartment volume of
their myocardial mitochondria. Changes in mitochondrial compartment vol-
umes are morphological equivalents of disturbed bioenergeticswithin myocardial
fibers, indicating altered ATP biosynthesis. Lowered surface area of the internal
membrane, which contains respiratory chain enzymes involved in the oxydative
phosphorylation, reflects impaired production of ATP necessary for normal
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Compartment

External membrane surface area
perunit of mitochondrial volume

Internal membrane surface area
perunit of mitochondrial volume

Internal to external membrane
surface area ratio

Relative matrix volume

External compartment volume
relative to intracristal plus
intermembrane space volumes

Relative volume ofinternal
membrane

Relative volume of external
membrane

Partition coefficient of external
compartment

Partition coefficient of matrix

* + SD mean + standard deviation of the mean

Table 1

Stereological characteristics of mitochondria

Parameter

Surface
Volume

Surface
Volume

Surface

Volume

Volume

Volume

Volume

Partition

coefficient

Partition
coefficient

Symbol

Bem
Vem
Sim
Aim

Sim/Sem

Vmat
Ve

Vem
Eec

E mat

Unit of
measure

mT21/TNn3

fimP/fim3

o

e}
o~ o™

%

ITr3lit2

fim 3fini-

Contro 1

( ibU)
6.19 + 0.19
37.4 + 1.04
6.81 + 0.29
42.8 + 0.97
24.0 + 0.30
29.0 + 1.1
4.2 + 0.29

0.0070 + 0.0002

0.012 + 0.0004

Experimental

(x+SD)
495 + 021
25.7 + 0.88
584 + 044
67.9 + 0.75
155 + 0.57
11.9 + 0.43
4.7 + 0.28

0.0066 + 0.0003

0.0293 + 0.0012

0.01

0.05

01
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Eec : partition coefficient of external compartment
Emat : partition coefficient of internal compartment

[} Control group
Yiin Experimental group

Fig. 2. Mitochondrial membrane surface areas per mitochondrial volume unit

C=3 control group
V /IA  Experimental group

Fig. 3. Internal membrane to external membrane surface area ratio
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m : matrix

Ce : external compartment
mi : internal membrane
me: external membrane
C : control group

E : experimental group

Fig. 4. Relative volumes of mitochondrial membrane compartments

Sem: external membrane surface area
Sim : internal membrane surface area

[} Control group
X /N Experimental group

Fig. 5. Partition coefficient of external and internal compartments
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activity of the myocardium. This observation would explain myocardial hypo-
dynamism with subsequent myocardial failure in the course of hypothyroidism.
In turn, decreased surface area of the external compartment, normaly rich with
adenylate kinase and diphosphonucleoside kinase [8, 16, 17], proves impair-
ment of its role as a mediator in the transfer of already decreased high-energy
phosphate compounds from the mitochondrium to other structures of the myo-
cardial fibers. McCallister and Page [10], using another experimental model,
described a rise in the partition of mitochondrial fraction in the fiber volume
in response to thyroxine administration to rats with excised thyroid gland,
which is an evidence for more dense packing of the cristae probably at the cost
of the mitochondrial matrix. The latter suggestion is in agreement with our
result indicating a rise in the matrix volume in animals with experimental hy-
pothyroidism.

Direct contribution of thyroid hormones to the regulation of oxydation
and energy production within mitochondria was confirmed by the detection of
specific receptors on the mitochondrial internal membrane [9]. It is supposed
that binding of the thyroid hormones to the receptors induces alterations in the
spatial arrangement of macromolecules forming internal part of the mito-
chondrial membrane. Lehninger [8], who investigated electrophoretic pattern of
mitochondrial proteins, found a protein of molecular weight of 54 000 within
mitochondria obtained from tissues of normal rats and of rats with excised
thyroid gland, receiving triiodothyronine, while this protein was lacking in the
mitochondria in rats with excised thyroid gland and not receiving triiodothy-
ronine.

Impairment of high-energy compound production affects myocardial fiber
biology, induces metabolic derangements reflected by morphological abnormal-
ities. The earliest changes at the submicroscopic level lead to myocardial
dysfunction due to energy deficiency.

Stereologic studies on mitochondria according to Weibel enabled to eluci-
date mechanisms of energy disturbances in the myocardium in the course of
hypothyroidism, which induces reduced energy production and progressive
heart failure.
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CYTOCHEMICAL EXAMINATIONS OF Ca,
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Authors investigated the effect of high dose progestogen in endometrium car-
cinomatous tissue on the distribution of calcium depots, as well as on the chemically
detectable activity of cytochrome oxidase and succinate dehydrogenase. By means of
electron microscopy no characteristic destructive effect could unequivocally be de-
monstrated; cytocbemical examinations showed a very significant activity of cyto-
chrome oxidase, and in the activity of succinate dehydrogenase a considerable decrease
was observed. They found distributional alterations in plasma membranes, in mito-
chondria and in the ground cytoplasm. Changes between Ca depots are thought to have
an effect on tumour cells also in a protective way, and can be regarded as compensatory
phenomena.

Keywords: Endometrium,carcinoma, progestogen therapy,mitochondrial damage

Introduction

In our previous publications we dealt with examinations in the course
of which it was observed that in mitochondria of the human endometrium
carcinomatous cells, degenerative alterations showing different degrees of
severity developed as aresult of progestogen treatment [13,14].The morpholog-
ical evaluation of these changes regarded as a damage is rather problematic,
as one of the characteristics of mitochondria of carcinomatous cells is the wide
morphological variety, and the boundaries between normal and pathological
deviations cannot unequivocally be marked out. Histochemical examinations
investigating the function of mitochondria in human endometrium carcinoma-
tous tissues are hardly met with in the literature. The increase of intramitochon-
drial electron-dense structures following mitochondrial impairments due to the
progestogen effect described by us, can be regarded as the morphological
evidence of the impairment [13].

Send offprint requests to: Dr. Z. Szarvas, 2nd Clinic of Obstetrics and Gynecology, Sem-
melweis Medical University, 1446 Budapest, P. O. Box 429, Hungary
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The aim of our present publication is to prove the mitochondrium im-
pairments following progestogen treatment by means of enzyme-histological
examinations.

Materials and methods

Five of our patients suffering from histologically proved endometrium carcinoma were,
following diagnosis, given preoperatively high dose progestogen therapy with the drug Depo-
provera (medroxiprogesteron-acetate). All our patients belonged histologically to the “highly
differentiated” endometrium carcinoma group. Patients were treated for eight weeks with a
weekly progestogen dose of 1000 mg. Other types of therapy (cytostatical or Ra-irradiation)
were not applied. The control group consisted of some patients in whom the progression was
limited to a clinically circumscribed extent, to areas of microscopical magnitude; for this reason
also we dispensed with preoperative intracavital radiotherapy, and after histological diagnosis
hysterectomy was performed. Following progestogen therapy hysterectomy was performed in
the examined patients and the tissue preparations were subjected to electron microscopic
enzyme-histochemical examinations. For morphological examinations the specimen was fixed
in 2.5% glutaraldehide, for “routine” electron microscopic examinations in 1% ozmiumtetrox-
ide. For histochemical examinations the tissue specimens were incubated for 45 min at room
temperature. The following methods were employed: potassium-pyroantimonate sugar of lead
method was applied to determine calcium cytochemically [3]. The composition of the incu-
bation medium for determining succinate-dehydrogenase was as follows: 0.5 M potassium-so-
dium-tartrate total quantity 3 1, to which in 0.1 M Stronsen phosphate buffer (pH 7.6),
0.8 ml 1.0 M sodium-succinate, 0.7 ml 0.05 M potassium ferricicyanide were added [4]. For
determining cytochromoxidase the unfixed specimen was incubated for 45 min at room tem-
perature. The incubation solution contained 5 mg diaminobenzidin-tetrahydrochloride (DAB),
10 ml 0.05 M, in 10 ml 0.05 M hydrochloric -Tris buffer (pH 7.4) the final pH was 7.3. To the
control material 0.01 M end concentration KCN was added according to the method of Selig-
man et al. (11].

Results

In our untreated control material characteristic structures of adenocar-
cinoma were observed including membrane alterations [15], well known in
mitochondria. Cytochemical examinations revealed intracellular calcium in the
membranes, in mitochondria and free cytoplasma (Fig. 11). The precipitate of
cytochromoxidase reactions could be observed in the form of precipitate on the
surface of the inner membrane (Fig. 1). The precipitate of SDH-enzyme reac-
tion was intramitochondrially localized on the membrane (Fig. 7).

In all our treated patients the alterations were of the same tendency,
so they are dealt with together.

1. The cytochromoxidase reaction as compared with the control (Fig. 1).
significantly decreased, but localization of the reaction did not change, at the
same time its continuity was disrupted on the mitochondrial membranes (Figs
2- 6).

2. The SDH reaction in the treated material was also comparable to the
control (Fig. 7) as to its localization, but the intensity of reaction significantly
decreased (Figs 8—10).

3. Remarkable alterations could be observed in the intracellular distribu-
tion of calcium. As compared with the control there were signs of depletion in
different calcium pools. The decrease of calcium precipitate from the plasma
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Figs 1—6 Cytochrome oxidase reaction in endometrium carcinoma. Fig. 1 control, untreated;
Figs 2—86. treated material; Final magnification X24 000

membrane and from the cytoplasma was significant, while the precipitate in the
mitochondria could be clearly observed, but compared with the control it also
showed a decreasing tendency (Figs 12— 14).

Discussion

In addition to routine histological and electron microscopic methods,
succinated hydrogenase and cytochrome oxidase activities and demonstrable
intercellular calcium were investigated. Succinate dehydrogenase and cyto-
chrome oxidase were observed in intramitocliondrial localizataion. The diamino-
benzidine tetrahydrochloride reaction end-product corresponding to cytochrome
oxidase could be observed inside the cristae as well as on the surface ofthe outer
compartment and inner membrane.
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mA

Figs 7—8 Succinate dehydrogenase reaction in endometrium carcinoma. Fig. 7 control,
untreated; Figs 8 10. treated material; Final magnification X30 000

Acta Morphologica Hungarica 36, 1988



ENZYMES IN ENDOMETRIUM CARCINOMATOUS TISSUE 181

Figs 11—14 Cytochemical detection of calcium. Fig. 11 control, untreated; Figs 12—14
treated material; Final magnification X30 000
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This reaction is very sensitive, it responds to the slightest hypoxic, anoxic
and toxic impairments and influences by decreasing the activity [2, 5, 7, 8, 11,
12]. In the present case it can be brought into connection with the effect of
treatment, if we consider the fact that activity significantly decreases due to
influences, or if it cannot be observed but may be supposed that in the tumour
tissue, in the respiratory chain of the tumour cell even a definite impairment
may develop irreversibly damaging the metabolism of the tumour cell.

Succinate dehydrogenase bound to CoQ by FAD represents another target
differing from cytochrome oxidase. The cytochemical reaction of intramito-
chondrial character, can be seen on the inner surface of the inner membrane.
The reaction as opposed to cytochrome oxidase is less sensitive, but it is
extremely stable and suitable for comparison. With the help of the reaction
anoxic, hypoxic and toxic alterations are detectable, and the compensatory
activity increase is also perceptible. In non-necrotic tissues the cytochrome
oxidase activity generally decreases upon hypoxic effect, but remains, while
succinate dehydrogenase does not change, or it decreases only in a small
degree. According to our experience relating to cyanide, carbonmonoxide and
other toxic substances cytochrome-oxidase reacts cytochemically on toxic effects
much quicker and with a total loss of activity. In some cases, however, an activ-
ity increase in the early compensatory phase may be supposed.

For the morphological examination of intracellular calcium depots we
applied as a routine the parallel examination of potassium pyroantimonate,
sugar of lead and oxalate reactions. According to our experience the calcium
depots conditionally bound to plasma membranes, endoplasmic reticulum,
mitochondria as well as in the ground cytoplasm can be visualized in the skeletal
musculature and in the muscle tissue of the heart, uterus and endometrium.
The joint employment of reactions and their comparison with the control are
suitable for monitoring morphologically the treatment and supplementing the
pharmacological examination [9, 10, 11].

The cytochemical precipitate of the intracellularly demonstrable calcium
in our material can be observed partly in the cell membrane, partly in the intra-
cellular cell-constituents, mainly in the mitochondria as well as in the so called
ground cytoplasm. It is established that in the case of pathological or patholog-
ically increased calcium metabolism an accumulation may develop in the
intracellular depots. The drugs influencing calcium metabolism may possess
different points of attack. Such agents can be e.g. drugs causing depletion of the
plasma membrane, or the decrease of the free cytoplasmatic or mitochondrial
quantity of calcium, or counteract accumulation. In our material calcium cyto-
chemical examinations reveal the decrease of reaction precipitate in the plasma
membrane as well as in the mitochondria, and the reaction precipitate can
similarly decrease also in the free cytoplasm.

This fact shows the effect of the applied treatment on the metabolism of
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calcium, it alters the distribution among intracellular calcium depots, which
exerts by the depletion of calcium depots of increased activity, a certain pro-
tective influence hampering, — in this particular case —, the necrosis of the
tumour cell.

In our material progesteron-treated and untreated carcinomatous cases
were compared. Since the degree of differentation of the adenocarcinoma was
identical, we thought comparison permissible corresponding to control. Though
by simple electron microscopic examinations no significant destructive effect
damaging tumour could be proved, at the same time — with the help of cy-
tochemical reactions localized to mitochondria — we succeeded in confirming
the tumour damaging effect of progestogens being manifested possibly through
mitochondria. On the basis of all these it may he supposed that in the structures
involved in the metabolism of endometrium carcinoma cells, impairments
develop which can be regarded as morphologically irreversible. Progestogens
exert, at the same time, an effect on the distribution of intracellular calcium
as well as on the NADH and FAD dependent cytochrome oxidase and succinate
dehydrogenase enzymes too. The results of our examinations may thus be re-
garded as an indirect morphological proof of the fact that gestagens have a
hampering effect on the growth of endometrium carcinoma.
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The pulpal responses to four composite resins — used in dentistry for anterior
tooth restorations — were studied in adult dog teeth. The materials were placed in
Class ¥ draccal cavities following the instruction of the manufacturers and their effects
were evaluated after 72 h, 30 and 60 days using routine histological methods. The
results indicated that a pulpal response was observed only at the 72 h time interval in
all the resins investigated, and the index of this response was less than 1 for all of them

Keywords: Composite resins, pulpal response, dog-experiments

Introduction

In the recent years stomatology in general and particularly conservative
dentistry has experienced a qualitative jump with the introduction of new
filling materials in clinical practice, among them, composite resins. The devel-
opment of these materials has greatly enhanced the ability of dentists to per-
form anterior restorations, and numerous clinical studies were carried out,
investigating the characteristics of these materials [9, 10, 11].

Composite resins consist of an organic binder with an inorganic and/or
organic filler [9]. The first used in dentistry, in the seventies, consisted of an
organic binder of the BIS-GMA type with more than 70 weight % inorganic
filler. Since the introduction of these first resins, microfilled composite resins
have been developed. They consist of a resin system that contains smaller size
particles and a lower filler content than conventional composite resins (35 to 50
weight % filler).

The international odontologie literature is rich in publications about the
histological reactions to various composite resins [1, 2, 5, 6, 7, 8, 12, 13, 14, 15,
16, 17, 18]. Most of the authors pointed out that these materials caused irrita-
tion to the dental pulp and reported different degrees of pulpal damage using
different methods of evaluation and different criteria.
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The aim of this work was to perform an experimental histological study
to determine the effect of various resins on the dental pulp by using a standard-
ized method of evaluation, and to establish a realistic comparison among the
results obtained.

Materials and methods

This study investigated the pulpal response to four composite resins: two conventional
(Evicrol and Lumicon) and two microfilled composite resins (Isopast, Isomolar).
The study was carried out in 12 male dogs weighing of 6 + 2 kg, with all their permanent
teeth erupted and without caries. After being anaesthetized with sodium pentobarbital
(30 mg/kg body weight) each animal received a thorough pretreatment followed by prepara-
tion of sixteen Class V cavities on the buccal surface of teeth using a 35 carbide bur in an
air-turbine handpiece with air/water spray. The size of each cavity was standardized in the
following manner: the cervico-occlusal dimension was 1.5 mm, the mesio-distal width was
3 mm, and the depth was 2/3 the thickness oi dentin. For each material three dogs were used.
The test materials were prepared following the manufacturer’s instructions and using a cal-
cium hydroxide cavity liner (Reocap) for all the resins. Eight cavities were filled with the
resin to be evaluated, and of the remaining eight, four were filled with silicate cement without
cavity liner (in order to establish the unacceptable extreme of pulpal inflammation due to the
filling material) and four with zinc oxyde-eugenol (ZnO-E) serving as neutral controls.

The teeth were surgically removed under anaesthesia in the following three time inter-
vals: 72 h, 30 days and 60 days. They were fixed in 10% neutral formalin, demineralized
in 10% formic acid, embedded in paraffin, serially sectioned at 6 /im, and stained with haema-
toxylin and eosin. The microscopical evaluation was carried out by the same person with an
optical microscope. The criteria used were:

A) Reduction in odontoblast population beneath the cavity

0 — No difference as compared to other sites of the pulp
1 — Reduction of less than 10% of the population

2 — Reduction between 10—50% of the population

3 — Reduction of more than 50% of the population

B) Displacement of odontoblast nuclei into dentinal tubules

0 — No displacement

1 — Less than 10% of tubules containing nuclei

2 — Between 10—50% of tubules containing nuclei
3 — More than 50% of tubules containing nuclei

C) Presence of inflammatory cells in the odontoblastic layer per 1 mm length of cavity
floor

0 — Under four cells

1 — From 5to 25 cells

2 — From 26 to 100 cells
3 — More than 100 cells
4 — Abscess formation

D) Presence of inflammatory cells in the rest of the pulp, per 1 mm length of cavity floor

0 — Under four cells

1 — From 5to 25 cells

3 — From 26 to 100 cells
3 — More than 100 cells
4 — Abscess formation

The index of pulpal response for each material was calculated using the criteria of the
B. S. I. Methods of Biological Assessment of Dental Materials [3], and were compa red.
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Fig. 1 Photomicrograph showing disruption of the odontoblastic layer, 72 h after filling with
Evicrol. X200 H.E.

Results

72 hours : At this period a pulpal response was observed associated with
all the four resins studied, characterized by reduction in the odontoblast popu-
lation below the cavity due to disruption of this layer and areas of vacuolization
(Fig. 1). In all the materials the index was lower than 1 (from 0.35 to 0.90)
(Table 1). In the controls filled with zinc oxyde-eugenol only a slight reduction
was observed in the odontoblast population after 72 h (index 0.10) while in
the teeth filled with silicate cement most severe alterations could be observed
(0.50 to 2.16) (Table I.),

Table 1

Pulpal response index of each composite resin after three different time intervals

72 h 30 days 60 days
Material

A B C D A B C D A B C D
EVICROL 041 O 0 0 0 0 0 0 0 0 0 0
LUMICON 035 0 0 0 0 0 0 0 0 0 0 0
ISOPAST 090 O 054 054 0 0 0 0 0 0 0 0
ISOMOLAR 041 0 029 052 0 0 0 0 0 0 0 0
SILICATE 216 050 111 160 025 025 O 0 011 0 0 0
ZnO-E 0.10 O 0 0 0 0 0 0 0 0 0 0
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Another feature observed was vascular congestion, being more prominent
with Isomolar (Fig. 2.).

An inflammatory response was observed in pulps under Isopast (index
0.54) and Isomolar (0.29 and 0.52). In most teeth the response consisted
mainly of polymorphonuclear leukocytes and was limited to the odontoblastic
layer and in some cases to the superficial pulp near the cavity (Fig. 3).

Abscess formation was a feature seen as expected only in teeth filled with
silicate cement without cavity liner.

No alterations were observed either 30 or 60 days after restorations with
the resins and with zinc oxyde-eugenol, (Table I.) however, they were present
in the teeth filled with silicate cement.

Discussion

The results indicate that all the composite resins evaluated produced
pulpal response only after 72 h of their application, mainly with reduction
in odontoblast population below the cavity. Nevertheless, in all cases the index
was acceptable (less than 1) according with the B. S. I. criteria. The highest
index was obtained with Isopast. Lumicon was the least irritant material
with an index of 0.35 followed by Evicrol with 0.41. We agree with Goto
and Jordan [6], Heys [7], Langeland et al. [8], and Tobias et al. [14] in the fact
that these materials initially cause irritation, but the pulpal response decreases
as the post-operative interva lincreases. On the other hand, Stanley et al. [13]
state that organic and macromolecular irritants of the resins may induce their
maximum responses after a longer time interval, but we did not observe this
in our work.

In the resins studied, no displacement of odontoblasts nuclei into dentinal
tubules was observed. We only saw this feature in teeth filled with silicate
cement. The results obtained in the control group demonstrated that the injury
provocated by cavity preparation was minimal.

The inflammatory response in relation with the odontoblastic layer and
the rest of the pidp was evident with Isopast and Isomolar. The highest
index was obtained with silicate, accompanied by abscess formation in some
sections.

In our study the initial pulpal reactions disappeared and a complete reco-
very was observed 30 and 60 days after placing the restorations. Heys et al.
[7] reported pulpal reactions at the 3-day-time interval and at 5—8 weeks
following treatment. This may be explained by the fact that these authors did
not use either cavity liners or acid etching that might reduce pulpal inflamma-
tion. Brannstrom and Nordenvall [4] demonstrated that acid etching followed
by abonding agent reduced micro-leakage and the risk of bacterial invasion from
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Fig. 2 Histological section of a tooth filled with Isomolar extracted after 72 h of the resto-
ration. Note vascular congestion and areas of haemorrhage. X200 H.E.

Fig. 3 Severe pulpal damage associated with a silicate cement filling, 72 h after the restoration.
Observe the abscess formation with destruction of the odontoblastic layer X200 H.E.
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the surface. Moreover, the use of a cavity liner serves to occlude cut dentinal
tubules avoiding the penetration of bacteria and their products. We consider
very important to point to the need of using cavity liners under these materials
in order to minimize their toxic effects.

Conclusions

1. A reduction in odontoblastic population below the cavity was observed
in all the composite resins used.

2. Teeth treated with Isopast and Isomolar showed pulpal inilamma-
tion.

3. Pulpal reactions were limited up to 72 h after restorations.

4. The pulpal response index was lower than 1in all the materials studied.
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A monoclonal antibody (0S-2) produced earlier to chicken visual pigments was
found to recognize a small fraction of cones in mammalian species. Recently, these cones
were shown to be blue-sensitive by the method of selective photic damage. After expos-
ing rabbits to intense blue light, characteristic morphological changes were found in
cones stained by 0OS-2. Another monoclonal antibody (COS-1), in turn, labelled all the
intact cones which remained unstained by 0S-2. The complementarity of OS-2 posi-
tive and COS-1 positive cones was demonstrated in several mammalian species, includ-
ing monkey and man.

Keywords: Immunocytochemistry, colour vision, mammals, human, retinal
cones

Introduction

During the past decades a considerable amount of data has been accumu-
lated on the colour-specificity of retinal photoreceptor cells using micro-
spectrophotometry, electrophysiology and selective degeneration or stimulation
by monochromatic light [2, 5—9, 13]. These methods require living, in most
cases dark-adapted retinas and sophisticated instrumentation. Recently, we
developed a novel approach based on the idea that different visual pigments
are responsible to recognize various colours, and the differences in the protein
components of the pigments can be detected immunologically. The advantage
of this approach is that visual cells can be distinguished from each other by
immunocytochemistry using visual pigment-specific antibodies on sections of
embedded material. This strategy proved to he successful since we could make
distinction between photoreceptor cells of the chicken by antibodies produced
to chicken photoreceptor membranes [17]. Subsequently, the antibodies were
characterized to be specific to visual pigments [18]. The antibodies could be
correlated to colour-specificity of visual cells in the gecko, a retinal system cha-
racterized both morphologically and microspcctrophotometrically [19]. The
question arised whether these antibodies are suitable for distinguishing colour-
specific photoreceptor cells also in the mammalian retina in which morphologi-
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cal differences between cone cells are hardly or not detectable. Two monoclonal
antibodies (mAbs) were found to be especially useful in mammals. One of them,
mAb COS-1, labelled a considerable fraction of the cones both in the avian and
mammalian retinas, while the other one, mAb 0OS-2, recognized all photorecep-
tor cells in the avian retina. In mammals, however, this latter mAb was bound
only to about 10% of all cones. This finding made us to assume that mAb 0OS-2
which behaves in the bird as a universal anti-visual pigment antibody is specific
in mammals to a definite visual pigment. It is well known that blue-sensitive
cones comprise about 10% of the cones [15, 16], and are arranged in the monkey
in a regular pattern [4]. Since we observed the same pattern and frequency of
cones stained by mAb 0OS-2 in the monkey retina, we assumed that OS-2 is
specific to the visual pigment of blue-sensitive cones. The specificity of mAb
0S-2 to the blue-sensitive cones was proven by two independent ways [20].
As the first approach the method of selective photic damage [15] was chosen.
The experiment was carried out on rabbits known for containing blue-sensitive
elements in the retina [3, 4]. A small fraction of cones in the retina of animals
exposed to intense blue light showed characteristic morphological alterations
(vacuolization of inner segments, deformation of the outer segments). Since
only these rarely occurring, deformed cones were stained by mAb 0OS-2, the
conclusion was drawn that this antibody is specific to the blue-sensitive cones
[20]. Another evidence was furnished by the ground squirrel retina, where mAb
0OS-2 recognized exclusively the so called B cones. These cones, exhibiting larger
inner segments, were proved to be blue-sensitive [1]. In the present study sever-
al different mammalian species were tested by this blue-specific antibody, to-
gether with mAb COS-1 specific to another cone sub-population.

Materials and methods

1. Animals, preparative steps

Ground squirrels (Citellus citellus). The animals, kept under normal laboratory condi-
tions, were killed by air embolism, the posterior half of the eyes were immersed in ice-cold
0.1 M phosphate-buffered 1% glutaraldehyde fixative (pH 7.2), and the retinas were separated
from the underlying pigment epithelium in one minute after death. Following one hour fixa-
tion (22 °C) the retinas were cut into small pieces, washed several times in phosphate buffer,
followed by incubation in 0.1 M Tris buffer overnight (2% sucrose was added to balance the
osmotic pressure). After dehydration in ethanol, the retinal pieces were embedded in Araldite.
0.5—1 *m thick radial and tangential sections were prepared for immunocytochemistry.
The sections were cut on a Reichert OMU-2 ultramicrotome. The morphology of the single
photoreceptor cells was studied on carefully oriented radial sections. Tangential sections
were also presented to demonstrate the organization and distribution of the different photo-
receptor cell types.

Bovine and pig retinas. The sources of these animals were the local sloughter-houses.
The enucleation followed the death of the animalswithin 5min. The eyes were cut into two parts
in the equatorial plane. The posterior halves were processed as described before.

The monkeys (Cercopithecus aethiops) were immobilized, narcotized intravenously and
exsanguinated. The enucleation was carried out about 5 min after death. The fovea was fixed
separately.
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The retina of a human patient (50-year-old woman, suffering in malignant melanoma)
was also used. The retina was fixed as described above within 2 min after the operative enu-
cleation. As the fovea was completely destroyed as a result of the tumour, only the peripheral
parts of the retina could be processed for immunocytochemistry.

Rabbits, rats, hamsters and guinea pigs were also used in the experiments. Following
ether narcosis, the animals were decapitated. The eyes were enucleated within 1 min after
death, and the retinas were processed as described above.

The dog (used for another physiological experiment) was killed by an overdose of
intravenous Nembutal. After enucleation, the eyes were carried to the laboratory in ice cold
0.1 M phosphate buffer. Within 20 min the eyes were cut into two parts and subsequently
immersed in the fixative.

2. Immunocytochemistry

Prior to the immunoreaction the embedding resin was removed from the sections by
sodium-methoxide [10]. After preincubation in 2% bovine serum albumin, the sections were
reacted with the primary antibodies forlh at room temperature.The dilutions of the monoclon-
al antibodies were 1:10 000 for all species except for the ground squirrel where 1 : 1000
proved to be more suitable. For comparison, a polyclonal anti-rhodopsin serum was also used
diluted 1 :2000. The production and characterization of the three antibodies was described
elsewhere [18]. Shortly: mice were immunized by a photoreceptor membrane suspension de-
rived from the cone-rich chicken retina. When screening the hybridoina cell lines with light
microscopic immunocytochemistry, only those clones were selected which specifically stained
the photoreceptor outer segments. These cell lines were grown up, cloned repeatedly, and were
characterized by immunobiochemical methods. The polyclonal anti-rhodopsin serum was
produced in rats by immunizing the animals with the excised opsin bands from electropho-
retically separated bovine photoreceptor outer segment proteins. The characterization was
carried out by light and electron microscopic immunocytochemistry and by immunoblotting.
The bound antibodies were detected by the avidin-biotin system (Vectastain, Vector, Burlin-
game). The biotynylated second antibodies were followed by the avidin-peroxidase complex.
The immunoreaction was revealed by diaminobenzidine.

The immunocytochemistry was controlled by the omission of the primary or the sec-
ondary antibodies and by immunoreactions carried out on non-retinal tissues of the same
animals.

Results

Using the three anti-visual pigment antibodies (mAh 0S-2, COS-1 and
anti-rhodopsin) three different photoreceptor cell types could be selectively
labelled. The rod cells of all kinds of retinas, as expected, were stained by the
polyclonal antirhodopsin serum. None of the cones hound this antibody. On the
contrary, the cones were recognized by the two monoclonal antibodies. While
0S-2 was specific to a rarely occurring cone type in all animal species, mAh
COS-1 labelled the majority of cone photoreceptors (Figs 1 and 2) Consecutive
serial tangential sections reacted with the different antibodies were used to
decide if there are common elements of the two cone suhpopulations, and if
there are cones which are not recognized by any of the two cone-specific anti-
bodies. Comparing the identical elements on serial section pairs (Figs 2 and 5)
it was clearly observable that each cone was stained by either mAb OS-2 or
COS-1, and no one was stained by both of them.

Calculating the ratios of the two cone types, it was evident that in all
species the number of the OS-2 positive elements was falling in the range of 5
and 10%.
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Fig. 1. A pair of adjacent tangential sections of the ground squirrel retina reacted with mAh

0S-2 (A) and COS-1 (B) to show the complementarity of the two cone-specific antibodies.

The cone outer segments are surrounded by the processes of the retinal pigment epithelial

cells stacked with black pigment granules. Note that mAh OS-2 labelled only a few cone outer

segments leaving the majority of cones unstained, which, in turn, were recognized by mAh

COS-1. Some blue-sensitive cones stained by OS-2, but not by COS-1 are marked on the iden-
tical sections by arrows. Bar 10 /mi

All three antibodies were absolutely specific to the photoreceptor outer
segments. No other parts ofthe photoreceptors, or other cell types ofthe retinas
were labelled (Figs 1 and 7C). In the controls, where no primary or secondary
antibody was used, no staining could be observed.
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Fig. 2. Radial semithin sections of the bovine retina reacted with mAb 0S-2 (A), mAh COS-1

(B) and anti-rhodopsin (C). mAb 0OS-2 labelled the outer segments of a rarely occurring cone

type (filled arrow, A), while the majority of cones were stained by mAb COS-1 (B). Anti-

rhodopsin antibody stained all the rod outer segments (filled arrows, C) leaving the cones

unstained (open arrows). Note that all three antibodies recognized exclusively the outer

segments, while other parts of the photoreceptors together with other retinal cell types re-
mained unstained. Bar 10 iin1
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Fig. 3. Tangential sections of the human retina reacted with different cone-specific antibodies.

The periphery of the primate retina is abundant in rod cells surrounding the less numerous

cone photoreceptors. A rarely occurring cone type recognized by mAh 0OS-2 (filled arrowr, A)

is responsible for the blue-sensitivity. The other cones, being sensitive to the middle (green)

and long (red) wavelengths are stained by mAb COS-1 (B). Note the negative blue-sensitive
cones on B (open arrows). Bar 20 *m

Among the different species the following variations could he observed:
Although the bovine (Fig. 1), the rabbit, the dog, the pig (Fig. 7) and the guinea
pig (not shown) retinas together with the periphery of the monkey and human
retinas (Figs 3 and 4) were similar as regards the ratios of the COS-1 and OS-2
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Fig. 4. Tangential section taken from the periphery of the monkey retina not far from the

fovea. Note, that the rods (positively stained by anti-rhodopsin) are surrounding the unlabel-

led cone outer segments in a more or less regular circle. Towards the ora serrata, the retina
becomes more and more abundant in rod cells. Bar 20

positive elements, the distribution of the photoreceptor cells was strikingly
different between the primate and non-primate retinas. While the primate cones
were always surrounded by a more or less regular circle of rods, the organization
of the non-primate cones and rods exhibited much less regularity (Fig. 7A and
B).

The OS-2 positive cone cells were always distributed rather evenly among
the other cones. Neighbouring OS-2 positive elements could be rarely detected
in the retinas. In the fovea of the monkey, where no rods could be found at all,
the cones were organized in a regular, hexagonal pattern (Fig. 5A and B).
Away from the center, this regularity changed due to the appearing rods.
Anti-rhodopsin positive rod cells were intermingled between the straight lines
of the cones (Fig. 5C).

A unique feature of the hamster (not shown) and the rat retinas (Fig. 6)
was the paucity of OS-2 positive cones. On radial sections they could be hardly
seen. These elements could be identified in a suitable number only on tangential
sections of the rat retinas. This peculiarity can be attributed to the low number
of cones in this animal. The ratio of the two cone types was, neverthless, the
same as described in the other species.
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Fig. 5. Consecutive tangential sections of the monkey fovea reacted with mAh 0S-2 (A), mAh COS-1 (B) and anti-rhodopsin
(C). The foveal cones are organized in a relatively regular hexagonal pattern. Since the specimen is not derived from the very centre
of the fovea, some rod outer segments stained by anti-rhodopsin can also be seen among the cones. The arrows show the same blue-
sensitive cone outer segments on the three identical sections. Note the complete complementarity of the three antibodies. Bar 10 fim
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Fig. 6. Tangential sections of the rat retina reacted with mAbs OS-2 and COS-1, resp. Note

the relatively small number of blue-sensitive cones (arrows, A). The control section (B) shows

the distribution of the middle-to-long wavelength sensitive cone outer segments stained by
mAh COS-1 (arrows, B). Bar 20 fim

In contrast to all other species, the gound squirrel retina (Fig. 2) was
unique in its abundance of cones. The rods were comprising less than 3% of the
total photoreceptor cell number. This animal, which was earlier thought to
have a pure-cone retina, contained OS-2 positive cones in the same ratio as the
others. 7% of the total cone cell number was stained by 0S-2, and the other
93% was labelled by mAh COS-1.

Other species (bovine, dog, pig, guinea pig) were differing from each other
exclusively in the shape and size of their photoreceptor cells. The exact descrip-
tion of these differences was beyond the aim of the present paper.

Acta Morphologica Hungarica 36, 1988



200 SZEL and KOHLICH

Fig. 7. Distribution of certain cone cell types in the retina of different mammalian species.

(A) and (B) are tangential sections of pig and rabbit retinas, resp., reacted with mAb 0OS-2.

Note that the blue sensitive cones stained by the antibody comprise only a minor fraction of the

total cone population. The majority of cones are left unlabelled. (C) is a radial section derived

from the dog retina reacted with mAh COS-1 showing the middle-to-long wavelength sensitive

cones. The stained outer segments are marked with filled arrows, while the open arrows point
to the unstained ones. Bar 20 fim

Discussion

Since in our earlier experiments, only those elements of the rabbit retina
which were damaged by the intense blue light were recognized by mAh 0OS-2,
the conclusion could he drawn that this antibody is specific for the blue-sensi-
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tive cones [20]. Since mAb 0OS-2 was shown to be specific for visual pigments
[18], the antibody obviously recognizes the blue-sensitive cones by binding se-
lectively to the blue-sensitive visual pigment of the rabbit.

From the observations on the rabbit and ground squirrel retina [20], one
can clonclude that the OS-2 positive cones of the other mammalian species are
also blue-sensitive. This assumption is supported by the fact that the distribu-
tion pattern of the monkey blue cones [4] is the same as that of the OS-2 positive
cone cells in our monkey retinas. The percentage of the blue cones in several
investigated mammalian species [1, 15] is in good agreement with the quantity
of the OS-2 positive elements. The molecular similarity of the blue-sensitive
pigments derived from different animals is evidenced by our previous immuno-
biochemical results. Reacting the electrophoretically separated photoreceptor
membrane proteins of different mammalian species (rabbit, pig, monkey)
with mAh OS-2, one single protein hand of molecular mass 36 kD falling in the
visual pigment range was stained [20].

A remarkable observation of our immunocytochemical investigations was
that our other anti-visual pigment antibody, COS-1, stained all the cones un-
labelled by mAh OS-2. This is a convincing evidence for mAh COS-1 being
specific to the middle-to-long wavelength (green and red) sensitive cones of the
rabbit and the other mammalian retinas. It is not surprising that the blue-sen-
sitive pigment can be distinguished immunologically from the middlc-to-long-
wave sensitive pigments, since it was shown in man [11] that these pigments
exhibit only 43% mutual identity, while the red- and green-sentitive pigments
are 96% identical. The 4% difference of the antigenic determinants was not
enough to he detected by the monoclonal antibodies.

MAbs 0S-2 and COS-1 seem to be complementary antibodies being spe-
cific to the shortand middle-to-long wavelength sensitive mammalian cone cells,
respectively. It seems to be reasonable to use them to detect the distribution of
the two main cone types in the mammalian retinas. Taken into consideration
that all animal species investigated so far, exhibited two immunologically
differentconetypes,it can be assumed that all of them are possessing the anatom -
ical substrates of the colour vision. Although different colour-specific primate
cone cells have been much earlier described [12, 14], the question whether the
non-primate animals can discriminate the different colours was debated for
decades. In rodents, even the presence of the cone cells was doubtful, and the
rats were considered as animals having pure-rod retinas. Our studies with cone
specific antibodies furnished evidence that the duplicity theory is valid also
in the rat, and at least two different kinds of cones are present in the retina of
this animal. Electrophysiological experiments raised the possibility of colour-
discrimination in rabbits and cats [3, 4]; the blue- and green-sensitive cones
of the ground squirrel were elegantly differentiated by the nitro-blue-tetrazo-
lium histochemical reaction [1].
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Using electron microscopic immunocytochemistry distinct morphologic

differences could also be established in the future between colour-specific cone
cells. Another approach is to detect the morphological basis of the synthesis and
intracellular transport of the different visual pigment molecules.

Our observations on the human retina raise the possibility that mAh

0S-2 and COS-1 can become useful tools also in ocular pathology. The various
forms of colour-blindness could be characterized by these colour-specific anti-
bodies. Intensive investigations are in progress to produce further antibodies to
discriminate the red- and green-sensitive visual pigments.
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EMBRYO NEURULATION
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The formation of the neural tube is a morphogenetic process involving cell-shape
changes. The activity of the cytoskeletal elements of the neuroepithelial cells and the
interkinetic nuclear migration affect the neuroepithelial cell shape in a way that these
cells acquire three distinct conformations of wedge-shaped, spindle-shaped and inverted
wedge-shaped cells. Each of them is ultrastructurally characterized in this paper with
regard to the intracellular distribution of mitochondria, rough endoplasmic reticulum,
yolk droplets, lipid bodies and Golgi apparatus. These distribution patterns are ana-
lyzed in relation to the role played by the neuroepithelial cells during the succesive phases
of neural tube formation.

Keywords: Organelle distribution, neuroepithelial cells, chick embryo, neurula-
tion

Introduction

Neurulation is a complex phenomenon that produces the early rudiments
of the central nervous system. Various mechanisms of neurulation have been
proposed [9, 16, 20], but only the changes in neuroepithelial cell shapes have
gained widespread acceptance. Thus microtubules and microfilaments act in the
chick neuroepithelial cells leading to the “columnarization” and “bottling” of
these cells [7].

The columnarization of neuroepithelial cells is accomplished by the micro-
tubules arranged longitudinally within neuroepithelial cells [2, 20]. Treatment
with antimierotubular agents as colchicine prevents neuroepithelial cell elon-
gation [3, 19, 21].

Apical bands of microfilaments are present in the chick neuroepithelium
[8, 10, 11, 15] leading to the bottling of neuroepithelial cells. Disruption of
microfilaments with cytochalasin 13inhibits neural tube formation [13, 22, 25].

During neural tube formation, and additional phenomenon is occurring
and affecting neuroepithelial cell shape; i.e., interkinetic nuclear migration [12].
The position of the nucleus during this migration determines whether a partic-
rdar neuroepithelial cell is wedge-shaped (nucleus at the basal side of the neu-

Send offprint requests to: J. G. Ferenandez, M. D. Dept, of Cellular Biology and Anat-
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roepithelium), inverted wedge-shaped (nucleus at to apical side of the neuro-
epithelium), or spindle-shaped cells (nucleus neither at the apical nor basal
sides of the neuroepithelium), [18].

Neuroepithelial cells show an apico-basal polarity due to the epithelial
nature of the neural tube. This remarkable polarity could influence the intra-
cellular arrangement of the cytoplasmic organelles of neuroepithelial cells.
On the other hand, interkinetic nuclear migration may be associated with the
specific changes in the subcellular distribution patterns showed by neuroepithe-
lial cells [14].

In this paper the existence of organelle distribution patterns for the three
cell types of neuroepithelium is investigated, considering certain organelles in
these cells: mitochondria, rough endoplasmic reticulum, yolk droplets, lipid
bodies and Golgi apparatus. Such ultrastructural characterization might be of
interest in relation to the phases of neurulation in which each cell type is in-
volved.

Materials and methods

Processing for transmission electron microscopy

Fertile white Leghorn eggs were incubated to stages 6, 8, 10 and 12 [5] and the mid-
brain regions of the embryos were collected following the criteria used by Schoenwolf and
Franks [18]. The pieces were fixed directly after removal from the yolk with 2% glutaralde-
hyde buffered with 0.1 M cacodylate (330 -360 mOs) at pH 7.4 for 1 h and rinsed in this buf-
fer. Then, they were post-fixed with a buffered osmium tetroxide solution for 3 h and washed
in buffer. Dehydration was accomplished using increasing concentrations of ethanol and finally
the samples were embedded into Epon 812 resin. Semithin sections were stained with toluidin
blue and ultrathin ones mounted on 200-mesh grids and contrasted with uranyl acetate and
lead citrate. The grids were examined in a Jeol 100 CX transmission electron microscope operat-
ing at 60 kV.

Sampling procedures

In our study sampling problems can be overcome by using only sections cut perpendic-
ularly to neuroepithelium [24]. To obtain a representative sample the method described by
Wi illiams [26] was used. Midbrain regions from fifteen embryos of each stage were oriented ac-
cording to the cephalocaudal axis in the inclusion procedures and eight blocks were selected
at each stage by using a digital random table. Three grids were obtained from each selected
block and the pool of grids was observed. Thus, ten neuroepithelial cells with nuclear profile
were photographed from each grid, following the method reported by Hirakow and Gotoh [6],
obtaining finally 240 profiles for each stage. These cellular profiles were classified according to
the position of the nucleus [18] in wedge-, spindle- and inverted wedge-shaped cells to analyze
separately the organelle distribution. The micrographs were printed at magnifications of
12 000— 22 000 and analyzed for the study of organelle distribution.

Organelle distribution analysis

The analysis of organelle distribution was made in the three neuroepithelial cell shapes
(wedge-shaped, spindle- and inverted wedge-shaped) considering three zones within these cells:
apical, median and basal, by using the nucleus as reference. Thus two lines passing through
apical and basal poles of the nucleus were drawn delimiting these zones (see Fig. 1). At each
cellular zone the profiles of mitochondria, rough endoplasmic reticulum, yolk droplets and
lipid bodies were quantified, and the obtained values were expressed as percentages of distri-
bution in each zone.
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Fig .1. Transmission electron micrograph from the neuroepithelium of stage 10 chick embryos.
Three cellular zones are selected for the organelle distribution analysis (a, apical; m median;
b, basal). IW: inverted wedge-shaped cells, W: .wedge-shaped cells, S: spindle-shaped cells.
Bar: 10 Lln
Fig. 2. Basal zone of a wedge-shaped cell of stage 8 neuroepithelium in which numerous
mitochondria (arrows) could be seen. Bar: 1/an
Fig. 3. Electron micrograph from the apical zone of a spindle-shaped neuroepithelial cell of
stage 10 that presents Golgi elements (arrowheads), rough endoplasmic reticulum cisternae
(arrows), mitochondria (m) and lipid bodies (Ib). Bar: 1 fim
Fig. 4. Micrograph showing several yolk droplets (arrowheads) in the apical zone of an inverted
wedge-shaped neuroepithelial cell from stage 8 embryos. Bar: 1tin
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The Golgi apparatus was analyzed as a whole, considering the cellular zone in which
it appeared. Thus the percentages obtained express the cellular proportion representing the
Golgi apparatus in each cellular zone (apical, median and basal).

Statistical analysis

The obtained percentages were subjected to the G-independence test [23] based on chi-
square distribution by using a level of significance of P < 0.05. Thus the percentages of each
organelle and cellular zone were compared between the three cell types to find significant
differences (P < 0.05) between wedge-shaped, spindle-shaped and inverted wedge-shaped
cells with regard to their organelle distribution patterns (see Table 1V).

Results

Organelle distribution in the wedge-shaped cells (Table I)

Wedge-shaped neuroepithelial cells show their nucleus located at the basal
side of neuroepithelium and an apical prolongation extending toward the apical
side of neuroepithelium (see Fig. 1). Within these cells the mitochondrial profiles
are more abundant in the basal zone (Fig. 2), the percentages in this zone rang-
ing between 40—60%. Rough endoplasmic reticulum cisternae are more numer-
ous within the apical zone of the cell at stages 6, 8 and 10, but at stage 12 the
basal zone contains a 50.7% of the rough endoplasmic reticulum cisternae.

Table 1

Distribution percentages of mitochondria (m), rough endoplasmic reticulum (rer), yolk droplets
(yd), lipid bodies (Ib) and Golgi apparatus (ga) in the wedge-shaped cells from chick neuroepitheli-
um at stages 6,8,10 and 12

6 8 10 12
B 40.1 50.5 60.4 54.9
in M 29.9 17.7 22.6 24.1
A 30.0 31.8 17.0 21.0
B 27.4 32.0 32.8 50.7
rer M 30.1 22.3 25.9 22.5
A 425 45.7 41.3 26.8
B 49.4 22.0 66.7 -
yd M 215 34.1 — -
A 29.1 43.9 33.3 100
B - 3.9 26.7 -
Ib M 33.3 17.3 13.3 —
A 66.7 78.8 60.0 100
B
o ow i i
A 100 100 100 100
B: basal zone
M: median zone
A: apical zone
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Yolk droplets of the wedge-shaped cells are present in the basal zones in higher
percentages than in the median and apical zones at stages 6 and 10, though
stages 8 and 12 present much more yolk droplets in the apical zone of the cell.
In all stages the lipid body distribution within wedge-shaped neuroepithelial
cells is preferably apical, as well as the Golgi apparatus of these cells locates
always in the apical zone of the cell.

Organelle distribution in the spindle-shaped cells (Table I1)

Neuroepithelial cells whose nucleus is located in centrally and taper apica-
ly and basally acquire a spindle-shape (see Fig. 1). Mitochondrial distribution in
these cells shows similar percentages in the basal and apical zones (30—40%)
at stages 6, 8 and 10 whereas at stage 12 in the apical zone there are higher
percentages than in the basal and median zones. Except at stage 6, the rough
endoplasmic reticulum cisternae distribute more frequently within the apical
zone of the spindles-shaped cells. Yolk droplets of the spindle-shaped cells are
more abundant in the apical zone at stages 6, 10 and 12 but at stage 8 they are
homogeneously distributed into basal and apical zones. A 80—100% of the

Table 11

Distribution percentages of mitochondria (m), rough endoplasmic reticulum (rer), yolk droplets
(yd), lipid bodies (Ib) and Golgi apparatus (ga) in the spindle-shaped cells from chick neuroepitheli-
um at stages 6,8,10 and 12

6 8 10 »
B 411 39.4 36.5 28.2
m M 24.4 23.2 29.7 32.1
A 345 37.4 33.8 39.7
B 43.7 275 25.7 22.1
rer M 155 30.8 27.7 34.5
A 40.8 41.7 46,6 43.4
B 33.3 50.0 20.0 -
yd M 16.1 3.3 20.0 40.0
A 50.6 46.7 60.0 60.0
B 60.0 5.4 6.1 -
Ib M 20.0 2.7 6.0 -
A 20.0 91.9 87.9 100
B
ga M - - - -
A 100 100 100 100

B: basal zone,
M: median zone
A: apical zone
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lipid bodies of the spindle-shaped cells of stages 8, 10 and 12 are located within
the apical zone, whilst at stage 6 the basal zone contains a 60% of these inclu-
sions. Finally, all spindle-shaped neuroepithelial cells present their Golgi
apparatus located into apical zone (Fig. 3).

Organelle distribution in the inverted wedge-shaped cells (Table I11)

Inverted wedge-shaped neuroepithelial cells have their nucleus located
in the apical side of neuroepithelium and a cytoplasmic portion extending to-
ward the basal side of neuroepithelium (Fig. 1). Mitochondrial distribution pat-
terns at the four stages studied are very different since the highest mitochondrial
proportion is observed in the median zone at stages 6 and 10, in the apical zone
at stage 8 and in the basal zone at stage 12. Rough endoplasmic reticulum cister-
nae show a similar distribution in neuroepithelial inverted wedge-shaped cells
of stages 6 and 8 (25% in basal, 31% in mediuan and 43% in apical zone), where-
as at stage 10 a 40% of the rough endoplasmic reticulum profiles are in the
median zone and at stage 12 there is a homogeneous distribution of these pro-
files in the three cellular zones. Yolk droplets distribute in similar percentages in

Table 111

Distribution percentages of mitochondria (m), rough endoplasmic reticulum (rer), yolk droplets
(yd), lipid bodies (Ib) and Golgi apparatus (ga) in the inverted wedge-shaped cells from chick
neuroepithelium at stages 6, 8, 10 and 12.

6 8 10 12
B 24.3 19.4 37.2 39.3
m M 41.4 27.8 37.2 30.4
A 34.3 52.8 25.6 30.3
B 25.0 25.0 23.7 35.6
rer M 31.3 31.9 395 311
A 43.7 43.1 36.8 33.3
B 39.1 23.1 66.7 -
yd M 21.7 19.2 — -
A 39.2 57.7 33.3 100
B - 42.9 334 -
Ib M - — 33.3
A 100 57.1 33.3 100
B
ga M - —
A 100 100 100 100
B: basal zone
M: median zone
A: apical zone
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basal and apical zones at stage 6 though at stage 10 a 66.7% ofthe yolk droplets
are in the basal zone of the inverted wedge-shaped cells. These inclusions are
more abundant in the apical zone at stages 8 (57.7%), (see Fig. 4) and 12
(100%). A location preferably apical of the lipid bodies ;s observed in the neuro-
epithelial cells of stages 6, 8, and 12, hut at stage 10 these inclusions are homo-
geneously distributed in the three cellular zones of the inverted wedge-shaped
cells. The Golgi apparatus shows an apical polarity in the inverted wedge-
shaped neuroepithelial cells since its location within these cells is always in the
apical zone.

Discussion

The morphogenetic events occurring in the embryo induce some structural
and functional changes affecting the ultrastructure of the embryonic cells.
Changes occur in organelle development and intracellular distribution during
morphogenesis [1].

W ith respect to mitochondrial distribution in the wedge- and spindle-
shaped cells one can observe how in the apical zone of the wedge-shaped cells
(Table 1) the percentage of mitochondria is more elevated at stages 6 and 8,
whereas the same zone of the spindle-shaped cells (Table Il) shows similar
percentages in the four stages studied. Thus in the apical zone of the wedge-
shaped cells appear the highest mitochondrial percentages when the elevation
and convergence of neural folds are taking place (stages 6 and 8). This fact would
be related in our opinion with the local energy supply for the apical microfila-
ment contraction. The apical bundle of microfilaments contracts actively during
neural tube formation [11] and narrows the apices of neuroepithelial cells. That
the spindle-shaped neuroepithelial cells maintain their apical percentages of
mitochondria during the four stages suggests that spindle cells might be involved
in the mechanism of neural fold fusion that starts at stage 10. Schoenwolf
and Desmond [17] pointed out that neural fold fusion is accomplished by the
apical prolongations of the spindle-shaped cells from the opposite folds that
contact in the midline. This mechanism is also an active process that requires
energy supply provided by mitochondria. Thus the apical percentages of mito-
chondria in the neuroepithelial spindle-shaped cells do not diminish from stage
8 to 10 yielding a suitable energy supply for neural folds fusion.

The yolk droplets and lipid body distribution in the three neuroepithelial
cell shapes is markedly apical in the four stages analyzed (see Tables I, Il and
I11). This distribution pattern of cytoplasmic vitelline inclusions would be re-
lated with the localization of the Golgi apparatus in the neuroepithelial cells that
is always apical. During neurulation there is an active consumption of reserves
contained in the inclusions that requires a relationship between Golgi apparatus
and vitelline cytoplasmic inclusions [4]. Thus one could expect most of the
inclusions distributed preferably apically.
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Analysis of the cell organelle distribution patterns in the three neuro-
epithelial cell types (wedge-shaped, spindle-shaped and inverted wedge-shaped)
of the chick embryo reveals a subcellular identity for each one. Table IVshows
the statistical analysis for differences between the three cell types with regard
to the organelle distribution patterns. Only the Golgi apparatus localization
does not present significant differences between the three neuroepithelial cell
shapes. Nevertheless mitochondria, rough endoplasmic reticulum and vitelline
inclusions show an intracellular distribution that differs significantly between
the three cell types at the four stages considered (Table 1V). Therefore one can
observe that each neuroepithelial cell type of each stage can be characterized
ultrastructurally by its organelle distribution. In this respect the bottle-shaped
neuroepithelial cells of Xenopus laevis embryo can also be identified by their
intracellular organelle distributions [20].

On the basis of these results we have made schematic drawings to charac-
terize the three neuroepithelial cell types at each stage (see Fig.5). These draw-

Table IV

Significant differences (P < 0.05) found for each stage (6, 8, 10 and 12), organelle (in: mitochon-

dria, rer: rough endoplasmic reticulum, yd: yolk droplets, Ib: lipid bodies, ga: Golgi apparatus) and

cellular zone (B: Basal, M: Median, A: Apical) between the distribution percentages of the three
neuroepithelial cell types

6 7 10 2
B be abc ab abc
m M be b b a
A — he abc abc
B ac - ab abc
rer M ac ab be ab
A — — c ac
B ab ac ac -
yd M - abc - -
A abc be ac ac
B - be ac -
Ib M a a bc —
A abc abc abc —
B
ga M - - - -
A — — — _

a: There are significant differences between wedge-shaped and spin-
dle-shaped cells

b:  There are significant differences between wedge-shaped and
inverted wedge-shaped cells

c: There are significant differences between spindle-shaped and in-
verted wedge-shaped cells

—: There are no significant differences
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Fig. 5. Diagrammatic representation of the organelle distribution in the wedge- (Ws), spindle-

(Ss) and inverted wedge-shaped (IWs) neuroepithelial cells from chick embryos at stages 6, 8,

10 and 12. The distribution and relative number of each organelle are indicative of the distri-

bution percentages. Each profile of an organelle means a 10% of distribution percentage in a

cell zone. Symbols: ovals, mitochondria; tubes, rough endoplasmic reticulum; white circles,

yolk droplets; dark circles, lipid bodies, The Golgi apparatus is not represented here since its
location within neuroepithelial cells is always apical
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ings show a specific chronologie evolution of the organelle distribution patterns
in the three neuroepithelial cell types.Wedge-shaped, spindle-shaped and invert-
ed wedge-shaped cells differentiate progressively as neurulation proceeds, in a
way that stage 12 neuroepithelial cells present organelle distribution percent-
ages distinct foreach cell type (Fig.5.) Moreover, the statistical analysis (TablelV)
reveals that the significant differences between organelle distribution percent-
ages of the three neuroepithelial cell types are more remarkable in stage 12 than
in the other stages. Distribution of the mitochondria and rough endoplasmic
reticulum cisternae differs significantly between the three cell types at stage
12 embryos (Table IV). These facts strongly suggest that wedge-shaped and
inverted wedge-shaped neuroepithelial cells have well-defined organelle arrange-
ment. Whether the intracellular arrangement described for the three morpho-
logical states of the neuroepithelial cells is only a consequence of each particu-
lar cell type, arises as a question to be analyzed. In further studies we will
study the effects of treatment with microtubule and microfilament inhibitors.
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It is commonly accepted, that a histogenetic correlation can be established
between tumour and mother tissue by means of intermediate filament typing. Recent
results concerrning the co-expression of different intermediate filaments within one cell,
the occurrence of epithelial-specific intermediate filaments in soft tissue tumours, and
the modulation of intermediate filament type expression caused by some bioactive
substances and viral infections cast doubts on the general acceptance of the histogenetic
classification of human tumours by intermediate filament typing. Its characterization
determines only the actual morphological differentation of the neoplastic cells and
represents a valuable tool for the diagnostic assessment of the tumour under the view-
point of the functional differentiation of its cells. A doubtless conclusion concerning
the mother tissue of the neoplasia (histogenetic origin) is therefore not possible.

Keywords: Tumour classification, intermediate filaments, histogenesis, immuno-
histochemistry

The cytoskeleton of human and animal cells is composed of three main
components: microfilaments and microtubules with associated proteins and
intermediate filaments [12, 25, 38, 79]. While microfilaments and tubules seem
principally to be correlated to more dynamic and function-related activities,
the system of intermediate filaments has its basic task in the maintenance of
cellular integrity, cellular shape and internal structure of cells [9, 16, 37, 39].

Because they are pertinent to essential cellular constituents for primitive
and ontogenetically old cell functions, intermediate filaments are considered,
to be stable molecular-biological formations [5, 70, 71, 73].

The intermediate filaments are morphologically characterized by their
diameter of 10 nm and their cellular arrangement. They can be distinguished
by biochemical and immunological methods into five filament classes: keratin-
filaments (19 polypeptides; 40—70 kD), neurofilaments (3 polypeptides; 63-
145, and 200 kD), glial filaments (53 kD),desmin filaments (52 kD),andvimentin
filaments (54 kD) [21, 59, 60]. These types of intermediate filaments are
expressed in adult, non-neoplastic, and in situ growing cells regularly in tissue
specific manner (48):

— keratin filaments in epithelial cells

— vimentin filaments in many types of mesenchymal cells

Send offprint requests to: Dr. L. Langbein, Institute of Pathological Anatomy, Fried-
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— desmin filaments in skeletal, heart and most smooth muscle cells

— glia filaments in astrocytes and some ependymal cells

— neurofilaments in neural cells.

The classification of human tumours into carcinomas and sarcomas, tu-
mours of the haematopoetic and lymphatic system as well as neoplasias of the
central nervous system is based on their origin from distinct mother tissues and
is designated as histogcnetic classification.

Intermediate filaments, as primitive and phylogenetically old structures,
can be identified in well-differentiated or undifferentiated tumours by means of
immunochemical methods [60] — despite the lack of other tumour cell charac-
terizing features. Labelling of the same intermediate filament type in both neo-
plastic and corresponding normal tissue leads to the concept of the histogenetic
classification of human tumours by intermediate filament typing [50, 56, 57,
63].

The distribution of keratin is particularly investigated in detail, because
these filaments may be considered to be of the greatest diagnostic value.
Particular importance of the keratin demonstration lies in the identification of
undifferentiated carcinomas and/or their distinction from other undifferenti-
ated tumours [3, 64].

Using polyclonal or monoclonal antibodies to keratin or cytokeratin
polypeptides, demonstration of epithelial origin is possible not only for cells
of epidermoid carcinomas (Fig. 1) [28, 49], hut also for cells of simple non-strati-
ficd carcinomas of parenchymal organs, for example adenocarcinomas [2, 62],
urothelial carcinomas [56], thyroid carcinomas [81] and neuroendocrine carci-
nomas [10, 54, 60].

Investigations with monoclonal antibodies against different keratin poly-
peptides or with 2-dimensional gel electrophoresis showed that during the pro-
cess of differentiation of non-neoplastic epithelial cells invivo [6,30] and invitro
[36], the intermediate filament pattern shows variations. Also during experi-
mental carcinogenesis variations of keratin pattern between carcinoma and the
original tissue were observed [19, 19, 28, 53]. Furthermore, there appears to be
a qualitative and quantitative heterogeneity in cellular keratin expression also
in a distinct tumour [17, 68; Fig. 1].

Regarding these results one has to question the common view, that a cell
expresses only one single cell-type-specific intermediate filament.

It is known for a longer time, that most cells isolated from the tissue, for
example cells in cultures and ascites, co-express vimentin in addition to their
original intermediate filament type [23, 61; Fig. 2]. After re-integration of the
cells into the tissue, the vimentin disappears [52].

An additional expression of vimentin filaments to keratin filaments [21],
neurofilaments [8], glia filaments [67] or desmin filaments [31, 56] is known to
take place in embryonic tissues.
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Fig. 1. Demonstration of keratin in an epidermoid carcinoma of the lung. Note the hetero-
geneous expression of keratin in different cell groups of the carcinoma;(polyclonal antikeratin
antibodies, indirect peroxidase technique. X 190)

A number of malignant tumours develop different types of intermediate
filaments within the same cell (cf. Table I; Figs 3, 4). Three different intermedi-
ate filament types could be identified within one neoplastic cell [1, 65, 80].
Another important fact; keratin filaments, characteristic for epithelial differ-
entiated cells, can be demonstrated in soft tissue tumours — synovial sarcomas
[18]. epitheloid sarcomas [15, 51] and malighant mesotheliomas [17, 78], which
are derived from a mesenchymal stem cell [32].

Alterations of intermedite filament expression can also be achieved by
several bioactive substances. Vitamine A [24, 33] and some hormones [35, 43,
66, 76] may influence the keratin polypeptide pattern or the intermediate fila-
ment type (cf. 65). After viral infections such alterations are possible, too [7, 69].

These results cast some doubts on the general acceptance of the concept
of histogenetic classification of human tumours by intermediate filament typing
[cf. 26]. Conclusions on the histogenesis of cells, based on the determination of
intermediate filament types should be considered only with limitations, be-
cause the intermediate filament pattern is obviously determined primarly by
the functional state at the time of investigation and not so far by the cellular
origin. This is underlined by the occurrence of keratin-positive cells in soft
tissue tumours or by the co-expression of different intermedite filament types
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Fig. 2. Co-expression of vimentin filaments (a) and keratin filaments (b)in cells of an established
epitheloid rat liver cell line; (polyclonal anti-vimentin antibodies, polyclonal antikeratin anti-
bodies, indirect immunofluorescence technique. X420)
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Table 1

Co-expression of intermediate filaments in different human tumours (selected from literature)

Neuro-

Tumour Keratin Vimentin Desmin Glia fila. fila. Authors
Renal cell carcinomas + -f Waldherr et al. 1985
Adenocarcinomas + Upton et al. 1986
(lung)
Thyreoid carcinomas + : Miettinen et al. 1984
(follicular, papillar)
Thyreoid carcinomas + + Schréder et al. 1986
(medullar)
Pleomorph adenomas + + Caselitz et al. 1981
+ + 4- Achtstatter et al. 1986
Adenocarcinomas + 4- 4- Sato et al. 1985
(parotis)
Oat-cell cercinomas + 4- Lehto et al. 1983
(lung)
Merkel cell carcinomas + 4- Gould et al. 1985
Islet cell tumour + + Miettinen et al. 1985
Carcinoid + 4- Lehto et al. 1985
Leiomyosarcomas 4- 1 Miettinen et al. 1984
Rhabdomyosarcomas 4- 1 Altmannsberger et al.
1982
Gliomas 4- 4- Herpers et al. 1986
(astrocytomas)
Rhabdoid tumours + -f Tsuneyoshi et al. 1986
Meningiomas + L 4- Tsuneyoshi et al. 1986
Budka 1986

within one cell (cf. Table 1). Therefore, the demonstration of keratin filaments
in the adenomatoid tumours of the genital tract, for example, only permits to
designate these neoplasias as epithelially or mesothelially differentiated and
does not permit an unambiguous conclusion as to an epithelial or mésothélial
origin (histogenesis) of these tumours [34] (Figs 4,5). On the other hand,in cases
of co-expression of keratin- and neurofilaments in neuroendocrine carcinomas
[46], one is not able to decide,if the stem cell has an epithelial or neural nature.

Therefore, the co-expression of different intermediate filament classes
within the same cell, especially in neoplasias, means that these cells may express
some features of different kind of tissues. Labelling of only one intermediate
filament type using a single intermediate filament antiserum describes the
possible tumour differentiation in a limited manner.

W ith respect to tumour diagnosis the labelling of different intermediate
filament types gives a useful contribution to the actual functional differentia-
tion of neoplastic cells and thereby can be considered as an essential contribution
to tumour biology.
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Fig. 3. Expression of desmin (a) and vimentin (b) in the cells of an experimental methylcho-
enthrene-induced murine rhabdomyosarcoma. Medium-sized tumour cells are decorated by
vimentin and desmin antibodies as well (—). Gianttumour cells only express desmin (<) and
are ailing in vimentin staining (<); (monoclonal anti-desmin antibodies, polyclonal anti-
vimentin antibodies, PAP-technique, heamatoxylin counterstaining. X190)
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Fig. 4. Expression of keratin (a) and vimentin (b) in the cells of a human hepatocellular car-
cinoma, (polyclonal anti-vimentin antibodies, polyclonal antikeratin antibodies, indirect im-
munofluorescence technique. X190, inset X460)
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LANGBEIN et al.

Fig. 5. Expression of keratin in the tumour cells (<) of a human epididymal adenomatoid
tumour indicates an epithelial or mésothélial differentiation; (polyclonal anti-keratin antibodies,

indirect peroxidase technique. X200)
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THE EFFECTS OF HYPERTENSION ON THE
WALL OF THE LARGE INTRACRANIAL ARTERIES
WITH SPECIAL REFERENCE TO THE CHANGES
OF SOME CONNECTIVE TISSUE ELEMENTS
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The effect of hypertension on the wall of the major cerebral arteries of 62 pa-
tients was investigated at the light microscopical level. This series does not include pa-
tients with atherosclerosis of the large intracranial arteries. In hypertensive individuals
the intracranial arteries showed concentric intimai thickening. Furthermore, the col-
lagenous fibers occurred in the media as early as in the third decade of life in place of
reticular fibers. On the basis of literary data and our findings one may suppose that
under permanent mechanical influence the arterial smooth muscle cells synthetize
predominantly collagenous fibers instead of reticular fibers.

Keywords: Arterial wall, connective tissue, hypertension

Introduction

Most of the authors do not make distinction between the changes of the
large cerebral arteries induced by hypertension and those caused by atheroscle-
rosis [2, 3, 4, 16, 18]. According to Cervos-Navarro [2] the causal link between
hypertension and atherosclerosis cannot be denied, however, the hypertensive
vascular changes have to be regarded as a distinct nosological entity on the basis
ofthe following facts:

1. The hypertension plays undoubtedly an important role in the develop-
ment of atherosclerosis, however, the hypertension by itself also causes charac-
teristic vascular abnormalities.

2. The hypertensive vascular changes are restricted mainly to the arteri-
oles, while the atherosclerotic process affects predominantly the larger arteries.

3. The pathological features of these two vascular diseases also differ from
each other, moreover, they can develop separately.

4. The complications of hypertensive vascular abnormalities are also differ-
ent from those of atherosclerosis.

Abbreviations: L = lumen, | = intima, M = media, A = adventitia
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The vascular abnormalities which are characteristic for hypertension —
thickening of the muscular layer, hyalinosis, and development of miliary aneu-
rysms — are predominantly limited to the arterioles. The thickening of the-
media of the larger arteries is also a consistent feature in hypertension. How-
ever, this alteration can generally be observed in the arteries of younger indi-
viduals.

The thickening of the media is considered as an adaptive response to com-
pensate for the increased wall tension [1, 2] because the thickness ofthe arterial
wall is directly related to the tangential tension in it, a result of pressure and
radius [1]. It is still under debate whether the thickening of the media is caused
by the hypertrophy of the smooth muscle cells (SMCs) or by their hyperplasia.
The data having been published recently support the former view [3].

After the 5th—6th decades of life the thickening of the muscular layer
can commonly no longer observed because the wall of the larger arteries dilates.
The damage of the internal elastic lamina (IEL) and the accumulation of collag-
enous fibers in the media are most probably the cause of dilation of the larger
arteries in patients with a long history of hypertension [2].

Hypertension induces also the thickening of the intima [3]. Under ex-
perimental conditions the hypertension enhances the permeability ofthe intima
to a variety of substances [4, 11, 12, 19]. The thickening of the intima in hyper-
tension is also attributable to the accumulation of both cellular and extracellu-
lar elements [3, 11].

The purpose of the present paper is to demonstrate the effect of hyper-
tension on the wall of the large intracranial arteries with special reference to the
changes of connective tissue elements. From this point of view little attention
has been paid till now to the events taking place in the major cerebral arteries
under the effect of chronic hypertension.

The discussion of pathological changes affecting the arterioles in hyper-
tensive patients is beyond the scope of the present paper.

Materials and methods

The large intracranial arteries of 62 patients with a history of hypertension more than
5 years were investigated microscopically. In each case the general autopsy revealed left
ventricular hypertrophy which is characteristic of hypertension. The révélant clinical data of
patients investigated are summarized in Table I. This series does not include patients with
macroscopically visible atherosclerosis of the intracranial arteries.

The brains were fixed in 10% formaldehyde solution for a week.

Under the age of 40 from all the large intracranial arteries (internal carotid, anterior
cerebral, middle cerebral, basilar, and vertebral) samples were taken at a branching point and
at least 4—6 mm away from them. Over the age of 40, the basilar and left or right middle
cerebral arteries were subjected to microscopical examination in the same way mentioned
above.

The sections were 7 1i» thick and they were stained with hematoxylin-eosin, elastic van
Gieson, orcein, trichrome, periodic acid Schiff, and Goméori’s method for reticulin.
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Table |
Sex Hemorrhage No
Age Soften- cerebro-
years ) Total . . ing vascular
hemis- brain disor-
M F total phere thalamus stem ders
20-30 3 2 1 2 2 - - - 1
31—40 5 3 2 5 5 — — - -
41—50 12 7 10 8 1 1 2 -
51—60 20 9 11 14 9 3 2 4 2
61—70 9 3 6 6 i — 2 -
E;SSO 9 4 5 6 4 1 1 3 -
o 4 1 3 2 2 _ — 2 —
Total 62 29 33 46 36 6 4 13 3

Abbreviations: M male, F —female

Results

On macroscopical inpsection the walls of the large intracranial arteries
were thickened and less transparent than those of normotensive individuals
without cerebrovascular disorders. The thickening of the arterial wall became
more prominent with increasing age.

Microspical examination revealed concentric intimai thickening in seg-
ments away from the branching points (Fig. 1A, B). At the branching sites the
intimai thickening was somewhat larger.

The next consistent microscopical feature was that the collagenous fibers
occurred in the media of the large intracranial arteries as early as in the third
decade (Fig. 2) while they became visible generally in the 6th decade in patients
without cerebrovascular diseases [10]. It is worth of mention that the intimai
thickening having developed in arteries of hypertensive patients never nar-
rowed the lumen markedly because of the gradual dilation of the arteries (Figs
1, 2).

In the continuity of IEL small gaps could always be found. Extensive
defects of the IEL were encountered only in two young patients who died of
cerebral haemorrhage. The case report of one of the patients was published in
1982 [5].

We found partial lack of reticular fibers in three patients (Fig. 3). They
died in the age of 33, 76 and 29 years. The first patient died of cardiac arrest and
had no cerebrovascular disturbances. The second suffered from thalamic haem-
orrhage, and the third from hemispherial bleeding. The media of the large intra-
cranial arteries in the other cases contained a dense network of reticular fibers
until the time when the collagenous fibers began to replace the reticular fibers
(Fig. 4).
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Fig. 1. The right internal carotid artery of a 45-year-old woman with a history of hyperten-

sion of 15years. (A): orcein; XtOO, B Gémori’s method for reticulin; XK 0. (A): The intima is

uniformly thickened and the artery is dilated. (B): The media contains thick fibers and the thick-

ened media comprises thinner fibers. The former correspond to the collagenous fibers and the
latter to the reticular fibers
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Fig. 2. The left anterior cerebral artery of a 61-year-old man with 20-year-long history of
hypertension. Gémaéri’s method for reticulin; X 400. The reticular fibers are replaced by col-
lagenous fibers in the media. In the thickened intima reticular fibers are seen

In the concentrical intimai thickening the reticular fibers were localized
close to the lumen forming a cell-rich layer. Under this layer the collagenous
fibers were the principal connective tissue elements in the thickened intima.

Discussion

Our results confirm the hypothesis held by some authors [2] that the
hypertension by itself induces pathological alterations of the large intracranial
arteries. In the studies concerning the effect of hypertension, there is generally
no mention about this fact, they discuss the abnormalities of arterioles.

The hypertension causes concentric intimai thickening of the large cere-
bral arteries in contrast to atherosclerosis and aging. In the latter two conditions
the intimai thickening is generally eccentric. The concentric intimai thickening
leads most probably to the loss of the transparent appearance of arteries in
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Fig. 3. The right middle cerebral artery of a 76-year-old hypertensive woman who died of tha-
lamic haemorrhage. Gomori’s method for reticulin; X 160. The media is poorly supplied by retic-
ular fibers

Fig. 4. The right anterior cerebral artery of a 27-year-old woman who suffered from hyperten-
sion for 7 years. Gomori’s method for reticulin; X 400. The reticular fibers form a dense net-
work in the media (normal pattern)
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hypertensive patients. It seems to be obvious that the first step in the develop-
ment of hypertensive vascular changes is the same that in atherosclerosis and
aging ,i.e., the damage of the endothelium. This induces enhanced proliferation
of SMCs of the arterial wall, the migration of SMCs from the media into the
intima and the increased rate of collagen synthesis [18].

Hypertension generally does not influence the density of reticular fibers
in the media ofthe major intracranial arteries, however, collagenous fibers occur
earlier than in the arteries of patients without vascular diseases [6, 8]. Experi-
mental data support this observation. Stretching of arterial SMCs in culture
stimulates their collagen synthesis [13, 14]. Moreover, in the blood vessels of
spontaneously hypertensive rats the synthesis of collagen also increases [16]
and their arteries become more rigid than those of normotensive animals [1].
Therefore, it might be assumed that the increased mechanical stress induced
by hypertension constitutes a direct stimulus for collagen synthesis [18].

It is well-known that the classical collagen fibers contain Type | collagen

and Type Il collagen constitutes the classical reticular fibers. In the arterial
wall both types of collagen are synthetized by SMCs. The ratio of collagen Type
1to Type Il in the normal arterial wall is approximately 3 : 7 [15]. In patients

without vascular diseases the reticular fibers form a dense network around the
SMCs of the media and the collagenous fibers confine to the adventitia [6].
W ith increasing age the collagenous fibers may occur also in the media and in
the thickened intima [6]. Under pathological circumstances — such as athero-
sclerosis [8] — the ratio of collagenType | toTypelll can change in the arterial

wall [15].
Our findings indicate that the permanent mechanical stress promotes
mainly the enhanced synthesis of collagenous fibers (i.e. — that of Type |

collagen) not only in the thickened intima but also in the media. The effect of
hypertension on the arterial wall presented in this paper is very important
because in the literature there is no mention about the type of collagen which
predominates in hypertension.

In hypertensive individuals the reticular fiber deficiency has obviously
to be regarded as an accidental finding on the basis discussed above. Partial lack
of reticular fibers proved to be a consistent pathological feature in patients with
the following disorders: unexplained subarachnoid hemorrhage [9], dissecting
aneurysm [7], and berry aneurysms [6, 8]. In the latter condition the reticular
fiber dificiency was confirmed recently also by quantitative measurements [17].

The present observations do not contradict the widely accepted view
that the hypertension causes mainly the damage of the arterioles and its con-
sequences — predominantly the bleeding — is also the result ofthe pathological
alterations of arterioles.

Further detailed investigations are needed to confirm the presented
observations and to clarify their importance.
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THE BIPHASIC NATURE OF A HUMAN
AMELANOTIC MELANOMA TUMOUR
LINE HT-18

Bhanu lyengarl J. Timar2 B. Szende2

mINSTITUTE OP PATHOLOGY, NEW DELHI, INDIA, llst INSTITUTE OF PATHOLOGY
AND EXPERIMENTAL CANCER RESEARCH, BUDAPEST, HUNGARY

(Received 12 November 1987)

The morphological features of a human amelanotic melanoma tumour line,
HT-18 was studied in vitro. Primary cultures show that the tumour cells are biphasic
with respect to their differentiation as revealed by light microscopy, SEM and TEM.
Most of the cells show numerous processes resembling neuronal dendrites. The cyto-
plasm contains stage | and Il melanosomes, occasionally melanosomes showing irregular
pigmentation. According to these observations it appears that the HT-18 cells are at
an earlier phase of differentiation showing both melanogenic and neurogenic activity.

Keywords: Amelanotic melanoma, melanogenesis, neurogenesis, morphology

Introduction

Epidermal melanocytes are derived from the neural crest cells during
embryogenesis. In vitiliginous skin in a large proportion of cases, the marginal
melanocytes show neural differentiation [1]. The melanocytes may proliferate
and give rise to a malignant tumour, the melanoma, which may or may not
show pigmentation. In the present work the growth characteristics and the
morphology of the human amelanotic melanoma tumour line, HT-18 have been
studied to assess the nature of their differentiation.

Materials and methods

All studies were performed on primary cultures of a human amelanotic melanoma
tumour line xenografted on immuno-suppressed CBA mice [9]. Cells were mechanically dis-
sociated and separated with 0.08% Difco trypsin. The cells were suspended in H-MEM medium
with 10% Flow FCS. They were allowed to adhere to plastic for 1 1/2 h, then washed with
phosphate-buffered saline (PBS), and were resuspended in Nunc and Linbro multi-dishes
(24 wells). Each well started with 5x 105 cells. Flask cultures were made in Greiner T25
flask with 5 to 10 x 106 cells. These were incubated at 37 °C in 7.5% CO02atmosphere.

Cultures were viewed daily to study growth characteristics. The established monolay-
ers were cut out and mounted on slides. These were stained by Sevier Munger stain [2] for
dendritic processes and melanin. The monolayers were fixed in 2% glutaraldehyde

Send offprint requests to: Bhanu lyengar, M. D. Institute of Pathology (ICMR), Saf-
darjang Hospital, P. O. Box 4909, New Delhi 110 029, India
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Fig. 1. Light microscopy of the primary culture of HT-18 showing dendritic and axon-like
processes stained with silver. In the centre a polygonal cell shows pigment granules in the
cytoplasm (Sevier-Munger X25)

(PBS pH = 7.2) for 1h, washed and post-fixed in 1% 0s04 (PBS). After dehydration in the
case of SEM studies, the monolayer was left in situ and critical point dried (Balzer), coated
with gold and viewed in a TESLA BS-300 stereoscan, while in the case of TEM it was floated
off by propylene oxide, embedded into Polybed 812, “ultracut” and examined in a JEOL-IOOB
transmission electron microscope.

Results

Light microscopy

Cultured the cells have a dendritic appearance. The nuclei are large and
vesicular, the cytoplasm is abundant and is thrown into processes of varying
lenghts. These processes are covering other cells. A few cells appear rounded
without dendritic processes (Fig. 1).

On silver stained preparations (Fig. 1) a few melanosomes are seen scat-
tered within the cytoplasm of the dendritic cells. These granules are more prom-
inent within the rounded cells. The dendritic processes are stained with silver
as with axis cylinders and arborise on distant cells.
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Scanning electron microscopy

The tumour cells arc flat, hi- or multipolars. They show long axon-like
processes (Fig. 2) interlacing with each other. There are numerous smaller
dendritic processes running from the surface. These end sometimes in knob-like
structures. These processes appear to arborise on polygonal cells. In scanning
SEM pictures the cells appear almost like nerve cells.

Transmission electron microscopy

As shown by TEM, the cells vary in size and shape. Most cells have abun-
dant cytoplasm which is thrown into numerous dendritic processes, occasionally
into axon-like projections which extend to a considerable distance (Fig. 3).

The cytoplasm contains melanosomes. The Golgi vesicles appear dilated
with early formation of laminated structures typical for the earliest inelanosome
stages (Fig. 4). Occasional laminated structures are evident which are partially
separated. Most of the melanosomes are of stage | or Il, with little inelanization.
The internal structure of these organelles shows convoluted lamellae, the mela-
nosomes being round, oval or markedly elongated. The matrix shows pigment
in occasional melanosomes. Several cells contain vacuoles within the cytoplasm.
The dendritic and axon-like processes do not contain any melanosomes. The
internal structure shows longitudinal filaments as seen in neurites (Fig. 5).

Discussion

From the present study it appears that the tumour cells in amelanotic
melanoma HT-18 have neuroid characteristics. The presence of melanosomes
within them and silver staining confirm the melanoma origin of the cell line.
The interesting features of dendritic processes and their contacts with other cells
is indicated by scanning and transmission EM, by histology and growth charac-
teristics.

The epidermis shows three varieties of dendritic cells, the melanocytes,
the Langerhans cells and the Merkel cells [3, 4]. The characteristic feature of the
melanocyte is the presence of melanosomes which can be seen in a fairly large
number in the HT-18 cells. The stage Il melanosomes are in abundance. The
level of melanin formation is low in this tumour line. The melanosomes vary
considerably in size and configuration as seen in EM micrographs. In the epider-
mal melanocytes the dendritic processes contain melanosomes which are pinched
off by the process of apocopation. By this process the pigment granule is
passed into the neighbouring basal cells and prickle cells. In the HT-18 cells the
dendrites and axon-like processes are on the neighbouring cells almost as in
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Fig. 2. Scanning EM of HT-18 cells highlighting mostly bipolar flat tumour cells with long
axon-like processes (4) and shorter dendritic ones (D) (X3000)

Fig. 3. Transmission electron microscopy of a HT-18 cell showing numerous surface projec
tions (D). The cytoplasm contains endoplasmic reticulum, mitochondria and nucleus (X36 000)
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Fig. 4. Cytoplasm of HT-18 melanocyte shows partly pigmented and abnormal melanosomes
(M). The inset demonstrates laminated structure of an early stage melanosome
(X48 000)

Fig. 5. TEM picture at high magnification of a dendritic process to show the internal structure
consisting of microfilaments resembling the structure of neurites (/*) (X96 000)
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synaptic endings. No melanosomes are present within these processes, the inter-
nal structure which is like that of neurites [8]. The staining characteristics of
these structures are also similar to those of neurites (as seen by silver staining).
This feature has been observed by Moellmann et al. [8], and similar finding was
noted in mouse melanoma cultures [6, 7].

The Birbeck granules typical of the Langerhans cells and neurosecretory
granules seen in Merkel cells are absent in the tumour cells [4, 5].

It can be concluded that the melanotic melanoma cells have a neuroid
appearance and the melanosomes show a low level of pigment production. The
granules do not move into the dendritic processes which extend from the cell
surface. Thus, these cells show an early biphasic stage of melanocyte differenti-
ation as also seen in the dendritic melanocytes of vitiligo.
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Male F-344 rats were treated for 10 weeks either with CC14 (0.2 ml/kg, per os,
twice a week) or with CC14 (same as above) and phénobarbital (0.2 g/1 in drinking
water). Liver fibrosis and cirrhosis developed in both treated groups, and was con-
firmed histologically. Cirrhosis was more frequent after the CClI, -j- phénobarbital treat-
ment. The collagen content of the liver, measured by morphometry and biochemically,
was significantly higher in the animals of the group treated with CCI, -f- phénobarbital
than in the animals treated only with CC14. Specially altered fat-storing cells (Ito cells)
were found in the periportal and septal fibrotic areas in direct proportion to the amount
of fibrosis and cirrhosis. They were identified as altered fat-storing cells by their desmin
content and Vitamin A storing capability. This study demonstrated that these cells
were enlarged and contained neutral fat, lipofuscin and PAS-positive material. The
potential role of GAG-containing FSC in fibrogenesis is discussed.

Keywords: Fat-storing cells, Ito cells, glycosaminoglycans, liver, fibrogenesis

Introduction

The development of fibrosis is the most common and most serious event
in chronic liver disease.

Collagen and other extracellular matrix formation in liver cirrhosis has
been studied extensively in the last decade [25, 28, 29]. A series of in vitro
studies showed that macromolecules of the extracellular matrix such as collagen
I—I1l—1V, laminin, fibronectin and glycosaminoglycans (GAG) can be pro-
duced by hepatocytes [6, 7, 10, 11, 14, 22, 34]. Other cells found in the liver,
Kupffer cells and macrophages, produce fibronectin in culture [1, 26].

An increase in concentration and a pathologic distribution of extracellular
matrix molecules were found in hepatic cirrhosis [25, 26, 29]. These changes are
always connected with the presence of inflammatory cells, such as lymphocytes,

Abbreviations: FER: rough surfaced endoplasmic reticulum; HID: high iron diamine;
H and E: hematoxylin and eosin; GAG: glycosaminoglycans; CHS: chondroitin sulphate;
1)S: dermatan sulphate; MA—FAF: macrophage fibroblast proliferation stimulating factor;
cAMP: cyclic adenosine monophosphate; FSC: fat-storing cells: CCl,: carbon tetrachloride;
PAS: periodic acid Schiff reaction; IU: international unit
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macrophages and mast cells [20, 35, 38]. Besides producing fibronectin [1],
macrophages also produce a so-called fibroblast proliferation stimulating factor
(MA-FAF). This factor also modulates the production of cAMP and prostaglan-
din by fibroblasts and in this way it plays a role in the regulation of collagen
synthesis [15, 36, 38].

Lymphocytes are also sources of humoral factors which active macrophages
and stimulate fibroblast migration and proliferation [15, 24, 37, 38]. The role
of mast cells in fibrosis and cirrhosis is presently not well understood [20].

The role of Ito cells [12] or fat-storing cells (FSC) in the production of
collagen, has been discussed [13, 16, 17, 18, 39]. The histogenesis of FSC is
closely related to that of fibroblasts and myofibroblasts. Recently Yokoi and
co-workers [40] have shown a close relationship between the degree of hepatic
fibrosis in an experimental model and the number of FSC in the fibrotic areas.
These authors also demonstrated that FSC contain desmin, and that they belong
to the myogenic cell line which is able to develop to myofibroblasts producing
collagen. Burt and co-workers [3] observed an increased number of desmin-
containing stellate cells in experimental rat liver injury. They concluded that
these cells were identical to FSC. Recently, Verhoeven and Buyssens [33]
suggested that FSC are modified pericytes. They argued that desmin positivity
supported the concept of FSC as pericytes with a special function in Vitamin A
storage and collagen synthesis.

In the present study, different degrees of hepatic fibrosis and cirrhosis
were produced either by treatment with CC14 or whitli CCl4-f-phénobarbital
treatment according to the method of McLean [19]. The in vivo localization
and biosynthesis of extracellular matrix compounds was studied to reveal the
source of the newly formed extracellular matrix components. The number and
morphology of FSC were investigated in relation to the degree of fibrosis and
cirrhosis. New features of activated FSC, their GAG content and phagocytic
capacity were demonstrated.

Materials and methods

The experimental groups consisted of 20, 8-week-old male F-344 rats. Animals of
the first group were treated for 10 weeks with 0.2 ml/kg CCI, dissolved in oleum helianthi,
each was given 0.5 ml solution by gastric tube twice a week. Members of the second group
were treated with CCl14 in the same way as group one while receiving phénobarbital (0.2 g/1
in drinking water). In one of the control groups (group three) animals received oleum helianthi
(0.5 ml per animal, by gastric tube, twice a week). In the other control group (group four) only
phénobarbital (0.2 g/l in drinking water) was given. At the 71st day of the experiment all ani-
mals were sacrificed.

The liver was observed macroscopically, one part of each lobe was preserved for bio-
chemical studies, the other parts were fixed in 8 per cent buffered formalin for histology. Small
pieces of the livers of 5 animals from each group were fixed in glutaraldehyde-OgOj for electron
microscopy. Oil red-0 staining was done using formalin-fixed frozen sections. Paraffin-em-
bedded material was used for H.E., PAS, Picrosirius red, alcian blue, toluidine blue, Ziehl-
Nielsen, Prussian blue, and pH 2.0 and pH 4.0 iron colloid [30] staining. Immunohistochemical

Acta Morphologien Hungarica 36, 1988



GAG AND FAT-STORING CELLS 243

procedures were done for desmin (anti-desmin serum: Stravigen B-SA. BioGenex Laborato-
ries, Dublin. CA., USA). GAG were identified ultrastructurally after application of high iron
diamine (HID) reaction after Spicer et al. [31].

Testicular hyaluronidase (Hyaluronidase Sigma, UK) was dissolved in sodium acetate
buffer, pH 5.6, at a concentration of 2000 U/ml. The sections were incubated for 1 h at
37 °C. The controls were incubated in buffer alone.

Ultrathin sections were contrasted with uranyl acetate and examined using a JEM
100 B electron microscope. Morphometry to quantitate the percentage of collagen in the
slides stained with Picrosirius was performed by means of a Quantimet videodensitometer
(Cambridge Instruments, U.K.). GAG-containing cells (blue cytoplasm after Fe-colloid stain-
ing) were counted in 5/i thick sections and their number was given per cubic millimeter liver
tissue. Student’s t test was used for statistical analysis.

Carrageenan lota, (Sigma) was administered i. p. 5 mg/animal in 0.01 ml PBS one day
before sacrificing the animals to label the phagocytic cells in the liver parenchyme. Carrageenan
was identified in tissue using the method of Gangolli et al. [8].

Biochemical studies

The amount of collagen was determined by the measurement of hydroxyproline in the
cellular proteins after hydrolysis under nitrogen in 6 M HC1 at 105 °C for 24 h [2].

The uronic acid content of the glycosaminoglycans was quantitated according to the
method of Noesser [23].

Vitamin A injection

Two animals receiving the CCl14 -f- phénobarbital treatment were injected i.p. with
50 000 IU of Vitamin A, 24 h before sacrifice. Frozens sections of liver were investigated
using a fluorescent microscope (Olympus BTHU, reflected light, Y 550 filter).

Results

1. Liver fibrosis-cirrhosis

Macroscopically, the surface of the liver was uneven in different degrees
in the animals treated with CCI, or CCl4-f-phénobarbital. True atrophic cirrhosis
was also observed in 18 animals in the group treated with CCl4+phenobarbital.

Under the light microscope, fibrosis (two cases) or cirrhosis (eighteen
cases) were observed in all livers from animals treated with CCl4-|-phénobarbi-
tal. Treatment with CCl4alone resulted in various degrees of septal and peripor-
tal fibrosis. With morphometry, the red-stained areas amounted to 5—12 %
of the areas of the sections. Table I. shows the percentage of red-stained col-

Table 1

The ratio of red areas (collagen fibres) in Picrosirius-stained liver sections of CC14, CC14-)}-phéno-
barbital, oleum helianthi and phenobarbital-treated P-344 male rats

Treatment ter cent of collagen fibres
1. CCI, 5.14+ 2.40
2. CC144 phénobarbital 12.26+7.38
3. Oleum helianthi 2.23+ 1.56
4. Phénobarbital 1.77+1.13

(Significance between group 2. and 1.: p < 0.01 and between group
1. and groups 3. and 4.: p < 0.01)
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lagen fibres. Whereas the average content of collagen in the livers of the
animals treated with CCIl,was 5.1472.38 %, treatment with CCl4-|-phenobar-
bital resulted in a collagen content of 12.2577.38 % (p < 0.01).

The control groups had these collagen contents (oleum helianthi 1.77
1.13% and phénobarbital 2.2371.56% ), which were not elevated abovenormal.

Biochemically, the amounts of collagen and GAG were increased in the
livers of animals treated either with CCl, alone or CCl44phénobarbital. It is
noteworthy that in the animals treated with CCl4-|-phénobarbital treated ani-
mals the amounts of these biopolymers were significantly higher than in the
livers of the group treated with CCI, alone (Table II).

Table 11

Hydroxyproline* and uronic acid** content of the liver of CC14, CC14 ; phénobarbital, oleum
helianthi and phenobarbital-treated M-344 male rats

Treatment Hydroxyproline Uronic acid
C'g/g wet mass)  (/'g/g " ft mu»»)

1. CC14 443+ 233 95+ 51
2. CCl4~+phénobarbital 619+ 391 116+ 70
3. Oleum helianthi 286+ 120 66+ 37
4. Phénobarbital 202 + 49 64+ 27
(Significance between group 2. and group p < 0.05 and between

group 1. and groups 3. and 4.:p < 0.05)
*Protein bound
** GAG associated

2. GAG-containing cells

In the portal areas and along the connecetive tissue tracts forming thick-
ened septa or surrounding the pseudolobules, anumber of relatively large (20—
30p in diameter) cells were seen (Fig. 1). The cells had abundant cytoplasm and
round nuclei with medium chromatin content. Their cytoplasm showed a faint
basophilic staining with H.E., and was PAS positive even after amylase diges-
tion. The iron colloid method at pH 2.0 resulted in medium to dark blue stain-
ing of the cytoplasm (Fig. 2a) indicating GAG content. Oil red O staining showed
fat droplets in the cytoplasm of these cells (Fig. 2b). The same result was
obtained with alcian blue staining. These cells also showed a week desmin posi-
tivity (Fig. 2c). Serial sections showed that the GAG, oil red 0 and desmin
positive cells were identical.

Small amounts of native brown, Prussian blue-negative pigment were
present in the cytoplasm of nearly all these cells. Twenty four hours after Carra-
geenan administration, these GAG-containing cells were filled with granules
showing purple metachromasia after staining with toluidine blue. This demon-
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strated the uptake of Carrageenan into the cytoplasm (Fig. 3). No such cells were
found in the control groups.

The Fe-colloid staining at light microscopy level was compared in sections
from testicular hyaluronidase-treated and control samples at pH 2.0. In the
control samples, strong blue staining of the cytoplasm indicated the presence
of GAG (Fig. 5a), but this was diminished dramatically in cells treated with tes-
ticular hyaluronidase (Fig. 5b). This demonstrated the presence of chondroitin
sulphate in these cells.

Fig. 1. Enlarged, specially altered fat-storing cells (Ito cells) in the portal area and in the septa
(arrows) of cirrhotic rat liver (alcian blue, X200)

Using the fluorescent microscope, the GAG containing cells of the livers
of the aminals treated with Vitamin A showed enlargement and a marked light
green fluorescence indicating to the uptake of Vitamin A by these cells (Fig. 2d).
In the fibrotic or cirrhotic livers of rats not treated with Vitamin A, only the
light yellow autofluorescence of lipofuscin was observed.

Table Ill. shows the quantitative distribution of the GAG-containg cells.
The average number in the CCl4treated group amounted to 62.51717.38/mm3
whereas in the CCIl4-f-phénobarbital treated group the average number was
145.50728.80/mm3. This difference was significant at the level p < 0.005.

No GAG-containg cells were found in the the livers of the controls.

Ultrastructure

The large cells in the portal areas contained phagolysosomes, cholesterin
crystals, well developed rough endoplasmic reticulum and Golgi bodies in their
cytoplasm (Fig. 4). The most important feature of these cells was the HID
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/'tg. 2a. Fat-storing cells containing glycosammoglycans in cirrhotic rat liver (pH 2.0 iron

colloid, X200). 6. Fat-storing cells containing neutral fatin cirrhotic rat liver (oil red O, X200).

c. Fat-storing cells showing desmin positivity in cirrhotic rat liver (anti-desmin immunohisto-

chemical reaction, X200). d. Vitamin A fat-storing cells in cirrhotic rat liver (autofluorescence
of frozen section, X800)

staining of the cytoplasmic granules and weaker diffuse HID-positivity in the
cytoplasm, indicating sulphated GAG (Fig. 4, insert).

Ollier mesenchymal cells

Elongated perisinusoidal cells with desmin positivity (unaltered FSC)
were observed around the sinusoids in a density not different from the controls.
The Kupffer cells did not show significant qualitative orquantitative alterations
in either of the experimental groups. Only a few lymphocytes were seen in the
portal regions ofthe animals treated with CCl4or CCl4-|-phénobarbital. In livers
with fibrosis or cirrhosis, scattered mast cells were demonstrated tvith Ziehl-
Nielsen staining in the periportal regions and along the collagen fibres.
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Fig. 3. Demonstration of Carrageenan taken up by portal fat-storing cells. Carrageenan ap-
peared as metachromatic purple material in the cytoplasm of fat-storing cells (tolouidine
blue, X600)’

Fig. 4. Portal area in cirrhotic liver at ultrastructural level. Note the presence of a large cell

in the extracellular matrix, with abundant cytoplasm containing medium clcctrondense gran-

ules (G), cholesterin crystals (Cr) and some lipid droplets (1). H = hepatocyte, L = lymphocyte.
N. 173905, X7200

Fig. 4. Insert: Detection of sulphated GAG in fat-storing cell with HID stain at ultrastructural
level. Note strong positivity in cytoplasmic granules. N: 173518, X20000

Ida Morphologica Hungarica 36, 1988



248 B. SZENDE et al.

Fig. 5a. Detection of GAG in portal fat-storing cells of cirrhotic rat liver, b Detection of GAG
in portal fat-storing cells of cirrhotic rat liver after testicular hyaluronidase pre-treatment. Note
the dramatically decreased reaction. (Fe-colloid stain at pH 2. X800)

Table 111

Number of GAG containing fat-storing cells per cubic millimeter in the liver of CCl,, CCl4-f-phéno-
barbital, oleum helianthi and phénobarbital-treated F-344 male rats

Treatment Cells/mm3
1. CCI, 62.51+ 17.38
2. CCl, phénobarbital 145.50+28.80
3. Oleum helianthi n. d.
4. Phénobarbital li. d.

Section fineness: 5/i
n. d.: tested but not detected
(significance between group 2. and group 1.: p < 0.005)

Discussion

In agreement with the results of McLean [19], we found that treatment
with CCIl ,+~phenobarliital resulted in a more severe fibrotic change in the rat
liver than treatment with CCI, alone. This allowed us to compare chronic liver
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injuries of two degrees of severity. The most interesting result of our present
study was that the number of mesenchymal cells containing GAG increased
in parallel with the extent of hepatic fibrosis and cirrhosis. These findings were
confirmed by our biochemical results, showing the parallel elevation of the
concentrations of collagen and GAG in the liver.

The morphological studies, demonstrated that the GAG-containg cells
are desmin positive, and take up and store Vitamin A.These observations indi-
cate that they really are modified FSC. These cells also contain a considerable
amount of neutral lipid, b'pofuscin and PAS-positive material. Due to these the
eytoplasm of the modified FSC is more extended than that of normal FSC.
U ltrastructurally, the cells appear to be of mesenchymal origin and showsome
characteristics of macrophages based also on the Carrageenan phagocytosis.

Although the macrophage function of FSC has not been described till now,
we may presume, that these mesenchymal cells can acquire phagocytic capacity
under the circumstances of chronic liver poisoning with CCI*.

These characteristics point to the fact that these cells are FSCswhich have
migrated into the portal areas as well as into the septa which contain the newly
formed collagen fibres. These FSCs show significant morphological changes
compared to the FSCsin normal liver. The FSCs in damaged liver are enlarged
and contain a considerable amount of GAG. W hether the GAG is synthesized or
taken up by the FSC is unknown. According to Schafer et al. [27] however, fat-
storing cells are able to synthesize GAG in vitro, especially chrondroitin sulfate
and dermatan sulfate which are the dominant GAG species in cirrhotic liver
[21, 32]. The FSC may also synthesize hyaluronic acid in vitro [9].

The present study confirms the positive correlation between the amount
of collagen and the number of FSC recently described by Matsuzaki et al. [17],
Yokoi et al. [39, 40]. Furthermore the study demonstrates that these cells con-
tain large amounts of GAG. It has been shown in vitro that FSCs are able to
produce both collagen [5] and GAG [27]. We suggest based on the HID positi-
vity in the Golgi zone that they are able to do the same in vivo.

We consider the most important result of our study that we were able
to localize a cell type in cirrhotic liver which can be responsible for the elevated
GAG content. The production of GAG components may facilitate the formation
and packaging of connective tissue ground substance. In vivo studies using
labeled GAG precursors are in progress to confirm the origin of the intracellular
GAG.
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Book reviews

K. Brodmann: Vergleichende Lokalisationslehre der Grosshirnrinde in ihren Prinzipien dar-
gestellt auf Grund des Zellenbaues. Johann Ambrosius Barth, Leipzig, 1909. DM 65,—

This book is a reprint edition of Dr. Korbinian Brodmann’s classic book on the com-
parative cytoarchitectonie of the cerebral cortex, published in 1909. The basic work of Brod-
mann, the 52 areas of the cerebral cortex he distinguished and designated on the basis of the
morphology of the cortex are well known all over the world, and many figures of his cytoarchi-
tectionic atlas can be found in most neuroanatomical or neurophysiological textbooks.

In the preface, Brodmann mentions that the original goal of his research was to
perform a topographical analysis of the human cerebral cortex concerning the cell structure.
But during his studies he had been faced with the question how the structure of the cortex
develops during ontogenesis and what kind of differences might exist in the morphology of
the cerebral cortex of the animal kingdom, particularly in mammals. This has extended his
studies and resulted in a very complex comparative analysis of the cytoarchitectonies of the
cerebral cortex. This book is a very thorough, concise, well-written and illustrated summary
of his observations. It is divided in three sections. In the first section principles of compar-
ative cytoarchitectonies are described. The second section deals with the principles of the
comparative areas on the surface of the cerebral cortex. The third section represents the syn-
thetic part: it is an attempt to find a morphological, physiological and pathological cortex
organology. The book ends with a recent postscript by E. Winkelman and K. Seidel. This
provides a brief curriculum vitae of Brodmann and comments on his cytoarchitectonie work.
Brodmann did not receive too much recognition for his contribution during his life. As an
example, the Medical Faculty of the University in Berlin did not approve his “Habilitation-
schrift”. Everybody interested in neuroscience will find this classic book, which has also a
significant historic value, to be interesting to read.

B. Halasz

I. Kérnyei (ed.): Neuropathologia
Akadémiai Kiadé Budapest, 1987. (417 pages, 345 partly coloured illustrations.) Ft 312. —

The edition of this book is an outstanding achievement of Hungarian medical litera-
ture. The brilliant spirit of the Nestor of Hungarian neuropathology, Istvan Kornyei, is re-
flected in this issue. The best representatives of neuropathology in Hungary contributed to the
book, compiling the experience of several decades. Out of the 27 chapters, 12 are dealing with
the problems of general neuropathology, i.e. the basic alterations in the neurocytes, neural
fibres and glia cells due to degeneration, inflammation, hypoxia. The special neuropathology
is systematically described pointing out the inflammatory and heredodegenerative diseases
as well as the tumours of the central and peripheral nervous system. A separate chapter de-
scribes the most important muscular diseases. An excellent survey on liquor cytology is also
given.

This book can be used as a textbook by pathologists, neuropathologists, and neurolo-
gists. The authors give a description of the macroscopic and microscopic alterations in a most
didactive style. The methods of electron microscopy and immunohistochemistry as well as
neurochemistry are also described when the application of this methods is necessary for the
correct diagnosis.
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The correlations between neuropathology and other disciplines is clearly expressed in
this comprehensive study. The book can be recommended for pathologists, neuropathologists,
neurologists and to the best of medical students.

We are looking forward to see the English or German edition of this book.

B. Szende

A. Kress and J. Millian: The female genital tract of the shrew Crocidura russula.

Advances in Anatomy, Embryology and Cell Biology Vol. 101, Springer Verlag; Berlin, Hei-
delberg, New York, London, Paris, Tokyo, 1987. pp. 76 : 31 figs. DM 63,—

The anatomy and histology of the mammalian reproductive system have been studied
primarily in humans and in laboratory animals (rat, mouse, hamster). Thus, knowledge on
wild animals, and especially on Insectivora, is rather imcomplete. Nowadays, such information
is important both in reproductive biology and also in taxonomical studies, when the external
morphological features are insufficient for the classification of a given taxon. This book sets
out to fill the above-mentioned gap by describing the findings of up-to-date electron micro-
scopic studies, and there is no doubt that this approach is a correct and worthwhile one. The
authors have performed systematic electron microscopic examinations of all anatomical areas
of the female genital tract of the shrew. A marked difference was revealed in the fine structural
organization of the wall of the bursa ovarica as compared to higher mammalian species. Aprim-
itive mammalian characteristic was also found: the bursa ovarica completely envelops the
ovary. The presence of the complete epoophoron and paraophoron in the genital tract of
Crocidura species is a conspicuous feature, because this part is usually absent in adult hu-
mans. The authors additionally describe the fine structural characteristics of the uterine tuba,
the uterus, the cervix and the vagina. The text is illustrated with 31 figures; all the micro-
graphs are of excellent quality. Detailed discussions follow the results, and finally a concluding
discussion is also presented. More than 160 references are given. In conclusion, this book is
very well written, referenced and illustrated. The work can strongly be recommended to those
interested in reproductive biology and taxonomy.

|. Benedeczky
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NEWS RELEASE

MAJOR NEW CHEMICAL AND PATENT MEETING
ANNOUNCED FOR 1989

INFONORTICS LTD has announced a major new international confer-
ence and exhibition to cover electronic information in chemical, pharmaceutical
and patent information. The meeting and exhibition will take place in the
Convention Centre, Montreux Switzerland, 26 —28 September 1989, and will
he arranged in conjuction with London-based IBC Technical Services.

Information can be obtained from Harry Collier INFONORTICS LTD, 9a
High Street, Caine, Wiltshire, SN11 OBS, U.K.) or from Helen Conry (IBC
House, Canada Road Byfleet, Surrey KT14 7JL, U.K.).

The Johns Hopkins University School of Medicine offers the
30th ANNUAL POSTGRADUATE INSTITUTE FOR PATHOL-
OGISTS IN CLINICAL CYTOPATHOLOGY

The Institute begins in February 1989. Application and completed pre-
registration must he accomplished before 24th of March, 1989. For details,
contact: John K. Frost, M. D. The Johns Hopkins Hospital, Baltimore, MD
21205, USA.

The entire course is given in English.
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