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THE EPENDYMA
OF THE VENTRICULUS MESENCEPHALI
IN THE RAT

A. Mitro and A. Kiss

(Received February 26, 1976)

The ventriculus mesencephali in the rat proceeds in the colliculi posterior region
from the mesencephalic aqueduct in the dorsal direction. The ependymal lining is formed
by flat, cuboid and cylindrical cells. The cylindrical cells, which occur in all parts of the
ventriculus mesencephali, are the most numerous. The cuboid cells are localized mainly
in the anterior part, the flat ones in the posterior part of the ventriculus mesencephali.
Some cuboid and cylindrical cells have short basal processes. Among the ependymal
cells, there are cells with long basal processes. The ependyma is at sites interrupted by
flocks of ependymal cells. On the cell surface, there area cilia, microvilli and proto-
plasmic extrusions. The cell nuclei are spherical to oval. Supraependymally, there are
homogeneous globules and intraventricular fibres.

The histological variability of ependymal cells may point to the active partici-
pation of these cells in functional processes, even within such a small part of the ven-
tricle system as the ventriculus mesencephali.

Introduction

The internal surface of brain ventricles anti the central canal is covered
with epithelium, as described first by Purkyneé [16] and confirmed by Koel-
liker [10]. An extensive study of the structure of this epithelium, the epen-
dyma was made by Studnicka [21] and its possible functions were described
by Agduhr [1]. Further authors [7, 8, 11, 15 etc.] have pointed to the struc-
tural peculiarities of the ependyma in various animals species.

Morphological investigations of rats ependyma [5, 19, 22] have
shown great structural variations, and attributed diverse functions to their
tissue, such as secretory, transport absorptive and receptor functions, among
others [9, 11, 23].

The present paper deals with the ependymal lining in the region of the
ventriculus mesencephali in the rat. The ventriculus mesencephali represents
part of the cerebral ventricle system. It is localized ventrally to the cerebellum
and proceeds in the form of a recessus from the aqueductus mesencephali in
dorsal direction [25]. It was called posterior collicular recessus [25] or ventri-
culus mesencephali by Westergaard [24] who followed its ontogenesis.
Bohme and Franz [4] who made casts of the ventricles, called it “recessus
colliculi caudalis”. The main object of the present paper was to solve the
question whether the ependymal cells of the ventriculus mesencephali were
identical or exhibited regional differences.
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2 A. MITRO et al.

Material and methods

Eight adult male rats weighing 200—250 g were used. For light microscopy, the brains
were fixed in 8% formalin and embedded into paraffin, with their bases oriented parallel to
the horizontal plane. The brains were cut in frontal and sagittal planes, the sections were
stained with haematoxylin.

For electron microscopy, the brains were cut in the mediosagittal plain. Onto the cut
surface 2.5% gluteraldehyde was dropped immediately (50—60 sec after decapitation) and
small pieces of brain tissue from selected regions were obtained. These specimens were further
fixed in 2.5% glutaraldehyde in a rotating device and postfixed with 1% osmic acid for two
hours, then embedded in Durcupan. Semithin sections were stained with toluidine blue. Ultra-
thin sections were contrasted with uranyl acetate in veronal buffer and with Reynolds’s
solution.

The shape and position of the ventriculus mesencephali within the whole ventricle
system is shown in Fig. 1.

For further examination, three regions of the ventriculus mesencephali were chosen,
the initial part of the ventriculus mesencephali (IVM), its apex (AYM) and its posterior part
(FYM) (Fig. 2/A).

The examined regions were subdivided into the following parts, with respect to their
shape in the frontal section of brain (Figs 2/B, C):

1. The region of IYM — a) upper part (U), b) middle part (M), c) lower part (L).

2. The region of AYM — a) upper part (U), b) lower part (L).

3. The region of FYM — a) upper part (U), b) lower part (L).

Fig. 1. Medio sagittal section through the brain of the rat. Black — ventriculus mesencephali

Fig. 2. Regions of the ventriculus mesencephali in the mediosagittal] plane (A) and on frontal

sections (B) and division of these regions in individual parts (C). U — upper part, M — middle

part, L — lower part. Ependyma: dotted-cylindrical; vertically dashed-cuboid; crosswise
dashed-flat to cuboid; thick lines-cuboid to cylindrical
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HAT MESENCEPHALI 3

Fig. 3. Single layer of cylindrical ependyma, interrupted by a flock of ependymal cells X 1400
Fig. 4. Single layer on cylindrical ependyma. Among the cilia, supraependymal particles are
present X 1400

Results

Light microscopy

The IVM had the form of a short channel. In the frontal section it was
round in shape with one ftpex-like formation in its upper part.

The upper part was covered with an undulating single layer of ependyma,
composed of cylindrical cells with large oval nuclei. The medium part was
lined by cylindrical ependyma, which was interrupted on several places by
flocks of ependymal cells. In the basal parts some ependymal projected as
short processes extending under the neighbouring ependymal cells (Fig. 2/C).
Between the ependymal cells, there were some cells having long basal processes
(tanycytes). The surface of ependymal cells in this region was covered with
cilia. The apex of the IYM had the form of a cone. In the frontal section it
was triangular in shape with irregularly undulating Awvails.

The upper part of this region was covered in some places with a single
layer, in other places with stratified ependyma formed by high cylindrical
cells with large round or oval nuclei. The lower part of this region consisted
of a single layer of cylindrical and cuboid ependyma (Fig. 2/C). In smaller
numbers, there occured ependymal cells with short basal processes. Tanycytes
were observed sporadically. The surface of ependymal cells was covered with
cilia.

The posterior part of the IVM had the form of a short flat channel. In the
frontal section it had a fissure-like appearance.

I* Acla Morphologica Academiae Scientiarum llungaricae 25, 1977
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Its upper part was covered with a single ependymal layer composed of
cubic and flat cells covered with cilia. The lower part was lined with a single
ependymal layer composed of cylindrical cells between which there occurred
some cells with short basal processes (Fig. 2/C). In some areas under this layer,
there was a further layer composed of cylindrical and cubic cells. These cells
did not reach the lumen. Between these two layers of ependymal cells, there
were many capillaries.

Localization of the different types of ependymal cell is demonstrated
in Fig. 2/C.

Electron microscopy

In the initial region of the IYM, the luminal surface of ependymal cells
is bordered by small cell extrusions close to each other and of various shapes.
Small microvilli are also present. The cilia are long and disproportionally distrib-
uted over the apical surface of ependymal cells. Their basal parts form
small groups lying closely under the cell surface. The ependymal cells near
the membrane cells form complex interdigitations and their ventricular sur-
faces are joined by numerous zonulae adhérentes above or below which may
be zonulae occludentes. The nuclei are excentric, their chromatin is unequally
dispersed and forms small aggregations along the nuclear membrane. The
mitochondria are oval to longitudinal. The Golgi apparatus is small. Ribosomes
form small aggregations. Between the basal parts of the cells, bundles of
non-myelinized and some sporadic myelinized nerve fibres are present. In the
subependymal layer, glial cells are seen (Fig. 6); their dark nuclei are surround-
ed by narrow rings of cytoplasm.

In the apical region of the I'YM, the surface of ependymal cells is supplied
with microvilli (Fig. 5) and ramified cell extrusions. Adjacent ependymal
cells form small interdigitations. The nuclei of ependymal cells are large and
with their long axis is often oriented parallel to the cell surface. The mitochon-
dria are oval or bent. The Golgi apparatus and short membrane fragments
of endoplasmatic reticulum appear in the apical part of the cells. Dense bodies
can also be observed. The size and structure of the bodies bear a striking simi-
larity to the lipofusin as described by Brakemore and Joly [3] and others.
In the supraependymal region nerve fibres and oval homogeneous structures
occur but no synapses. The intraventricular nerve fibres contain electron-
lucent vesicles up to nm in diameter.

In the posterior region of the IVM the surface of ependymal cells is
supplied with extrusions and microvilli. Pinocytic vesicles are not seen. In
some places, there are large bulbous projections having broad or narrow basal
parts (Fig. 7). Cilia are present in small amounts. The nuclei are large. The
chromatin isunequally dispersed over the nucleus. The mitochondria arc mostly
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longitudinal, often grouped in the apical part of the cell. The Golgi apparatus
is large, its cisterns are well-developed and surround small vesicles. There are
no granulated vesicles. The ribosomes are free or associated with the lamellae
of the endoplasmatic reticulum. In the supraependymal region, there are
nerve fibres and round homogeneous structures.

Fig. 5. Apical surface of an ependymal cell densely covered with microvilli X 16,000
Fig. 6. A subependymal cell (S) in close contact w'ith the basal parts of ependymal cells (E)
X 11,500

Fig. 7. Cytoplasmic extrusions of the apical part of an ependymal cell X 19,500
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Discussion

According to our results, the ependymal cells lying in the different regions
of the I'YM, show three types.

The first type is cylindrical with archwise shaped basal parts. These
cells are the dominant components of the ependyma in all regions of the IVM.
Milthouse [14] considered these cells “typical ependymal cells of mammals”.
They occur in all regions of the cerebral ventricles. Some of them have short
processes which penetrate under the neighbouring ependymal cells or are
immersed in the adjacent neuropil.

The second type of cells is cuboid, it occurs in all regions of the IYM.
The majority has archwise shaped basal parts and the minority short basal
processes. The latter cells are comparable with the so-called irregular cuboid
ependymal cells described in the lateral ventricle ofrats by Westergaard [24].

The third type of cell is flat; these occur in the posterior region of the
IVM. Their basal parts are shaped archwise.

In all regions of the IVM, there were a few cells with long processes
running into the adjacent neuropil. This type conforms with the so-called
tanycyte ependymal cells described in the shark Scyliorhinus caniculus by
H ORSTMANN [8]. In the rat, tanycytes occur mostly in the third ventricle
and vary in shape, localization and histoenzymatic activity [2, 6, 12, 17].
In the IVM the tanycytes are distributed unequally between the other epen-
dymal cells.

The luminal surface of ependymal cells, incessantly exposed to the CSF,
plays a role in the exchange of biologically active compounds between CSF
and ependyma. It represents the so-called first barrier in the transfer of com-
pounds. Formations bordering the surface of ependymal cells — cilia and
microvilli — are also important in this respect. In the IVM cilia varying in
length occur in small groups unequally distributed over the whole surface of
ependymal cells. In the ventricle system of the rat, cilia-free areas occur only
in the lower part of the third ventricle [19] or in the area postrema [20].
Among the cilia there are microvilli in varying numbers. At sites the cell
extrusions emerge from the surface on broad cytoplasmic pedicles. In other
areas the protoplasmic globules are mostly connected with the apical surface
by means of narrow stalks of cytoplasm. Although in some places these for-
mations have no contact with the cell, it is probable that the protoplasmic
globules are bulging from the ependymal cell surface and influence the com-
position of the CSF. Milthorat et al. [13] suggest that cerebrospinal fluid is
formed not only in the choroid plexus but also in the ependymal lining of
the ventricles.

In the IVM, we found two types of supraependyinal structures. In the
apical and posterior parts there are non-myelinized nervous fibres, occurring
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individually or in small groups. There are also homogeneous round formations;
these correspond to the free supraependymal homogeneous spherical structures
described in the rabbit by Schwanitz [18]. They occur in the apical and poste-
rior regions of the 1VM. Their origin cannot he determined unequivocally.
It is supposed that in this part of the ventricular system accidental deposits
of free supraependymal structures may occur due to the circulation of CSF
and the production of whirls.

In the IYM there is no type of ependymal cell which would be charac-
teristic of the region. The ependymal lining exhibits local differences in epen-
dymal stratification, in the occurrence of folds and cell accumulations. There
are likewise differences in the distribution of cilia, microvilli, cell extrusions,
nervous fibres and supraependymal structures.

The morphological features of the ependymal cells of the IVM are sup-
posed to indicate their absorbing function (microvilli), their ability to trans-
port substances (tanycytes) and their role in the exchange of materials between
CSF and nervous system (intraventricular nervous fibres). Those cells do not
seem to represent a passive barrier but rather a physiologically active com-
ponent of the ventricle system.
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DAS EPENDYM DES VENTRICULUS MESENCEPHALI
A. MITRO und A. KISS

Der Ventriculus mesencephali bei Ratten zieht sich im Gebiete des Colliculus dorsal
des Aquaeductus mesencephaloni. Das Ependym bilden Plattenepithel, kubische Epithel und
zylindrisches Epithel. In gr6Bter Zahl kommen in allen Teilen des Ventriculus mesencephali
die zylindrischen Epithelzellen vor. Die kubischen Epithelzellen kommen hauptéschlich im
vorderen Teil des Ventriculus mesencephali, die Plattenepithelzellen — im hinteren Teil dieses
Gebildes vor. Einige kubische und zylindrische Epithelzellen besitzen kurze basale Fortsétze,
einige Epenymzellen besitzen lange Fortsdtze. Das Ependym wird an einigen Stellen durch
ependymale Zellgruppen abgeldst (?). An den Zelloberflaichen kommen Flimmerhdarchen,
Mikrozotten und Protoplasmaausbuchtungen vor. Die Zellkerne sind rund bis oval. Supia-
ependymal kommen homogene Kigelchen und intraventrikuldre Fasern vor.

Die histologische Verdnderlichkeit der Ependyinzellen weist darauf hin, daB diese
Zellen aktiv an funktionellen Prozessen teilnehmen, wenn auch auf solch kleinen Gebieten,
wie Ventrikularsystem des ventrikuldren Teils des Ventriculus mesencephali.

SNEHANMA XXENYAOYEK ME3OLE®AJIA ¥ KPbIC
A. MUTPO, n A. KLU

XKenyfouek MesoLedana y KpbIC pacnpocTpaHseTcs y 3afHeil yactu 6yropka oT Bofo-
npoBoja Me3oLiedhana B JOPCaNIbHOM HanpasfieHn. SneHAMMA BbICMaTHA MI0CKUM KyGUYecKUM
N UMNMHAPUYECKM SMUTENIMANbHBIMK KNeTKamn. B 060Mx uacTeid xenygouka Mesouedana B
60/bLLIMHCTBE LMMMHAPUYECKIE INMUTeNNabHbIe KNETKM HabogatoTcs. Kybuueckue snutenmnans-
Hble K/IETKU PacrosiaraloTcs rnaBHbIM 06pasoM B MepefHeit, 1 NniockKue anuTena/ibHble KIETKM
3afHein uacTn Mesouedana. Y HECKONbKMX KYGUUECKUX U LUMMHAPUYECKUX KIETOK KOPOTKME
6asasfibHble OTPOCTKW. OfAHM aMeHAVMaNbHbIE KNETKA UMEIOT [/IMHHbIe 0TPOCTKUN. Koli-rae aneH-,
[VMa 3aMeHsieTCsl FpynnamMm aneHAMMarbHbIX KNeToK (?). Ha noBepXHOCTAX KIETOK PECcHUYKM
MWUKPOBUWMM U OTPOCTKM NPOTOMN/Ia3Ma BUHbL Sapa KNeToK Kpyrible W OBa/lbHble. B cynpa-
3MNeHAVMabHOM HYacTh rOMOJIEHHbIE LIAPUKN N UHTPABEHTPUKY/APHbIE BOOKHA HAGMHOAAIOTCS.

IMcTonornyeckasi PasHoo6PasHOCTb AMeHAMMAIbHbLIX KNETOK HaMeKaeT Ha aKTUBHOCTb
KNeTOK MPUHUMAIOLLMECS B (OYHKLMOHANbHBIX NPOLLECCax, XOTA B TOM YacTW KaK BEHTPUKY/SN-
Hasi cucTema Xenyaouka mesoledana.

Alexander Mitro 1 Institute of Experimental Endocrinology,
Alexander Kiss [ SAY, Vlarska ul. 3., 80936 Bratislava, Czechoslovakia
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EVIDENCE OF THE HETEROGENEITY
OF MAST CELL POPULATION BASED
ON THEIR BIOGENIC AMINE CONTENT

P. Kovacs and G. Csaba

(Received March 25, 1976)

The heterogeneity of the mast cells localized in various organs has been demon-
strated by histochemical determination in their indole amine and histamine content.
The strongest amine reaction was found in the mast cells in the mesenterium and peri-
toneal fluid where their maturation occurs. The reaction of the subcutaneous connective
tissue is weaker; in the thyroid gland the reaction is weak as well as diffuse. In the thy-
mus the mast cells localized along the vessels give a strong histamine reaction. The
experiments support previously published data concerning the heterogeneity of mast
cell populations.

The first observations concerning the mast cells reach hack to the second
half of the last century [21]. The component serving for their demonstration
by inducing metachromasia in the granules, the presence of heparin was detect-
ed by Jorpes et al. [23]. The other discovery of high importance concerning
the composition of mast cell granules was made by Riley and West [27]
who demonstrated a close relation between the histamine content and the
number of mast cells in the tissues as well as the binding of histamine to heparin
in the granules. Then Benditt et al. [1] demonstrated the presence in murine
and rat mast cells of another biogenic amine; serotonin.

Combs, et al. [3] by means of alcian blue—safranine staining could differ-
entiate mast cells in various stages of maturation in the rat embryo. These
mast cells in various degrees of maturation demonstrate marked differences
in the quality of the acid polysaccharides as well as in the quantity ofbiogenic
amines and in their matural relation and the acid polysaccharide—biogenic
amine — basic protein ratio [7, 11].

In earlier studies we have examined the heterogeneity of the mast cell
population, based on their polysaccharide content [19]. In the present work we
studied amine content of the mast cells in the organs and attempted to estab-
lish the functional relation between polysaccharide and amine content. The
reason for this was that in our previous work [19] only the quantitative and
qualitative differences in mucopolysaccharide content were evaluated as the
cause of the heterogeneity of mast cells, whereas heterogeneity of the amines
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has been neglected. In addition, the biogenic amine content of the mast cells
has an important physiologic function, as it participates in a number of proc-
esses of induction and regulation, in anaphylactic reactions, etc. Several
authors have pointed out [4, 9] that the mast cell population increased by
treatment with carcinogenic agents, contains a particularly large amount of
serotonin.

Materials and methods

The examinations were carried out in male W istar CB rats of 100 g body weight. Mast
cells were studied in membrane preparations of mesenterium, and subcutaneous connective
tissue, thick drop of peritoneal fluid, fixed paraffin or fresh cryrostat sections of thymus, lymph
node, thyroid gland, lung, and heart muscle.

Histochemical reactions

a) For histamine: OPT (othophthalaldehyde) reaction [24, 26]; Reinecke salt amine
precipitation [28] followed by diazotized sulphanilic acid staining in fresh, unfixed cryrostat
sections:

b) for serotonin: paraformaldehyde vaporization (Falc’s method; [26]; the specificity
was controlled by borohydride test; post-coupled benziledene reaction [22] in formaldehyde-
fixed paraffin sections;

c) polysaccharide : amine ratio: alcian blue-safranine reaction formaldehyde-fixed
paraffin sections;

d) in addition, the following reactions were performed: SchmorTs ferri-ferricyanide
reaction [5], diazotized safranine, p-dimethylaminobenzaldehyde and the Fast Garnet GBC
reactions [25], and the xanthydrol reaction [29]. In our examinations these had not proved
specific for amines, therefore their results will not be discussed.

Results

Histamine

The strongest reaction was obtained with Reinecke salt in the mesen-
terial mast cells (Fig. 1) and a considerably weaker one in connective tissue
(Fig. 2). In the thymus the mast cells along the vessels, which could he iden-
tified also by their shape and localization (Fig. 3), gave an intense fluorescence,
but in these cells thiazine dyes caused frequently no metachromatic staining.
In the peritoneal mast cells the Reinecke reaction was marked (Fig. 4); the
mast cells in the lymph nodes produced a fluorescence of about the same inten-
sity (Fig. 5). In these two organs the strong reaction observed in some small
lymphoid cells was conspicuous. In the thyroid gland and the heart muscle
the reaction was rather weak, whereas in the lung the mast cells could not be
differentiated: in a great number of cells the fluorescence was weak and dif-
fuse. The results were supported by the diazotized sulphanilic acid reaction
performed subsequent to dark-field examination, as well as by OPT fluores-
cence, which supplied results similar to the Reinecke salt method.
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Fig. 1. Mesenterial mast cells treated with Reinecke salt. Dark-field picture X 320
Fig. 2. Mast cell group localized in subcutaneous connective tissue, treated with Reinecke
salt. Dark-field picture, X160
Fig. 3. In the thymus the mast cells localized around the vessels give a strong reaction with
Reinecke salt. Dark-field picture, X 160
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Indoles

With paraformaldehyde vaporization by the Falck method, the strongest
fluorescence was obtained in the mesenterial mast cells (Fig. 6). The fluores-
cence was weaker in both the peritoneal (Fig. 7) and the subcutaneous connec-
tive tissue (Fig. 8) mast cells. The fluorescence of thyroid gland (Fig. 9) and
lymph node mast cells were rather weak. In lymph node macrophages (Fig. 10)
an intense yellow autofluorescence, similar as that of the Gomadri-positive cells
of the thymus, was observed. Results for the heart and lungs were not evalu-
able.

These results were supported by those obtained with the post-coupled
benzylidene reaction. It was conspicuous that the Gd&mdri-positive cells of
the thymus and the lymph node macrophages gave an identieal reaction.
A similar picture was obtained in the small lymphoid mast cells of the peri-
toneal fluid (Fig. 11) and the lymph nodes (Fig. 12).

Fig. 4. The peritoneal mast cells and the small lymphoid cells give a strong reaction with
Reinecke salt. Dark-field picture, X 160
Fig. 5. The mast cells and some of the small lymphoid colls of the lymph nodes give a strong
reaction with Reinecke salt. Dark-field picture, X 160
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Fig. 6. Mesenterial mast cells give a strong reaction on paraformaldehyde vaporization accord-
ing to the Falck method, X160

Fig. 7. Peritoneal mast cells give a moderately strong reaction with the Falck method, X 160

Fig. 8. Subcutaneous connective tissue mast cells appear clearly with the Falck method, X 160
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Alcian blue—safranin staining

The results were identical with those described previously.

Fig. 9. Thyroid gland mast cells giving a weak Falck reaction, X160
Fig. 10. Yellowish autofluorescence of cells in lymph nodes, X 160
Fig. 11. Lymphoid mast cells in the peritoneal fluid give a strong benzylidene reaction, X 360
Fig. 12. The mast cells of lymphoid character in the lymph nodes give a strong benzylidene
reaction, X 160
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Discussion

The results demonstrated that the mast cell population heterogeneous
in mucopolysaccharide content [19], histochemical behaviour [11], and labelled
precursor uptake [17] was dissimilar also in biogenic amine content.

In rat mast cells the heparin : histamine :serotonin ratio is 3:1 :0.1
[12]. It was obvious already from previous experiments [8, 11] that the same
ratio would not be valid for every mast cell, the maturation of such cells being
mirrored by the ratio of the granule components. Mature mast cells are not
uniform in the various organs; some show' a vivid metabolism, some a slow
one [2, 10], some are able to take up complete granule components [15, 16],
whereas others cannot even take up precursors [17]. Thus it may be supposed
that the mast cells are adapting themselves to the organ where they are lo-
calized.

In the present experiments the strongest reactions for both amines were
seen in the mesenterial, subcutaneous connective tissue and peritoneal fluid
mast cells. Among these the mesenterial and the peritoneal fluid mast cells
were outstanding by their least sulphated mucopolysaccharide content. At the
same time the mast cells of the subcutaneous connective tissue are strongly
sulphated. On this basis an inversed ratio of the amine content and the degree
of sulphation could not be stated. Taking, however, into consideration the
intense metabolism the mast cells of the mesenterium and the peritoneal
cavity, whereas the subcutaneous connective tissue mast cells are so-called
end-product cells [11], the hypothesis seems permissible that the amine reaction
is stronger more amine is perhaps present? — in the active mast cells w'here
the mucopolysaccharide is less sulphated. It is also possible that the stronger
sulphated mucopolysaccharide binds the amines more strongly and so their
demonstration is more difficult.

Among the peritoneal mast cells the small lymphoid ones yielded partic-
ularly strong indole and histamine reactions. This would support our observa-
tion [8] of an amine excess in the alcian blue positive small mast cells, which
would induce increased heparin synthesis [6]. By such means in the safranin
positive mast cells with mixed granulation the amine :heparin ratio will be
balanced [11]. The peritoneal and the mesenterial mast cells form a homo-
geneous population. Maturation of the lymphoid cells which had migrated
from the thymus into the peritoneal cavity, where the maturation process
started, would continue in the mesentery [13]. This might be the cause of
reactions of similar type.

The reaction of the thymus inast cells was a special problem. These cells
failed to give any reaction characteristic of serotonin, while the mast cells
localized along the vessels were conspicuous by their strong histamine reaction.
Their majority gave Reinecke positive, but failed to stain with thiazine dyes.
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In contrast, other connective tissue mast cells stained with thiazine, but did
not react with Reinecke salt. Similarly, the Reinecke positive mast cells in the
thymus did not stain with alcian blue—safranin either. The phenomenon
cannot be explained on the basis of the present experiments. The Gomori
positive cells of the thymus [14, 18, 20] gave a characteristic indole reaction,
but these could be differentiated from the mast cells.

The thyroid gland mast cells are characterized by serotonin uptake and
delivery [15, 16]. Despite this fact, or just for this reason, only a weak, diffuse
reaction was obtained for both amines. Their demonstration might have been
presented by binding the most acid polysaccharide [19] or else, in view of
their migration, only a small quantity of amines may have been present in
the cells.

The amine reaction was weak in the few pulmonary mast cells. In our
previous experiments [19] sulphatation of the mucopolysaccharides was of
a similarly low degree, referring to the possibility that the rat lung is not a
mast cell organ.

Summing up, the biogenic amine and mucopolysaccharide content of
the mast cells is different in the various organs; on an increase of the degree
of sulphatation the amine content, or perhaps its demonstrability, might be
decreased. In the active, maturing mast cells the amine content is higher, but
the thyroid mast cells form an exception. The findings support our previous
observations concerning the heterogeneity of the mast cell population. Thus
heterogeneity manifests itself in the ratio of the granule components, as well
as in the activity of cells and the intensity of their metabolism.
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NACHWEIS DER HETEROGENITAT DER MASTZELLENPOPULATION
AUF GRUND DES BIOGENAMID-GEHALTES

P. KOVACS und GY. CSABA

Mit Hilfe der biochemischen Verfahren zur Ermittlung der Indolamine und des Hista-
mins 4Rt sich die Heterogenitdt des Amingehaltes der in verschiedenen Organen lokalisierten
Mastzellen nachweisen. Die stdrkste Aminreaktion erfolgt in den Mastzellen des Mesenteriums
und der peritonealen Flissigkeit, wo auch die Reifung der Mastzellen vor sich geht. Die Reak-
tion des Bindegewebes ist geringer, die der Schilddrise ist ebenfalls schwach und diffus. Im
Thymus geben die neben den GefdBen gelegenen Mastzellen eine starke Histaminreaktion.
Die experimentalen Ergebnisse bekraftigen die schon friher beschriebene Heterogenitat der
Mastzellenpopulation.

OOKASATE/IbCTBO PA3HOPOAHOCTW Monyndaunnm TYUYHbIX KJ/IETOK HA
OCHOBE COJAEPXAHWVA BMOTEHHbBLIX AMNHOB

M. KOBAY un . YABA

Mpy NOMOLLM FMCTOXMMUYECKUX METOAOB MUCCeA0BaHMS, CYXALLUNX AN BbISIBMEHUS UH-
[0N1aMUHOB Y TUCTaMWHa, MOXHO BbISIBUTb PA3HOPOAHOCTH COAEPXKaHMS aMUHOB B TYUHbIX K/eT-
KaX, pacrnosioKeHHbIX B pa3/IMyHbIX opraHax. Hauvbonee cubHYH peakuuio Ha aMWHbl  MOKa-
3bIBAOT TYYHble K/IETKM OpPbDKEKU W GPIOLUMHHOMA XUAKOCTW, FAe MPOMCXOAUT CO3peBaHue
TYYHbIX KNETOK. PeaKuusi MOAKOXHOM COeANHUTENbHON TKaHN MeHee CUMbHa, a peakuust WwuTo-
BUAHOM >Kenesbl crnaba n guddysHa. B 300HOM Xenese CUMbHYKO peakumio Ha TMCTaMWH JaroT
TYYHble KIeTKW, pacrofiaratllnecs BA0/b KPOBEHOCHbLIX COCYZOB. Pe3ynbTaTbl MUCCNe0BaHUIA
NOAKPENSAT YXKe paHbLUe ONMUCAHHYI PasHOPOAHOCTb MOMYALUM TYUHbIX KETOK.

Péter Kovacs | Semmelweis Orvostudomanyi Egyetem, Bioldgiai Intézet,
Gyodrgy Csaba | H-1450 Budapest, Tizolté u. 58., Hungary
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BIOGENIC AMINE AND AMINE PRECGRSOR
GPTAKE BY MAST CELLS

P. Kovacs and Gy. Csaba
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The mast cell population is heterogeneous concerning its amine precursor and
amine uptake. The immature cells incorporate amine precursors, but in more advanced
stages of their maturation they take up only 5-HTP. The mature cells do not take up
precursors only 5-HT. The thyroid gland and heart muscle mast cells take up the highest
amount of 5-HT; this may be related with some specific function of the mast cells in
these two organs. Neither of the mast cells would take up histamine, the compound is
synthetised by the cells.

Introduction

Riley and West [13] were the first to show that the mast cell granules
contained histamine in addition to heparin. Benditt et al. [2] demonstrated
the presence of another biogenic amine, serotonin, in mouse and rat mast
cells.

The question arose whether the biogenic amines would be formed in the
mast cells, or are taken up and stored in these. Werle and Schauer [16],
soon after the discovery of Ritey and West [13] separated from extracts mast
cell-rich tissues (pleura, peritoneum) a fraction of high histidine decarboxylase
activity. Later Weissbach et al. [15] showed that histidine can be decarboxyl-
ized in two enzymatic ways. One of the enzymes is an aspecific amino acid-
decarboxylase, its chief substrate being DOPA, but it decarboxylates also
5-HTP, tyrosine, phenylalanine, and to a lesser extent histidine. The other
enzyme is a specific histidine-decarboxylase.

Lagunoff et al. [11] as well as Hagen and Lee [8] demonstrated
in mast cell-rich skin extracts of rats and mice a 5-HTP decarboxylase,
then Lagunoff and Benditt [12] found this enzyme in isolated mast cells.
W eissbach et al. [15] tested in mastocytoma extracts an aspecific enzyme
decarboxylating aromatic amino acids.

These data point to the possibility that mast cells can produce biogenic
amines by themselves. It is not clear, however, whether thay could take up
amine precursors and amines. In certain mast cells aminopeptidases can namely
be demonstrated, as well as enzymes which can split larger protein molecules
[14] and thus supply amine precursors. According to other reports [1, 4] the
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mast cells of certain organs are capable of amine precursor and even of com-
plete biogenic amine uptake [3, 5].

In previous experiments considerable differences in acid polysaccharide
[7] and biogenic content were observed in mast cells originating from different
organs of the rat [10]. In the present work it was therefore studied whether
there was any difference in amine precursor and biogenic amine uptake between
mast cells originating from different rat organs, and how these differences
could be correlated with the degree of maturation, physiological functions and
histochemical characteristics of the mast cells.

Materials and methods

The experiments were carried out in 80 g male Wistar CB rats, using two animals for
each material. For MAO inhibition, each animal received 250 mg/kg body weight of nialamide
(Nuredal EGYT), intraperitoneally, dissolved in n/5 HCL. After 30 minutes 125 //Ci 3H-histi-
dine (spec, act.: 1Ci/mM, Amersham), 125 /<Ci 3H-histamine (spec, act.: 56 Ci/mM, Amersham),
125 /rCi 3H-5-HTP (5-hydroxytryptophan, spec, act.: 8.2 Ci/mM Amersham) or 125 /<Ci
3H-5-HT (serotonin, spec-act.: 10.7 Ci/mM, Amersham) were injected intravenously. After
1 hour the animals were killed by an overdose of ether. The mesenterium, subcutaneous con-
nective tissue, lymph node, heart and lung were removed fixed in 3% glutaraldehyde, and
embedded in Durcupan ACM. Semithin sections were covered with llford K 5; after exposition
for 28 days they were developed with ORWO R 09 developer. Staining was performed with
Nuclear Fast red.

Results

JH5HTP was taken up most intensively by the mesenterial mast cells
(Fig. 1); uptake by the lymph node (Fig. 2) and heart mast cells was less
intense, and nil by the connective tissue or pulmonary mast cells.

iH-5-HT was incorporated at the highest intensity by the heart muscle
mast cells (Fig. 3); incorporation by the mesenterium (Fig. 4) and lymph
node (Fig. 5) mast cells was less intense. In about one-third of the subcutaneous
connective tissue cells (Fig. 6) 1 or 2 grains can be found per cell. This seemed
specific, since there were no grains present among the cells. Some pulmonary
epithelial cells showed intense 5-HT uptake.

3H-histidine and 3H-histamine were not incorporated by the mast cells
of the examined organs.

Discussion

In mast cell formation the thymocytes occupy a fundamental position,
but the cells do not reach the mast cell form in the thymus [6]. They are trans-
ported into the peritoneal cavity, where each stage of maturation from the
lymphocyte to the safranin-positive mast cells can be found. Still the matlra-
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Fig.
Fig.
Fig.

Mesenterium, 5-HTP
Lymph node, 5-HTP
Heart muscle, 5-HT
Fig. Mesenterium, 5-HT
Fig. 5. Lymph node, 5-HT
Fig. 6. Subscutaneous connective tissue, 5-HT. Numerous mast cells in a group; no grains
above them
Labelled amine and amine precursor uptake of mast cells localized in various organs. Mag-
nification: X 1000; Stain: Nuclear Fast red

SR S

tion is not yet complete, but the cells migrate presumably through the mesen-
terium and possibly reach through the blood stream the organ where they
exert their function [6]. Therefore, even if the homogeneity of the whole mast
cell population concerning its origin and basic components is accepted, the
histochemical and functional characteristics of the single mast cell groups are
different. This manifests itself well in the sulphatation of their mucopolysaccha-
ride content [7] as well as in their biogenic amine content [10]. Some of our
previous experiments even indicated differences in their amine and amine
precursor uptake [1—5]. When the mast cells arc classified according to their
degree of maturation, it appears that the most immature forms can be found
in the peritoneal cavity [6]. These cells can incorporate 5-HTP and histidine [4],
thus they take up each precursor characteristic of the rat mast cell, but they
do not take up complete amines. Thus, amine synthesis occurs in these cells.
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In the mesenterium cells are still taking up 5-HTP (this could be demonstrated
only by the use of high specific activities in the present experiments), but no
histidine, indicating that histamine synthesis has already been complete or
no new synthesis had started while 5-HT synthesis was still in progress.
The mature cells localized in the organs are taking up scarcely any precursors,
or none at all, indicating that their synthesis has ceased. On the other hand,
the majority of cells are able to take up serotonin. This ability is characteristic
of the thyroid gland mast cells in the first place [3, 5] and may be related to
the thyroid regulation of these cells. Serotonin uptake occurs by the heart
muscle mast cells, too, perhaps oving to their specific function [9].

Thus, the mast cell in the course of its maturation changes into such an
end-product cell, which has lost its synthetising activity but maintained its
amine-mediating, or transport function. In this respect there are quantitative
differences in the various mast cells; the least active are the subcutaneous
connective tissue mast cells. This cell type is outstanding also by its failure
to take up precursors, not even 5-HTP. It should be emphasized that the
mediating function of the mast cells, namely their amine uptake and transport,
is restricted to serotonin. The cells can synthétisé and release histamine, but
cannot take it up in its complete form. The explanation of the differences in
uptake between the two amines requires further investigations.
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DIE AUFNAHME BIOGENER AMINE ODER AMIN-PRAKURSOREN
DURCH DIE MASTZELLEN

P. KOVACS und G. CSABA

In bezug auf die Aminvorlaufer- und Aminaufnahme ist die Mastzellenpopulation
uneinheitlich. Von den unreifen Zellen werden die Amin-Prédkursoren aufgenommen, bei fort-
schreitender Reifung nehmen sie jedoch nur noch 5-HTP auf. Die reifen Zellen nehmen keine
Prakursoren mehr auf, doch sind sie — in unterschiedlichem Grade — zur Aufnahme von 5HT
fahig. Die Mastzellen der Schilddriise und des Herzmuskels nehmen das meiste 5SHT auf, was
mit ihrer speziellen Funktion in diesen beiden Organen Zusammenhdngen dirfte. Keine der
Mastzellen nimmt fertiges Histamin auf, sie konnen dieses nur synthetisieren.

NMPNEM BWOIMEHHbIX AMWHOB W TMPEKYPCOPOB AMWHOB TYYHbIMW
KNETKAMA

M. KOBAY n [. YABA

C TOYKM 3peHusi NpreMa MpPeKypcopoB aMUHOB U aMUHOB MONY/MSLMS TYUHbIX KETOK
HeofHopodHa. Hespesble KMETKM MOr/OWA0T MPeKypcopbl, 0AHAKO, M0 Mepe MpPOABUXEHUS
CO3pEBaHMS OHM MOF/IOWAIOT TOMIbKO SHTP. 3pesible KNETKM He MOr/oLWAaT NPeKypcopoB, oaHa-
KO OHW — B Pa3/IMYHOI CTeMNeHN — CrocobHbI K npremy SHT. TyuHble KMeTKW WATOBUAHOMN XX e-
Ne3bl 1 CepAIEYHON MblLLILI NOT/IOLLIAOT HanbosbLLIee KOMYecTBO 5HT, UTO NOBUAVMOMY CBSA3aHO
C UX CrieupanbHoi yHKUMeli B 3TUX ABYX opraHax. Hu ofHa M3 Ty4HbIX KIETOK He ycBamBaeT
roToBblii FUCTaMUH, OHU CMOCO6HbI TOMILKO K CUHTE3y rmcTammHa.

Semmelweis Orvostudomanyi Egyetem,
Bioldgiai Intézet, H-1450 Budapest,
Tlzolté6 u. 58., Hungary

Dr. Péter Kovacs
Dr. Gydrgy Csaba
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SCANNING ELECTRON MICROSCOPIC EXAMINATION
OF IN vITRO CULTURED CELLS
BY DIFFERENT METHODS

Eva Csonka, B. Bernotak, A. S. Koch and H. Jellinek
(Received October 26, 1976)

1. The morphology of cultured aortic endothelial cells was studied by scanning
electron microscopy. The cells were prepared for examination by three different pro-
cedures: two involved fixation, the third only drying in vacuum.

2. To check the efficiency of the methods of preparation, three non-endothelial
cell lines were processed similarly and examined for SEM morphology.

3. The images of the cell surfaces were found to differ depending on the method
of preparation and the value of the methodical approach clearly varied with the type
of the cell. It is concluded that for studying cell morphology by SEM the method of
preparation should carefully be selected.

Study, in vivo of the individual cellular components of the vessel wall
would require complicated methodical approaches. In order to surmount this
difficulty, cell lines representing homogenous populations have increasingly
been preferred for investigations into normal and pathological conditions.

Studies on cultured cells have been promoted by the marked improvement
of the culturing techniques during the last decade. The development and
maintenance of pure aortic endothelium and pure aortic smooth muscle cells
was reported for the first time from this laboratory in 1973 [2]. Similar cultures
have been obtained by other authors [4, 5] chiefly from veins, and attempts
at isolating them from the aorta have been reported only recently [6].

The electron microscopic morphology of the isolated cells has been
accepted as the most reliable means of identification. The aortic endothelial
and smooth muscle cell lines isolated in this laboratory were therefore identi-
fied by transmission electron microscopic criteria [3].

Further examinations by scanning electron microscopy are the subject
of this report. Since the usual fixing procedures did not always yield prepara-
tions of satisfactory quality, especially in respect of reproducibility, the proc-
essing of the specimens was modified and other cell lines, partly our own
isolates, partly international standard cell strains, were similarly examined
for comparison.
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Materials and methods

Cell cultures

Passages 7—10 of the endothelial cell line E-203, isolated in this laboratory from
miniature pig (Minnesota) aorta.

Passages 2—5 of the smooth muscle cell line S-215, isolated in this laboratory from
miniature pig (Minnesota) aorta.

Passages 104—110 of the aortic smooth muscle cell line S-76, which became hetero-
ploidic during cultivation. This cell line, too, was isolated in this laboratory from miniature
pig (Minnesota) aorta.

HelLa, international standard cell strain.

For scanning electron microscopy, coverslip cultures were prepared in Leighton tubes
from all examined cellTines, using 10% calf serum containing synthetic Parker-199 medium
throughout.

Processing for scanning electron microscopy

1. Coverslip cultures were fixed for 2 hours in 6% glutaraldehyde containing Holt
solution, weie washed in phosphate buffered saline after fixation, and dehydrated in step-
graded ethanol and acetone.

2. The monolayer grown on the coverslip was washed in phosphate buffered saline,
rinsed in distilled water 3 times for 1 second each, mounted immediately on copper plate and
dried in vacuo. Vapour pressure was reduced gradually to 10-3 mm Hg in 10 minutes, and
to 5 ¢ 10-5 mm Hg in another 10 minutes.

3. The cells were fixed for 2 hours at room temperature in cacodylate buffer containing
1.2% glutaraldehyde and 0.1% ruthenium red. After fixation the cells were dehydrated in
srep-graded actone.

Pieces of the coverslip carrying the differently processed cells were mounted on copper
plates with collodion, coated by a 50 A thick layer of carbon and a 200 A thick layer of gold,
and shadowed by copper at an angle of 20°.

Electron microscopy

The preparations were examined in a scanning adapter connected with a JEM 100 B
electron microscope, at 40 KV voltage and 60 p beam amperage.

Results

Evaluation of the results was made by comparison of the electron micro-
graphs taken at 1000, 3000 and 10,000 fold magnifications of each of 4 different
cell lines processed in 3 different ways.

(Fig. 1/a—c) The electron micrographs of a fixed preparation do not
reflect quite correctly the characteristic morphological features of the endo-
thelial cells.

(Fig. la/c) The fixed cells are shrunken, whereas the non-fixed prepara-
tions clearly show the mosaic-like fitting of the cells, as well as the typical
endothelial border (Fig. 1/b).

The appearance of the cell surfaces depends on the method of processing.
The nucleus and nucleolus are conspicuously visualized by the usual fixation
procedure (Fig. l/a), while fixation with ruthenium red results in a practically
homogeneous appearance of the cell surface (Fig. 1/c).

(Fig. 2/a—c) Differences in fixation cause less variation in the appear-
ance of smooth muscle cells than in the endothelial cells. The nucleolus is more
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conspicuous in the fixed preparations than in unfixed ones and the arrange-
ment of the myofilaments is least visible in specimens fixed with ruthenium
red (2/c).

(Fig. 3/a—c) Cell line S-76 isolated and maintained in this laboratory,
had originally beeen a regular smooth muscle cell culture, to judge by its
characteristics, but in the 21st passage it became polymorphous and hetero-
ploidic in a single step. Like the endothelial cells also showed different surface
morphology, depending on the type of processing. The fixed cells are carrying
microvilli on their surfaces (Fig. 3/a). The villous structures can easily be differ-
entiated in conventionally fixed preparations, whereas on fixation with ruthe-
nium red they appear thicker and more densely arranged (Fig. 3/c). In non-
fixed preparations the helter-skelter surface structures are flat, but the nucleus
and nucleolus are more easily visible than in the fixed preparations (Fig. 3/b).

(Fig. 4/a—c) The electron micrographs of HelLa cells remind of those
of S-76 cells, except that the villous outgrowths Ollthe surface are considerably
denser (Fig. 4/a). In preparations treated witb ruthenium red, the villous
structures appear as irregularly ordered depositions (Fig. 4/c). The character-
istic large nuclei of the HeLa cells are visible only in unfixed preparations
(Fig. 4/b).

Discussion

The problems met with in the scanning electron microscopic study of
cultured endothelial cells have 'induced us to prefer for such studies non-fixed
cells in a practically natural state. This approach also involves certain artefacts,
which may mislead the investigator [1]. Cell lines other than aortic endothe-
lium had therefore been included in the study with the express purpose of
showing that the simplified processing proposed by us does not blur the spe-
cific morphological characteristics of the different cell types.

The electron microscopic image of the surface of fixed HelLa cells cor-
responds to that found by other authors using a different fixing procedure [7].
The fixed preparations of HeLa cells were in fact fairly uncharacteristic.

Processing without fixation proved to lie the method of choice with the
endothelial cell because it prevented its shrinking. The possibility was also
explored whether rapid rinsing in distilled water damaged the cells. It was
concluded that if the osmotic changes concomitant upon chemical alterations
in the environment of the cell are of short duration and during this critical
period the shape and surface morphology ofthe cell can be brought into a form
that will not become altered, the culture so processed is suited for scanning
EM-studies. If after the rapid rinsing the moist preparation is immediately
exposed to vacuum, rapid evaporation causes reduction of the temperature
to such a low degree that the water retained in the cell with frozen and subli-
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Fig. 1. Scanning electron micrographs of E-203 cultured aortic endothelial cells prepared by

various techniques, a) preparation treated with Holt’s fixing solution. X 1000, X 3000; b) prep

aration dried in vacuo. XIOOO, X3000; c) preparation treated with ruthenium red and
glutaraldehyde. X 1000, X 3000
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Fig. 2. Scanning electron micrographs of S-215 cultured aortic smooth muscle cells prepared by

various techniques, a) preparation treated with Holt’s fixing solution. XIOOO, X3000; b) prep-

aration dried in vacuo X 1000, X3000; c) preparation fixed with ruthenium red and glutar-
aldehyde X 1000, X 3000
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Fig. 3. Electron micrographs of the S-76 cultured aortic smooth muscle cell mutant differ-
ently prepared by various techniques, a) preparation treated with Holt’s fixing solution.
X 1000, X3000; b) preparation dried invacuo X 1000, X 3000; b) preparation dried in vacuo
X 1000, X3000; c) preparation fixed with ruthenium red and glutaraldehyde X 1000, X3000
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Fig. 4. Electron micrographs of the HelLa international standard cell strain prepared by-

various methods, a) preparation treated with Holt’s fixing solution XIOOO, X3000; b) prepa-

ration dried in vacuo XIOOO, X3000: c) preparation fixed with ruthenium red and glutar-
aldehyde XIOOO, X 3000
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mation from the frozen state will not affect the morphological details. Great
caution should be exercised with the rate of pressure reduction, as already
referred to in the foregoing. If pressure is reduced too rapidly the cells may
hurst instead of being frozen as a result of heat loss through evaporation.

In summary, scanning electron microscopy offers valuable information
about the ultrastructural details of the cell surface if the methodical approach
is carefully chosen according to the detail or type of cell under examination.
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SCANNING ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNG
IN VITRO GEZUCHTETER ZELLEN MIT VERSCHIEDENEN METHODEN

EVA CSONKA, B. BERNOLAK, A. S. KOCH und H. JELLINEK

1. Verfasser untersuchten mittels scanning elektronenmikroskopischer Methode die
Morphologie in vitro gezichteter Endothelialzellen. Sie benutzen drei verschiedene Vorberei-
tungsmethoden, in zwei Fallen fixierten sie die Zellen, wahrend nach der dritten Methode die
Préparate ohne Fixierung in Vakuum getrocknet wurden.

2. Zur Kontrolle der verschiedenen Methoden untersuchten Verfasser auch die Mor-
phologie von Zellkulturen dreier verschiedener Typen mittels der von ihnen angewandten
Methode.

3. Verfasser stellten fest, daB scanning elektronenmikroskopische Aufnahme von auf
verschiedene Art vorbereiteten Zellkulturen ein ziemlich abweichendes Oberflachenbild zeigten.
Deshalb muR bei der Durchfuhrung solcher morphologischer Untersuchungen — je nach
dem Ziel des Versuches — immer die entsprechende Methode gewé&hlt werden.

OTPAXXATEJ/IbHOE (CKAHWPOBAHHOE) 3/IEKTPOHHOMWKPOCKOMMNYECKOE
NCCNEAOBAHNE KNETOK, KYJ/IbTUBUPOBAHHbBIX IN VITRO W
NnoArOTOBAEHHbBIX PA3NNYHbIMW METOJAMA

EBA YOHKA, b. BEPHOJIAK, A. LU. KOX u X. MENNNHEK

1 Mophonorvsi KNeToK3HA0Te/IS a0pThbl, KyNIbTUBMPOBaHHbIX invitro, 6bina M3yyeHa npv
MOMOLLM OTPaXaTe/lbHOro  (CKaHWpOBaHWE) 31eKTPOHHOMUKPOCKOMMYeCKoro metoga. [N
MOArOTOBKM MaTepuana NpUMEHSINCL TPW PasNMUHbIX MeTofa. B ABYX ciydasix KNeTKu 6biin
(hMKCMpOBaHbI, a NPU TPeTbeM MeTofe Mpenapatbl 6bI/M BbICYLLEHbI B BaKyyme 6e3 (uKcaLum.
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2. B uensix npoBepKy pasindHbIX METOA0B MOArOTOBKU, KPOME SHAOTENMANbHBIX KMETOK,
CpaBHMBaNaCb MOPKONOrMst KynbTyp ele TPex KETOUHbIX TUMOB MNPY NMPUMEHEHUM TeX XKe
METOfI0B A/1 MOArOTOBKW.

3. Bblfo yCTaHOBMIEHO, YTO MPU METOfe OTPaXKaTe/bHOW 3/EKTPOHHON MUKPOCKOMNUM
pasINYHBLIMK COCO6aMM MOArOTOBNEHHBIX KNETOUHBIX Ky/bTYpP MOMYy4YaloTCs J0BO/bHO OTK/IOHSI-
IOLLMECS KAPTUHBLI NMOBEPXHOCTK. Mo3aToMy, ANst TaKUX MOPKOOTMYECKMX MUCCeoBaHuii — B 3a-

BMCVMOCTY OT LIE/IN SKCMepuUMeHTa — BCeraa NpuUXoAMTCcsl Bbi6paTb HanGosiee NOAXOAALLYIO Me-
TOAMKY MOArOTOBKW Mpenaparos.

Eva C Kk . T
sonka Semmelweis Orvostudomanyi Eigyetem

Il. sz. Korbonctani Intézet,
11-1091 Budapest, UllGi u. 93. Hungary

B. Bernolak
A. S. KoeH
H. Jellinek
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CELL TYPES OF THE PARS DISTALIS:
SEASONAL CHANGES IN SECRETORY ACTIVITY
AND EFFECT OF STEROIDS ON SPERMATOGENESIS
IN RANA HEXADACTYLA

S. KaSINATHAN, S. L. BaSuU and VIUAYAM SrIRAMULU

(Received October 27, 1976)

Cytomorphological features and tinctorial affinities of the adenohypophyseal
gonadotrophs have been studied in stained preparations of the pituitary of adult male
frogs Rana hexadactyla Lesson, at monthly intervals during a calendar year. All the
five morphologically distinct cell types showed a progressive increase in size from
August to February, followed by a decrease from March to July. Extrusion of the syn-
thetized product occurred in the summet and during this period production was low.
Injection of steroids viz. stilboestrol, testosterone, oestradiol, doca and cortisol, inter-
fered with the elaboration and secretion of gonadotropins, the adenohypophyseal
feedback mechanism, and the sensitivity of the germinal epithelium. Changes in gonado-
tropins secretion and their impact on the testis are discussed.]

Cytological studies in several species of amphibia have brought to light
the existence in the pars distalis of different cell types with specific tinctorial
affinities [5, 10—12, 14, 21, 24, 31, 35]. These studies have also pointed out
the involvement of hypophyseal gonadotropins in the regulation of reproduc-
tive cycles. The mechanisms regulating these processes are complex. A survey
of the literature has shown that the level of hypophyseal gonadotropins varies
considerably from season to season, and elaboration and secretion of the hor-
mones by the concerned cell types is largely under the influence of the physical
factors of the environment. The responsiveness of the germinal epithelium
and the extent to which it is sensitive to hormonal priming are dependent
on the internal physiological rhythms to bring about a hormone-mediated
response. In a previous study on Rana hexadactyla [1, 2] the spermatogenic
cycle has been found to be continuous and, by administering pituitary extracts,
Kasinathan et al. [21] found an enchancement of spermatogenic activity
and interstitial development in the testis of the recipient frogs. In the present
investigation we have studied [1] the seasonal changes in the secretory activ-
ity of the pars distails cell types, and [2] the influence of steroids on the hypo-
physeal cell types and the impact of the latter on spermatogenic activity
in Rana hexadactyla Lesson.
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Material and methods

Adult male frogs of 65 g average body weight and approximately 80 mm snout to vent
length were used. The frogs were kept under uniform conditions and were allowed to feed
ad libitum on live earthworms provided in a wire mesh box and left in a corner of the aquarium
on a stone slab. The frogs were divided into different lots, each lot consisting of five specimens
and were treated with hormones as detailed below:

1. Stilboestrol: a) 1.25 mg suspended in 1 ml of amphibian Ringer was injected in
a single dose in each frog belonging to the first lot, for fifteen days; b) 1.25 mg dissolved
in 1.25 ml of amphibian Ringer was administered in five doses of 0.25 ml each in the second
group of frogs of the first lot at intervals of 48 hours for 15 days.

2. Testosterone: In the second lot of frogs 1 mg of testosterone dissolved on 1 ml of
amphibian Ringer was injected every day for 15 days.

3. Oestradiol: 5 mg of oestradiol was suspended in 15 ml of amphibian Ringer. Of this,
1 ml was administered to each of the frogs of lot three. The treatment was continued for
15 days.

y4. Deoxycorticosterone acetate (DOCA): 7.5 mg of DOCA was suspended in 15 ml of
amphibian Ringer and each frog of lot four received 1 ml of this hormone and the treatment
was continued for 15 days.

5. Cortisol: 0.5 mg of cortisol, suspended in 1 ml of amphibian Ringer was given a
single daily dose to each frog of lot five, for 15 days.

The hormones used were obtained in the form of microcrystals and suspended separ-
ately inamphibian Ringer prior to administration. Control frogsinjected with an equal quantity
of placebo and amphibian Ringer solution were kept together with the experimental ones.
The frogs were killed after a fortnight and the gonads and pituitaries were collected. Pituitaries
were fixed in Rouin’s sublimate solution, embedded in paraffin, sectioned at 3 fi and stained
with:

. Cleveland and Wolfe’s trichrome stain [18];

periodic acid Schiff (PAS) Orange G (OG) [17];

Halmi’s [16] aldehyde fuchsin (AF);

Gabe’s [15] AF with Halmi’s [16] counter stain;
Hertlant’s [18] Alcian blue (AR) pH 3.0 with Pas and OG;
Aldehyde thionine (AT) [14].

SR wWN R

Results

Five chromophilic granular cell types were clearly discernible on the
basis of tinctorial affinities in the pars distalis region of the pituitary gland of
Rana hexadactyla. These cell types have been grouped under acidophilic types
1 and 2 (A3and A2 and basophilic types, 1, 2 and 3 (B5B2 B3): their tinctorial
affinities are summarized in Table I.

Distribution of cell types (Fig. 2)

In general, A3and A, cells are distributed throughout the gland. At cells
are more towards the ventral or rostral region of the pars distalis while A2
cells are present in its posterior or dorsocaudal region. The ventrocaudal region
mostly contains B Lcells, whereas B2cells are distributed throughout the gland,
but those occurring in the rostral region are larger than those in the caudal
region. In the anterior region these cells are less abundant. B3 cells are found
chiefly in the anteroventral region and these cells line the capillaries entering
the pars distalis from the median eminence.
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Seasonal cycle of pituitary cell types

Acidophils (Aj). The Axcells are in general tall and columnar but exhibit
variations in size, shape and appearance. The amount of granules in their
cytoplasm depends on the stage of secretory activity. In pituitary samples
collected during November and December, the At cells are large their cyto-
plasm fully loaded with the synthesized product (Fig. 3). In the months Janu-
ary to April the nucleus loses its smooth outline, appears irregular and
shows a gradual reduction in size followed by partial degranulation of the
accumulated product (Figs 4, 5). The acidophils exhibit a maximum reduction
in their size, and the remaining granules; tightly packed in the cytoplasm,
undergo degranulation during May to August. Thereafter, in September to
October, the cells show signs of renewed activity as evidenced by an increase
in volume and a steady accumulation of the synthesized products. The granules
are coarse.

Acidophils (A.). A, cells are small narrow elongated cells. The nature
of the cytoplasmic granules and their staining affinity are similar to those of
Aj cells. These cells show reduction in size during January to April (Figs. 4
and 5) followed by degranulation from May to August. From September
onwards, the cells renewed activity like Ax cells. With Brooks’ stain [4]
these cells stain a brownish orange and can clearly be differentiated from AX
cells which stain red. The dorsocaudal region of the pars distails contains a
few A, cells.

Basophils (Bi). Basophilic cells (B,) are either spherical or slightly
elongated. Their cytoplasm contains cyanophilic granules which exhibit
a strong affinity for PAS-Alcian blue when stained with Herrant’s [18] tech-
nique. Though these cells are distributed throughout the lobe they are found
in large numbers in the ventrocaudal region of the pars distalis. Samples of
pituitary collected during March and April show Bxcells with their cytoplasm
loaded with cyanophilic granules. No appreciable modification is noticed
during April, May and June (Fig. 5). Degranulation of these cells is evident
in July, August and September; the volume ofthe nucleus is less during August.
From October to March (Fig. 1) the nucleus shows a steady increase in volume
and the cytoplasm does not show much change in respect of its staining affin-
ities or granulation.

Basophils (B 2). Basophilic type B, cells are tall columnar and are posi-
tive with PAS, Hertlant’s [19] Cleveland and Wolfe’s trichrome dyes [18].
The cytoplasm of these cells contains both cyanophilic and coarse orangéophilie
granules. B., cells are more numerous than Bt cells and are found distributed
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Table |

Tinctorial affinities of basophils and acidophils in the pars distalis
of Rana hexadactyla Lesson

Cell types
basophils acidophils
Staining technique
employed B, B, B, A Ai
Coarse Fine
inclusions granules
1. Cleveland and blue orange blue pinkish orange reddish
W olfe’s trichrome violet orange
2. Periodic acid — light orange blue reddish orange orange
Schiff (PAS) purple purple pink
Orange G(OG)
Hertlant, 1956
3. Brook’s azofuchsin green red green green orange brownish
triple stain red orange
t. Herlant’s AB blue blue blue brownish orange orange
(pH 3.0) PAS purple or pink
Orange G unstained
5. Gabe’s AF plus purple purple deep greyish orange orange or
Halmi’s counter violet orange, greyish
stain purple brown
6. AF + PAS + OG light purple deep reddish orange orange
purple orange, pink
purple
7. Mallory’s (AF, AB) blue blue blue blue red red
8. Monroe Former green purple purple bright red red
red
9. Greener and Lillie blue blue blue blue dark dark red
black red

throughout the pars distalis. The cells found in the rostral region are larger
and more densely granulated than those in the caudal region.

In pituitary samples collected from November to January the B2 cells
are confined to the rostral region, and exhibit secretory activity with their
cytoplasm full of orangéophilie and cyanophilic granules. These cells show an
intense affinity for PAS. An increase in the percentage of these cells is observ-
able in samples of pituitary collected during February and March. The nu-
cleus is big in these cells and the cytoplasmic granules appear AB, AT, PAS
and OG positive. Release of orangéophilie granules occurs from April onwards
(Fig. 5) and along with the processes of degranulation the cell shows a gradual
reduction in size and nuclear volume. This is especially pronounced in samples
collected during August. Such cells appear more chromophobic, irregular in
shape and the nucleus shows a reduction in volume. During September and
October an increase in the size of the cell and nucleus occurs (Fig. 1) followed
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At CcP 19.30
ND 12.30
g _

A2 CP 18.70
ND 8.10
g —

B, CP 20.50
ND 8.80
g

B., CP 31.70
ND 11.40
g + +

B3 CP 4.80
ND 9.80
g + +

Chromophobe 5.40
CP: cell population
ND:
g: granulation

Table 11

Characteristic features and the seasonal variations in pars distalis cell types in Rana hexadactyla Lesson

Jan.

Feb.

17.90
14.00

16.50
8.80

21.40
9.60

31.00
12.30
+ -f

9.00
10.50
4-4-

nuclear diameter in p

Mar.

18.50
10.20

17.20
7.70

21.10
9.10

33.20
10.50
4 4

8.90
11.20

2.60

Apr.

19.10
8.80

18.60
6.30

21.90
7.00

33.40
8.80
+ + +

8.20
7.70

May

21.10
8.40

20.00
6.00

20.10
6.30

28.50
7.90

4.20
7.00

6.20

Jill.

21.80
7.90

21.30
5.40

19.30
5.60

28.40
7.00

4.10
6.30

5.10

Aug.

23.10
7.00

+

20.90
5.60

18.70
4.80

25.30
6.70

5.60
5.30

5.40

Sept.

23.40
8.40
4~ 4~

21.20

6.30
4-4-

18.10
6.70

27.00
7.90
+ o+

6.90
7.00
+ +

3.70

Oct.

21.80
9.60
4" 4~

19.20
6.70
4" 4

20.00
7.00
L

30.10
8.80

22.30
10.50

17.90
7.00

19.60
770

31.70
9.60

+ o+

7.50
9.80
+ +

1.10

20.00
11.40

18.10
7.70

20.00
8.10

31.90
10.50
+ +

7.90
9.10
4. 4.

1.50
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by a graduai accumulation of granules in the cytoplasm. First, orangéophilie
granules appear, but their accumulation is slow and restricted to a particular
zone within the cell.

Basophil (Bs). B3cells are encountered in the medioventral region of the
pars distalis bordering the blood vessel that penetrates this region from the
median eminence. The cells are elongated and columnar and the cytoplasmic
granules are positive to PAS, erythrosin and Orange G. Pituitary samples
collected from November to February reveal a heavy accumulation of PAS
positive granulaes in the cytoplasm. The nuclei in these cells is well developed
and oval in shape (Fig. 1). Vacuolization of the cytoplasm and shrinkage of
the nucleus is evident in March pituitary samples. Degranulation takes place
during April (Fig. 5) and these cells show a reduction in size which is pro-
nounced in July.

The characteristic seasonal changes ofthe nuclear size of the pars distalis
cell types are given in Table 11.

Effect of steroids on pituitary cell types

The cytomorphology of the hypophyseal gonadotrops, their number
and secretory activity in steroid treated frogs, are given in Table IIl. In the
placebo controls injected with amphibian Ringer hypophyseal cytology, does
not differ from that of the normal male specimens (Fig. 6).

Table 111

Comparative effect of steroid hormones on spermatogenesis
and hypophyseal gonadotrops of Rana hexadactyla Lesson

Hyp°physeal gonadotrops Spermatogenesis

Treatment Cell Cell Activity Nature Activity — Spermato-
dimension population of pituitary of granulation ~ Of germinal genetic
epithelium stages
Stilboestrol Hyper- In: Nil Moderately Granulated Inactive DC All
trophy active stages
Hyper- DC: B,, B,
plasia & A3’
Testosterone Shrink- In: Nil Less Granulated Inactive DC 11
age DC: B2 active
Oestradiol Regres- In: Nil Less Granulated Inactive DC All
sion DC: All active stages
cells
DOCA and cortisol  Atrophy In: Nil Low and De- Inactive DC Il
DC: All fibrosis granulated and 1V
cells
In: increase

DC: decrease
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Effect nf a booster dose oj stilboeslrol

Specimens treated with a single booster dose of stilboestrol show distort-
ed histoarchitecture of the pars distalis. Types 2 and 3 basophils, (B2, B:i)
and A2acidophils are the most affected. In some pituitaries the basophils are
so atrophic that a distinction between B2and B;icells is not possible (Fig. 7).
The acidophils shows hypertrophy and each cell has a large spherical nucleus
which is pushed to a corner. In the extracellular spaces of the pituitary a heavy
accumulation of orangéophilie granules occurs. Colloid material is found in
the sinusoidal spaces.

Effect of a split dose of stilboestrol

The cytological features of the basophils and acidophils in the pituitary
of frogs treated with split dose of stilboestrol are unchanged. B2 B: cells
appear moderately active but are small. The acidophils exhibit an accumulation
of stainable material in their cytoplasm. Large sinusoidal spaces and extensive
ramification of the connective tissue appear to lie characteristic of the pituitary
of frogs receiving split doses of stilboestrol (Fig. 8).

Effect of testosterone

Testosterone selectively affected the B2 cells while the other cell types
retained their cytomorphological features and tinctorial affinities. The B2
cells are somewhat reduced in size; their nuclei are hyperchromatic, oval in
outline and shrunken. The cytoplasm is heavily granulated. The reduction
in the size of the cell and the granules in the cytoplasm point to increased
secretory activity (Fig. 9).

Effect of oestradiol

Oestradiol treatment resulted in the regression of all acidophils and
basophils. The sparse distribution of orangéophilie granules and the occurrence
of numerous vacuoles in the cytoplasm of B2 cells suggests an augmented
production of secretory material.

Effect of deoxycorticosterone

In deoxycorticosterone treated frogs the pars distalis showed extensive
fibrosis. The acidophils and basophils have lost their characteristic cellular
morphology and the secretory granules (Fig. 10).
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Effect of cortisol

Extensive ramification of the connective tissue and complete atrophy
of the pituitary gland was noticed in frogs treated with cortisol. Basophils
and acidophils showed a regression and the cytoplasm contained sparse
granulations (Fig. 11).

Spermatogenic cycle in Rana hexadactyla

In Rana hexadactyla the spermatogenic cycle is continuous and cells in
different stages of spermatogenic activity are encountered in the tubular
lumina throughout the year. A cjuantitative study disclosed a regular rhythmic
wave of spermatogenic activity. Primary spermatogonia are less from January
to July (2.96—2.97) (Figs 12 and 13),but show a progressive increase there-
after reaching a maximum (7.37) in November (Fig. 14). Secondary spermato-
gonia (stage-1) show an abrupt rise in August (5.61) whereas in other months
this number is low (1.78—3.13); stage-I1l is higher from September to March
(7.30—6.83); stage-1V is low from March to June (2.95—2.98) while stage-Y
is less, especially during spermiation time. Spermiation takes place in April
though sperms are found throughout the year.

Effect of steroids on spermatogenesis

Oestradiol and stilboestrol are detrimental to spermatogenesis, causing
extensive damage to the testicular tissues. DOCA and cortisol are similarly
inhibitory on the wave of spermatogenesis. If administered for a prolonged
period, they bring about testicular atrophy and fibrosis. When the frogs are
treated with testosterone, spermatogenetic cells are normally inhibited at the
secondary spermatogonia! stage (Fig. 15) without further detrimental effect

Fig. 1. Seasonal changes in nuclear size. 1. Acidophil Type 1; 2. Basophil Type 1; 3. Basophil
Type 3; 4. Acidophil Type 2; 5. Basophil Type 2
in /(. > Significant decrease in size (P < 0.05) < Significant increase in size
Fig. 2. Distribution of cells in median sagittal section of pars distalis in Harm dexadactyla
Lesson. 1. Acidophil Type 1: 2. Acidophil Type 2; 3. Basophil Type 1: 4. Basophil Type 2;
5. Basophil Type 3. PD = pars distalis; Pf = pars intermedia; PN = pars ne.vosa; ME =
median eminence
Figs 3—5. T. S. of the pars distalis of the pituitary of the frog stained with Cleveland and
Wolfe’s trichrome. X 1200

Fig. 3: February, granulated cells
Fig. 4: April, strong degranulation of Bt
Fig. 5: November, regranulated cells

Fig. 6. T. S. of the pituitary of control frog showing the distribution of different cell types.
X 1200
Fig. 7. T. S. of the pituitary of frog treated with booster dose of stilboestrol. Hypertrophy
of A, cells and the distortion of B 2cells. Accumulation of orangéophilie and acidophilic granules
on extracellular spaces. X 1200

Ada Morphologica Academiae Scientiarum Hungaricae 25, 1977



44

S. KASINATHAN et al.

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



EFFECTS OF STEROIDS ON RANA HEXADACTYLA 45

on the spermatocytes and other advanced stages in the seminiferous tubules.
W ithdrawal of testosterone is followed by recovery, but this was not the case
with the other steroids.

Discussion

It has been observed in the present investigation, that the different
types of cells of the pars distalis exhibit a similar trend in secretory activity.
The cells attain their maximum size, and the amount of granules in the cyto-
plasm is highest by the end of February. This is followed by a period ofdegran-
ulation and a gradual release of secretory granules in mid-summer. This
phenomenon observed in Rana hexadactyla appears to lie different from that
reported for other species [6, 24, 45—A4T7].

There are characteristic differences in the degranulation of acidophils
and basophils. Acidophils (A,) are relatively inert: it is only during the time
of strong extrusion that cells of this type appear partly granulated whereas
the period of gradual release is characterized by a shrinkage of the cells.
Basophils (B;9 lose most of their granules at the peak of reproductive activity,
and in the remaining period they are sparsely granulated. On the other hand,
basophils (B.,) after losing the orange granules accumulate new granules in
April. Van Oordt and Lofts [42] interpreted this as a sign of gonadotropin
storage due to a negative feedback testicular hormones. Doer-Schott [7, 8],
Biecken et al. [28] and Wachtier and Pearse [44] have drawn attention
to the presence of acid phosphatase in the large orangéophilie granules, which
would suggest that lysosomal activity was involved in the extrusion of secre-
tory products. Doer-Schott [7] and Van Oordt [39] described a second wave
of degranulation in the type 2 from June to August. Degranulation cannot
solely be ascribed to increased extrusion but may partly be due to a decreased
production of secretory granules. This is supported by the decrease in size of
the nuclear apparatus, which starts in March and ends in August, when the
cells attain their smallest dimensions.

Exogenous steroid caused extensive damage to the basophils, in partic-
ular to B2 and B3cells, and to a little extent also to the acidophils in the pars

Fig. 8. T. S. of the pituitary of frog treated with split dose of stilboestrol. Clear distinction
between B, cells and the granular nature of acidophilic cells and large sinusoidal spaces. X 1200
Fig. 9. T. S. of the pituitary of frog treated with testosterone. Cytomorphological change of
B, cells and their granulation. X 1200
Fig. 10. T. S. of the pituitary of frog treated with DOCA. Atrophic pituitary cells and dense
vacuolization and poor granulation in the cytoplasm. X1200
Fig. 11. T. S. of the pituitary of frog treated with cortisol. Regressive changes of the cells
and wide ramification of connective tissue and inhibition of secretory activity. X1200
Figs 12—14. T. S. of the testis of frog stained with haemalum eosin. X400
Fig. 12: February, decrease of primary spermatogonia
Fig. 13: July, overall acceleration of spermatogenetic activity
Fig. 14: October, increase and well developed spermatogonia
Fig. 15. T. S. of the testis of frog treated with testosterone for one month. X400
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distalis. Even though the pattern of response of these cell types varies with
the type of hormone administered, changes occurred in the cytomorphological
features, tinctorial affinities and secretory activity. From the nature of gran-
ulation and other cytomorphological conditions, it appears that the B2
and B3 cells of testosterone treated frogs are slightly active, whereas in other
hormone treated frogs they are atrophied. The B2and B3cells, though reduced
in size, showed cytoplasmic granulation indicating the storage of synthesized
materials. Since B2 and B3 cells were selectively affected by the hormone
treatment, these two types of cells seem to he sensitive to the administered
hormone. As derangement of spermatogenic activity and atrophy of the B2
and B3cells run parallel under the influence of administered hormone(s) there
is evidence to believe that in untreated R. hexadactyla, these two types of
basophilis are involved in the regulation of spermatogenic activity. The func-
tional significance of these two types of cells and their role in the regulation
of reproductive activity needs further elucidation.

In the pars distalis of the amphibian adenohypophysis, five different
cell types have been identified [36, 41] and of these B2 and B3 are concerned
with the secretion of gonadotropins. Based on studies on Pleurodeles waltlii,
Pasteels [25, 26] suggested that B2cells are the source of FSH like hormone,
while B3 cells are concerned with the production of LH or ICSH hormones.
In P. waltlii. homoplastic transplantation of adenohypophysis led to a regres-
sion of Bj and B., and atrophy of B3 cells in the pituitary, and affected the
interstitial tissue in the testis and also the secondary sexual characteristics
of the recipient frogs. Pasteels [25, 26] therefore concluded that B3 cells are
the source of ICSH like hormone. Van Oordt [41] suggested a correlation
between B3cells and the cycle of interstitial cells in the testis of the common
frog. Following heteroplastic transplantation of the pars distalis, Van Oordt
[37] and Van Dongen et al. [32] observed atrophy of Leydig cells, testis,
thumb pads of Bufo bufo and a complete disappearance of B3 cells from the
hypophysis. Saxen et al. [29] Van Oordt [38, 40], Kerr [22] and Streb [30]
stated that in amphibians Bx cells are thyrotropic cells whereas in Rana
temporaria. Doer-Sciiott [9, 13] consider the B3 cells to be thyrotropic.
Such considerations do not, however, exclude the possibility that these cells
exert a corticotropic function.

The existence of a parallelism between the activity of B3 cells and inter-
stitial function, both under normal and experimental conditions, led Van
Oordt and Lofts [42] to conclude that this basophil is the source of ICSH
like hormone. Studying B3cells as well as interstitial and interrenal cells during
a circennial cycle [34, 43] and under the influence of high temperature [33],
it was observed that changes in the activity of the cells run parallel in the
three different tissues. In Rana temporaria activation of B3 cells coincided
with interrenal stimulation while the interstitial cells regressed [33]. As the
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influence of B3 cells on the interrenal tissue was more profound than on the
interstitium of the testis, it led the authors to suggest that B3cells are cortico-
tropic rather than gonadotropic. Van Oordt et al. [43] suggested that the
activity of B.j cells corresponds to yearly changes in the production of testic-
ular hormones, and corticoids, leaving the question open whether B3 cells
produce ICSH-like hormone or ACTH. Kasinathan and Basu [20] also
found that exogenous steroid hormone leads to a decrease in intcrrenal activ-
ity and a regression of interstitium in the testis. In the present study, the
pituitary of frogs treated with steroid showed B3 cell hyperplasia and granula-
tion. Concomitant with these changes, spermatogenesis was affected and the
interstitium was reduced. These observations corroborate the suggestion of
Van Oordt and Lofts [42] that B3is chiefly concerned with the production
of ICSH-like hormone and corticoids.

The relationship between the pars distalis and the target organ is evid-
enced 1y the fact that the secretory activity of pars distalis during April
coincides with the maximum activity of the testis. Spermiation and initial
multiplication of primary spermatogonia take place during the period of
string extrusion of B2 cells of the pars distalis. In Rana temporaria it has
been shown that secretory activity of the pars distalis runs parallel with the
functional differentiation of the testis. In the absence of gonadotropins,
lipoid materials accumulate in the Sertoli cells, resulting in the degeneration
of secondary spermatogonia. After the release of gonadotropins, clearing
away of lipoid material occurs leading to renewal ofthe spermatogenic activ-
ity, i.e. secondary spermatocytes are differentiated into sperms [23]. In the
present study too, primary spermatogonia decreased in number from January
to July and then increased to a maximum in November. The B., cell types
exhibit a similar trend in their numerical occurrence. In Rana hexadactyla
spermatogenic activity is dependent on the gonadotropins of B2 as the activ-
ity in these two runs parallel. In temperate frogs, spermatogenesis is discon-
tinuous and spermatogenic activity is arrested during the winter, whereas
during the summer it is accelerated due to the renewal of gonadotropin
secretion. This aspect is clearly illustrated by the granulation and degranula-
tion in the B, cells and this fact has been taken into consideration for impli-
cating the hormonal control of spermatogenic activity in temperate frogs.
On the other hand, in the present investigation spermatogenic activity was
continuous in the tropical frog, Rana hexadactyla. Synthesis of gonadotropins
by B2cells appears to be continuous within no marked variations in extrusion
ol the elaborated products. Further, spermatogenic activity also shows waxing
and waning, spread over to the entire circennial cycle.

Thus, impairment in the function of B2 cells leads to an inhibition of
gametogenic activity. The data presented seem to indicate that gonadotropic
activity of the B2cells mainly influence gametogenesis. The secretory activity
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of the gonadotrops in turn depends on the circulating steroid level within
the organism. The renewed activity of the germinal epithelium is less under
the influence of steroid hormone treatment than is the spermatogenic activity
of the cells proliferating prior to hormone treatment, which continues unham -
pered. Kasinathan and Basu [20] reported that exogenous steroids act by
two pathways. Firts, the adenohypophyseal feedback mechanism is interrupted
and the second possible pathway is a direct action of the hormone on the
germinal epithelium of the testis leading to an inhibition of the further differ-
entiation of spermatogenic stages. Basu [3] showed in vitro that spermato-
genic cells are affected directly by steroids. The present series of experiments
has lent additional support to the finding that steroids not only decrease FSH
and LH output from the gonadotrops but also alter their cytomorpholog-
ical characteristics. The magnitude of these changes varies and is dependent
on the type of steroid administered.
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SAISONALE SCHWANKUNGEN DER SEKRETORISCHEN AKTIVITAT
DER ZELLTYPEN DES PARS DISTALIS UND IHRE EINWIRKUNG
AUF DIE TESTIS UND AUF DIE INTERRENALEN DRUSEN
BElI RANA HEXADACTYLA LESSON

S. KASINATHAN, S. L. BASTJ und VIJAYAM SRIRAMULU

Im distalen Teil der Adenohypophyse des Froschmannchens der Hexadactyla Lesson
untersuchten Verfasser 5 morphologisch verschiedene Zelltypen an gefarbten Praparaten der
Hypophyse, welche im Laufe des Jahres monatlich gesammelt wurden. Alle Zelltypen wiesen
von August bis Februar progressives Wachstum auf, nach welchen von Marz bis Juli eine Ver-
ringerung auftrat. Die AusstoBung des synthetisierten Produktes ging im Sommer vor sich
und wéhrend der Periode der AusstoBung war die Synthese gering. Die Besprechung enthalt
die zyklischen Anderungen der sekretorischen Aktivitat der im Pars distalis vorkommenden
Zelltypen und ihre Wirkung auf die Testis und die interrenalen Drisen.

CE30HA/IbHbIE KONNEBAHWNA CEKPETOPHOW AKTMBHOCTWU KNETOK TWMOB
PARS DISTALIS, ETO BJIMAHNE HA ANYKO W WMHTEPPEHAJ/IbHbIE
KEJTE3bl M RANA HEXADACTYLA LESSON
. KAWWNHATAH, C. 1. BAWY n B. WPUPAMYNY

ABTOpbI M3ydann B 5 MOP(OOrMYECKN PasHOO6pPa3HbIX TUMOB KETOK B AUCTa/IbHO
afieHormnomsa camua NAryWKU Rana Hexadactyla Lesson B OKpalleHHbIX Mpenapartax ¢
rmnodun3oB co6paHHbIX B TeUeHWe OAHOro roga. Bce TUMbI KNETOK C aBrycta fo (eBpasib MoBbl-
LIATCA U MOHMXKAIOTCA C MapTa Mo Mofb. YAaneHne CUHTETUUYECKOro MPOAyKTa Mpov3oLLso
NneToM U B Nepuoje yAaneHus NpoAyKums 6bina Manas. [UCKYCCUS COAEPXUT LMKINYECKue
N3MEHEHUS CEKPETOPHO aKTUBHOCTY TUMOB K/ETOK HaieHHbIX B AUCTa/IbHOM YacTu, U UX BAWs-
HMEe Ha SIMYKO W Ha UHTpapeHasibHbIe Xenesbl.

S. Kasinathan |Department of Biology, Jawaharlal Institute of Postgraduate
S. L. Basu JMedical Education and Research, Pondicherry-605006, India

Vijayam SiRAMULU: Department of Zoology, Annamalai University,
Annamalai Nagar, India
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NUCLEUS ISTHMI OF THE FROG:
STRUCTURE AND TECTO-ISTHMIC PROJECTION

S. H. Knhatil and Gy. Lazar

(Received November 23, 1976)

The morphology of neurons in the isthmic nucleus was studied with the Golgi
technique. Most of the neurons have thick dendrites covered with lamelliform den-
dritic processes.

The tecto-isthinic projection was investigated with the Fink—Heimer technique
after partial tectal lesions. The anteromedial part of the tectum projects on the dorsal
and anterior part, the caudomedial tectal region on the dorsal and posterior part of
the nucleus. The posterolateral tectal area projects on the anterolateral part of the
nucleus, and the axons originating in the anterolateral tectal quadrant terminate in its
ventral and caudal part.

The isthmic nucleus (IN) is one of the most obscure structures in the
frog brain, though its topography and cytoarchitecture is well-known from
many descriptions [1, 3, 4, 5, 12]. Several fibre pathways associated with the
nucleus were also described in intact animals [1, 5, 12], and Larsertr [5]
studied its neurons with the Golgi technique. The function of the nucleus is,
however, unknown.

In birds, the isthmo-optic nucleus is more or less similar in structure and
connections. This nucleus is involved into a topographically organized retinal
feed-back loop [9, 10]. The functional significance of the tecto-isthmo-retinal
pathway was disclosed in electrophysiological and behavioural studies [11].

In frogs, similarly as in birds, the retinotectal projection is organized
topographically. Rubinson [13] showed that the isthmic nucleus receives
a strong tectal projection, and more recently the existence of reciprocal con-
nections between the tectum and isthmic nucleus was confirmed in anatomical
studies (Kicliter, personal communication; 14).

In the present investigations we studied whether in the frog the tecto-
isthmic projection was topographically organized. The structure of the nucleus
was studied with the Golgi technique in order to make a hasis for further
electronmicroscopic investigations concerning its synaptology.
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M aterial and methods

The normal architecture of the nucleus has been studied with routine neurohistological
staining techniques in Rana esculenla. In our earlier investigations on the frog visual system,
over one hundred brains were prepared with the rapid Golgi technique. This material was
used in the present studies to investigate the morphology of cells and fibre terminals.

To analyse topographical relationships in the tecto-isthmic projection, small pieces of
the anterolateral, anteromedial, posterolateral and the posteromedial parts of the tectum
were removed by suction in 32 animals. The animals were killed 5—7 days after the lesion by
intracardial perfusion of 10% formaldehyde. For further fixation, the brains were removed
and kept in the same fixative in the refrigerator for 2 weeks then they were embedded in egg
yolk. Frozen sections, 25 /tm in thickness, were prepared. Denegerated terminals were impreg-
nated by the Fink—Heimer technique [2].

Results

Structure of the isthmic nucleus (IN)

The IN is interposed between the rhombencephalon and the tegmentum
mesencephali, just below the caudal pole of the tectum. It is roughly ovoid
in shape with the medial part slightly impressed (Fig. 5). The diameter of the
nucleus is 300 pm in the mediolateral, and 500 pm in the dorsoventral direc-
tion in a middle-sized frog (body weight 70 g). The IN has a cortex formed by
a few rows of cells and the marrow with scattered neurons in the centre.
The marrow is surrounded by a neuropil. The cortex is interrupted by a hilus
at the ventrolateral part (Fig. 5).

In Golgi preparations two kinds of neurons can be distinguished in the
cortex. One of them has an almost spherical, large perikaryon. One or two
short, thick dendrites originate from it, which give origin to several side
branches in the neuropil and among cells in the medulla. Sometimes the main
dendrite is larger and usually follows the curvature of the cortical cell row,
and the secondary branches point radially towards the centre of the nucleus
(Fig. 1; Fig. 5Clneurones) Smaller branches are covered with dendritic append-
ages. These are similar to the plasma processes characteristic of ependymo-glial
cells, but they are less in number. We could not reliably identify the axons
of these cells.

The second type of neurons is very similar to the small pear-shaped
cells described in the tectum [8]. The piriform perikaryon is small. A main
dendrite emerges from the tip of the perikaryon and points towards the centre
of the nucleus (Fig. 2; Fig. 5 C2 neurones). The dendrites arborize either in the
neuropil or among the neurones in the marrow. Only a few spines and append-
ages occur on these dendrites. In some cases, the axons of these cells were
also impregnated; they left the nucleus ventrally or laterally, hut could only
he traced for a short distance.
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The majority of neurons in the marrow is similar to those in the cortex
but the dendrites may he oriented in either direction.

In smaller numbers, two other types of neurons can he distinguished
in the marrow. One of them has a large irregular perikaryon. Usually more
than two thick, uneven main dendrites originate from it with a few secondary
branches (Fig. 3; Fig. 5 M1 neurones). The other type of cell has a middle-sized
fusiform perikaryon from the two poles of which originate the dendrites
(Fig. 5 M2 neurons). In a few cases the axons of marrow cells were also impreg-
nated. Usually they were lost among cells within the marrow, hut a few axons
could be followed to the hilus or to the lateral wall of the nucleus.

Tectal fibres reach the IN alongside the whole dorsolateral circumference
including the hilus and enter the marrow. Inside the nucleus the fibres break
up into small, broom-like end-arhors (Figs 4, 5). The terminals form a dense
network among the cells in the marrow and the neuropil but do not reach the
pcrikarya of cortical cells.

Topographical organization of the tecto-isthmic projection

A small lesion in the tectum resulted in degeneration in circumscribed
areas inside the IN. The location of degenerated terminals depended on the
location of lesions in the tectum. It means that the tecto-isthmic projection
is organized topographically. The border of a single degenerated spot is always
sharp, but the projection fields of neighbouring distinct tectal areas overlap.
This fact makes it difficult to reconstruct the exact topography of the tectal
projection.

After an anteromedial tectal lesion degenerated fragments were distrib-
uted dorsally in the anterior half of the IN, and spread medially in more
caudal sections, hut did not reach the caudal end (Figs 6, 10).

When the lesion had destroyed the caudomedial part of the tectum,
degenerated terminals were found also dorsally and dorsomedially hut mostly
in the caudal half of the IN. In the anterior one fourth there was no degene-
ration. Fragments of terminals appeared in the dorsal part of the nucleus at
a distance of 80—90 /im from the anterior end, and the tectal projection area
extended ventralwards in more posterior levels (Figs 7, 10). The projection
areas of anteromedial and posteromedial parts of the tectum overlap in the
middle zone (along the anteroposterior axis) of the IN.

A lesion in the posterolateral part of the tectum resulted in degeneration
in the anterolateral part of the IN. In the anterior one fourth, degenerated
terminals fill almost the whole cross section area, and only a narrow strip is
empty along the medial side of the nucleus. More caudally, the degeneration
was located dorsolaterally, hut the caudal one fourth did not show signs of
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Fig. 5. Neuron types in the isthmic nucleus. Perikaryons and dendrites were drawn with

the aid of a camera lueida, axons and tectal terminals are schematized. Cl, C2 — cortical cells;

MI, M2 — marrow cells; tt — tectal terminals. Coronal plane. Dorsal is upward, medial is
to the right

degeneration (Figs 8, 10). The projection of the anteromedial and postero-
lateral tectal areas overlap to some extent (Fig. 10).

When lesions were made in the anterolateral part of the tectum, degen-
erated terminals were found in the ventral and caudal part of the IN. The ante-
rior one fourth of the nucleus was free of degeneration. In more caudal sections
degenerated terminals appeared in the ventrolateral part located close to the
hilus of the nucleus. The area occupied by degenerated fibres extended dorsal-
wards and was shifted medialwards in the posterior half of the nucleus. In some
cases, the ventrolateral part of the nucleus did not contain degenerated frag-
ments in the most caudal sections. The tectal projection area was located
ventromedially in such cases (Fig. 9).

Fig. 1. Cortical cell with curved main dendrite and with dendritic processes. The perikaryon
is covered with precipitate
Fig. 2. Cortical cell resembling pear-shaped tectal neurones
Fig. 3. Marrow cell with multipolar perikaryon
Fig. 4. Tectal terminals (arrows) and two cortical cells in the isthmic nucleus. Rapid Golgi
technique. The bar is 50 //m in each figure
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Fig. 10. Schematic representation of the tecto-isthmic projection after partial tectal lesions.

The figures show the distance inuin from the anterior pole of the tectum (A), and of the isthmic

nucleus (B). Patterns in the drawings of tectal cross sections (A) show the destroyed tectal

area. The same patterns were applied to show the projection of the corresponding tectal area
on the cross sections of the isthmic nucleus (B)

Discussion

The present Golgi studies showed that a number of neurones in the IN
are peculiar in form when compared to the rest of nerve cells in other brain
areas. Unusually thick dendrites and several irregular lamelliform dendritic
processes give a characteristic appearance of these neurons. The significance

Figs 6 9. Distribution of degenerated axon terminals in the isthmic nucleus after lesions

made in the anteromedial (6)4posteromedial (7), posterolateral (8) and in the anterolateral

parts (9) of the tectum. Numbers in the upper right corner indicate in /mi the approximate

distance of the sections from the anterior pole of the nucleus. Dashed lines indicate the exten-

sion of degeneration. Coronal sections. Dorsal isupward. M medial Fink Heimer technique.
The bar is 50 jum in each figure
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of the processes is unknown. Further electron microscopic studies are necessary
to elucidate the synaptic relations of these structures.

The topography of the tecto-isthmic projection is not as clear as the
topography of the retino-tectal projection. The projections of the antero-
lateral and posterolateral tectal regions are well separated, but fibres originat-
ing from anteromedial and posteromedial tectal areas overlap to some
extent. The medial edge of the tectum is much shorter than the lateral circum-
ference, and lesions in the anterior and posterior parts of this edge are located
very close to each other. In fact, in our cases there was always a small overlap
between the destroyed anteromedial and posteromedial tectal regions and
this may have caused the overlap of projections.

The tectal anatomy may cause another difficulty in interpretation.
In the case of e.g. posterolateral lesions, fibres originating from the antero-
medial part of the tectum may be interrupted. The overlap of projections of
the anteromedial and posterolateral tectal areas may be attributed to this
situation. Taking into account the scantiness of degeneration technique in this
case, tracing techniques should be used to obtain a more accurate topography
of the tecto-isthmic projection.

In another series of experiments [7], the transneuronal transport of
radioactive substances was investigated in the frog visual system with the
autoradiographic technique. In one case only the anterolateral part of the
tectum was labelled after tritiated proline injection into the corresponding
eye. Subsequently, transneuronal labelling was restricted to the ventrolateral
part of the IN. In another case almost the whole tectum was labelled except
its anterolateral part. There was no transneuronal labelling in the ventro-
lateral part of the IN in this case, but the rest of the nucleus was labelled.
This corresponds well to the results obtained with degeneration technique.

In birds a topographically organized feed-back loop was found between
the retina and the tectum through the isthino-optic nucleus [9, 10]. We do
not know whether in the frog the IN projects on the retina. Scaria [14] using
the horse-radish peroxidase technique did not find direct isthmoretinal con-
nections. In other investigations [6, 13] degenerated fibres were found in
the optic nerve after tectal removal but Scaria [14] could not confirm their
existence. Provided the results obtained with the horse-radish technique are
reliable, this may mean that neither the IN nor the tectum is involved in a
feed-back loop to the retina in frogs, and so the role of the IN and especially
of its topographically organized tectal afferents remains obscure. Electro-
physiological studies may solve the problem of whether a direct connection
exists or not between the retina and the isthmic nucleus.
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DER ZELLKERN DES NUCLEUS ISTHMI BEIM FROSCH: AUFBAU (STRUKTUR)
UND TECTO-ISTHMISCHE PROJEKTION

S. H. KHALIL und GY. LAZAR

Die Morphologie der Nervenzellen des Nucleus isthmi wurde mit der Golgi-Methode
untersucht. Die Mehrzahl der Neuronen besitzt dicke Dendriten, die mit plattenartigen den-
dritischen Fortsdtzen besetzt sind.

Die tecto-isthmische Projektion wurde nach partiellen Tectumladsionen mit der Fink-
Heimerschen Methode untersucht. Der anteromediale Teil des Tectums projiziert sich dorsal
auf den Vorderteil des Nucleus, wahrend der kaudomediale Teil auf dem hinteren Teil des
Nucleus, gleichfalls dorsal zur Darstellung kommt. Das posterolaterale Tectumgebiet wird
auf den anterolateralen Teil des Nucleus projiziert und diejenigen Axone, die vom anterolate-
ralen Quadranten des Tectums ausgehen, enden ventral im kaudalen Teil des Nucleus isthmi.

KNETOYHOE AAPO NUCLEUS ISTHMI Y NArywKW: CTPOEHUWE (CTPYKTYPA)
N EFO TEKTO-MCTMWNYECKAA MPOEKLUWA

. X. KXANNN n Ab. NA3AP

Moponorns HepBHbIX KeTOK nucleus isthmi 6bina n3yyveHa meTogom Monbmxku. Bonb-
LUMHCTBO HeMpOHOB 06n1afaeT TONCTbIMA AEHAPUTAMW, KOTOPble MOKPbLITbI MAACTUHYATLIMU fLeH-
OPVUTUYECKUMU OTPOCTKaMMU.

TeKTOo-UCTMMYECKash MPOEKUMS Oblia M3yyeHa MoCne YaCTUUHbIX MOBPEXAEHWUA KPbILLn
MeTofoM PuHK-Ielimepa. Ha gopcanbHol CTOPOHe aHTepoMeAWanibHasi YacTb KpbIlv NPouLmpy-
eTCA Ha MNepefHION YacTb SiApa, a KayAaoMeauasibHas YacTb  Ha 3a[HIOI0 4acTb 54pa, Tak Xe
popcanbHo. [locTeponatepasibHas 06/1acTb KpbIlM MPOMLMPYETCA Ha aHTeponaTepasibHyo
YacTb sigpa, MPUYEeM 3KCOHbI, UCXOAsLLMe W3 aHTeposiaTepasibHOrO KBajpaHTa KpbIlM KOH-
YaKTCS Ha BEHTPasIbHOW CTOPOHe Kayaa/nbHoW 4yactu nucleus isthmi.

S. H. Khatil: Zoology Department, Faculty of Science,
Moharram Bey Alexandria, Egypt

Gyula Lazar: Department of Anatomy, University Medical School,
H-7643 Pécs, Hungary
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POSTMORTEM DIAGNOSTICS
OF RENAL DISEASES FROM SEMI1THIN SECTIONS*

J. Ormos, J. Engethardt and Anikd Magori

(Received April 17, 1976)

For the light microscopic postmortem study of mostly glomerular renal diseases,
in addition to the paraffin technique, 0.5 // thick (semithin) sections from material fixed
in buffered formaldehyde and embedded in methacrylate or Durcupan ACM were used.
The method allows for eventual electron microscopic examinations. The semithin
sections were stained with methylene blue combined with basic fuchsin, as well as
with periodic acid-silver methamine. The method is not a substitution, but the
supplementation of the paraffin technique and is suited for the clarification of numer-
ous fine details: in some cases the exact diagnosis was made in this way.

Introduction

Kidney specimens from necropsy material have been studied in semithin sections
after methacrylate or Durcupan ACM embedding.

Materials and methods

The kidneys obtained from 47 selected necropsies of subjects with glomerularrenal disease
without conspicuous autolytic phenomena and from 8 nephrectomies were examined. In four
cases each, paraffin-embedded specimens were studied. The time between death and fixing
of the material varied from 5 to 27 hours. The 2x2x2 mm specimens taken from the cortical
and from the medullary substance were fixed in formaldehyde buffered with distilled water
solution of NaOH and NalL.PO,, for several days. After 2 hours post-fixation in 1% OsO,
and dehydration in an alcohol series the blocks were embedded in methyl-butyl-methacrylate
or Durcupan ACM and semithin (0.5 to 1.0//) sections were prepared with the LKB U ltratome I.
For staining, the combination of methylene blue and basic fuchsin (M-F) and periodic acid-
silver methenainine (PASM) were applied. With M-F, removal of the embedding material is not
necessary but staining must be performed by vaporization. Before PASM staining the sections
are treated with saturated alcoholic KOH solution for 15 minutes. In some cases ultrathin
sections were also prepared: these were studied after contrasting with uranyl acetate and lead
citrate with SEM 3—1 electron microscope. For the examination of material fixed in 4%
non-neutralized formaldehyde and embedded in paraffin, the 2x2x2 mm pieces after deparaf-
fination were postfixed in 2.5% glutaraldehyde for 2 hours then with OsO, for 1 hour. Sub-
sequent embedding, cutting and staining were performed as described above.

Results

The details of the glomerular capillaries and of Bowman’s capsule
appeared clearly; frequently even the immune complex deposits could
he seen (Figs 1, 2 and 3). In one case the so-called dense deposit type of

* Based on a paper at the Balaton Conference on Electron Microscopy, Veszprém, 1975.
Supported by Grant 4 07-0301 01-0/0 from the Hungarian Ministry of Health.
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Fig. 1. Diffuse mesangio-proliferative glomerulonephritis. Immune’complex deposits on the external surface of the capil-
lary wall (arrow), a) Semithin section, Durcupan ACM embedding, M-F stain, X 1400. b) The subepithelial immune complex
deposits can be seenon the electron microscopic picture despite postmortem autolysis. Uranyl acetate and lead citrate, X 23,000
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POSTMORTEM OF RENAL DISEASES 63

Fig. 2. Lupus nephritis. Glomerulus with afferent arteriole. In the capillary walls immune
deposits can be seen (“wire loop lesion”). Semithin section, methacrylate embedding, PASM
stain. X 1400

mesangiocapillary glomerulonephritis in an end-stage kidney could be recog-
nized in material embedded previously in paraffin. It was possible to differen-
tiate the podocytes and sometimes their finer details (processes granulation,
fusion of foot processes) (Figs 4 and 5). In hyaline glomeruli, PASM staining
demonstrated the basement membrane network and the M—F staining the
cell residues.

In a case where the clinical data pointed with great certainty to renal
disease, butin the paraffin sections and even in the semithin sections, with PASM
staining only glomeruli of normal appearance could be seen by M—F staining
the disappearence of foot processes and podocyte activity could be suspected.
This was verified by electron microscopy of the material fixed 5 hours after
death, thus the diagnosis of minimal change could be stated. In another case,
necropsy was performed 27 hours after death. In the paraffin sections the
glomeruli contained an increased number of cells. In M-F stained semithin
sections the presence of characteristic humps could be demonstrated; this
was verified by electron microscopy, establishing the diagnosis of immune
complex (post-streptococcal) glomerulonephritis (Fig. 1).

Thickness and structure (Fig. 6) of the tubular epithelium, its eventual
multilayer composition (Fig. 7), multiplication of the tubular basement mem-
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Fig. 3. Diabetic glomerulosclerosis. The two staining methods supplement each other. Semithin section, Durcupan ACM embed-
ding. a) PASM stain, X 1400, b) M-F stain, X 1400
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Fig. 4. Diabetic glomerulosclerosis. Conspicuous thickening of glomerular capillary and
tubular basement membrane; numerous inclusions formed in podocytes. Semithin section,
methacrylate embedding, M F stain, X560

Fig. 5. Lupus nephritis. Despite postmortem damage many details of the capillary wall are
preserved, even primary processes of the podocytes (arrow). Semithin section, methacrylate
embedding, M F stain, X 1400

5 Acta \iorphologica Academiae Scientiarum Hungaricae 25, 1077
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Fig. 6. Lupus nephritis. Hypertrophie proximal convoluted tubule. The rich granulation of the
epithelial cells points to ample organelle content. Semithin section, methacrylate embedding,
M -F stain, X 560

Fig. 7. Diabetic nephropathy. The complicated structure of the basement membrane of the
atrophic tubuli is clearly seen. Semithin section, Durcupan ACM embedding, PASM stain,
X 224

Acta Morphologica Academiae Scientiarum Hungaricae 25, yr77
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Fig. 8. Lupus nephritis. Basement membrane network (+ ) and juxtaglomerular granules in
the wall of the afferent arteriole. Semithin section, methacrylate embedding, PASM stain,
X 1400

Fig. 9. Chronic pyelonephritis. Part of arterial wall. In some places the inhoinogeneity of the
elastic fibres is clearly seen. Semithin section, methacrylate embedding, M-F stain, X 1400

5% Acta Morphologica Academiue Scientiarurn Hungaricae 25, 1977
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brane, and the composition of cylinders were clearly revealed together with the
structure of the vascular walls, the width of the lumina and the basement
membrane network. Even the inhomogeneity of the elastica could clearly be
observed (Figs 8 and 9).

Discussion

Several authors have emphasized the advantages of semithin sections
over the paraffin technique [1,2,4—6, 11]. The greatest advantage in post-
mortem renal diagnostics is the reliable demonstration of fine details, and in
some cases the correct diagnosis can be made this way or with electron mic-
roscopy performed on the same tissue. In the small specimens, autolysis
is prevented sooner by the rapid fixation. Plastics embedding induces less
shrinking than paraffin. The 0.5—1.0 y thick sections demonstrate finer
details than the 4—8 fx thick paraffin sections, they can be studied under
higher power.

It should be recognized, however, that the semithin technique is more
material and time-consuming than the renal paraffin processing, the sections
are less extensive, the use of specific stains is restricted and the time between
death and fixation must not be more than 18 hours. Beside the time factor
other factors (e-g. temperature) might be also of importance. In addition,
due to the higher magnification and the richness of details the deceptive post-
mortem artifacts may appear more abundant.

Among the fixatives described by Carson et al. [3] we applied Millonig’s
phosphate-buffered formaldehyde, mentioned under D./3/, thus fixation allows
both light and electron microscopic examinations. The material is not expen-
sive so that it can be used instead of the usual, unbuffered formaldehyde. It is
recommended to use 1 mm specimens prepared inside the fixative to allow ra-
pid fixation. Some authors [2, 7, 10. 15] applied OsO (or glutaraldehyde fixation
for the preparation of semithin sections. We performed postfixation in OsO,,.
Plasties are harder than paraffin and than the tissue components, therefore
the block is of more even consistence and ultramicrotomic sections can be
prepared. The possibility of the re-examination of specimens embedded into
paraffin many years before is also provided, as the tissue piece regained
from the block can be re-embedded into methacrylate or Durcupan ACM [5].

The M-F staining method is actually the combination of two stains
described by Morgenstern [14]. This together with the PASM stain described
by Jones [8] supplement each other well. Their joint application offers ample
information and takes little time. In renal routine diagnostics these two stain-
ing methods are usually sufficient and other procedures [2,5—7,9—12,15]
can be dispensed with. The PASM method stains essentially the same structures
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as PAS [8, 13], but the contours are better defined and the fine structures
and details are more clearly outlined. Material embedded into methacrylate
can be stained somewhat more easily than that embedded in Durcupan ACM.

The sections were covered with the embedding plastics. According to
Lynn [9, 11] in this way a higher resolution power can be achieved by immer-
sion. We applied plastics in the first place to prevent the fading under
Canada-balsam.

The method described will not substitute the paraffin technique but
supplements it supplying useful new informations chiefly about glomerular
renal diseases.
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DIE ANWENDUNG VON SEMIDUNNSCHNITTEN
BEI DER POSTMORTALEN MORPHOLOGISCHEN DIAGNOSTIK
DER NIERENKRANKHEITEN

J. ORMOS, J. ENGELHARDT und A. MAGORI

Bei der lichtmikroskopischen Bewertung in postmortalem Material vorkommender
verschiedener, hauptsadchlich glomeruldrer Nierenkrankheiten benutzten Verfasser neben der
gewdhnlichen Paraffintechnik auch Semidinnschnitte von 0,5 /r, zu welchen sie gepufferten
Formalin und Methakrylat oder Durcupan ACM-Einbettung benutzten. Diese Methode ermdg-
licht auch eine evtl, elektronenmikroskopische Untersuchung. Die Semidunnschnitte farbten
Verfasser mittels mit Methylenblau kombiniertem basischen Fuchsin, sowie mit perjodsaurem
Silbermethenamin. Diese, die Paraffintechnik nicht ersetzende, sondern ergdnzende Methode
ist zum Nachweis viel feinerer Details anwendbar, und in einigen Fallen ist somit — mittels
Licht- oder elektronenmikroskopischer Untersuchung — nur solcherweise die genaue Diagno-
sestellung maglich.

MPUMEHEHWE MONY-TOHKMX CPE30B B MOCMEPTHOWN MOP®OJ/IOMMYECKOW
OVNATHOCTUKE 3ABOJIEBAHWIA MOYKU

E. OPMOLW, E. QHFENbXAPA n A. MATOPU

ABTOpbI NPO MOMOLLY ONTUYECKOr0 MUKPOCKOMNA, KPoMe 00bIYHOM MeTOAMKM napaduHa
ynoTpebunn n nony-toHkue cpesbl (0,5) ANA OUEHKW 3a60neBaHMIA MOYKU NPUMEHAS (UKca-
TMBOM 3abydepeHHbIi (hopManMH W 3anMBaHMeEM MeTakpunnaT uam Durcupan ACM. 3ta
MeToAUKa U 3/1IeKTPOHHOMMKPOCKOMMUYECKN MpuMeHsieMasi. [ony-TOHKWe cpesbl GblM OKpa-
LLEHbI OCHOBHbIM (DYKCMHOM KOMBUHMPOBAHHOM METW/IEHOBOM CUHBKOWM 1 MeTeHaMMHOM nepiiofa-
Ta cepebpa. 3Ta AONOMHWTENbHAS M He 3aMeLlatoliast TeXHUKY napaurHa MeTofmka crnocobHa K
BbISICHEHUIO JeTasleld, B HEKOTOPbIX Cyyasax To/bKO TaKMM MyTeM BO3MOXHO CTaBUTb TOUHbIA
[AMarHo3 npy NomoLy ONTUYECKOr0 M 3/1eKTPOHHOMMKPOCKOMMYECKOr0 MUKPOCKOMA.

Jend Ormos Szegedi Orvostudoméanyi Egyetem,
Jozsef Engelhardt Korbonctani Intézet, H-6701 Szeged,
Aniké Magori Pf. 401, Hungary
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Jellinek, H. and TOTH, F.: Functional Pathology of the Endometrium and Cervical Biopsy
Specimens. Akadémiai Kiadd, Budapest 1976. 299 pages with 196 figures

The literature of gynaecological pathology has become richer by this important mono-
graph which may justly claim the interest of specialists of the subject.

The major part of the book deals with investigations concerning the endometrium and
with the systematization of pertaining data. In these chapters the knowledge acquired during
the last seven decades is reviewed and presented in an easily understandable manner. Knowl-
edge of the changes occurring in the endometrium is indispensable for the gynaecological
pathologist as well as for all those, who intend to be engaged in gynaecological endocrinology.
In our days when reliable information can be obtained on the actual endocrinological state
of the organism by up to date methods, e.g. gas chromatography or radioimmune assay, it
is still the endometrium, as the target organ of the female sexual hormones which supplies
the best information on the disturbance of female sexual function.

The last 15 years brought a rapid development in the pharmacology of steroid hormones.
The appearance of synthetic norsteroids resulted in a world-wide use of hormonal contracep-
tion; simultaneously the treatment of functional female sterility received new stimulus and
achieved promising results by the detection of clomiphene citrate. The effect on the organism
of these compounds can best be appreciated by the histological changes observed in the endo-
metrium. Thus the investigations into the normal and pathological changes occurring in the
endometrium by various, histological, histochemical and cytocheinical methods have an
immense literature.

The authors have integrated the accumulated material in a fortunate manner, in such
a way that the reader will not be lost in details and will be supplied with an answer to any of
the actually emerging problems.

The first chapters of the book deal with the physiological function of the endometrium,
the morphological manifestations of the cyclic changes, the hormone-dependent changes of
the subcellular particles. All these are convincingly demonstrated by excellent electron micro-
graphs. Then the pathological changes of the endometrium are discussed from the clinical
aspect. In these chapters the readers obtain adequate answers to almost every questions from
classic knowledge to the analysis of the effect and critical evaluation of upto date contraceptive
drugs. The demonstration by excellent pictures of the endometrial changes follow ing the admin-
istration of hormonal contraceptives and IUD is perhaps the most valuable chapter of the
monography and it supplies up to date informations to be utilized in everyday practice by both
the clinician and the gynaecologist-pathologist.

Compared with the rich content and colourful abundance of pictures of the chapters
concerning the endometrium, the chapters on the cervix are considerably more modest. The
authors seemed to be less stimulated by these chapters; the statements discussed on these
pages are less new and even the illustrations are less colourful. These chapters may be consid-
ered a kind of addition. Compared with its clinical significance, the discussion of the changes
of the cervix is also somewhat restricted.

The monograph ends with an abundant list of references where the interested reader
or the investigator of the subject may find an ample choice of pertaining data.

I. Zoltan

Romen, W.: Zur Pathogenese der Glumerulosklerose
Gustav Fischer Verlag, Stuttgart—New York. 1976. 87 pages with 39 pictures. Price:
DM 38.

This book is the 102nd of the “Verdéffentlichungen aus der Pathologie“ series.

In the introduction the author discusses the term sclerosis remarking that in pathology
sclerosis means hardening associated with fibrosis. A more adequate term is not recommended.
It is said that “glomerulosclerosis® indicates some degenerative non-inflammatory alteration
of the glomeruli, where an increase in amount the glomerulai basement membrane (GBM)
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and the mesangial matrix (MM) is the most characteristic sign. The pathogenetic factors may
be diabetes, hypertension, poisoning, ageing, among others. The main question of the exami-
nations is whether the various aetiological factors leading to glomerulosclerosis, act by the
same or by different mechanisms. As the problem cannot be studied in biopsy or necropsy
material, the process was reproduced under various experimental conditions. The problem of
GBM and MM formation was also investigated since these seem to be closely connected with
the question.

The development of glomerulosclerosis was studied by light microscopy, electron
microscopy and autoradiography in 4 groups of rats:

a) in the course of spontaneous ageing;

b) following subtotal 5/6 nephrectomy;

c) after subtotal constriction of the renal vein

d) in the course of acute and chronic N-nitrosomorpholine poisoning.

The results indicate that the various factors act by different routes. Following 5/6
nephrectomy, increased production of GBM and MM, in hypoxya produced by inhibition of
the venous flow, after N nitrosomorpholine poisoning as well as following spontaneous ageing,
the decrease of the process of decomposition will produce the alteration, with certain differ-
ences. The autoradiographic findings pointed to the podocytic origin of GBM and the produc-
tion of MM by mesangial cells.

Though the problem is briefly mentioned it is not sufficiently emphasised why in glomer-
ulosclerosis GBM thickening and MM increase are consequently associated, whereas these are
different in cellular origin. A more detailed discussion of diabetic glomerulosclerosis would
have been welcome.

The majority of the figures are electron micrographs; they are demonstrative and con-
vincing. The book reflects adequately the accuracy of the experiments performed and of the
process of evaluation.

Il. Jellinek

Daniel, P. M. and Prichard, M. L.: Studies of the Hypothalamus and the Pituitary Gland.
With Special Reference to the Effects of Transection of the Pituitary Stalk. Alden Press, Oxford*
1975. 216 pages with 104 illustrations. Price: £ 3.00

This monograph, first published in 1975 as Supplementum 201 to Acta Endocrinologica
vol. 80, is an excellent summary of the nearly 25 years research of the authors and their collab-
orators on the effects of interruption of the neurovascular link by which the pituitary gland
is connected to the brain. The investigations were made both on human material and on exper-
imental animals of several species i.e. monkeys, sheep, goats, rats and ferrets. The authors
are internationally known experts in the field and have probably the largest material on the
morphological alterations of transection of the pituitary stalk. They describe, among others,
that there are two groups of portal vessels, each of which drains a primary capillary bed in
a specific segment of the neural component of the pituitary and supplies a particular territory
in the pars distalis. Further, they determined the volumes of the territories supplied by the
two groups of vessels and also the changes in volume of the parts of the pituitary gland after
seveiing the pituitary stalk.

In the first part a brief summary of the anatomy of the hypothalamus and the pituitary
gland is given and the neurohumoral mechanism controlling pituitary functions is briefly
discussed. The second part is concerned with the local effects of pituitary stalk section and
of hypophysectomy dealing separately with the morphological alterations proximal to the
site of the surgical lesion (hypothalamus, pituitary stalk) and with those distal to it (various
parts of the pituitary). In the third part remote effects of the mentioned intervention are
described such as diabetes insipidus, alterations in growth, in the endocrine target organs and
in reproduction and lactation. The documentation of the text is excellent, all illustrations are
of high quality. The techniques used are briefly described in an appendix and this is followed
by an author and subject index. The book is recommended for pathomorphologists, neuro-
endocrinologists and clinicians, particularly for postgraduates.

B. Halasz
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EARLY DIAGNOSIS OF CANCER RY GASTRICBIOPSY

M. Bety and |I. Kempelen

(Received October 5, 1976)

On the basis of 350 gastric biopsies the difficulties of early diagnosis of cancer
are discussed. The technical and morphological stumbling blocks of evaluation are
reviewed. The differences between the gross and microscopic diagnoses, the more im-
portant causes of histologic error are dealt with.

Biopsy plays a most important role in the early diagnosis of gastric
cancer [ 4, 5, 8, 10, 13]. The clinician calls a cancer an early one if it is small,
localized, produces few or non-typical symptoms and is difficult to diagnose
[14, 15]. In pathology, the difficulty of an interpretation of the term *“early
cancer” lies in the fact that in the case of a structure showing irregular poly-
morphism of nuclei, forms dividing with polychromasia, etc., the process is
not yet a cancer [2, 3, 9, 12]. All the pathologist can say in such cases is that
malignant transformation is conceivable or that there is good reason to suspect
malignancy. A certainly cancerous form is not early, because it is independent
of the size of the primary focus and métastasés may occur in that stage al-
ready. As far as prognosisisconcerned, it is said [11] that it is the depth of
infiltration that is decisive, the superficial area plays no role [3]. Although
métastasés may occur also with the form localized to the mucosa and the
submucosa, it is more benign [11], just like a lympho-plasmocytic infiltra-
tion, secondary follicle formation, adjacent reactive fibrosis may he indicative
of an increased systemic defensive activity [2, 6, 7]. According to the defini-
tion by the Japanese Gastroenterological Endoscopic Society, early cancer is
localized to the tunica propria and submucosa [1]. Therefore it is fully justified
to use the synonymous expression “superficial cancer”.

The following brief survey has been prepared on grounds of 350 biopsies
performed in 1974/75, with the Olympos JEB-2 duodenoscope and the Olympos
GIFK oesophago-gastro-duodcnoscope. The diagnosis of cancer on the basis
of biopsy was confirmed, or the erroneous diagnosis corrected, by examination
of a gastric resection specimen.

The experience and skill of the examiner play a decisive roleinthe recogni-
tion of superficial or early cancer. Most frequently, the early canceris 5sg. cm,

In honour of the 70th anniversary of Professor K. Fakkas.
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or often less than 2 sg. cm in size, located to the corpus—antrum junction of
the lesser curvature. It is often multicentric, and it depends on the experience
of the examiner whether the specimen is taken from that area.

On the basis of the gross appearance the following forms can be distin-
guished:

I. Protruding, polypous type

Il. Superficial type
a. ) elevated
b. ) flat
c. ) depressed

I1l. Excavated type

Radiologically, the polypous and the ulcerative forms are easily detect-

able, while type Il is difficult to recognize. It is exclusively by means of
biopsy that forms I and 11l can be differentiated from benign mucosal polyp
or peptic ulcer, and that type Il can be recognized [5].

Sometimes itis merely by chance that the area judged to be pathological
is pinched, because the instrument may always be dislodged a few mm as a
result of peristalsis. Superficial cancer never develops when the gastric mucosa
is intact or normal. Practically always more or less marked inflammation,
hyperaemia, increased tendency to bleeding may be seen [13, 14, 15]. Thus,
a bleeding following biopsy may make a subsequent control examination
unfeasible. Since this is not one of the typical sources of error in histological
processing and evaluation, we do not wish to deal with it here. It follows
from the nature of the intervention that the specimen obtained is usually
small and damaged. Irregular or atypical patterns may often be visible in
independent fragments, but taken out of its environment it is difficult or even
impossible to say whether there is an infiltration. In such cases, it may be
necessary to repeat the biopsy [6, 7]. Histologically, the following forms may
be distinguished.

a) adenocarcinoma (Figs 1 and 2)

b) signet-ring cell, mucus producing cancer (Figs 3 and 4)
¢) anaplastic cancer (Fig. 5)

d) mixed form cancer (Fig. 6)

Glands lined on the inside with several layers of increasedly basophilic
epithelium, irregular in polarity and shape may be traced back to cell prolifera-
tion caused by inflammatory irritation or an occlusion of the glandular lumina
(Fig. 7).

Numerous divisions of nuclei, polymorphism, polychromasia of nuclei,
nuclei of increased size, or ballooning ones with several nucleoli may occur in
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every kind of chronic inflammation and do not necessarily indicate malignancy
(Fig. 8).

An increase in the number of goblet cells, a transformation of the gastric
mucosa reminscent of intestinal mucosa by themselves do not indicate precan-
cerosis. Such changes frequently occur in aged patients with chronic gastritis,
without the detection of malignant transformation on repeated examinations
[2, 10] (Figs 9, 10).

Clumsy cell forms vagueness of the glandular structure even if restricted
to just one group of glands may justifiably arouse the suspicion of malignant
transformation (Fig. 11).

A disorganized structure, infiltrative growth unequivocally indicate
malignancy. Mistakes are, of course, possible even in such cases. On the basis of

Fig. 1. Adenocarcinoma
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Fig. 2. Adenocarcinoma
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Fig. 3. Cc muciparuin
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Fig. 4. Ce muciparum
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Fig. 5. Cc anaplasticum

Acta Xlorphologica Academiae Scientiarum Hungaricae 25, 197<



80

M. BELY et al.

Fig. 6. Mixed form of cancer
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Fig. 7. Changes caused by inflammatory irritation
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Fig. 8. Changes caused by inflammatory irritation
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Fig. 9. Changes caused by inflammatory irritation
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Fig. 10. Changes caused by inflammatory irritation
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Fig. 11. Clumsy cell form vagueness of the glandular structure
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Fig. 12. Pancreatic structure caused by chronic pancreatitis
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Fig. 13. Pancreatic structure caused by chronic pancreatitis
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Fig. 14. Pancreatic structure caused by chronic pancreatitis
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studying 12 to 14 pictures, we have suggested cancer, which actually proved
to be the base of a chronic ulcer penetrating into the pancreas, pancreatic
tissue brought into turmoil by chronic pancreatitis. Possibly the site of biopsy
could have suggested pancreatic involvement in this case. The correct diag-
nosis was estabilished by studying the resected stomach.

The gross appearance often arouses the suspicion of malignancy, which
cannot be corroborated by biopsy, or merely a tentative diagnosis may be
set up. For instance, intact mucosa may be pinched from over a submucosal
cancer growing infiltratively.

On the other hand, a change believed to be benign on gross examination
may prove to be malignant. The diagnostic score may be improved when the
gross and microscopic findings are controlled with examination of the resected
specimen, and when the endoscopic studies are made jointly by the physician
and the morphologist where this is feasible. The opinion proffered will be more
adequate in possession of both the gross and the microscopic evidence than it is
when based exclusively on the histologic findings.
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DIE FRUHDIAGNOSE DES KREBSES MIT HILFE DER GASTROBIOPSIE
M BELY und 1. KEMPELEN

Die Schwierigkeiten der Friuhdiagnose des Krebses werden aufgrund von 350 Gastro-

biopsien erdrtert und eine Ubersicht der technischen und morphologischen Probleme der
Auswertung gegeben.

Im weiteren werden die Unterschiede der makro- und mikroskopischen Diagnosen auf-
gezeigt, ferner die wichtigsten Ursachen der histologischen Fehlinterpretationen besprochen.

PAHHUIN ANATHO3 PAKA CMNMOMOLLLHO FACTPOBVOMNCUN

M. BENb n N. KEMNOENEH

Ha ocHoBe pe3ynbTaTa 350 racTpoGuoncuii 06cyXxaatoTca TPYAHOCTY PaHHEero amarHosa
paka v aaeTcs 0630p TEXHUUECKUX M MOPKONOrMUecKMX Npo6/iem OLEHKM NOyYeHHbIX JaHHbIX.

B AanbHelilleM yKasblBaloTCA Ha PasHULIbl MAKPO- Y MUKPOCKOMMUECKUX ANArHO30B U Ha
BaKHeWLIMe MPUUMHBI OLLIMBOUHBIX FUCTOMOTMYECKUX Pe3y/bTaToB.

Dr. Miklés seLY ! Orszagos Houma és Fizioterapias Intézet,
Dr. Imre kK emperen J 1525 Budapest, Pf. 54., Hungary
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DANGERS OF POSITIVE PRESSURE RESPIRATION
BREATHING WITH SPECIAL REFERENCE TO THE
SO-CALLED “SURFACTANT FACTOR”

I. Betléri and M. Bely

(Received October 5. 1976)

Atelectasis and emhysema have been induced in rabbits after anaesthesia and
IPPB for one hour at 30 cm water pressure. The pulmonary surfactant became coarsely
granular and appeared in the form of large drops. A correlation is suggested to exist
between this phenomenon and the atelectasis and emphysema which developed during
IPPB.

There are numerous data on the role of pulmonary surfactant (PS)
in the development of intra- and postoperative pulmonary changes such as
emphysema, atelectasis, etc. PS is produced or excreted by the Il-type
pneumocyte of the alveolar wall [8].

PS is a glyco-lipoprotein containing phospholipid. Of the lipid portion,
60% is dipalmitin-lecithin. It also contains small amounts of other phospholip-
ids, and is ultraviolet-fluorescent. Metabolic and electron microscopic studies
have shown that PS is excerted as a lipoprotein. It is easy to demonstrate its
carbohydrate component, while demonstration of its lipid factor requires
cytochemical procedures. Adamson and Bowden [1] identified PS by means
of the tricomplex flocculation method of Dermer [3]. While Meban [7]
in electron microscopic studies by the gluteraldehyde method could prove
that the granulated pneumocytes were actively involved in the synthesis of
PS and were not merely in its excretion. In their electron microscopic studies
Detlarue et al. [2] found the size to vary from 100 to 600 A and showed that
it contained high amounts of carbohydrate. Scarpetti [10] identified also
neutral fats in the substance and Gieseking [5] found in the 6 month fetus
the osmiophilic lamellated bodies corresponding to preformed SF in the 1l
pneumocytes, and arising from osmiophilic globular inclusions. The sonic was
shown by the light and electron microscopic studies of JOZSA and BEFFY [6]
performed with Romhanyi’s method [9].

The role of the PS is to ensure the constancy of surface tension in the
alv eoli, to facilitate gas exchange, to protect underlying tissues from exsicca-
tion.

In honour of the 70th anniversary of Professor K. Farkas.
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There are forces which increase, and others which decrease the alveolar
surface.

1. Mechanical forces

a) tissue elasticity 1 | *
b) pleural pressure 1
¢) pulmonary capillary pressure 1

2. Colloidosmotic forces

a) colloidosmotic pressure in the pulmonary capillaries
b) colloidosmotic pressure in the tissue interspaces j

3. Surface forces (Fig. 7)

Note: the arrows pointing upward indicatean increase, those pointing downward in-
dicate a reduction of the alveolar surface.

In rabbits subjected to positive pressure respirator treatment we have
studied the morphological sequelae visible in the lungs, with special attention
to the PS.

Adult male and female rabbits in the supine position were anaesthetized
with droperiodol with fantanyl then the trachea was incised and a rubber
tube was fixed in place, airproof. This was attached to the UNA Il anaesthesia
apparatus and the animals were respirated for one hour in a semi-closed
system with an 1:2 mixture of oxygen-nitrogen oxide.

Three animals served as controls. Three animals were anaesthetized as
described above, intubated and allowed to breath spontaneously for one hour.

Three animals after relaxation with 0.05 mg/kg body weight of pancur-
onium bromide were respirated manually at 20 cm water pressure. Six animals
like in the previous group were respirated manually at 30 cm water pressure.

After one hour breathing, while still under anaesthezia, the animals
were killed by opening the chest and taking out the lungs. After gross examina-
tion, specimens were taken to make frozen sections, paraffin-embedded
sections and for electron microscopic study by the ruthenium red procedure.

* The smaller the radius of the alveolus, the thicker the PS film present in it, and the
lower the surface tension, the easier dilates the alveolus. This means that when the alveolus
is over-dilated, the surface tension of the PS film lining it increases, preventing further di-
latation. Thus, PS keeps up an equilibrium as far as the internal diameter of the alveoli is
concerned, and so prevents emphysema and atelectasis. Consequently, a deficiency of PS,
due to its unsufficient production or increased utilization has a causal role in the development
of both emphysema and atelectasis.

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



DANGERS “SURFACTANT FACTOR” 93

Results

The lungs from the intubated and spontaneously respirated animals
exhibited neither gross, nor microscopic changes, as compared to the controls.

Among the animals subjected to IPPB, significant changes were found
mainly in the 30 cm water pressure group. The lungs of these animals appeared
to be emphysematous but at the same time in every animal there were scattered
confluent areas of atelectasis, particularly in the lower lobes (Fig. 1). In the
bronchi at sites marked hyperaemia and increased mucus production were
visible.

Fig. 1

The embedded section were stained with haematoxylineosin and by
the PAS method. In these sections, atelectasis was clearly visible beside
a bullous, confluent emphysema (Figs 2 and 3).

By studying in polarized light frozen sections treated with the metachro-
matic method [9] we could identify the PS. Thisunder normal conditions appears
as a brilliant thin yellowish layer evenly covering the alveolar lumen, in sharp
contrast to the dark base. This was what we saw also in sections obtained from
the control animals (Fig. 4.). In constrast, in the lungs of animals respirated at
30 cm water pressure, the PS appeared in the form of coarse granules like

Ada Marplwingica Academiae Scienliarum Hungarian225, 1977



94

BETLERY et al

Fig. 2

Fig. 3
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Fig. 4

Fig. 5
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Fig. 6

brilliant dewdrops at sites. Their distribution was uneven, and the appearance
of the changes varied from lung area. The granular, drop-like transformation
of the material could be observed in the emphysematous and atelectatic areas
observed in the emphysematous and atelectatic areas alike (Fig. 5.).

In electron microscopic investigations we have succeeded in identifying
the material, like 36-sa and rerry (6] as well as other investigators did, and
could demonstrate the osmiophilic bodies of the granulated pneumocytes

(Fig. 6.
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Discussion

Anaesthesia is now almost invariably performed by intubation. Tts
potential hazards, complications and some eventual untoward, although
indirect, effects respiratory balance are well-known. Still the procedure
interferes profoundly with the mechanism of respiration. Irrespective of the
technique employed, IPPB replaces the work of the elastic skeletal structure of
the chest, which exerts its effect through a negative intrathoracic pressure.
In IPPB this is done by a pump system combined with valves. Plainly speaking:
we pump air into the respiratory pathways from the outside, creating therein
pressures higher than the physiologic. This is of no consequence as long as we
have to deal with a lung capable of sufficient adaptation. We attain our goal:
we introduce an ideal mixture of gases into the respiratory tract, in quantities
always meeting the actual demands. But when the adaptability of the re-
spiratory and circulatory systems is impaired, for instance as a result of the
common wear and tear diseases (emphysema, arteriosclerosis), these potential
advantages may easily turn into iatrogenic hazards. IPPB may expose the
emphysematous lung tissue of diminished elasticity to severe mechanical
insult: the alveoli will continue to rupture, and even pneumothorax may
ensue. It is also known that more or less extensive areas of atelectasis can he
found in the lower pulmonary lobes of persons who died hours or days after
surgery, just as well as in those subjected to mechanical respiration.

No far-reaching human pathological conclusions can he drawn from our
studies. Still, we may seek a correlation between the morphological trans-
formation of the PS and the emphysema and atelectasis which developed
simultaneously during respiration at pressures exceeding the physiologically
permissible one. We cannot say whether it is the secretory activity ofthe granu-
lated pneumocytes that suffers or the physicochemical properties of the
substance protecting the alveolar wall are changed by it.

There seem to be differences in this kind of sensitivity among the various
species of animals. This is suggested by the investigations of Frank et al. [4]
who could not reproduce the changes described by us in dogs under somewhat
similar experimental conditions. It remains, to he seen how the human lung

behaves in this respect. All these require further investigations, first of all
on human material.
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GEFAHREN BEI DER BEATMUNG MIT POSITIVEN DRUCK UNTER
BESONDERER BERUCKSICHTUNG DES SOG. “SURFACTANT-FACTORS”

I. BETLERY und M. BELY

In der Lunge narkotisierter Kaninchen wurde durch intratracheale Beatmung bei
30 cm-H20-Druck im halbgeschlossenen Kreisrespirator-System im einstindigen Experiment
Atelektase und Emphysem herbeigefiihrt. Bei der mikroskopischen Untersuchung der Gefrier-
schnitte lieB sich mit dem Romhéanyischen metachromatischen Verfahren beobachten, daR
der die Innenflache der Alveolen auskleidende sog. surfactant factor zu groben Schollen und
grofen Tropfen verwandelt wird. Die Autoren vermuten zwischen dieser Erscheinung und der
im Verlauf der Uberdruckbeatmung entstandenen Atelektase und dem Emphysem einen kausa-

len Zusammenhang. Fiur die Klarung der humanpathologischen Bedeutung dieser Frage sind
weitere Untershuchungen erforderlich.

OMACHOCTU BblAblXAHNA MNPV MONOXWUTB/IHOM JAB/BHWW, C OCOBbIM
BHNMAHHEM HA TAK HA3. SURFACTANT ®AKTOP.

n. BETNEPU n M. BENN

B Nerkux HapKoTM3MPOBaHHbIX KPOSIMKOB aBTOPbI BbI3Ba/IM NYTeM BHYTPUTPaxeasnbHOro
AblXaHua npv gasneHun B 30 cM HD B Noy3aMKHYTOIR CMCTEME B OHOYACOBOM IKCMEpUMEHTE
aTenekTas u amgmsemy. Mpy MUKPOCKOMUYECKOM MUCC/eloBaHMM 3aMOPOXK/AEHHbIX CPe30B MeTa-
XPOMATUYECKMM METOAOM POMXaHbW Ha6MOAaNM, YTO BbICTUNAMOLWMI BHYTPEHIOK MOBEPX-
HOCTb anbBeos Tak Ha3. surfactant factor nokasblBaeT KpyrnHornw64atoe, KpyrnHoKanenbHoe
npespatieHne. Mexay 3TUM SIBIEBHMEM W aTefieKTasoM W 3MM3eMoli, BOHUKalOWWMMK Mpu
MNCKYCCTBEHHOM [ibIXaHWW MOBbILLEHHLIM AaB/EHMEM, aBTOPbl MoMaraloT NPUUMHHYIO CBSA3b. [N
BbISICHEHMSI NATO/IONMYECKOro 3HauYeHWsl 9TOro Bonpoca Ansi YeloBeKa HeobXxoarMo NMPOBECTHM eLlle
JanbHeliwue 1ccneaoBaHms.

Dr. Istvan Betteéry j Orszagos Reuma és Fizioterapias Intézet,
Dr. Miklés BELY j H-1525 Budapest, Pf. 54., Hungary
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HISTOGENESIS OF BERYLLIUM-INDUCED
BONE TUMOURS

l. Fodor

(Received October 5, 1976)

In response to beryllium treatment, irregular bone formation starts mainly in
the marrow cavity of long bones, preceding neoplastic growth. Irregular medullary
bone formation may be connected with the endosteum, but usually it develops in the
bone marrow, independently of the endosteum. Osteogenesis in the bone marrow may
be preceded by fibrosis but irregular bone may be formed also without any previous
histological change in the bone marrow.

The tumour develops directly from the medullary bone. The prolonged irritation
causes abnormal osteogenesis, which ultimately turns into neoplastic proliferation.
Thus, the beryllium-induced bone sarcoma is, from histogenesis point of view, a hyper-
plaseogenic tumour.

Irregular bone formation is considered a preblastomatous change, because it is
closely connected with the development of the tumour and precedes it in time.

The multiplicity of the tumour is explained by the “neoplastic field” theory of
Willis.

Intravenous administration of poorly soluble beryllium compounds
was found to induce tumour formation in rabbits. The tumour corresponds
to human osteogenic sarcoma. To follow the phases of bone tumour genesis,
we have undertaken to study the histogenesis of bone tumour developing
under the effect of beryllium.

M aterial and methods

Sixty rabbits of 6 months mean age and 1300 to 1500 g in weight, were treated with
a 1°( beryllium oxide suspension in 5 nd physiologic NaCl solution, administered into an ear
vein once a weak for 25 weeks. The bones to be studied were fixed in 8% formalin and decal-
cinated in 10% neutral EDTA. Paraffin sections were prepared and stained with haematoxylin
eosin, azan, methylene blue picrofuchsin, or impregnated with silver.

Results

Following treatment, beryllium oxide granules accumulated in the bone
marrow throughout the skeletal system. The granules were found intracellularly
in phagocytes with PAS-positive eccentric nuclei, visible in groups or scattered
(Fig. 1). Around the beryllium granules the bone marrow became poor in
cells, the haemopoietic elements decreased in number. Focal proliferation of
reticulum cells occurred in the diaphysis and metaphysis of the long tubular

*In honour of the 70th anniversary of Professor K. Farkas.
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bones in the first place (Fig. 2). The cells became elongated fibroblast-like
and fibrous foci developed. Within these, the fibres had homogenized, the
homogenous mass enclosing some single cells gave rise to connective tissue
osteoid arises, with trabecules displaying an irregular mesh structure. Apart
from form of osteogenesis, islets composed of spongious bone tissue may
arise, even without fibrous transformation of the bone marrow (Fig. 3). The
bone trabecules correspond to “spinned” bone. Osteoclasts occur only occasion-
ally, there is no sign of bone tissue breakdown. The medullary “beryllium
bone” thus produced may fill the entire marrow cavity. In the spongious part
of the metaphysis the beryllium bone is deposited on the surface of the tra-
beculae of the primary or secondary spongiosa. Deposition seems to take place
in phases, beryllium bone and normal bone are formed alternately and mosaic
structure develops in addition to the excessive narrowing of the marrow cavities.

In these changes there are no atypical cells, the bone forming matrix
is not sarcomatous and there is no cartilage formation either, although this
is common in tumours.

The fully developed tumour can readily be differentiated from the medul-
lary or beryllium bone, because the tumour has a sarcomatous stroma, but
there are many transitional forms from the typical beryllium bone to the
certainly atypical bone sarcoma (Fig. 4). Where the fibrosis of the marrow

Fig. 1. Phagocytes containing beryllium oxide inthe haemopoietic bone marrow. Haema-
toxylin-eosin, X 80
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Fig. 2. Focal reticulum cell proliferation in the metaphysis of the tibia. Haernatoxylin eosin.
X80

Fig. 3. Osteogenesis in bone marrow without fibrous transformation. Haematoxylin-eosin.
X 80
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Fig. 4. Neoplastic transformation of medullary bone. Haematoxylin-eosin. x80

preceded medullary osteogenesis, the stroma becomes more and more cellular
and polymorphous and develops into atypical tumour tissue without any
sharp borderline. A similar change occurs in the medullary bone tissue which
has developed without marrow fibrosis. Of the 60 beryllium-treated animals,
29 survived till the end of the experiment. Of these, 21 had developed sarcoma,
while in 8 rabbits beryllium bone tissue could be demonstrated.

Discussion

As far as the changes preceding tumour development are concerned,
beryllium accumulation in the bone marrow has been observed also by Barnes
etal. (1a.7app [11] injected beryllium oxide into the metaphysis of the tibia, and
found there a granuloma two months later. The central part of the granuloma
was necrosed, this was surrounded by giant cells containing beryllium, and
this in turn was surrounded by an inflammatory halo. According to our find-
ings no such granuloma develops when the beryllium is injected intravenously.

Cloudman et al. [2] reported that in response to the intravenous adminis-
tration of zinc beryllium sillicate the cortex of the long tubular bones of rabbits
was unevenly thickened 94 days after the onset of treatment. Dutra and
Largent [4] described fibrous foci in the bone marrow, mainly at the end
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of tubular bones. Janes et al. [6, 7] observed sclerosis of the tubular bones
in animals that developed tumour subsequently. Mineralization and blood
supply of this abnormal bone were studied by microradiography by Kelly
et al. |8]. They found that the mineral content of the medullary
abnormal bone was higher than that of the surrounding normal bone, some
lacunae showed calcification and, as demonstrated by filling the blood vessels
with indigo gelatin, the blood supply was reduced by the medullary bone
formation which filled the marrow cavities.

Kelly et al. [8] consider medullary bone formation to be of endosteal
origin. Tapp [11], after inplanting beryllium into the marrow cavity, observed
endosteal bone formation, but this teas absorbed after 8 to 9 months. The
phenomenon is a reaction to the inflammation around the granuloma rather
than a direct beryllium effect.

According to our findings, medullary bone formation may be connected
with the endosteum but it mostly arises in the bone marrow, independently
of the endosteum. Tapp [11] emphasized that the development of medullary
bone is preceded by no change of any kind. According to Barnes et al. [1]
fibrosis of the marrow develops and the medullary bone grows within the
fibrotic areas. In our own material we have found examples for both types
of bone formation.

The correlation between medullary bone and tumour has been studied
by several authors. Tapp [11] found no transition between medullary bone
formation and the tumour. According to Barnas et al. [1] the medullary bone
which developed the soil of marrow' fibrosis would directly continue to develop
into tumour.

In our own material we found several transient forms between medullary
bone and neoplastic proliferation, irrespective of the fact w'hether the medullary
bone had developed from marrow fibrosis or without it.

We regard the changes developing in the bones in response to beryllium,
particularly the irregular medullary bone formation, as presarcomatous ones,
in view of the close connection with the tumour and the fact that the changes
precede the development of tumour.

From the point of view of histogenesis, the beryllium-induced bone
sarcoma is a hyperplaseogenic growth. The long-lasting stimulation causes
irregular bone formation, which ultimately turns into neoplastic proliferation.
The increased rate of bone formation may be one of the conditions of the devel-
opment of bone tumour. It has been known for long that the malignant tu-
mours of bones, particularly the osteogenic sarcomas, arise during the phase
of active growth and mainly in the metaphysis of long bones showing the
fastest rate of growth [3, 10]. The role of proliferative activity is supported
also by the fact that after growth has come to an end, the bone tumours usually
arise from bones with increased metabolism. Illustrative of this are Paget’s
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disease, hyperparathyroidism, chronic osteomyelitis, bone infarction, the
callus of fractures and exposure to ionizing radiation [9].

The bone tumours induced by beryllium are often multiple ones. The
explanation is obvious. Most of the intravenously administered and poorly
soluble beryllium oxide is stored in the reticuloendothelial system of the bone
marrow, where it exerts a prolonged action as it slowly dissolves. This way
the entire skeletogenic tissue becomes a potentially neoplastic field [12].
W ithin this, simultaneously or subsequently the connections necessary for
neoplastic growth may arise at several sites.
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HISTOGENESE DER MIT BERYLLIUM HERBEIGEFUHRTEN
KNOCHENGESCHWULSTE

I. FODOR

In der Markhéhle der langen Rdohrenknochen setzt unter Berylliumwirkung — noch
vor der Tumorentstehung — eine unregelméBige Knochenbildung ein. Entsprechend den Un-
tersuchungen des Autors kann zwar irreguldrer medullarer Knochen auch im Zusammenhang
mit dem Endost entstehen, bildet sich aber im GrofRteil der Félle dennoch unabhéngig davon,
im Knochenmark. Im letzteren kann der Knochenbildung eine Markfibrose vorangehen, doch
irreguldrer Knochen kann auch ohne jede vorangehende histologische Verdnderung des Kno-
chenmarks entstehen.

In bezug auf die gegenseitigen Beziehungen zwischen medulldrem Knochen und spéter
entstehendem Tumor wird festgestellt, daB die Geschwulst unmittelbar aus dem medullaren
Knochen entsteht. Der anhaltende Reiz ruft eine abnormale Knochenbildung hervor, die
schlieBlich in eine sarkomatdése Wucherung lbergeht. Das mit Beryllium herbeigefiihrte
Knochensarkom ist somit in bezug auf seine Histogenése eine hyperplastogene Geschwulst.

Die irregulare Knochenbildung wird vom Autor als prédblastomatdse Verédnderung an-
gesehen, die mit der Geschwulstentstehung in engem Zusammenhang steht und zeitlich ihr
vorangeht. Die Komplexitdt des Tumors wird mit der “neuplastischen-Feld-Theorie” von
Willis erklart.
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MMCTOMEHE3 KOCTHbIX OMYXOJEN, BbI3BAHHbIX BEPWIIMEM
n. ®OMOP

Moa BAUSHVEM 6ePUNNINA B MO3rOBOIA NOMOCTY ANIMHHBLIX KOCTE [0 Pa3BUTMS ONYX0/n
HauMHaeTcsl o6pasoBaHWe HeperynsipHoii KocTu. CorfilacHo WMCCNefoBaHMAM aBTopa Hepe-
rynsipHas MefynnsipHas KoCTb MOXeT 06pa3oBaTbCs B CBSI3W C BHYTPEHHe HafKOCTHULEN,
0/IHaKO B 6OMbLLIVHCTBE C/ly4aeB OHA BO3HMKAET BCE XKe, He3aBMCKMMO OT Moc/efHel, B KOCTHOM
mo3re. O6pa3oBaHNI0 KOCTV B KOCTHOM MO3re MOXXET MpefLlecTBoBaTh (I6pP03 KOCTHOrO MO3ra,
HO HeperynspHasi KoCTb MOXET c034aTbCsi U 6e3 MpefLIecTBYHOLEro rmcTo/orMyYeckoro mame-
HeHMst Mo3ra.

OTHOCUTE/IbHO B3aUMOOTHOLLIEHWUS HEPerynsipHoi MefyNNsSPHOI KOCTU 1 pasBuBatoLLielics
B MOCMEACTBMMN OMYyX0/N 6bIN0 YCTAHOB/IEHO, YTO OMyX0/lb Pa3BMBAETCA HEMOCPEACTBEHHO U3
MefynnsipHOi KoCTW. TMOCTOSIHHOE pasfpaXkeHue Bbi3blBaeT HeHOpMaslbHOe KocTeoGpasoBaHue,
KOTOpOe 3aTeM MepexoAuT B KapLMHOMAaTo3Hoe paspactaHue. CrefoBaTe/lbHO, BbI3BaHHbIN 6e-
pUNYeM KOCTHOM paK C TOYKM 3peHusl rMcToreHesa NpeacTaBsieT co60i rMneprniacToreHHyo
onyxonb.

ABTOp NPUAEPXKMBAETCA TOr0 MHEHWSl, 4YTO HeHopMaslbHOe KocTeobpasoBaHue mMpea-
cTaBnseT coboii npea6nacTomMaTo3Hoe M3MeHeHMe, TaK KakK OHO TeCHO CBSI3aHO C 06pasoBaHMeM
ONyX0/in ¥ BO BPeMeHW NpeaLLlecTBYeT nocneaHeMy. CroXHOCTb OMyXo/u aBTOPOM 06bsACHAETCA
Teopueit «HeonIacTUYecKoro nons» Bunnwuca.

Orszagos Reuma és Fizioterapias Intézet,
H-1525 Budapest, Pf. 54., Hungary

Dr. Istvdn Fosdaox
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EFFECT OF ULTRASONIC TREATMENT ON THE
ORGANS OF EXPERIMENTAL ANIMALS. Il1l.
ENZYME-HISTOCHEMICAL EXAMINATION
OF THE PROLONGED EFFECT

Maéria Kettek and D. Tanka

(Received October 5, 1976)

The protracted effect of ultrasound treatment on the parenchymatous organs
of rats has been studied histoehemically at 1 to 10-day intervals. As a result of the
altered redox conditions it is the oxidative enzymes in the first place that react to
ultrasound treatment and their normalization takes a long time. Exposure decreased
the activity of lysosomal enzymes and in the cell membrane the alkaline phosphatase
and ATP-ase too. The activity of hydrolases returned to normal parallel with the
normalization of the microscopic structure.

In studies of the effect exerted by ultrasound on macromolecules and
biological substances, attention have been focussed on the changes produced
by mechanical vibrations in the first place [19]. Evidence has been scarce
concerning the mechanism of action in the background of the changes. We
may read about effects of ultrasound on biological systems organisms
as well as about the possibilities of therapeutic use also in the publications
by Hungarian authors [7], who surveyed the literature in detail and described
their own observations.

According to our observations [8, 9] the oxidative enzymes react much
more sensitivity than the hydrolytic ones to sonication in vivo. In this paper
we shall discuss the protracted effect of ultrasound and seek the answer to
the question as to the changes in enzymatic activity are reversible and how long
it would take for them to return to normal.

Materials and methods

A total of 90 Wistar rats weighing 120 to 150 g were exposed to ventro-dorsal ultra-
sound treatment* with a dose of 0.3 and 0.5 W/squarc cm, for 2 minutes. The effect was
studied in 4 rats daily and control animal at intervals of 1to 10 days. After killing, the
liver, kidneys and spleen were processed immediately.

Part of the material was fixed in formalin and embedded in paraffin for microscopic
examination. Liver specimens were fixed also in ethanol. The oxidative enzymes were

In honour of the 70th anniversary of Professor K. Farkas.

* TUR US-5 therapeutic ultrasound equipment, VEB Transformatoren und Rontgen-
werke, DRESDEN, DDR. The used frequency was 800 kHz.
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demonstrated in unfixed cyrostat sections 4 microns thick, while the hydrolytic enzymes
were processed in a similar way, after fixation in neutral formol at +4°C.

The activities of the following enzymes were determined.

. Lactate dehydrogenase (EC.1/1.1.27.) -LDH- (12)
. Malate dehydrogenase (EC.1.1.1.37.) -MDH- (12)
. Succinic dehydrogenase (EC.1.3.99.1.) -SDH- (15)
. lIso-citrate dehydrogenase (EC.l.1.1.42)) -i-CDH- (17)
NADH diaphorase (EC.1.6.99.1.) - (12)

. Cytochrome oxidase (EC.1.9.3.1.), (5)

Adenosine triphosphatase (Mg-avid-ATP-ase), (16)
. Phosphorylase (EC.2.4.1.1.), (20, 11, 13)

. Ascorbic acid dehydrogenase

10. Monoamine oxidase (EC.1.4.3.4.) -MAO- (10)

11. 11-beta-hydroxysteroid dehydrogenase (18)

12. Arylesterase (carboxylesterase )(EC.3.1.1.2.), (2)
13. Acid phosphatase (EC.3.1.3.2.), (1)

14. Alkaline phosphatase (EC.3.1.3.L), (3)

15. Leucine aminopeptidase (EC.3.4.1.1.) -LAP- (4)

©COENOUAWN

For the demonstration of dehydrogenases, p-nitro-blue tétrazolium was used. To control
the histochemical reaction, the sections were heated at 90 °C.

Results

1. LIVER. After sonication with 0.3 W or 0.5 W, passive hyperaemia
and hydropic degeneration were observed. They persisted for 6 to 7 days, and
after exposure to 0.5 W until the 10th day

In the liver of the animals exposed to 0.3 W and killed immediately
after treatment, increased SDH and ascorbic acid dehydrogenase activity were
demonstrated.This increased SDH activity persisted throughout, while ascorbic
acid dehydrogenase activity decreased sharply, as early as 24 hours later.
Following exposure to 0.5 W, the reverse took place, with the SDH activity
decreasing throughout, (Fig. 1) as opposed to the ascorbic acid dehydrogenase
activity which increased from the 2nd day on. The decrease of activity present-
ed itself centrolobularly, i.e. in those groups of cells which were damaged also
morphologically.The changesof cytochrome oxidase,(Fig.2.)DPNH diaphorase,
(Fig. 3) as well asof the LDH and MDH activities were similar to those of the
SDH, but differed from that in localization, the decrease of activity being
observable at the periphery of the lobules.

When studying LDH and MDH we found, unlike in the other cases,
a slightly increased reaction centrolobularly on the 5th to 7th days. Throughout
the period of observation the activity of i-CDH and MAO was increased,
particularly in the cells around the central veins. The activity of the enzyme
catalysing the hydrocortisone-cortisone conversion was increased in the entire
liver lobule following exposure to 0.3 W (Fig. 4). Treatment with 0.5 W was
followed by an initial decrease in activity, then, on the 2nd day, by an in-
creased activity centrolobularly.
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Fig. 1. Decreased succinic dehydrogenase reaction in the centrolobular liver cells
after treatment (0.5 W). x 30
Fig. 2. Cytochrome oxidase reaction in the liver on the 2nd day (0.5 W). X 30
Fig. 3. Increased NADU diaphorase reaction in the liver on the 2nd day (0.5
W). x 30
Fig. 4. 11-beta-hydroxysteroid dehydrogenase activity in the liver, after 0.3 W.
X30
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In general, the activity of the lysosomal enzymes studied decreased,
centrolobularly following exposure to the 0.3 W dose, and peripherally in the
first place following treatment with 0.5 W (Fig. 5). In the dilated sinusoids
large numbers of enzyme-active Kupffer’s cells could be demonstrated.
After exposure to 0.5 W, the alkaline phosphatase active cells almost flooded
the liver lobule, while there was a decrease in ATP-ase activity. Following
0.5 W treatment, at 3to 5 days an intensive enzyme reaction could be observed
in the dilated sinusoids around the central veins, showing a star-shaped
pattern radiating toward the periphery (Fig. 6).

In response to treatment, aminopeptidase activity greatly increased
in the entire liver lobule (Fig. 7). This increased reaction persisted throughout
the experimental period.

The histochemically demonstrable glycogen content of the liver de-
creased in both cases. After formalin fixation, only afew cells around the central
veins showed PAS positivity. (Fig. 8). Considerably more glycogen could
be demonstrated following fixation in alcohol. Regeneration began on the
3rd— 1th days.

The activity of phosphorylase, the enzyme breaking down glycogen,
likewise decreased, with only a few active cell groups demonstrable in periportal
region (Fig. 9). Normalization of the enzyme reaction began as late as 8 to
10 days after treatment (Fig. 10).

2. KIDNEY. The hydropic degeneration that developed after
ment persisted even on the 6th or 7th day, the tubules of the cortex were
dilated, the brush border decreased in diameter, passive hyperaemia developed
at the cortico-medullary junction.

After exposure to 0.5 W, the above changes were accompained by vacuolar
degeneration of the tubules, which subsided in about 10 days.

After treatment with the 0.3 W dose, SDH activity was retained in
the dilated contorted tubules of the cortex. In the lumen, slightly active
granules, presumably remnants of detached epithelial cells, could be observed
(Fig. 11). After exposure to 0.5 W some tubules of the cortex showed increased,
while, others showed decreased activity (Fig. 12.). On 0.3 W treatment ascorbic
acid dehydrogenase was almost totally inactive in the outer zone of the cortex
and the medulla showed diminished activity. Regeneration started after the
5th day. (Fig. 13). On the other hand, following treatment with the 0.5 W
dose it was only on the 1st and 2nd days that we found a slightly decreased
enzyme reaction in the cortex. The changes of DPNH diaphorase activity
were similar, but the decrease was noted mainly at the cortico-medullary junc-
tion, in the inner zone of the cortex (Fig. 14). Inactivation of the enzyme was
more marked on exposure to the 0.3 W dose. Likewise, LDH and MDH activities
decreased following exposure to 0.3 W. The absence of reaction was especially
obvious in the outer zone of the cortex. Following 0.5 W treatment the activ-
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Fig. 5. Decreased arylesterase reaction in the peripheral cells of liver lobule. x30
Fig. 6. Adenosine triphosphatase activity after 0.5 W on the 5th day. x 30
Fig. 7. Increased leucine arninopeptidase reaction in the liver, x 30
Fig. 8. A few PAS positive cells around the central veins in the liver. X30
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Fig. 9. Low phosphorylase activity in the liver after both doses. X 30
Fig. 10. Reactivated phosphorylase reaction on 10th day. X30
Fig. 11. Succinic dehydrogenase reaction in the renal cortex, after treatment with
0.3 W. X80
Fig. 12. Some tubules of the cortex show a decreased succinic dehydrogenase
reaction after 0.5 W dose. X30
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ity of MDH, i-CDH (Fig. 15) and 11-beta-hydroxysteroid dehydrogenase
increased, while on exposure to 0.3 W the initially increased reaction of the
later enzyme decreased at 24 hours (Fig. 16). Particularly in the outer cortical
zone the activity of cartochrome oxidase (Fig. 17) and MAO decreased after
both doses.

The changes in the activities of the lysosomal enzymes reflect the changes
in structural relations. In the cortex the detached, damaged remnants of
epithelial cells appeared as esterase active granules (Fig. 18), while in the
outer zone of the cortex, in the tubular cytoplasm acid phosphatase active
granules were observed. The brush border of the primary convoluted tubules
is narrow, its alkaline phosphatase and ATP-ase activities diminished or ceased.
W ith regeneration of the renal tissue, as seen under the microscope, the normal-
ization of hydrolases began.

Aminopeptidase activity increased following exposure to either dose,
but after treatment with 0.3 W the increase appeared only on the 4th—>5th
day.

3. SPLEEN. Following treatment, many cells with PAS positive
cytojdasm appear in the pulp. During the first days, strong haemosiderin
pigmentation indicative of erythrocyte disintegration was visible.

Some of the oxidative enzymes studied gave only minimal reactions in
the spleen, therefore the changes cannot be demonstrated histochemically
or are hardly noticeable. The activity of the dehydrogenases requiring co-
enzyme decreased throughout the period of observation; the decrease was
slighter in the case of i-CDH. DPNH diaphorase activity of the pulp also
decreased, while that of the germinative centres was retained. The activity of
11-beta-hydroxysteroid dehydrogenase increased.

Carboxylcsterase (Fig. 19) and acid phosphatase activity decreased and
it was only after the disappearance of the haemosiderin pigment that normal-
ization begun, first in the follicles, then also in the pulp.

On treatment with 0.3 W, the alkaline phosphatase reaction diminished,
while following exposure to 0.5 W, large enzyme-active cell groups were visible
around the follicles. ATP-ase activity increased on the 3rd or 4th day mainly
in the cells of the germinative centre (Fig. 20).

Unlike in the other organs, the activity of aminopeptidase decreased
throughout.
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Fig. 13. Nearly normal ascorbic acid dehydrogenase reaction in the renal cortex
on the 8th day. X30
Fig. 14. Decreased NADH diaphorase reaction in the cortico medullary junction of
the kidney. (0.5 W). X 30
Fig. 15. Increased isocitrate dehydrogenase reaction in the renal cortex (0.5
"W). X30
g. 16. 1l-beta hydroxysteroid dehydrogenase reaction after 24 hours in the
kidney (0.3 W). X30
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Fig. 17. Decreased cytochrome oxidase reaction in the inner cortical zone and per-
sisting activity in the external zone of the kidney. X30
Fig. 18. Arylesterase active granules in the cortical tubules on 2nd day (0.3

W). X30
Fig. 19. Decreased arylesterase reaction in Malpighi body on the 4th day. (0.5 W).
X80

Fig. 20. Increased adenosine triphosphatase activity in spleen on 4th day after
0.5 W dose. X 130
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Discussion

The morphological changes induced by ultrasound have extensively
been described in the literature, but enzyme chemical studies have been
carried out in a few cases only [7, 12], and even these were restricted to single
lysosomal enzymes. Investigations involving sonication in vivo and extending
to oxidative enzymes, or studies concerned with the protracted affect of
ultrasonic treatment have not been published in the literature at our dis-
posal.

The structural changes are produced by mechanical vibration. The
extent of the damage depends on the intensity and frequency of sonication;
these determine whether the changes will be macromolecular or will affect
the cell organelles too. The altered structure alone would suffice to change
cellular metabolic processes, causing them to deviate from the normal.

The physical effect is, however, accompanied by physicochemical and
biochemical reactions. On the wall of the cavitation hollows electrical double
layers develop, the electric changes shift on the cellular membranes, the redox
potential is altered. It is the above phenomena that are responsible in the
first place for the changes observed in the activities of the oxidases.

It should be borne in mind that the microwaves create compression and
dilatation, which may interfere with the physiological pulsation of mitochon-
dria, damaging their membrane or altering their permeability. This phenomenon
may play a role in the changes of mitochondrial enzyme activities.

The changes resulting in cell membrane potentials and permeability
can be followed by studying the activity of alkaline phosphatase and ATP-ase.

Taytor and pona [22] using higher doeses than those applied by us,
found increased acid phosphatase activity in the rat liver, which they attributed
to a disintegration of lysosomes. In our own experiments we investigated
two lysosomal enzymes and found that their activity decreased. This was
assumed to be due to some damage to the protein components of the enzymes
or to the development of some inhibitor substance. Ultrasound is used for the
treatment of chronic inflammation, among others. If we realize that inflam-
matory processes are usually characterized by increased lysosomal enzyme
activity, the above observations may prove helpful in the choice of the thera-
peutic dose. In this respect we have a few experimental data [14]. We induced
arthritis in rats with the contents of granuloma pouch and treated it with
0.3 W intensity ultrasound. In response to treatment there was clinical improve-
ment, the microscopic appearance of the joint hardly differed from that of
the untreated animal and the lysosomal enzyme activities were similar to those
of the controls.

The increased enzyme activity found in Kupffer’s cells may be considered
an indicator of RES activation. The readiness of ultrasound to mobilize the
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RES, as well as the sensitive functional reaction of the spleen suggest that the
intervention might affect immunological processes.

The increase in local temperature in response to the absorbed energy
affects the cell membranes; their permeability and the metabolic rate are
increased. The friction due to the accelerated molecular movement is held
responsible for the depolymerizing effect of ultrasound, as has already been
suggested by szent-cysrgyi [19].

The enhanced peptic activity is presumably due to an accumulation of
the breakdown products of proteins depolymerized by the ultrasound, which
are further broken down by this enzyme, among others. It is not by chance
that the activation of aminopeptidase takes place mainly in the liver, which
plays a detoxifying role in the organism.

The other biopolymer the changes of which were followed was the liver
glycogen, which in accordance with published data [17, 23] became depolymer-
ized. This was indicated in the formalin-fixed material by the fact that the
PAS reaction demonstrated glycogen in afew cells only, the breakdown prod-
ucts, the oligo and disaccharides being water-soluble. In the alcohol-fixed
material considerably more cells showed PAS positivity. The same phenomenon
can be observed after X -ray irradiation [6, 21] as confirmed by determining the
molecular weight by ultracentrifugation.

Phosphorylase activity decreased after ultrasound treatment. The
simultaneous disappearance from the cells of glycogen and of the enzyme
breaking down glycogen is merely an apparent contradiction, because glycogen
was broken down as a result of depolymerization, and it is just these accumu-
lated breakdown products that inhibit the activity of the enzyme.

Thus, it may be stated the physical stimulation of the organism evokes
an immediate response, which triggers off a series of physicochemical and
biochemical reaction. The response is not specific, but of general validity.
The induced reactions, the changed metabolic processes persist for a long time
after in vivo treatment. This fact is not negligible from the point of view
of therapeutic and diagnostic use.

The experimental results will allow to set precisely the optimum dose
causing inhibition of lysosomal enzymes as also the intervals between treat-
ments. The observations made on experimental animals should be taken into
consideration also when using ultrasound for modern diagnostic purposes,
with special attention devoted to the choice of the proper, innocuous doses.
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DIE WIRKUNG DER ULTRASCHALLTHERAPIE AUF DIE ORGANE DER

VERSUCHSTIERE
I1l. ENZYMHISTOCHEMISCHE UNTERSUCHUNG DER VERZOGERTEN WIRKUNG

MARIA KELLER und D. TANKA

Die Wirkung der Ultraschallbehandlung auf die parenchymatdsen Organe weiler Ratten
wurde unter experimentellen Bedingungen in 1—IOtégigen Intervallen nach der Behandlung
analysiert. Bei der histochemischen Untersuchung wurde festgestellt, dal die Ultraschallbe-
handlung die Veranderung der Redoxprozesse bewirkt, wobei in erster Linie die oxydativen
Enzyme reagieren. Die Aktivitatsdnderung normalisiert sich erst nach mehreren Tagen. Die
AKktivitat der lysosomalen Enzyme nimmt in Abhangigkeit von der Dosis ab. In &hnlicher
Weise wird auch die sich auf die Membran lokalisierende alkalische Phosphatase und die ATP-
ase inaktiviert. Parallel mit der Normalisierung des morphologischen Bildes kehrt auch die
AKktivitat der hydrolytischen Enzyme zurick. Zusammenfassend laRt sich sagen, dal die
unter UltraschalleinfluR im biologischen Medium entstehenden Veradnderungen &auBerst kom-
plex sind und im lebenden Organismus sich eine komplexe Wirkung geltend macht.
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OENCTBUE Y/IbTPA3BYKOBOW TEPAMWW HA OPFAHbl MOAOMbITHbLIX

XMBOTHbIX
. 3H3MMOI'MCTONNIOMMYECKOE WCC/NEAOBAHUE 3AMA3AbLIBAIOLWEIO

JOENCTBUA

MAPUA KENNEP wun O. TAHKA

[JelicTBMe yNbTPasByKOB 6bII0 M3YUEHO B 3KCTEPUMEHTA/IbHBIX YCNOBUSIX HA NapeHp
XMMaTO3HbIX OpraHax GesbIX KpbIC B 1- HO-AHEBHbIX MHTepBanax Mocne NpPUMeHEHUs YNbTHH-
3BYKOB. B X04e TMCTOXMMMWYECKMX WCCMefoBaHU YAanocb YCTaHOBWTb, 4TO nog Baulspe-
yNbTPa3BYKOBOW Tepanun U3MeHSIHTCA OKUC/UTEIbHO-BOCCTAHOBUTE/bHbIE MPOLIECCHI, XKemaea
BCEr0 pearupyoT OKUCNUTENbHbIE (EPMEHTLI, Y M3MEHEHVE aKTUBHOCTM HOPMa/IN3yeTcsl TOMbKO
MO MCTEUEHWUU HECKONbKUX AHel. AKTUBHOCTb /IM30COMA/IbHBIX (DEPMEHTOB MOHMXKAEeTCs B 3a-
BMCVMOCTM OT MpuMeHsieMoii 103bl. MMof06HYI0 MHAKTMBU3ALIMIO NMOKA3bIBaeT TakKXKe LLeoYHas
(hocthatasa n ATI-a3a, NIOKaNM30BaHHbIE B MepenoHKe. OfHOBPEMEHHO C HopManu3almein Mop-
(hOMIOTNYECKOM KapTWUHbI AKTUBHOCTb TMAPO/IMTUYECKMX SH3MMOB BO3BPALLAETCA K HOpMe.
MoAbITOXMBAS MOXHO CKasaTb, YTO M3MEHEHMsl, BO3HMKaloLiMe B GMOMOrMYecKoii cpege nop,

B/IUSIHWEM Y/bTPa3BYKOB KpaiHe CM0XHbIE W YTO B XKMBOM OpraHu3me MposiB/sieTcsl KOMIJIEKC-
HOe [elicTBue.

Dr. Méria K e11er Orszadgos Reuma és Fizioterdpids Intézet,
Dr. Dezs6 Tanka H-1525 Budapest, Pf. 54., Hungary
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CELL-TO-CELL CONTACTS BETWEEN
LYMPHOKE PICULAK CELLS IN RHEUMATOID
SYNOVIAL MEMBRANE

T. Neumark

(Received October 5, 1976)

Nodular type and diffuse perivascular lymphoid cell infiltrates in rheumatoid
synovial membranes from 72 patients were examined under the electron microscope.
Attempts were made to describe the ultrastructural relations of the cells examined,
and to classify the different types of cell-to-cell contacts between them. Members of
a complex series, composed of gradually differentiating forms of cell contacts beginning
from simple membrane adhérences and interdigitations and gap junctions; minute
filamentous intercellular bridges: subsurface confronting cisternae and desmosome-like
structures, are described and suggested as function-dependent morphological represen-
tatives of sites of cellular interactions.

The general phenomenon of cell-to-cell contact my require a direct
interaction between the surface of neighbouring cells resulting in the formation
of specialized junctions. These cell interactions could play an essential role in
several types of communication phenomenons such as the immune response,
cell fusion, ionic coupling, metabolic co-operation, intercellular adhesion, etc.
[4, 6, 19].

Intercellular contacts between lymphoreticular cells in the rheumatoid
synovial membrane have been described earlier [21, 22, 23]. The present study
is further electron microscopic analysis of the different types of intercellular
contacts between cells in the lymphoid cell infiltrates found in the synovial
membrane of joints affected by rheumatoid arthritis.

Material and methods

Synovial membranes were obtained during synovectomy of the knee of 72 patients
suffering from rheumatoid arthritis of the definite or classical type by the American Rheumat-
isan Association criteria [29]. Most samples were collected from the parapatellar region of the
knee. For electron microscopy small tissue fragments, 1 mm in diameter, were fixed immediate-
ly in Karnovsky’s fluid [17| and postfixed with buffered 1% osmium tetroxide. After dehydra-
tion in graded ethanol series, the specimens were embedded in Durcupan ACM (Fluka) and
thick and ultrathin sections were cut with glass knives on a Reichert OM-U2 ultramicrotome.
During dehydration the specimens were stained with 1% uranyl acetate in 70% ethanol.
Ultrathin sections were mounted on uncoated copper grids, stained with lead citrate and uranyl
acetate. 4 5 grids from each block were examined with a TESLA BS-513A electron micro-
scope using an accelerating voltage of 80 kV. Semi-thick sections of approximately 1nm, stained
with toluidin blue, were used to select areas of the synovial membranes that contained both
diffuse and nodular types of lymphoid cell infiltrates.

In honour of the 70th anniversary of Professor K. Farkas.
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Results

Underthe light microscope, accumulations of macrophages intermingled
with several differentiating forms of the lymphocyte plasma cell transforma-
tion line simply called (lymphoid cells) were consistently found around the small
blood vessels in the sublining or deeper layers of the rheumatoid synovial
membrane. In 26 of the 72 patients, characteristic nodular type lymphoid
cell aggregates were found around blood vessels, very similar to the primary
follicles in lymph nodes. Germinal centres were also apparent in 2—3 of the
26 samples (Fig. 1).

Both the simple nodular lymphoid cell infiltrates and those which
resemble the secondary follicles, demonstrated an unexpected ultrastructural
complexity. The central part of the aggregate contained mainly closely packed
small and somewhat larger lymphocytes intermingled with dendritic cells and
macrophages (Fig. 2). Lymphoblasts, mitotic forms of lymphoid cells and
tingible-body macrophages were also observed in this area (Fig. 3). The
periphery of the nodular cell aggregates as well as the areas with diffuse accu-
mulation of lymphoid cells were characterized by looser connections of the
cells and an increased plasma cell infiltration. Some areas of the central part
of the nodular cell aggregates consisted of little else but interdigitating cyto-
plasmic extensions and cytoplasmic infolds. The interspace between adjacent
cells, filled by an electron-opaque material, appeared as an irregular labyrinth
resulting from the numerous infoldings and interdigitations of cell processes.

The low power electron micrographs ofthe nodular lymphoid cell infiltrate
revealed simple junctional areas and some kind of apparent membrane spe-
cialization of the opposed cell membranes. At higher magnification it was clearly
seen that the opposing cell membranes ran parallel to each other, in a straight
line or in a wavy course, separated over most of the junctional area by a
remarkably constant gap less than 100 A in diameter. In such cases, the profiles
of cytoplasmic processes in close contant were frequently indistinguishable
from those ofthe lymphocytes. In some cases, within these zones of cell contact,
local differentiations of the plasma membranes between the somatic zones
of opposed cells or between their larger cell processes could also be seen. The
total thickness at these regions was reduced to about 200 A, and although the
structure of the contact was not clearly seen, the intercellular gap often
consisted of electron dense punctations or septa corresponding in appearance
to a classical gap junction (Fig. 4). Generally, the above-mentioned types of cell
contact were the consistent feature of this area.

At some distinct areas, either between slender cytoplasmic processes of
macrophages and lymphoid cells, or between their perikaryons, fine inter-
cellular filaments about 80 A in diameter seemed to bridge over the intercellular
space as minute filamentous bridges. On the other hand, at some points the
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Fig. 1. H. E. sections from rheumatoid synovial membranes. A) diffuse lymphoid cell infiltration in the subsynovial
X 230. B) Dense nodular type lymphoid cell aggregate containing germinal centre X 100

layer.
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Fig. 2. Mixed cell population in the central part of a nodular type lymphoid cell
aggregate taken from a rheumatoid synovial membrane. Note the accumulation of
electron-opaque material within the intercellular spaces and the labyrinth of
plasma; membrane infoldings and interdigitations. [ICS = intercellular space;
Ly = lymphocyte; MC = macrophage; R —reticular cell, x5200
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Fig. 3. A) Lymphoblast surrounded by small lymphocytes and B) a tingible-body macrophage in a nodular type
aggregate, A = X4000, B = X7300
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intercellular gap between opposed cell membranes became as narrow as 50 A
or less. At such focal membrane contacts, circumscribed dense areas appeared
in the underlying cytoplasm of both cells. In some cases, lymphocytes were
seen attached to a macrophage or fibroblast by pseudopods which penetrated
into the target cell. Although the total thickness of cell contact here was also
approx. 250 A in diameter, focal contacts could be seen between cell membranes
suggestive of gap or tight junctions (Figs 4 and 5). In addition to these types
of cell-to-cell contacts, complete fusion of plasma mebranes, resulting in the
formation of narrow cytoplasmic bridges between lymphoid cells, was observed
in a few cases. This type of cell contact was characterized by the presence of
continuous cytoplasmic material in the bridge between adjacent cells and the
clear continuity of the plasma membranes joining the two cells (Fig. 5c).
Their actual existence as channels was proved by gonioinetric measurements.

The above-mentioned forms of cell-to-cell contacts can readly be dis-
tinguished from desmosome-like structures to be found especially between
macrophages and fibroblasts, but almost never between lymphoid cells.
Desmosome-like structures were usually observed around the nodular lymphoid
cell aggregates and also between lining cells, and could be classified as fascial
or zonular adherents. The total thickness of the cell contact in this case was
about 250—350 A, and the intercellular space was filled by a material of
moderate electron density, often showing a structured pattern. The opposing
cell membranes of the two cells ran parallel in a straight line for several microns,
and a condensation of dense filamentous material could be found in the
cytoplasm along the adherens junctions. In some cases, small circumscribed
contacts especially between cell processes of the above-mentioned cells, could
also be observed. Short intracellular filaments and small granules embedded in
a dense material, within the cytoplasm attaching to the inner surfaces of
each participating plasma membrane also characterized this type of cell
contact. Occasionally, fine filaments or tubules were bridging over inter-
cellular space (Fig. 6).

Characteristic structures, so-called subsurface cisternae were observed
immediately under the plasma membrane at the junctional zones between
lymphoid cells, either in unilaterally or bilaterally, forming a confronting
complex of such subsurface cisternae (Fig. 7). In almost all cases of such
flattened vesicles, their continuity with the rough ER was clearly demonstrat-
ed. In one case, as is shown in Fig. 7b, the cavity of one member of the
confronting pair of these subsurface cisternae was detectable directly next to
that of an extremely dilated rough-surface cisterna within an almost fully
developed plasma cell.
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Fig. 4. A)and B) Interdigitating cytoplasmic extensions and cytoplasmic infold-
ings between lymphoreticular cells. Note in fig. B the electron-opaque material
in the intercellular space A = X22,000, B =x 34,200. C) Close membrane oppo-
sition and apparent membrane modification between lymphoid cells, x 22,600. 1))
Tightjunction between interdigitating cell processes of a lymphoid cell and macro-
phage x 89,000. E) Circumscribed gap junction between two fibroblasts. X 107,600
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Fig. 5. A) and B) Focal cell junctions between lymphoid cells. Note in Fig. A the exis-

tence of a surface cistern along a close membrane opposition. A = x40,000,

B = X53,400. C) Cytoplasmic bridges (arrow) between two lymphocytes X45,200. D)

Arrow indicates a single pseudopod penetrating in the target cell. Both cells are lym-

phocytes X42,750. E) Cell contact zone between fibroblasts. Septate-like filaments
cross the intercellular space X 72,250
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Fig. 6. J1) Desmosomes between Atype lining cells, x 22.600.B) Adhering fascia between two

fibroblasts, X22,600. C) Desmosome-like contact between processes of macrophages. Arrow

indicates a narrow cylindrical cytoplasmic bridge between cell processes. X71,200. D)
Multiple focal desmosome-like contact between fibroblasts. X40,000
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Fig. 7. A) Cell contact zones between lymphocytes. A fibrillar material is attached convergent-

ly to it, X71,200. B) Confronting subsurface cisternae with a contact zone between lymphoid

cells (arrow) X33,300. C) Close membrane opposition between macrophage and fibroblast.
Arrow indicates a surface cistern X51,300
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Discussion

The term junction generally refers to a variety of contacts between
cells or between cells and a closely opposed extracellular structure. This can be
characterized as a specialized region of short-range contact between two cells
which is associated with the differentiation of the contributing cell surface
membranes and the intervening intercellular material. Junctions between
cells can be classified into two large categories. In the first, plasma membranes
of neighbouring cells appear to come into direct contact as seen in electron
micrographs of standard thin sections. In the second category, plasma mem-
branes of adjacent cells are separated by an interspace of 150 350 A that
contains electron-dense material. The term occludens is used for a junction
where the adjacent plasma membranes of cells are in contact. The term
adhering describes a junction where by adjacent cell membranes are not in
direct contact but are attached to each other by a proteinaceous material in
the interspace [34].

As seen in thin sections, an adhering junction is composed of parallel
plasma membranes that are connected at their intercellular side by a thick
belt (zonula), sheet (fascia) or disc (macula) of electron-dense material. This
intercellular material can show different electron densities and structural
arrangements. In the cytoplasm along an adhering junction is a condensation
of filamentous material. This type of junction provides regions of strong
attachment of cells and serves as anchoring site for cytoplasmic filaments.

The characteristic feature of tight junctions in ultra-thin sections is
that the trilaminar plasma membranes of adjacent cells come into intimate
contact and their outer leaflets appear to fuse. The total thickness of the
junction is usually less than the sum of the thickness of the two plasma mem-
branes. This type of junction forms a local permeability barrier to the passage
of molecules and the flow of small ions by occluding the interspace between
adjacent cells.

One of the most common forms of cell junction is the gap junction, now
widely implicated in intercellular communication, in cell-to-cell transfer of
ions and molecules. By standard thin-section electron microscopy the gap
junction is not always easy to differentiate from the real tight junction. The
first clear indication that the gap junctions and tight junctions are separate
entities was provided by Revel and Karnovsky [28]. In ultra-thin sections,
both gap junctions and tight junctions can appear as a membrane modification
where plasma membranes come into intimate opposition. It was demonstrated
that a 20—40 A electron-lucent zone of space is to be seen between the outer
leaflets of membranes forming the gap junctions. This gap increases the
overall thickness of the junction to more than twice the thickness of non-
junctional plasma membranes and this is one of the most important differences
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in appearance between the gap and the tight junction. In addition, there
are other important structural differences between the two types of junctions.
At present, it seems that gap junctions serve at least two functions: cell
adhesion which is a function shared with occludents and adherents, and
direct cell-to-cell communication which may be mediated by gap junctions
alone. However, it must he stressed that data on the real function of gap
junctions are fragmentary.

An encouraging approach to the characterization of the structure of cell
junction is not always easy. Often only an isolated electron microscopic
photograph itself does not allow unambiguous interpretation and in many
studies insufficient data are available to establish a junctional class. Therefore,
in many cases, it would be better to use some non-committed term such as
close opposition or contact zones unless adequate data were obtained about
the nature of the studied cell contact.

The presence of different types of cell junctions between lining cells has so
far been this observed only in the animal synovial membrane [10, 30]. In
contrast with observation intercellular contacts do not exist in normal condi-
tion between lining cells in the human synovial membrane. However, in patho-
logical conditions such as RA, beside interdigitation of filopodia desmosomal
contacts can frequently be seen between A type synovial cells [2, 9]. but it
must be emphasized that these contacts are not specific indicators of the
pathological events in RA.

The complex interdigitations and membrane infoldings between lymho-
reticular cells found in abundance especially in dense modular cell infiltrates
in the rheumatoid synovium, closely resembled in ultrastructural aspect
those in alymphoid tissue following antigenic stimulation [11, 12, 13, 24, 27, 30,
35]. The intercellular contact between macrophage and lymphoid cells suggest
a particular interest because macrophages appear to play an essential role in the
process of antigen recognition inducing lymphocate proliferation and in antibody
formation [1, 5, 7, 14, 20, 26, 32, 33]. The direct intercellular contacts between
these cells may be regarded as a morphological sign of the above-mentioned
immune process in the rheumatoid synovial membrane. The occurrence of
blast cells with several differentiating forms of the lymphocyte-plasma cell
transformation line, the degenerated remnants of cells together with cells
similar to the tingible body macrophages may also support this suggestion [8,
18]. Furthermore, the several membrane adhérences, especially those between
macrophages and lymphoid cells described in multiple myeloma [3] and the
specific lymphocyte — target cell interaction, observed between stimulated
lymphocytes and fibroblasts [16], can also be considered the site of specific
immunological reactions. Close contact between lymphoid cells and macro-
phages in the rheumatoid synovium has recently been described by Ishikava
and ziff [15].
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Subsurface cisternae associated with cell contact zones located either
confronting on one side, are widely suggested as praecursors of special close
junctions or desmosomes [35]. Mitochondria, free ribosomes and fine fibrillar
substance were often found associated with the contact zones, giving the
impression of some functional importance. In contrast, along a real gajt or
tight junction, cytoplasmic orgahelles have not been observed.

At present, an unanimous functional interpretation of intercellular
junctions appears impossible. The presence of different types of direct cell
contact adherence zones and the filamentous intercellular bridges, raises the
question whether they are perhaps specific temporary structures, holding
together a given population of cells for close cellular interactions. There is a
body of evidence that a direct contact or a close cell association is required for
immune induction between lymphoid cells themselves and between lymphoid
cells and macrophages [26]. It is therefore interesting to speculate on the
possibility that the cell contacts observed in our material might prove the site
of a direct cellular interaction through which an exchange of mediators might
occur perpetuating the autoimmune processes in the rheumatoid synovium.
Further extensive studies are, however, required to support this assumption.
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ZELLKONTAKTE ZWISCHEN DEN LYMPHORETIKULAREN ZELLEN DER
RHEUMATOIDEN SYNOVIALMEMBRAN

T. NEUMARK

Die operativ entfernte Synovialmembran von 72 an rheumatoider Arthritis leidenden
Kranken wurde elektronenmikroskopisch untersucht.

Die Untersuchungen richteten sich in erster Linie auf die Erforschung der Zellkontakte
zwischen den die subsynoviale Schicht infiltrierenden, herdige und diffuse lymphoidzellige
Infiltrate bildenden Zellen. Im Untersuchungsgut wurden zahlreiche Typen von Zellkontakten
erkannt, wie einfache Zelleninterdigitation und Membranadhdsionen unterschiedlichen Typs,
gap and tight junction, Bildung von zytoplasmatischen und fibrillaren Bricken. Diese Zell-
kontakte kdénnen als morphologische Manifestationen funktionsabhdngiger interzellulérer
Wechselwirkungen aufgefalt werden.
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KNETOUHBIE COEAWHEHUSA MEXAY NUM®OOPETUKYNAPHBIMU KNETKAMMU
PEBMATOWAHOW CUHOBWAJ/IbHOW OBOJIOYKU

T. HEAMMAPK

OnepeTMBHO yfaneHHble CUHOBUa/IbHbIE 060/104KMN 72 60/bHbLIX PEBMATOUAHLIM apTPUPOM
GblIM U3yYeHbl B 3/1IEKTPOHHOM MUKPOCKONE.

ViccnegoBaHus Gblnv HanpaB/ieHbl B NePBYO 0Yepefb Ha BbISICHEHWE KNETOUHbIX CBSA3el
MeXZy K/eTKaMu, NponuTbIBaOLLMX CYy6CMHOBUA/IbHBIV CMOW 1 06pasytoLmx 04aroBy 1 and-
hy3HYH0 NUMGOKNETOUHYIO MHUAbTPaLM0. B nccnefoBaHHOM MaTepuane Habnoganmncs MHOro-
YNC/IEHHbIE TUMbl K/IETOYHbIX CBA3E/: MpoCTas MHTepAUrMTauusi, Mem6paHHOe MPUTSHKEHNE,
pas3nnuHbIX TMNOB, gap and tight junction, obpasoBaHve LMTONNA3MATUYECKMX U hnbpmuanbsp-
HbIX MOCTOB. 3TN K/IETOUHbIE CBSI3M MOXHO paccMaTpuBaTb Kak MOPGOnornyeckme nposiBfieHns
3aBUCUMbIX OT (DYHKLMU MEXKIETOUHbIX B3aUMOLENCTBUIA.

Orszagos Reuma és Fizioterapias Intézet,

Dr. Tamas Neumar
N “ H-1525 Budapest, Pf. 54., Hungary
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ELECTRON TRANSPORTING ENZYMES
OF RHEUMATOID CONNECTIVE TISSUE

D. Tanka and Maria Keller

(Received October 5, 1976)

The oxidative enzyme system of the synovial membrane and rheumatoid node
from rheumatoid arthritic patients has been studied by histochemical and biochemical
methods. As compared to the control synovial membranes, succinic dehydrogenase
activity was substantially higher in the rheumatoid arthritic synovial membranes, and
was still higher in the rheumatoid nodes, in which only the cells forming the palisade
had succinic dehydrogenase activity. As compared to the controls, in response to mena-
dione succinic dehydrogenase was significantly activated. The reducible ubiquinone
content of the rheumatoid synovial membrane and the rheumatoid node was by several
orders of magnitude higher than in the controls.

Several theories have been put forward to explain the pathogenesis of
rheumatoid arthritis. Each consideration has its realistic foundation, but none
of them will fully explain the pathological process and the effect of the thera-
peutic procedures. It can hardly be disputed that immunological events play
a significant role in the pathological process or its phases [3]. The release of
lysosomal enzymes [15] occupies a prominent place among the aetiological
factors. Less attention has been devoted to the metabolism of rheumatoid
connective tissue and to the electron transport mechanism.

Material and methods

Fresh surgical specimens from rheumatoid arthritic patients (synovial membrane,
rheumatoid nodule) and synovial tissue obtained 4 to 6 hours after death were studied. Fresh
cadaver synovial membrane was used as the control. Processing began 10 minutes after op-
eration or autopsy. From part of the tissue specimens 4 micron cryostat sections were prepared
without fixation; the other part was used for biochemical studies of the following enzymes.

For the demonstration of dehydrogenases, p-nitrotetrazolium blue (NBT) was used
as the hydrogen acceptor, at an end concentration of 0.01%.

1. Succinic dehydrogenase (E.C.1.3.99.1) substrate: 30 mM sodium succinate, 0.1 M
Sorensen buffer, pH 7.4. Incubation for 25 minutes [6].

2. Succinic dehydrogenase -f- menadione: to the above incubating mixture 0.1% me-
nadione was added. Incubation for 25 minutes [13, 12, 14].

3. Lactate dehydrogenase (E.C.1.1.1.27) substrate: 10 mM sodium lactate, 0.75 m/Vi
NAD. 20 mM Mg chloride, 15 mM sodium cyanide, 0.1 M Sorensen buffer, pH 7.4. Incubation
for 35 minutes [5].

4. Malate dehydrogenase (E.C.1.1.1.37) substrate: 10 mM sodium malate, 0.75 mM
NAD. 20 mM Mg chloride, 15 mM sodium cyanide, 0.1 M Sorensen buffer, pH 7.4. Incubation
for 35 minutes [5].

In honour of the 70th anniversary of Professor K. Farkas.
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5. i-citrate dehydrogenase (E.C.1.1.1.42) substrate: 10 mM sodium citrate, 0.75 mM
NADP, 15 mM sodium cyanide, 0.1 M Sorensen buffer, pH 7.4. Incubation for 35 minutes [7].

6. DPNH-diaphorase (E.C.1.6.99.1) substrate: 0.1 mM NADH2 0.2 M tris-HCI buffer,
pH 8.0. Incubation for 10 minutes [5].

7. Cytochrome c oxidase (E.C.1.9.3.1) indicators: 0.2 mM p-amino diphenylamine and
0.1% néotétrazolium chloride, 0.1 M Sorensen buffer pH 7.2. Incubation for 35 minutes [1].

8. Demonstration of quinones: indicators: 40 mM hydroquinone and 0.01% tetranitro-
tetrazolium blue (TNBT), 0.1 M Sorensen buffer pH 7.6. Incubation for 15 minutes [11].

Quantitative enzyme activity assays:

The tissue specimens, after adding to them distilled water in aratio of 1:10 net weight
were homogenized with an ULTRATHURAX bladed homogenator, centrifuged at 5000 r. p. m.
and the supernatans were processed, adding each time 0.2 ml to the appropriate incubating
mixture. Except for two cases, the histochemical incubating mixture was used for the quanti-
tative assays, but instead of nitro-BT iodo-nitrotetrazolimn blue (INT) was used, at a con-
centration of 0.1 mg/ml. The formazane formed was measured at 5000 nm, in 1ml cuvette,
with a Spektromom 202 photometer.

1. Succinic dehydrogenase: substrate 20mM sodium succinate, 0.01 M Sorensen buffer,
which contained in physiological proportion sodium chloride, potassium chloride and calcium
chloride. Incubation for 15 minutes [8].

2. Succinic dehydrogenase -f- menadione: to the above incubating mixture was added
0.1% menadione. Incubation for 15 minutes [2].

3. Lactate dehydrogenase: substrate 10 mM sodium lactate, 0.4 mM NAD, 0.2 mM
magnesium chloride, 1.5 mM sodium cyanide, 0.1 M Sorensen buffer. pH 7.4. Incubation for
10 minutes.

4. Malate dehydrogenase: substrate 10mM sodium malate, 0.4 mM NAD, 2 mM mag-
nesium chloride, 1.5 mM sodium cyanide, 0.1 M Sorensen buffer pH 7.4. Incubation for 10
minutes.

5. i-citrate dehydrogenase (E.C.1.1.1.41) substrate: 10 mM sodium i-citrate, 0.4 mM
NAD, 1.5 mM sodium cyanide, 0.1 M Sorensen buffer pH 7.4. Incubation for 10 minutes.

6. DPNH-diaphorase: substrate 0.4 mM NADH2 0.2 N. Tris-HCI buffer pH 8.0. In-
cubation for 5 minutes.

7. Cytochrome coxidase: indicators: 0.2mM p-amino-diphenylamine, 0.2 mMp-metoxy-
p-phenylene diamine, 0.1 M Sorensen buffer pH 7.2. Incubation for 10 minutes.

8. Quinone determination: indicator: 4 mM hydroquinone, 0.1 M Sorensen buffer pH
7.6. Incubation for 15 minutes.

9. Protein was determined by the biuret reaction.

The enzyme activities were so calculated that serial dilutions were prepared from INT,
then it was converted to formazan by means of alcaline ascorbicacid reduction.The diagram
of formazan concentration was plotted.

Ubiquinone assay [2, 4]. A predetermined quantity of the specimen was dehydrated
by braying with sodium sulphate, then it was extracted according to Soxhlet with ethanol
containing alkaline pyrogallol. The extract was purified by shaking out with n-heptane, con-
centrated by vacuum distillation, and the residue was dissolved in chloroform.

The chloroform solution was chromatographed on Silicagel G plate, in 1: 1 mixture of
benzene-chloroform. The ubiquinone fraction detected in UV light was eluted in ethanol, spec-
trophotometrized at 2750 and 2900 nm, then, after borohydride reduction, the extinctions were
determined again at the wave lengths specified above. The difference at 2750 nm represented
the so-called reducible ubiquinone content.

Results

In the synovial membranes studied by histochemical methods the most
intensive oxidative activity was usually found in the lining cells.There was also
significant activity in the areas of inflammatory (lymphoid) infiltration (Figs
I and 2). In the control synovial membranes the activity of the cells covering
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the surface was more intensive than that of the connective tissue cells under
the surface. An exception was succinic dehydrogenase activity. In the control
synovial membrane this activity was absent or could hardly be detected.
In the specimens from rheumatoid arthritis patients succinic dehydrogenase
activity was slightly increased, almost escaping detection under the microscope.
On adding menadione to the incubating solution, the activity increased. In
this case the covering cells and the elements of round cell infiltration showed
somewhat more intensive activity than the connective tissue cells of the
ground tissue.

A different pattern of enzyme activity distribution was found in the
rheumatoid nodules. The activities of the dehydrogenases testiil were more
intensive in the cells forming the palisade demarcating the fibrinoid, than in the
cells of the granulation tissue, although the latter showed considerable enzyme
activities (Figs 3—7). Here too, succinic dehydrogenase was an exception.
While its activity was marked in the cells forming the palisade, it was hardly
demonstrable in the granulation tissue (Fig 8). In response to menadione the
enzyme activity of the palisade cells increased slightly, hardly discernible
under the microscope, whereas a significant activation of succinic dehydro-
genase resulted in the cells of the granulation tissue (Fig. 9). Histochcmical
studies of the distribution of tissue ubiquinone (quinone) revealed high activ-
ity in the cells forming the palisade and a low activity in the granulation
tissue cells (Fig. 10).

The results of quantitative enzyme activity and ubiquinone assays
carried out in synovial tissue and in the rheumatoid nodule corresponded well
to the values estimated histochemically. As compared to the controls, the
activity of the oxidative enzymes tested was higher. The value for succinic
dehydrogenase was hardly different from that found in the control synovial
tissue. It was, however, conspicuous, how markedly succinic dehydrogenase
activity increased in response to menadione (Table I). The total quinone
content in the rheumatoid arthritic synovial membranes was almost threefold
that in the controls. The reducible ubiquinone content increased by one order
of magnitude as compared to the control (Table I1).

In the rheumatoid nodes oxidative enzyme activities were high and so
was the activity of succinic dehydrogenase. The quantity of succinic dehydro-
genase activated with menadione was less than on the rheumatoid synovial
membrane. As compared to the control synovial membrane, the reducible
ubiquinone content was two orders of magnitude lower, and as compared to the
rheumatoid arthritic synovial, one order of magnitude lower.
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Intensive lactate dehydrogenase reaction in the lining cells of the synovial
andin lymphoid infiltration. X 30
Malate dehydrogenase activity of synovial membrane in p. c. p. X 30
Intensive lactate dehydrogenase reaction in the palisade cells and the
granulations tissue of the rheumatoid nodule, x 30
Malate dehydrogenase reaction to the rheumatoid nodule; the localization
is similar to that of lactate dehydrogenase. X 30
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Fig. 5. NADU diaphorase reaction in rheumatoid nodule, similar in localization
to that of lactate dehydrogenase. X30
Fig. 6. Isocitrate dehydrogenase activity of rheumatoid nodule. The localization
is similar to the previous one but of less intensity than the others. X30
Fig. 7. Cytochrome oxidase activity. Medium reaction in the fibrinoid demarca-
ting cells and weaker one in the granulation tissue, x 30

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



142 D. TANKA ct al.

Fig. 8. Succinic dehydrogenase reaction demonstrated only in the palisade cells.
X30
Fig. 9. Under the effect of menadione succinic dehydrogenase activity of the
palisade cells increased, and appeared in the granulation tissue too. X30
Fig. 10. High ubiquinone content in the palisade cells and low in the granulation
tissue. X30
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Table 1

SDH SOH K, ] LDH MDH

mg formazan/100 mg protein

2.1 2.5 3.7 5.1
1.8 10.3 6.1 4.4

p < 0.03 p <011 p < 0.03 p < 0.09
3.9 5.9 7.6 5.1

p < 0.16 p < 0.05 p < 0.07 p < 0.06
3.5 5.3 7.5 6.2

p < 0.12 p < 0.14

i-COll DPNH 1). CYT. Ox. QUINONE

mg formazan/100 mg protein

_ 3.5 - 4.6
4.1 4.8 10.8 16.4
p < 0.08 p <011 p < 0.09
7.9 7.1 12.5 14.6
p < 0.12 p < 0.07
9.8 18.3 19.2
p < 0.18
Table Il
Ox. Red. Redueible

The used materials

CoQ Cont. in mg/ICOg wet weight

Syn. autopsy cont. 0.73 1.98 0.01
Syn. autopsy p.c.p. 0.88 3.63 0.22
p < 0.05 p < 0.03 p < 0.01
Syn. biopsy p.c.p. 0.76 2.68 0.28
p < 001 p < 0.01 p < 0.01
Rheumatoid nod. 8.20 16.06 2.02
p < 0.09 p < 0.10 p < 0.07
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Discussion

Our investigations have confirmed the hypothesis that the metabolism
of the rheumatoid arthritic synovial membrane and of the connective tissue
cells of the rheumatoid node was significantly different from that of the syno-
vial membranes from non-rheumatoid arthritic patients. In general, an in-
creased oxidative metabolism isto bereckoned with in inflammatory processes.
This was the case also with rheumatoid arthritis, as indicated by the higher
activities of the dehydrogenases investigated as compared with those in the
controls.

A substantial difference was demonstrated between the succinic dehydro-
genase activity of the rheumatoid arthritic granuloma (Meynet’s node) and
that demonstrable histochemically in other granulative joint diseases (gout,
pseudogout) [9, 10]. Special attention has to he paid to the difference in succinic
dehydrogenase activity between the cells demarcating the fibrinoid (those
forming the palisade) and the chronic granulation tissue surrounding it.
The high succinic dehydrogenase activity of the demarcating cells has made us
to study the ubiquinone content of this structure, and it was observed that the
ubiquinone content of the cells forming the palisade was significantly higher
than that of the connective tissue cells of granulation tissue.

The rheumatoid synovial membranes contained much more reducible
ubiquinone,which can be utilized in biological oxidation, than the controls, but
there was a conspicuous quantity of reducible ubiquinone in the rheumatoid
node, too. On the basis of the histochemical evidence it may be assumed that
most of the latter is to be found in the cells forming the palisade. This seemed
to follow from the histochemical and biochemical tests carried out with
menadione.

In general, the activity of succinic dehydrogenase activated by menadi-
one increased in the synovial membrane, but, as suggested by the histochemi-
cal evidence, in the rheumatoid node the activation can be demonstrated in the
granulation tissue in the first place. This observation may he supplied only by
further investigations.

It is suggested that the granulation tissue displays a low succinic dehydro-
genase activity because it contains little ubiquinone necessary for activation.
Thus, the succinic dehydrogenase enzyme molecule is present in the cells hut
the optimum amount required for activation is missing. Another possibility is
that the granulation tissue contains such a succinic dehydrogenase isoenzyme
which requires some other quantity of, ubiquinone for its activation. The latter
seems to be supported by the fact that, according to our disk electrophoretic
studies, menadione would activate merely one of the succinic dehydrogenase
isoenzymes.
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HISTOCHEMISCHE UND BIOCHEMISCHE UNTERSUCHUNG DER ELEKTRONEN-
TRANSPORTIERENDEN ENZYME DES RHEUMATOIDEN BINDEGEWEBES

D. TANKA und MARIA KELLER

Das oxydative Enzymsystem der Membrana synovialis bzw. des rheumatoiden Knotens
von Kranken mit rheumatoider Arthritis wurde mittels histochemischer und biochemischer
Verfahren untersucht. Den Ergebnissen nach ist in der Membrana synovialis der Kranken mit
rheumatoider Arthritis die Sukzinodehydrogenaseaktivitdt wesentlich héher als in den Kon-
troll-Synovialmembranen, aber noch erheblicher ist sie in den rheumatoiden Knoten, in denen
nur die die Palisade bildenden Zellen eine Sukzinodehydrogenaseaktivitdt aufweisen. Mit Me-
nadion l4Rt sich im Vergleich zu den Kontrollen sehr bedeutende Sukzinodehydrogenaseakti-
visierung aufzeigen. Der Gehalt an reduzierbarem Ubiquinon ist in der rheumatoiden Mem-
brana synovialis und in den rheumatoiden Knoten um mehrere GroRenordnungen hoher als
in den Kontrollen.

MCTOXMNYECKOE N BNOXMMNYECKOE W3YYEHWME
3NEKTPOHHOTPAHCIMOPTHbLIX 3H3MMOB PEBMATOWAHOW
COEAVHUTENIbHOW TKAHW

0. TAHKA v MAPUA KENNEP

OKuCcnTENbHAA 3H3MMATUYECKas CUCTEMa CMHOBWA/IbHOW 060/104KM WK pesmatong-
HOro ysna 60/1bHbIX pesmMaTongHbIM apTpPUTOM 6blna n3yyeHa C NMOMOLLUbHD TUCTOXUMUYECKUX U
BNOXMMUYECKNX MeTogoB. CornacHo pesynbtaTtam B CMHOBMa/bHOM 060/104Ke 6OMHbIX peBma-
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TOMAHBLIM apTPUTOM aKTUBHOCTb CYKLMHOAETMAPOreHasbl HAMHOrO Bbille YeM B KOHTPOSbHbIX
CYHOBMA/IbHbIX 060/104KaX, M OHA elle Bbllle B PEBMATOWAHbIX Y3MaX, B KOTOPbIX aKTUBHOCTb
CYKUVHOZernaporeHasbl BbisiBNsieMa TOMbKO B KNeTKax, o06pasylolmx nanvcag. Mpu nomoLm
MeHaiMoHa yaanoch BbISIBUTb MO CPABHEHMIO C KOHTPOMSIMW OYeHb 3HAUUTENbHYI0 aKTUBHOCTb
CYKLUMHogernaporeHasbl. Cofiep>kaHuie BOCTAHOB/IMBAEMOTO YBUXMHOHA B PeBMAaTOUAHOW CHHO-

BMaNbHOW 060/104KE U B PEBMATOMAHBIX Y31aX MPEBbILAET HAa MHOMMe MOPSIAKM BE/IMUMH ero
KOHLIEHTPALNIO B KOHTPO/AX.

Dr. Dezs6 Tanka | Orszagos Reuma és Fizioterdpids Intézet,
Dr. Maéaria k er1er J H-1525 Budapest, Pf. 54.. Hungary
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Second Institute of Pathology, Semmelweis University Medical School, Budapest

INFLUENCE OF MEMBRANE ACTIVE SUBSTANCES
ON CELL SURFACE MORPHOLOGY OF CULTURED
AORTIC ENDOTHELIAL CELLS

Eva Csonka, B.Bernolék,A. S K och and H.Jelllnek

(Received October 26, 1976)

1. The changes occurring on the surface of cultured aortic endothelial cellsunder
the influence of exogenous cholesterol, lysolecithin, or cholesterol lysolecithin were
pursued by scanning and transmission electron microscopy.

2. Both compounds were found to cause surface changes under different quan-
titative relations, as shown by scanning electron microscopy of unfixed preparations.
The changes were less significant in preparations fixed prior to the scanning — or
transmission electron microscopic examination.

3. Other cell lines maintained in this laboratory and similarly treated with
cholesterol, were found to be less responsive than the endothelial cells.

4. Cholesterol content was determined by thin layer chromatography in six
different cell lines, before and after the addition of cholesterol. Only the endothelial
cells showed a notable rise of cholesterol content after treatment. This fact may confirm
our finding that cholesterol induced morphological changes were demonstrable only
in the endothelial cells.

Among the cellular components of the vascular wall the endothelial cells
play in all probability a major role in the development of initial atherosclerotic
changes. Various blood-borne materials, which may injure the vessel wall, are
contacting the endothelial cells first, and the permeability of the endothelial
cell membranes among others allows the passage of such materials across, or
their deposition, in the vessel wall. The influence of membrane active sub-
stances has chiefly been studied in vitro cell cultures, because the in vivo approach
is extremely difficult. Since the various cell types may have dissimilar functions,
cultured homogeneous cell populations arc the ideal models for such investi-
gations.

In this laboratory a pure endothelial cell line [2, 3] was obtained from
pig aortic endothelium. The cultured cells were identified as true endothelium,
by light and electron-microscopic morphology. Among the many factors
involved in atherogenesis, cholesterol and lysolecithin were studied for this
influence on cultured endothelial cells, in the first stage chiefly by morpholog-
ical methods. Both compounds are acting on the cell membrane. It is known
that a high-cholesterol diet injures the aortic endothelial cells of experimental
animals [1]. Cholesterol, being a normal component of the cell membrane,
influences its physical and chemical properties, including permeability. Lysolec-
ithin has been shown to be present at elevated levels in the intima and media
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of the atherosclerotic aorta [5]. It is also known that lysolecithin injures the
cell membrane.

In view of these considerations, the probable injury of the surfaces of in
vitro cultured aortic endothelial cells by cholesterol and lysolecithin was
studied by scanning and transmission electron microscopy. Other cell lines
available in this laboratory were similarly examined for comparison. Further-
more, the cholesterol contents of in vitro cultured endothelial and other cells
were assessed by thin layer chromatography before and after the addition of
cholesterol.

Materials and methods

Cell cultures

Passages 7 to 10 of the miniature-pig aortic endothelial cell culture BAEC-203 (Buda-
pest Aortic Endothelial Cell Line), maintained in this laboratory.

Passages 104 to 110 of the modified heteroploidic aortic smooth muscle cell line BASC-76
(Budapest Aortic Smooth Cell Line), obtained from miniature-pig aorta and maintained in
this laboratory.

Guinea-pig fibroblast cell line T-23, maintained in this laboratory.

Monkey kidney epithelial cell line 111/l (National Institute of Public Health, Buda-
pest).

HelLa international standard cell strain.

BHK suckling hamster kidney cells, international standard strain.

All cell cultures used in the experiment were grown in Parker-199 medium containing
10% calf serum. Cultures grown in 2 litre Roux-flasks were used for thin layer chromatography,
and coverslip cultures grown in Leighton tubes for scanning electron microscopy.

Treatment with cholesterol and lysolecithin

A 10~2M stock solution was prepared from cholesterol (NBC, USA, S. C. W. grade)
in dimethyl formamide (Form-dimethyl-amide, BDH, England). Further dilutions of the
stock solution, ranging from 10-4M to 10_2M, were prepared in Parker-199 medium containing
10% calf serum. The endothelial cells were incubated in the nutrient media containing different
concentrations of cholesterol at 37 °C for 24 hours.

The lysolecithin (Calbiochem. Lot. 400205 B grade M. W. 497.7) stock solution, also
10_2M, was prepared in PBS (pH 7.2), to which crystalline bovine albumin was added. Further
dilutions were prepared as above, in Parker-199 medium containing 10% calf serum. The cells
were incubated in the lysolecithin-containing medium for 24 hours.

Thin layer chromatography

Cells cultured in Roux-flasks were washed in PBS, detached from the glass by treatment
with 0.25% trypsin and 0.1% versene, and dissolved in PBS. The cell suspension so obtained
was washed by centrifugation in PBS. In each test 3 X107cells were used, in 1 ml total volume.
The cells were disrupted by three cycles of freezing and thawing, then incubated for 5 minutes
in a 50 °C water bath after the addition of 10 ml chloroform-methanol (1 : 1) mixture, and
passed through filter paper. The filtrate was evaporated and the residue was resuspended in
1 ml chloroform-methanol (1:1) mixture.

The cholesterol content of the nutrient media was determined by shaking out three
times with chloroform-methanol (1 : 1) in 10 ml lots, then treated further as above. The calf
serum added to the nutrient medium was checked by processing a 1 ml amount of it in the
undiluted state as above.

The cholesterol control series was diluted in chloroform-methanol (1 : 1).

Thin layer chromatography was carried out as proposed by Pitz and Frick [4] and
Zotiner and Wolfram [9] using PcR gram Sil. G. Macherey —Nagel plates.
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Scanning electron microscopy

1. The coverslip cultures were washed in PBS, rinsed three times for 1second in distilled
water and were immediately mounted on copper plate and dried in vacuum. Pressure was re-
duced gradually to 10_:{mm Hg in 10 minutes, and to 5 X10~5mm Hg in another 10 minutes.
The coverslip cultures were fixed for 2 hours in 6% glutaraldehyde containing Holt solution,
washed in phosphate buffered saline after fixation, and dehydrated in step-graded ethanol
and acetone.

Pieces of the coverslip, carrying the differently processed cells were coated with carbon
(50 A thick) and gold (200 A thick), and shadowed with copper at the angle of 20°. The prep-
arations were examined in a scanning adapter connected with a JEM 100 B electron micro-
scope, at 40 KV voltage and 60 // beam amperage.

Transmission electron microscopy

For transmission electron microscopy the cells were grown in Falkon plastic flasks. After
outgrowth of the cell sheet, the preparation was fixed in 2.5% glutaraldehyde for 1 hour and
postfixed in 1% OsOj for 30 minutes. Both fixing procedure were followed by washing for
2x10 minutes in phosphate buffer pH 7.3. After rapid dehydration in step-graded ethanol,
the specimens were embedded in Araldite. The ultrathin sections were stained with uranyl
acetate and lead citrate. The preparations were examined in a JEM 100 B electron microscope.

Results

Figure 1. The endothelial cells incubated in the presence of cholesterol at
various concentrations carried on their surfaces many small pits about 1500 A
in diameter, and the cell margins were indefinite. The degree of this superficial
change was decreasing as the concentration of cholesterol was reduced.

Figure 2/a—g. Since at low magnification, many pits were seen on the
surface of untreated endothelial cells, high magnification scanning electron
micrographs were prepared of cholesterol treated and untreated cells for the
sake of comparison. The pits on the untreated cells were considerably larger
and dissimilar in size as compared to the pits treated cells, which had a more
even appearance. At high magnification the cell surface appeared smooth, and
the configurations seen under low power as small rosette-like groups were
identified as gaps through which the original cell surface became visible. In the
control cells, the structures appearing like pits under low power were indentified
as small pores in an intricate surface structure.

Figure 3. Since the colesterol dilutions were prepared in dimethyl-forma-
midé, the 10~4M dilution of cholesterol contained 10~ (v/v) concentration
of the diluent. For this reason, the diluent was checked for influence on the cell
surface. It did in fact cause changes on the cell surface, thus, the alteration
caused by 10~4M cholesterol in 10~3 (v/v) dimethyl formamide were attributed
to both compounds.

Scanning electron micrographs were made of the cholesterol treated
laboratory cell lines, for the sake of comparison. These were in fact consid-
erably less affected by cholesterol than the endothelial cells, and did not
show significant morphological changes. Since the different cell cultures
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Fig. 1. Scanning electron micrograph of endothelial cells treated with cholesterol at different concentrations. C = control.
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Fig. 2. Scanning electron micrographs of cultured endothelial cells treated and not treated with 10-,M cholesterol, a) Untreated cell.
x 1500; b) untreated cell, x 10.000; c) untreated cell, x 50,000; d) cell treated with 10 M cholesterol, x 1500; e) cell treated with 10-4M
cholesterol, x 10,000; f) cell treated with 10-,M cholesterol, X50,000
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Fig. 3. Scanning electron micrographs of dimethyl formamide-treated endothelial cells.
a) X 1500; b) X 3000

Fig. 4. Cholesterol content in various cell lines

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



CULTURED AORTIC ENDOTHELIAL CELLS 153

Fig. 5
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Fig. 5. Effect of cholesterol and lysolecithin on cultured endothelial cells. Effect of treatment with lysolecithin. a—b—c) cells treated
with 10-JM lysolecithin xIOOO, x 3000, x20,000; d—e -f) cells treated with 10->M lysolecithin for 24 hours x 1000, X x 3000, x 10,000;
g—h —i) effect of treatment with lysolecithin-cholesterol

¥ST

‘le 18 ¥MNOSO VA3



CULTURED AORTIC ENDOTHELIAL CELLS 155

Fig. 6. Scanning electron micrographs of fixed endothelial cells treated and not treated with
10~'M cholesterol, a) untreated cells, X2000; b) cell treated with 10_1M cholesterol. x2000

responded in a different manner, they were examined by thin layer chroma-
tography for cholesterol content before and after treatment.

Figure 4. The cholesterol contents of the examined cells differed with the
types although the same nutrient medium was used for all. The cholesterol
content did not change on 24 hour incubation with 10 4M cholesterol in any
type except in the endothelial cell, in which it rose considerably.

Figure 5a—i. Treatment ofthe ce!!® with 10~4M lysolecithin caused much
less pronounced changes than treatment with cholesterol at an identical
concentration (Fig. 5 a—c). If after 24-hour exposure to lysolecithin the cells
were additionally treated with cholesterol, the surface changes reached maxi-
mum degree (Fig. 5d—f). If, however, 10 'M lysolecithin and 10~4M cholesterol
were added simultaneously to the nutrient medium in which the cells were
incubated for 24 hours, only moderate changes developed on the surface
(Fig. 5 g—).

Figure 6/a—h. Cell morphology is obviously affected by the fixation proce-
dures. Transmission electron microscopic examinations cannot be performed
on unfixed preparations. Thus, for comparison, cholesterol treated and fixed
endothelial cells were studied also by scanning electron microscopy. In fixed
preparations the differences between the cholesterol treated and control cells
were unimportant. The morphology of the cultured endothelial cells was,
however, fairly different according to the method of fixation.

Figure 7/a—c. By transmission electron microscopy the effect of 10-4M
cholesterol was demonstrable by the significant increase in the number of
lipid inclusions, as compared to the control. At lower concentrations of added
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Fig. 7. Transmission electron micrographs of cholesterol and lysolecithin treated cultured endo
thelial cells, a) untreated control cell, x8000; b) cell treated with 10-4M cholesterol. X8000
c) cell treated with 10_4M cholesterol and 10-4 M lysolecithin, X8000
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cholesterol the number of lipid inclusions was not significantly higher than
usually seen in cultured cells. If, however, 10-4M cholesterol and 10-4M
lysolecithin were added simultaneously to the cells for 24 hours, only moderate
changes were observed. This was in accordance with the observations made by
scanning electron microscopy.

Discussion

The present results clearly show that the different cell types responded in
a different manner to exogenous cholesterol. The still diploidic endothelial cell
culture was more sensitive to cholesterol than were the two other cell lines.
Asto the morphological details ofthe change, our interpretation is still hypothet-
ical. Reference should be made to the observation of Rotnb1ac [7, 8] that on
exposure to hyperlipaemic serum many vacuoles are in the cytoplasm of in vitro
cultured hepatoma cells and the isolated vacuoles contained cholesterol ester.
On the other hand, not all cell types accumulated cholesterol in this manner.

Reduction ofcell membrane fluidity is another known effect of cholesterol.
The change, taking place in the membrane structure of endothelial cells under
the influence of cholesterol, is probably such that the subsequent short exposure
to distilled water can bring about visible changes on the surface. Rinsing of
untreated control cells in distilled water did no result in similar changes. The
intensity (degree) of the changes was decreasing parallel with the rising
dilutions of cholesterol. This can be ragarded as an indirect proof of the speci-
ficity of the cholesterol effect.

As revealed both by SEM and TEM, only minimal changes occurred in a
second experimental series, in which equimolar quantities of cholesterol and
lvsolecithin were simultaneously added to the cell suspension. The observa-
tion fb] that cholesterol and lysolecithin form a stable complex and eliminate
each other’s action when mixed at equimolar concentrations, may account for
the phenomenon.

The surface of untreated cells studied by scanning electron microscopy
of unfixed preparations was considered to represent the least distorted normal
morphology. The changes observed after treatment with cholesterol at low
concentrations were therefore accepted as signs of a specific effect. Fixation
procedures themselves may cause some minor changes in the normal ultra-
structure, thus, probably masking the fine effects of low concentrations of
cholesterol on the Aveak molecular interactions within the cell membrane.

We are aware that when evaluating the cell culture experiments, consid-
eration should be given to the fact that scores of factors other than cholesterol
are influencing the function of the same cells in vivo. The experimental results
obtained with in vivo cultured cells are related to isolated functions, and
conclusions to in vivo relations can only be drawn from them with due criticism.
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DIE UNTERSUCHUNG DER WIRKUNG MEMBRANAKTIYER STOFFE AUF
DER MORPHOLOGIE DER OBERFLACHE GEZUCHTETER ENDOTHELIALZELLEN
DER AORTA

E. CSONKA, B. BERNOLAK, A. S. KOCH und H. JELLINEK

1. Verfasser untersuchten mittels scanning- und transmissio ns-elektronenmikrosko-
pischer Methode die auf der Oberflache der in vitro geziichteten En dothelialzellen der Aorta
vor sich gehenden Veranderungen unter Einwirkung Cholesterin, Lisolezithin und auf Wirkung
beider Stoffe gemeinsam.

2. Beide untersuchten Verbindungen riefen unter verschiedenen qualitativen Bedingun-
gen Veranderungen an der Zelloberflaiche hervor, wenn die Zellen im unfixiertem Zustand
mittels scanning-elektronenmikroskopischer Methode untersucht wurden. Die Verdnderungen
waren weniger bewertbar, wenn die Zellen in fixiertem Zustand mittels scanning-Methode
oder mittels Transmissions-Elektronenmikroskopes untersucht wurden.

3. Zecks Vergleiches untersuchten Verfasser auch die Zelloberflache verschiedener La-
boratoriums-Zellkulturen nach Behandlung mit Cholesterin und diese reagierten weniger auf
die Cholesterinbehandlung als die Endothelialen Zellen.

4. Mittels Dunnschichtcliromatographe verglichen Verfasser den Cholesteringehalt von
sechs verschiedenen Zellkulturen vor und nach Hinzugabe von Cholesterin. Nur bei den endo-
thelialen Zellen vergréRerte sich auf Einwirkung exogenen Cholesterins der Cholesteringehalt
bedeutend. Das unterstitzt jene Beobachtung, laut welcher die durch Cholesterin hervorge-
rufenen bedeutenden morphologischen Verdnderungen nur an einer Kultur von Endothelial-
zellen beobachtet werden konnten.

N3YYEHNE MEMBPAHHO-AKTVMBHbIX BEWECTB HA MOP®OJ/IOI MO
MOBEPXHOCTUN KYNbTUBUPOBAHHbLIX SHAOOTE/INMANBbHbBLIX KJ/IETOK AOPTbI

EBA YOHKA, 6. BEPHO/MAK, A. W. KOX, X. NENJINHEK

1 ABTOpbl M3y4ann METOAOM OTPaXKaTe/IbHON (CKaHMpOBaHME) M TPAHCMUCCUOHHOM
3/1EKTPOHHON MMKPOCKOMMUM M3MEHEHWs1, MPOUCX0AALMe Mof AelCTBMEM XONecTepuHa, 130
NeyMTUHA WM NOCNe COBMECTHOTO BBEAEHUS 3TUX BELLeCTB Ha MOBEPXHOCTU SHAOTeNManbHbIX
KNETOK aopThbl, Ky/NbTUBMPOBAHHLIX in Vitro.

2. B cnyyae u3yuyeHMsi K/eTOK 6e3 (Kcauum MeTOAOM OTpaxaTe/lbHOl 3/1eKTPOHHOM
MUKPOCKOMMM 06a COEAVMHEHWUS BbI3BA/IN MU3MEHEHUSI MOBEPXHOCTM KNETOK, MPU pPasfiMuHbIX
KOMIMYECTBEHHbIX YCN0BUAX. VI3MeHeHU 6bliv TPYAHEe OLEHUMbI, KOra KNeTKW U3ydanucb me-
TOIOM OTpaXkaTesflbHOM MM TPAHCMUCCUOHHOM 3/1eKTPOHHOM MUKPOCKONUK 6e3 (rKcaLmu,
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3. B Uensix cpaBHeHWs1 M3ydyanacb TakXe MOBEPXHOCTb K/ETOK APYruX Na6opaTopHbIX
K/METOYHbIX KYNbTyp, Moc/e BBeaeHUs xonectepuHa. OKasanocb, UTO OHW pearmpoBasv B MeHb-
LLeli Mepe Ha XONecTepuH, YeM 3HAOTeNMaNbHble KIETKU.

4, MeTofioM XpomaTorpaduy Ha TOHKOM C/10e aBTOPbI CPaBHMUBa/IM COflepXXaHue XonecTe-
pyHa 6 pasnMUHbIX KNETOUHBLIX KyNbTyp A0 W nocne Ao6aBfeHns XxonectepuHa. Mog BAMsSiHUEM
3K30MeHHOr0 X0/1IecTepuHa 3HAUYMTEeNIbHOE MOBbILLIEHWE ero CoAepPXKaHusa Habaanock TONbLKO B
3HAOTENMANbHBLIX KeTKax. 3TUM MOAKPENsSeTcs NpexHee HabMoAeHWE aBTOPOB, COM/AcHO
KOTOpPOMY 60/1ee 3HAUUTE/IbHbIE MOP(O/IOrMUECKMe W3MEHEHWUS, BbI3BaHHbIE XOMECTEPUHOM,
yAanochb BbISBUTb TOMbKO B Ky/bTYpax 3HAOTENNANbHbLIX KNETOK.

Dr. Eva Csonka

Dr. Béla BernolAk
Dr. A. Sandor KoeH
Dr. Harry Jellinek

Semmelweis Orvostudomanyi Egyetem
Il. sz. Kdrbonctani Intézet
H-1450 Budapest, UllGi at 93., Hungary
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Department of Zoology, College of Basic Sciences and Humanities, Punjab Agricultural Uni-
versity, Ludhiana, India

COMPARATIVE DIMENSIONAL CHARACTERISTICS
OF SPERMATOZOA IN MURIDAE

K. S. SIDHU and S. S. Guraya
(Received December 11, 1976)

A comparative study has been made of the dimensional characteristics in six
species of Muridae (Malardia mellada, Bandicota bengalensis, Albino rat, Rattus norvé-
giens, Mus booduga, Rattus rattus). Characteristic differences were found in the dimensions
of their spermatozoa. Head dimensions viz., acrosome length, width, area and post-
acrosomal area, vary significantly between different species but the differences are
significant w'ithin individuals of the same species. Flagellum dimensions viz., mid-piece
length, breadth, area and main-piece length also vary significantly between different
species; within individuals of the same species the differences are not significant except
for mid-piece breadth, which varies significantly both between and within the species.
The ratio of flagellum to head varies significantly between species but the difference
is not significant within individuals of the same species. The significance of the variabil-
ities is discussed.

Introd notion

Variations in the phenotype of spermatozoa in different vertebrate and
invertebrate species, independent of age and other non-genetic factors have
been reported [2, 5, 6,9, 14]. B earty [3] suggested the genetic control of the
size and shape of different parts of organelles of mammalian spermatozoa.
Braaen [6] demonstrated the first genetically controlled differences in size
and shape of the mouse spermatozoon head. Inherited variations in the dimen-
sions of spermatozoa have been shown to exist between inbred strains, which are
not affected by the environment. The present study was undertaken to deter-
mine the degree of variability in comparative dimensional characteristics of
spermatozoa in some closely related species of Muridae. An additional aim was
to determine whether the dimensional characteristics of spermatozoa can be
used for taxonomical purposes.

Material and methods

Sexually mature soft furred field rat (Malardia meltada), Indian mole rat (Bandicota
bengalensis). Indian field mouse (Mas booduga), albino rat, Norwegian rat (Hattus norvegicus)
and house rat (Rattus rattus) were collected from fields and houses. The testicles were taken
out, the epididymes were separated and washed in physiological saline. Caudal segments of
epididymes were minced and sperms were suspended in physiological saline.

Smears of semen were prepared on glass slides, fixed in aqueous Bouin’s fluid for 2
hours, washed in running water and then mordented in 4°() iron aluminium for 1/2 hour, washed
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in water and stained with iron haeinatoxylin overnight. After repeated washing in running
water for one hour, the smears were dehydrated in alcohol series and mounted in DPX.

Dimensions of spermatozoa were measured according to the method of Beatty [3]
using a camera lucida. Statistical analysis was made to test the significance of results.

Observations

Mean sperinatozoal dimensions in the different species are given in Table
I, the results of statistical analysis in Table I1I.

Of the head characteristics, acrosome length, width and area, and post-
acrosomal area differed significantly in the six species investigated. Differences
in these characteristics in individuals of the same species were not significant.

Of the flagellum characteristics, mid-piece length (but not mid-piece
breadth), mid-piece area and main-piece length varied significantly between
different species, but within the individuals of the same species these charac-
teristics did not differ significantly except for mid-piece breadth, which varied
significantly.

The ratio of flagellum to head also varied significantly between different
species butin the individuals of same species the differences were not significant.

Discussion

Friend [11] was the first to demonstrate differences in spermatozoon
dimensions in different mammalian species and genetic differences were dem-
onstrated in living spermatozoa of inbred mouse strains [7, 8]. Beatty and
Sharma [5] found a significant variability in several characteristics of sperma-
tozoa including breadth and area of the head. In the present study, isolated
characteristics ofthe head viz. acrosome length, acrosome width, acrosome area,
and postacrosomal area, have been shown to vary significantly in the six dif-
ferent species (see Table I). The spermatozoa of Rattus rattus had the largest
acrosome area while those of Rattus norvegicus showed the smallest acrosome
area among the six species investigated. The spermatozoa of Rattus norvegicus
had the longest and thinnest acrosome. Those of Rattus rattus had the thickest
acrosome. This variability in the dimensions of sperm organelles suggests that
the genotype influences the spermatozoal head shape. Acrosome area in Millar-
dia meltada, Bandicota bengalensis and. to some extent, in the albino rat was
almost similar. This homogeneity of their acrosome areas implies that factors
such as age, weight and environment have little effect in altering the mean
acrosomal area; this homogeneity was observed by Beatty and Sharma [5]
in mice spermatozoa.

Characteristics of the flagellum viz. mid-piece length, mid-piece width,
mid-piece area and main-piece length varied significantly between different
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Speciee

Millardia mellada
Bandicota bengalensis
Albino rat

Rattus norvegicus
Mus booduga

Rattus rattus

Table 1

Mean dimensional characteristics of spermatozoa in different species of Muridae*+

Acrosomal

length

6.80
5.10
5.80
7.70
6.50

6.80

* Five samples in each case
+ Number of cells counted per five samples

Sources of variation

Between species

W ithin species

* Significant at 1% and 5% levels
** Insignificant at 1% and 5% levels

Acrosome
length

24.87*

0.202**

Head

Dimensions (microns)

Aerosome

width

2.40

3.00

2.70

1.50

3.00

3.20

Acrosome
width

14.33*

0.090**

Aerosome Postacrosome
area area
15.60 5.75
15.30 6.60
14.54 5.15
11.60 3.825
19.50 6.45
21.75 6.70

Table 11

Post-
Acrosome acrosomal
area area
10.16* 6.112*
0.986** 0.123**

Mid-piece
length

129.55*

0.043**

Mid-piece
length

25.40
22.20
23.60
55.00
22.00

23.00

Mid-piece
breadth

0.969*

0.292*

Flagellum

Dimensions (microns)

Mid-piece Mid-piece
width area
0.90 22.85
0.85 18.85
0.80 18.85
0.60 33.00
0.75 16.50
0.55 12.60

values to test the significance of differences in spermatozoal dimensions betiveen and within different species of Muridae

Mid-piece Main-piece
area length
19.53* 45.89*
2.55** 0.701**

Main-piece
length

91.60
56.20
70.00
70.00
78.00

55.00

Ratio of
flagellum
to head

11.113*

0.133**
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species (Table Il), while their variability was not significant in individuals
belonging to the same species. An exception was mid-piece breadth, which
varied significantly within individuals of the same species hut the differences
were not significant between different species. This suggests that mid-piece
breadth may be susceptible to environmental and other non-genetic factors [1].

The inheritance of flagellum length in different strains of mice has been
reported [4, 5]. There occur significant strain differences in mid-piece length
and breadth. Similar observations have been made in bull and goat spermato-
zoa [9, 12]. In the present study a significant variation was observed in the
mid-piece area of spermatozoa in different species, but no significant difference
in mid-piece breadth could be found as reported also by Sharma [13]. Differ-
ences in mid-piece breadth were observed in different individuals of hull
spermatozoa by Mukherjee and and Singh [12] who attributed these differ-
ences to the low magnification at measurements.

The ratio of flagellum to head varied significantly species between but
not significantly within the same species.

The present study showed conspicious variations in the dimensional
characteristics of spermatozoa between different species of Muridae, which
along with other methods might be used, for zoological classification at the
species levels. Since mid-piece breadth varied significantly within the individuals
of the same species, this characteristic is susceptible to environmental and other
nongenetic factors, hence cannot be used for classification.

The physiological significance of the variations in spermatozoal dimen-
sions in different species is not known. There is some selection of a particular
sperm shape during evolution. Since the variability of flagellum dimensions
was comparatively more significant than the variability of head dimensions
selection of this character seems to have been favoured during the evolution
of sperm structure. Morphology of the spermatozoon is believed to be related
in some way to the mode of fertilization [10].

Future studies should be carried out to determine the specific role of
these variations in relation to sperm transport, maturation, fertilization
problems, etc.
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VERGLEICHENDE UNTERSUCHUNGEN DES SPERMATOZOEN-DURCHMESSERS
VON MURIDAE-ARTEN

K. S. SIDHU und S. S. GUBAYA

Bei der vergleichenden Untersuchung von 6 Muridae-Arten (Malardia meltada. Bandi-
cota bengulensis, Albino rat, Battus norvegicus, Alus booduga. Kattas rattus) wurden in den Di-
mensionen der Spermatozoen eigenartige Unterschiede gefunden. Der Durchmesser des Kopfes,
die Lange, Breite und Flache der Acrosome sowie die Flache der Postacrosome zeigen bei den
verschiedenen Arten erhebliche Unterschiede. Innerhalb der gleichen Art sind jedoch die Ab-
weichungen unbedeutend. Der Schwanzdurchmesser, die Lange, Breite und Flache des Mittel-
abschnitts der Spermatozoen sowie die Ladnge des Hauptteils sind bei den einzelnen Arten
stark unterschiedlich, wahrend diese Abweichungen innerhalb der Art nur gering sind, mit
Ausnahme der Breite des mittleren Teils, die sowohl zwischenartlich als auch innerhalb der
Art bedeutende Abweichungen zeigt.

Die Verhaltniszahl von Kopfund Schwanz zeigt zwischen den einzelnen Arten erhebliche
Unterschiede, innerhalb der Art ist aber die Abweichung minimal. In der Arbeit wird die Be-
deutung dieser Variabilitdt diskutiert.

CPABHWTEJ/IbHOE WNCCNEAOBAHUVE OANAMETPA CMNEPMATO30MAOB ¥y BUMAOB
POAOA MURIDAE

K. C. CUAXY un C. C. TYPANS

MNpn cpaBHWUTENBHOM WcC/efoBaHUM 6 BMAOB poja Muridae (Malardia meltada, Bandi-
cota bengalensis, Albino rat. Battus norvegicus. Alus booduga. Battus rattus) aBTopbl Habnoganu
cBOeOo6pasHble pasMuus B pasMepax CrepMaTo3ongoB. [uameTp rofioBKW, A/IMHA, LWMPUHA U
naowaab akpocoM, a TakXXe M/owlaib NMoCTaKpoCcoM MOKasbIBalT Yy OTAE/bHbIX BUAOB 3HAYU-
TeNbHble 0TK/I0OHEHWA. B npegenax Buaa, 04HaKO0, OTK/IOHEHUSA He3HauuTeNbHbl. [luamMeTpxBoCcTa,
[A/VHA, WYpYHA U Nowagb CPefHero yyacTka crnepmaro3omioB, a Takke gvHa raBHOM YacTu
NMoKasbIBalOT 3HAYNTENbHbIE Pa3INYNA Y OTAeNbHbIX BUAOB, TOr4a KaK 3TW pa3inuunsa B npegenax
B/Aa TONbKO HabonbluMe, 38 WCKKOYEHVEM LUVPWUHBLI CPEAHEr0 y4YacTka B KOTOPOW BbISIB/SEMbI
pasnnuna Kak Mexgy oTfeNlbHbIMY BUamMu, TakK U B Npejenax 04HOro U Toro e Buia.

OTHOCUTE/IbHOE YMCNO FOJIOBKU U XBOCTa MOKAa3bIBAET MEXAY OTAe/bHbIMU BUAaMU CY-
LLIeCTBEHHbIE OTK/IOHEHUA, OfHAKO B npejenax O4HOro WM TOro Xe Buja pasnnuma MUHUMaIbHbI.
B paboTe o6cyxpaaeTcs 3Ha4YeHMe 3TON M3MEHUYMBOCTW.

Kuldip S. Sidhu

Sardul S. Guraya Punjab Agricultural University Ludhiana, India
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FINE MORPHOLOGICAL ASPECTS OF THE
SECRETORY PROCESS IN ARTERIAL SMOOTH
MUSCLE CELLS. Il. ROLE OF MICROTURULES

G. N. Chatdakov, S. Nikolov and Y. Vancov

(Received June 2, 1977)

Preliminary results are presented regarding the role of the microtubular system
in the secretory process in the rabbit aorta and pulmonary trunk smooth muscle cells.
The results are based on electron microscopic findings of the effect of colchicine in vivo.
On colchicine treatment an accumulation of secretory granules versus a vacuolar type
of dilatation of the rough endoplasmic reticulum cisternae distinguishes two groups
of smooth muscle cells. It is suggested that two secretory pathways operate in these
cells, and that the cell microtubular status plays a key role in triggering one or the other
pathway.

Introduction

Smooth muscle cells (SMC) of the arterial wall are well known to be
capable of synthesizing and excreting the precursors of extracellular matrix
components [9, 10, 11, 13, 22, 23, 26, 27]. Still, few fine morphological data
are available concerning their secretory pathways [24]. Recently, Golgi-derived
secretory granules (SGr) and a well-developed microtubule system have been
demonstrated in the developing rabbit arterial SMC [5].

The aim of the present experiment was to evaluate the possible role of
microtubules (Mt) in the secretory process in these cells based primarily on
colchicine treatment in vivo. The preliminary results of this study will be de-
scribed here.

Material and methods

Four 20-day-old rabbits were used in the present experiment. Two of them were not
treated (controls) and the other two were injected intraperitoneally with colchicine (0.125 mg
per 100 g/body weight). Four hours later the animals were sacrified and longitudinal strips
were taken from their aortic arch, thoracic aorta and pulmonary trunk. These strips and the
corresponding strips from the controls were immediately immersed in cold 3% glutaraldehyde
for two hours and postfixed in cold 1% osmium tetroxide, both in 0.1 M phosphate buffer,
pH 7.4. Dehydration was carried out in alcohol and acetone, and embedding in Durcupan
ACM (Fluka). Ultrathin sections were stained with uranyl acetate and lead citrate. A JEM 7A
electron microscope was used.
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Fig. I/a. A pulmonary trunk SMC from a control rabbit. Cross- and longitudinally sectioned microtubules (single arrows)
are apparent. The Golgi-complex consists of flattened cisternae and small vesicles. A single secretory granule is noted
(double arrow). X 20,000
Fig. 1/b. SMC from colchicine-treated rabbit. This cell contains no microtubules. Increase in number of intermediate
filaments (If) and accumulation of Golgi-derived vacuoles. X 20,000
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Fig. 2. Aortic arch SMC from colchicine-treated rabbit. Numerous secretory granules. The rough endoplasmic
reticulum cisternae keep their long and flattened pattern of organization. Nucleus (Ne). X20,000
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Fig. 3. Aortic arch SMC from colchicine-treated rabbit. Numerous round-shaped and separate vacuoles of rough endoplasmic reticulum.
They contain no secretory granules. In Fig. 3/b, two vacuoles (1 and 2) are closely approached the sarcolemma. and an another (3) seems
to be discharged from the cell. Parts of the vacuolar surfaces are devoid of ribosomes (arrows) X 20,000
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Results

The SMC from control animals showed well-developed rough endoplasmic
reticulum (RER), Golgi complex, and abundant Mt (Fig. l/a). The myofila-
ment system of these cells was less developed and occupied small areas be-
neath the sarcolemma. The cisternae of the RER were long and flat, and ribo-
somes were regularly attached onto their surface. The Golgi complex consisted
of stacks of flattened cisternae, numerous small coated and smooth-surfaced
vesicles, and possessed a few SGr. Numerous Mt were localized between these
two secretory organelles, i.e. RER and Golgi complex. The perinuclear space
displayed its usual appearance.

Colchicine treatment resulted in an almost total loss of Mt, an increased
number of SGr and an evident alteration in RER. The SMC from the three
arterial vessels studied showed the same response to colchicine treatment.
In contrast, the SMC from each individual vessel wall was affected differently
by colchicine; two distinct populations of SMC were found.

Colchicine increased the number of SGr in one group of SMC. An accumula-
tion of SGr without any alteration in RER was the prominent feature of these
cells. These SGr seemed somewhat modified in their appearance; they were
enlarged, had altered in shape and a “capping” of their matrix occurred (Fig.
2). The accumulated SGr was observed chiefly in perinuclear Golgi regions.
An increased presence of Golgi-related vacuoles was also found (Fig. 1/b).

Colchicine caused a vacuolar dilatation of the cisternae of RER in another
group of SMC. In these cells a striking dilatation of RER cisternae occurred
which lead to formation of numerous roundish, independentlysi tuated vac-
uoles of various sizes (Fig. 3). Some vacuoles were close to the plasma mem-
brane; a few were encountered outside the cell. Most ofthe RER dilated cister-
nae kept their ribosomes attached whereas some displayed surface regions
devoid of ribosomes. The matrix of the cisternae consisted of a network of
filamentous material.

An outpocketing of the outer nuclear membrane resulting in vacuole-
like dilatation of the perinuclear space was frequently observed. These SMC
contained no SGr.

Discussion

Although in recent years considerable progress has been made towards
the understanding of the connective tissue matrix producing function of SMC,
detailed morphological knowledge of the secretory process in arterial SMC is
still lacking. In particular, nothing is available in the literature concerning
the possible role of Mt in their secretory ability, while an extensive body of
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evidence has implicated them in intracellular transport and release of the se-
cretory products of different types of secretory cells [6, 7, 16, 18].

Colchicine has been shown to affect the Mt and to prevent tubulin as-
sembly by its tubulin-binding property [3, 4, 28]. That may be the most likely
reason for the loss of Mt in SMC, observed after colchicine treatment.

It seems puzzling that two groups of SMC should respond differently
to the antimicrotubular effect of colchicine. In the first group, the number of
SGr increased while in the other, the presence of numerous dilated cisternae
ofthe RER was the prominent finding. The appearance of RKR was unchanged
in the former, whereas no SGr were found in the latter. One may assume a
heterogeneity within the SMC studied in respect to the behaviour of their
secretory processes in the absence of Mt. As for the increased number of SGr
after colchicine treatment we believe that the present results give a meaning
to the relationship between SGr and Mt described previously [5]. In addition,
these results support the sugges ion that RER-Golgi complex-SGr-Mt secretory
pathway operates in arterial SMC [5]. Thus, the Mt might participate in the
secretory process in SMC in a manner similar to that in glandular and other
mesenchymal cells. Taking into account the other functions of the colchicine-
binding protein [2, 14, 29] it seems, however, difficult to evaluate precisely
which step(s) of the secretory process in SMC is (are) more influenced by col-
chicine.

The apparent characteristic of the second group of SMC after colchicine
treatment is the presence of numerous vacuolarly dilated RER cisternae and
their “movement” towards the sarcolemma, where most likely both membranes
fuse and a subsequent discharge takes place.

The precise sequence of events resulting in dilatation of the cisternae of
RER is difficult to imagine. W hether such a dilatation is due to the lack of Mt
[8] or to some colchicine-binding properties of the cisternal membrane itself,
remains unclear.

Nevertheless, the behaviour of the RER in response to colchicine, sug-
gests the existence of a direct RER secretory pathway in the arterial SMC.
To our knowledge, a report presuming such a pathway in aorta SMC is that
of Karrer [12]. Thus, like fibroblasts [21; Chaldakov and Kadar in prep-
aration], the arterial SMC are probably capable by bypassing the Golgi com-
plex and discharging secretory products into the cell exterior directly via the
dilated RER cisternae. It is another question how effective [20, 25] such se-
cretory pathway may be. Since all steps of the proposed direct secretory path-
way operate in the absence of Mt, it is tempting to postulate that it is Mt-
independent, in contrast to the pathway through the Golgi-complex, which
requires an intact Mt system. Which ofthese can be chosen by a smooth muscle
cell probably depends on the cellular status of the Mt apparatus. In this re-
spect, the dynamic equilibrium of assembly and disassembly of Mt [1, 4] might
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be taken into account. Since the cyclic nucleotides are believed to control both,
cell Mt status [15] and cell secretion [17, 19], these substances might be con-
sidered as eventual candidates triggering one or the other secretory pathway
in arterial SMC.
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MORPHOLOGISCHE ASPEKTE DER SEKRETIONSPROZESSE IN DEN GLATTEN
MUSKELZELLEN

(Die Rolle der Mikrotubuli)
G. N. CHALDAKOV, S. NIKOLOV und V. VANCOV

Die Ergebnisse der vorlaufigen Untersuchungen klarten die Rolle des mikrotubulédren
Systems in den Sekretionsprozessen, die in der Aorta und in den glatten Muskelzellen des A,-
pulmonalis-Stammes von Kaninchen vor sich gehen.

Die bisherigen elektronenmikroskopischen Beobachtungen basieren auf der In-vivo-
W irkung des Kolchizins. Die Akkumulation der Sekretionsgranula und die Erweiterung der
Zysternen vakuoldren Typs in den endoplasmatischen Retikula mit grober Oberflaiche machen
es mgdlich, die glatten Muskelzellen zwei Gruppen zuzuordnen. Die Autoren sind der Meinung,
daR sich in diesen Zellen zwei Sekretionsbahnen (pathways) finden. Die das mikrotubuléare
System enthaltenden Zellen spielen hier eine entscheidende Rolle im Zusammenhang mit der
einen oder anderen Sekretionsbahn.

MOP®O/TOMMYECKME ACMEKTbl CEKPETOPHbIX TMPOLIECCOB B KJ/IETKAX
FALKNX MbILLL,

(Ponb MUKpOTpy604EK)

rH XANAQAKOB, W. HMWKONOB u B. BAHLOB

PesynbTaTbl MpeaBapuTenbHbIX WCCNeA0BaHWIA BbISACHANIM POfb  MUKPOTYGYNSPHONA
CUCTEMbI B CEKPETOPHBIX MpoLeccax, MPOMCXOAsAWMX B aopTe M B KMETKaX rNagKuX MbiLul,
CTBO/IA NErOYHON apTepumn y KPO/NKOB.

MpoBOAMBLLMECA [0 CUX MOP 3/EKTPOHHOMUKPOCKOMMYECKME WCCeA0BaHNSi OCHOBbI-
BAalOTCS Ha AECTBUM KOMXMLMHA in Vivo. AKKYMYNALMS CEKPETOPHbIX 3ePHbILLIEK U pacLUnpeHmne
LUCTEPH BaKyoNsIPHOTO TUMa B 3HAOMNA3MATMUECKMX CeToUKax C rpy6oii MOBEPXHOCTbIO Mpe-
[OCTaBNAT BO3MOXHOCTb /151 060C06/1eHMS KNETOK MMafKUX Mbilll, Ha ABe rpynnbl. Mo MHe-
HMI0 aBTOPOB B 9TWX K/IETKaxX CYLUIECTBYIOT [Ba CEKPETOPHbIX NyTu (pathways). KneTku, co-
AepXaline MUKPOTYBYNISIPHYIO CUCTEMY, UIPaOT NPW 3TOM PELLAIOLLYI0 PO/b B CBSA3U C OfHUM
WA OPYrM CeKPETOPHbIM MyTeM.

G. N. Chaldakov

Department of Anatomy and Histology,
S. Nikolov P y g9y

Medical Faculty, Varna, Bulgaria
Y. Vancov
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ASCENDING PROJECTIONS TO THE
HYPOTHALAMUS ANI) LIMBIC NUCLEI FROM
THE DORSOLATERAL PONTINE TEGMENTUM:

A BIOCHEMICAL AND ELECTRON MICROSCOPIC
STUDY

L. Zaborszky, M. J. Brownstein* and M. Palkovits

(Received July 2, 1977)

Axons arising from the dorsolateral pontine tegmentum of the rat were traced
in various hypothalamic and limbic nuclei by the electron microscopic degeneration
method (0.5—8 day survival times) and by measuring regional norepinephirne (NE)
concentrations after 12 days of survival using a radioenzymatic method. Significant
reductions (41 —85%) in NE contents were observed in the supraoptic, arcuate, basal
and lateral amygdaloid nuclei and in the hippocampus 12 days after the bilateral electro-
lytic lesions of the locus coeruleus. No changes in NE concentrations were observed
in the ventromedial, septal, central amygdaloid nuclei, in the median eminence and
olfactory tubercle. Parabrachial lesions resulted in a decrease of NE content only in tin-
olfactory tubercle. By means of electron microscopy terminal degeneration was found
in the hypothalamic paraventricular, dorsomedial nuclei, in the median eminence, in
the bed nucleus of the stria terminalis, in the central, lateral and basal amygdaloid nu-
clei, in the hippocampus and in the anterior ventral thalamic nucleus.

Introduction

In the rat 15 pathways could be identified ascending from the brain
stem [50]. A part of these innervates the cell groups of the hypothalamus and
limbic system. From the dorsolateral pontine tegmentum three separate, long
ascending systems arise: the noradrenergic projections of the locus coeruleus
[14, 15]; the tertiary gustatory projections from the pontine parabrachial
nuclei [31] and the ventral tegmental acetylcholinesterase-containing path-
way originating from the dorsolateral tegmental nuclei [36]. The projections
to the hypothalamic and limbic regions of the noradrenergic cell bodies of the
locus coeruleus have been demonstrated by fluorescence histochemical [2, 10,
25, 32, 47], autoradiographic [28. 38, 15], electrophysiological [30, 31], bio-
chemical [3, 4, 20, 22, 39, 48, 14] and horseradish peroxidase methods [24].
The projections of a third order gustatory relay in the dorsolateral pons (para-
brachial region) have been studied by autoradiography and antidromic acti-
vation [31].
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The axons from the locus coeruleus and the parabrachial nuclei have
partially overlapping paths and termination areas. Considering the vicinity
of the two cell groups and the possibility of diffusion of labeled amino acids
in an autoradiographic study, a careful reinvestigation of these two systems
seemed to be necessary. The pitfalls of autoradiography, in case of such closely
located areas, were thought to be avoided by measuring NE concentrations
in various hypothalamic and limbic regions following the separate lesions of
the locus coeruleus and parabrachial nuclei. The biochemical results were cor-
related with the distribution of degenerated terminals as revealed by electron
microscopy. With regard to the fact that the sensitivity of the present com-
bined approach seemed to be superior to the methods of previous experiments,
the scope of this work was extended to areas not investigated so far for NE
fibers.

Material and methods

Male Sprague-Dawley rats weighing 160—180 g were anesthetized with ether. In animals
fixed in a Horsley —Clarke stereotaxic apparatus (nose angled 5° downward from the hori-
zontal) two types of lesions were made: 1. bilateral lesion of the locus coeruleus (co-ordinates:
1.8 and 1.4 mm posterior to the interauricular line; 1.1 mm lateral and 6 mm beneath the brain
surface); 2. parabrachial lesion (P = 1.3 mm, L = 2.2 mm, V = 6 mm). Electrolytic lesions
were made by passing 2 mA current for 10 sec through a small monopolar Nichrome electrode
insulated with Teflon, except for a 0.2 mm part at the tip. For electron microscopy large lesions
were used including both the locus coeruleus and the parabrachial region (Fig. 1A). For the
biochemical measurements finer lesions were performed restricted in one group of the animals
to the locus coeruleus and its close vicinity, and to the parabrachial region only in the other
group (Figs 1B, C).

For electron microscopic degeneration studies animals were sacrificed 0.5, 1, 2, 4 and
8 days postoperatively by the intraaortic perfusion of Karnovsky’s paraformaldehyde-glutar-
aldehyde fixative. Brains were cut frontally into 0.5—1.0 mm slices. Under stereomicroscope,
pelletsof tissue from the required brainregions were punched out [33]. Small tissue blocks were
immersed into 1% osmic acid for 1 h, dehydrated through an ethanol series and embedded in
Durcupan (Fluka). Ultrathin sections were cut with a Reichert ultramicrotome, stained with
uranyl acetate and lead citrate and examined under a Tesla BS 413 electron microscope at
8000 X primary magnification.

NE concentrations were assayed 12 days after bilateral locus coeruleus and para-
brachial lesions using a sensitive radioenzymatic method [12]. Results were expressed as mg
NE/mg protein. The NE levels in each brain region were compared with those in samples from
sham-operated animals which served as controls. In both experimental and control groups
6 animals were studied.

Results

Electron microscopy. The early signs of degeneration of the putative NE
axons are rather inconspicuous and thus might he easily confused with fix-
ation artifacts (ZAborszky,Eéranth and PALKOVIiTS,in preparation).Therefore,
the accumulation of phagosomes (Fig. 4B) and/or multilocular degenerated
complexes (Fig. 5B) were considered as necessary to evaluate degeneration.

In the hypothalamus between 2—8 postoperative days degeneration
was seen in the paraventricular (Fig. 2) and dorsomedial (Fig. 3) nuclei. In the
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Fig. 1. Schematic illustration of the superimposed outlines of lesions plotted on frontal brain stem sections redrawn from the atlas of Palkovits

and Jacobowitz [34]. Numbers indicate the distance in mm from the interauricular line. Abbreviations: ci colliculus inferior, rpoo

nucleus reticularis pontis oralis, Ic locus coeruleus, npd nucleus parabrachialis dorsalis, npv nucleus parabrachialis ventralis, rtp

nucleus reticularis tegmenti pontis. nV — nucleus originis nervi trigemini, ntd nucleus tegmenti dorsalis Gudden, ntvd — nucleus tractus

spinalis nervi trigemini, pars dorsomedialis, os — oliva superior, PCM pedunculus cerebellaris médius. PCS pedunuclus cerebellaris su-
perior, TSV tractus spinalis nervi trigemini

INNLINIANOIL ANILINOd TVHILV10SHO0d IHL WOHH SNOILO3rOdd ONIANIOSV



178 L. ZABORSZKY et al.

periventricular and arcuate nuclei many lysosomes and pleomorphic vesicles
were found one day after surgery (Figs 3B, D). These might be considered as
early degeneration signs but we have no data in these regions at later survival
periods. In the median eminence degeneration was found in the zona externa
and interna mainly 4 days postoperatively (Fig. 3C).

Wi ithin the limbic system the bed nucleus of the stria terminalis (Figs 4A,
B, C) and the lateral amygdaloid nucleus (Fig. 5A) showed the most pronounced
degeneration between 2—4 days, whereas in the central and basolateral amyg-
daloid nuclei this peak was observed between 4—8 and 8 postoperative days,
respectively (Figs 5B, D).

Biochemistry. There were significant changes in NE concentrations in
several brain regions after bilateral locus coeruleus lesions (Table I and Fig. 6).
NE was strikingly reduced in the supraoptic and arcuate nuclei. In the amyg-
dala a significant reduction in NE was found only in the basal and lateral nu-
clei. No changes occurred in the ventromedial, septal and central amygdaloid
nuclei, in the median eminence and in the olfactory tubercle.

After parabrachial lesions (Fig. 6) no change of NE content was observed
in the regions studied except for a 34% decrease in the olfactory tubercle.

Table |
Norepinephrine concentrations of hypothalamic and limbic nuclei after bilateral locus coeruleus
lesions
Controls Lesioned
(ng/mg protein)
Hypothalamus
supraoptic nucleus 24.76+3.55 (6)* 10.76+1.28 ++ (4)
ventromedial nucleus 20.50+1.32  (p) 17.76+2.28 (6)
arcuate nucleus 42.67£5.04 (6) 20.58+1.35 ++ (4)
median eminence 19.9146.22 () 15.63+2.28 (6)
Limbic system
olfactory tubercle 3.48+0.19 (p) 3.69+0.54 (6)
dorsal septal nucleus 5.29+£0.99 () 3.62+0.75 (4)
lateral septal nucleus 9.49+0.71 (6) 8.32+0.97 (6)
medial septal nucleus 6.73+0.70  (g) 6.41£0.97  (6)
medial amygdaloid nucleus 9.37+1.10 (p) 9.00£1.39 (9)
basal amygdaloid nucleus 11.26+1.57 () 6.74+£0.83 + (4)
central amygdaloid nucleus 15.12+1.30 (B) 13.93+1.99 6
lateral amygdaloid nucleus 12.00+1.37  (6) 4.94£L52 ++ 543

mean + S.E.M.
+ p < 0.05
++ = p < 0.001
* = Number of aminals in brackets
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Fig. 2. Electron micrographs showing the ensheathment by glial processes (Gl) of degenerated
axons in the paraventricular nucleus; 12 h survival. NA =

neurosecretory axon. Bar scale
= 1fim
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Fig. 3. Structures in various stages of degeneration in the hypothalamus. A = 4 days sur-
vival. A dense body in the dorsomedial nucleus. B = 1 day survival. Lysosomes and
pleomorphic vesicles in the periventricular nucleus. C = 4 days survival. Lysosomes and
dense bodies in the median eminence. D = 1 day survival. Lysosomes and a dense body
in the arcuate nucleus. Bar scale = 1jum
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Fig. 4. Electron micrographs taken from different parts of the limbic system. (A, B, C: bed

nucleus of the stria termindlis; D: hippocampus) A  dense body, 2 days. B dark degenerat-

ing bouton (phagosome) engulfed by a glial (GI) process, 2 days. C = dense body with recogniz-

able dense core vesicle, 4 days. D dense bodies in an axon terminal, 2 days. Bar scale =
= 1/mi
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Fig. 5. Terminal degenerations in different limbic nuclei. A = degenerating bouton engulfed
by a glial cell in the lateral amygdaloid nucleus, 8 days. B = multilocular degenerating struc-
ture in the anterior ventral thalamic nucleus, 8 days. C = multilocular degenerating structure
within the glial cytoplasm in the basolateral amygdaloid nucleus, 8 days. D = dense body
within a glial cell in the central amygdaloid nucleus, 4 days. Bar scale — 1/<m
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Fig. 6. Changes in the norepinephrine levels of individual brain regions after locus coeruleus
(A) and parabrachial lesions (B). Data are expressed in percentage ofthe sham-operated animals

Discussion

A comprehensive analysis of ascending locus coeruleus [14, 15] and para-
brachial [31] projections has recently been performed using light microscopic
autoradiography. A major drawback of this technique is the impossibility to
distinguish with certainty between a pathway and a terminal area and the
most likely error in the autoradiographic material to mistake fiber of passage
for terminals. Therefore, an adequate electron microscopic analysis is necessary

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



184 L. ZABORSZKY et al.

for the final decision, whether these regions have monosynaptic projections to
discrete hypothalamic and limbic areas.

The scarcity of electron microscopic data relevant to monoaminergic
pathways (see for ref. Zaborszky, Léranth and Palkovits, in preparation)
can be explained by their very low contribution to the innervation of an area.
The percentage of monoaminergic boutons is estimated between 0.02—2% in
different regions of theCNS [1, 18,21]. Hence it is difficult to recognize subtotal
degeneration and to distinguish it from spontaneous degeneration. The choice
of the optimum survival time is also crucial. The degeneration of the aminergic
terminals are asynchronous. Its earliest signs can be observed 12 hours after
the lesion but on the 8th day there are still degenerated elements present. An
additional problem is that the degeneration pattern of monoaminergic termi-
nals do not differ principally from that of non-monoaminergic terminals (Za-
borszky,Lénanth and Palkovits,in preparation). The coagulation ofthe locus
coeruleus destroys also the non-monoaminergic cells within this area. The mea-
surement of NE content was thought therefore to complement usefully any
electron microscopic observations as to the nature of the degenerated terminals.
This enables a one-way evaluation only: if there is a fall in NE content the
degenerated terminals are very likely to contain this substance whereas in
negative cases no decision can be made due to the possible presence on mono-
aminergic and non-monoaminergic terminals originating from sources other
than the locus coeruleus.

Hypothalamus. Using light microscopic autoradiography axons have been
traced from the locus coeruleus to the paraventricular, dorsomedial and arcuate
nuclei [15], and from the parabrachial regions to the paraventricular and dorso-
medial nuclei [31]. The only report on the electron microscopically verifiable
hypothalamic termination of locus coeruleus axons was made by Bloom et al.
[6] who studied the hypothalamus after the intraventricular injections of
6-OHDA. However, this type of chemical lesion is not necessarily confined to
the locus coeruleus and the destruction of other noradrenergic sites and/or
preterminal axons cannot be ruled out.

According to our recent electron microscopic investigations the locus
coeruleus region projects to the paraventricular and dorsomedial nuclei and
to the median eminence. In addition, degenerated axons found in the supra-
optic nucleus after lesions directed to the central grey matter but also affecting
the dorsal NE bundle were likely to be derived from the locus coeruleus [49].

In earlier studies a marked decrease of NE content was found in the
paraventricular nucleus after both locus coeruleus [17] and dorsal bundle
[39] lesions. Present biochemical measurements showed additional noradre-
nergic innervation of the supraoptic and arcuate nuclei.

Although terminal degeneration was detected in the dorsomedial nucleus,
the level of NE did not change after either locus coeruleus or parabrachial
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lesions. Perhaps the non-aminergic neurons of the pontine taste area [31]
or those of the dorsal nucleus of Guaden [29] project to the dorsornedial nu-
cleus; the diffusion of labeled amino acids to the immediate vicinity of the
injection site [15] may he responsible for the labeling of non-aminergic areas.
The possibility that a small fraction of locus coeruleus cells are non-aminergic
has also to be taken into consideration. Dahlistrom and Fiixe [8] have de-
scribed all locus coeruleus neurons to contain catecholamines. However, the
recent quantitative study of Swanson |44] questions this statement. Finally,
the lack of change of NF content in the dorsornedial nucleus in spite of the
degenerated terminals present can be explained by a negligible contribution
of the locus coeruleus to the monoaminergic innervation of this nucleus.

A similar discrepancy between the electron microscopic image and bio-
chemical measurements was observed in the median eminence. Recent studies
[35, 37] have shown that the median eminence receives axons also from the
A2 and A8 catecholaminergic cell groups. Upon selective destruction neither
of these pathways can be expected to produce measurable changes in the NF
content of the median eminence, the more so since a compensatory increase
of NE production occurs in the remainder.

Limbic system. The hippocampus is richly innervated by noradrenergic
fibers [5, 45, 47]. After locus coeruleus lesions these fibers disappear [47] and
the NE content in the hippocampus falls [17]. Degenerated terminals were
also observed in this region. On the basis of these findings it can be assumed
that the locus coeruleus has a monosynaptic connection with the hippocampus
and that NE may act as a transmitter at these synapses [42]. This might well
apply for the anterior ventral thalamic nucleus which b\ its connections can
be regarded as a part of the limbic system.

According to light microscopic autoradiography, both the locus coeruleus
[15] and the parabrachial nuclei [31] project to the central amygdaloid nucleus
and to the bed nucleus of the stria terminalis. In the amygdala terminal de-
generations were found under the electron microscope in the basal, lateral
and central nuclei. A significant reduction (41 -59%) in NE concentrations
was found in the basal and lateral nuclei which may point to the role of NE
at these terminals. No change in the NE level was found in the central nucleus.
Here the degenerated terminals can be considered either asnon-aminergic ones
or as belonging to a pathway providing this nucleus only with a small fraction
of its NE content.

In the bed nucleus of the stria terminalis contrasting to the positive
ultrastructural findings no change in NE content could be pointed out. The
histofluorescence studies of Olson and Fuxe [32], lIngerstedt [47] and
the combined biochemical and electron microscopic studies of Palkovits
et al. [37] have shown that this nucleus receives most of its noradrenergic
terminals from the AIl, A2. A5 and A7-A8 catecholaminergic cell groups. Of
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course it cannot be excluded that a small proportion of NE in the bed nucleus
of the stria termindlis is contained by the locus coeruleus axons.

The present findings argue for the existence of massive projections from
the dorsolateral pontine tegmentum to the hypothalamus and limbic system
and lend support to the view that these projections might have partially over-
lapping termination areas. Studies were focussed on nuclei of high NE con-
tent some of which were found to receive their main aminergic input from the
dorsolateral pons. The contribution of this area to the aminergic innervation
of other hypothalamic and limbic nuclei must also be kept in evidence.
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AUFSTEIGENDE BAHNEN ZU DKM HYPOTHALAMUS UND ZU DEN LIMBISCHEN
KERNEN VON DER DORSOLATERALEN PONSGEGENI): BIOCHEMISCHE UNI)
ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNGEN

L. ZABORSZKY, M. J. BROWNSTEIN und M. PALKOVITS

Nach der elektrolytischen Ld&sion des Locus coeruleus und der parabrachialen Kerne
untersuchten wir mit dem Elektronmikroskop in den verschiedenen Kernen des Hypothalamus
und des limbischen Systems die Endigungen der von obigen Gebieten aufsteigenden Axone
nach 5 8-tdgiger Uberlebenszeit. 12 Tage nach &dhnlichen Lésionen wurden in verschiedenen
cerebralen Regionen mit Enzym-lsotoptechnik die Norepinephrin (NE) Konzentration ge-
messen.

Eine signifikante Verminderung der NE-Konzentration wurde nach der Lésion des
Locus coeruleus im Nucleus supraopticus, Nucleus arcuatus, in den lateralen und basalen
Amygdala-Kernen, bzw. im Hippocampus beobachtet. Unverdndert blieb die NE Konzentra-
tion im Nucleus ventromedialis, Nucleus amygdaloideus centralis, in den septalen Kernen,
in der Eminentia mediana und im Tuberculum olfactorium.

Nach parabrachialer Lasion verminderte sich die NE Konzentration nur im Tuberculum
olfactorium.

Mit dem Elektronmikroskop fanden wir terminale Degeneration im Nucleus hypotha-
lamicus dorso-medialis, paraventricularis, in der Eminentia mediana, im Nucleus interstitialis
striae termindlis, in den zentralen, lateralen, basalen Amygdala-Kernen, irn Hippocampus und
im ventralen Nucleus anterior thalami.

MPOEKLUMNA OOP3OJIATEPA/IBHOM UYACTU MO3FA K SIMMBUYECKUM U
MNOTANAMUNYECKNM  AOPAM: BUOXUMWYECKOE W«
SNNEKTPOHHOMWKPOCKOIMMYECKOE WCC/NELOBAHUE

N. 3ABOPCKW, M. E. BPOHLUTEVH n M. MANIKOBUY

ABTOpbl NPOBE/M 3N1EKTPOHHOMUKPOCKOMMYECKNIT aHann3 akCOHa/IbHbIX OKaH4YaHWiA B
pasnnyHbIX agpax runoTansmyea W AMMOUYECKOW CUCTEMbI, MOC/E 31EKTPOUTUYECKOrO Mo-
BPeXAEHNS NOKyca Lopyneyca u HapabpaxmanbHbIxX fep (KMBOTHble 3a6uBanuck Yepe30,5 8
[OHel nocne 3NeKTPO/IMTUYECKOro MOBPEXAeHWS BbilleHas3BaHHbIX sgep). [MpoBefeHo, Takke,
M3MepeHMe KOHLEeHTpaumm HopannHegpuHa (H3), meTogom, npeanoxeHHbiMm XEHPU n gp. 112]
B Pa3/IMUHbIX KOHKPETHbIX YacTAX Mo3ra uepe3 12 gHei nocrie NOBPEeXAeHWS BbilleHa3BaHHbIX
agep.

BbIsiB/IEHO, YTO Moc/ie NOBPEeXAeHUA NoKyca Lopyseyca [OCTOBEPHO YMEHbLLUAETCA KOH-
LeHTpauna HI B natepasibHbIX M 6a3anHbIX f4pax amurjanbl, runokamne, B HyKeyc cynpa-
ONTUKYC U HYK/eyC apKyaTyc. He MeHsieTca KOoHUeHTpauus HO B ueHTpasibHOM afpe amurpa-
Nbl, CeNTa/ibHbIX fApaxX, B HYK/eyC BeHTPOMeAMnasnc, SMUHEHUMS MefmaHe U Ty6epKyny.m
onakTopuyM. ocne noBpexaeHUs HapabpaxuanbHbIX s4ep, LOCTOBEPHOE YMEHbLUEHUE KOH-
LeHTpaumm HO MOXHO 6bI/0 BbISIBUTb TO/IbKO B TY6EpKYTY.M 0N(haKTopuyM.

3NEeKTPOHHOMMKPOCKONUYECKMI aHanM3 MoKasan fAereHepaluio aKCOHasIbHbIX OKaHuva-
HHI B JOPCOMEAVa/IbHOM Y NapaBeHTPUKYISAPHOM SApax rmnotansmyea, B IMUHEHUUS MefnaHe,
B LEHTPa/IbHOM, NaTepa/ibHOM U 6a3a/ibHOM Afpax amurgasnbl, runnokamMne, B nepegHeM sape
Tanamyca, B MHTEPCTULMNANILHOM sijpe CTPHU TepMUHANNC.

Dr. LA&szl6 ZAbokszkyj Semmelweis Orvostudoméanyi Egyetem
1. sz. Anatémiai Intézet,
Dr. Miklés Partkovits | H-1450 Budapest, T@zolt6 u. 58., Hungary

Laboratory of Clinical Science, National
Institute of Mental Health, Bethesda, USA

M. J. Buownstein
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National Institute for Nervous and Mental Diseases, Budapest, and Balassa Janos Hospital,
Szekszard, Hungary

XERORADIOGRAPHIC DEMONSTRATION OF SOFT
TISSUES OF THE EXTREMITIES

R. PALVOLGYI and Z. PENTEK

(Received May 3, 1977)

The authors gave a useful sketch of the essence of xeroradiography. Their method
has proved to he optimal in demonstrating the soft tissues of the extremities in vivo.
The paper provides us with a better cognition of the morphology and pathomorphology
of soft tissues of the extremities.

The X-ray permeability of soft tissues is remarkably greater than that
of the bones, that is why their shadow cannot be analysed. With the use of
special finegrain films and soft X-rays, pictures can be taken on which the
musculature, the fascia, tin* subcutis with its vessels, and the cutis can clearly
be recognized, fliese pictures proved to In*appropriate for the demonstration
of various structural alterations of the soft tissues.

A new xeroradiographic method has been elaborated to take pictures
of the soft tissues of extremities, providing a wide range of information.

Material and methods

The theoretical background and practical application of xeroradiography is discussed
in several papers [1, 2, 7|.

In this method of radiological diagnosis the image is not produced by photographic
hut an electrical process.

In principle, instead of an X-ray film, an aluminium plate with electrically charged
selenium layer is exposed in the usual manner. Soft X-rays of 35 kV have to he used and fil-
tration must he reduced to a minimum. The rays pass through the soft tissues of the extremity.
Then they strike the positively charged selenium layer producing on it positive and negative
charges in proportion to the intensity and the wave length discharging thereby the selenium.
A negatively charged bluish powder cloud is forced into the developing chamber, producing a
vertical field component with distinct outlines. The powder is then transferred on paper by an
electrostatic process and fixed by heat.

The xeroradiographic image gives a weak overall contrast hut a sharp local one due to
the characteristic intensity of the borders (Figs 1 8).

Xeroradiography has proved most suitable for the in vivo demonstration of the soft
tissues of the extremities. Its clinical application and advantages have been discussed pre-
viously |2 6|. The method isthought to add to our knowledge of the morphology and pathol-
ogy of the soft tissues of extremities mainly of the muscles and will he useful in teaching
anatomy.
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Fig. 1. Shoulder musculature. The intermuscular fat tissue is darker, the single muscles can
clearly be recognized by this line-like shadow
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Fig. 2. Arm musculature at rest (a) and actively flexed fb)
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Fig. 3. Soft tissues surrounding the elbow joint. The stripiness of the braehioradial muscle
deserves attention
Fig. 4. The muscles of the forearm in hailing the hand
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Fig. 5. Lateral picture of the thigh-muscles

Acta Morphologica Acaderniae Scientiarum Hungaricae 25, 1977



1167 ‘Gz @eoriebuny zunienualos aelwapeay eolbojoydio ey

Fig. 6. Knee-joint with the surrounding soft tissues from front (a) and side (b)
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Fig. 7. Lateral picture of the leg
Fig. 8. Soft tissues of the foot, from the side
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UNTERSUCHUNG DER WEICHTEILE VON EXTREMITATEN MITTELS
XERORADIOGRNPHIE

R. PALVOLGYI und Z PENTEK
Das Wesen der Xeroradiographie wird kurz Umrissen, das sich zur In-vivo- Darstellung
der Weichteile von Extremitdten als optimal geeignet erwiesen hat. Sie hilft die Morphologie

und Pathomorphologie der Weichteile besser aufzuklédren und dirfte auch beim zeitgeméRBen
Anatomieunterricht nutzlich sein.
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M3YYEHUNE MATKUX TKAHEN KOHEYHOCTEW METOAOM
KCEPOPAONOIPA® NI

P. TMANBEAbAW un 3. MEHTEK

[aeTcsi KpaTKoe M3N0XeHWe CYyTU Kcepopaavorpadumy, okasaBLUelicsi ONTUMabHON Ans
MN306paXKeHNa MArKNX TKaHeil KOHeYyHocTel n vivo. MeTog cnoco6eTByeT 6051€e TOYHOMY Bbl-
SICHEHUIO Moponormm 1M NaTomMopdosorMm MArKMX 4acTte U MOXeT 6bITb MOMe3HbIM NpU co-
BPEMEHHOM MpernojaBaHUy aHaTOMUN.

Dr. Richard PArveigyi: Orszagos ldeg- és Elmegydgyintézet
H-1281 Budapest, Hungary

Dr. Zoltdn Péntek: Szekszardi Balassa Janos Koérhaz
H-7100 Szekszard, Hungary
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DESCENDING COURSE OF PRIMARY AFFERENT
COLLATERALS IN THE CAT’S SPINAL CORD*

(Short Communication)
MARIA K aUSZ anil M. RETHELYI

(Received December 2, 1977)

After injecting horseradish-peroxidase into the lower thoracic, lumbar and sacral
spinal cord segments of cats, labelled perikarya were found in several spinal ganglia
localized cranially to the site of injection. The segmental distance between the injection
site and the rostralmost localized ganglion with labelled cells varied depending on the
medio-lateral localization of the injection. The longest distance (10 segments) was
achieved by medial injections. Primary sensory neurones with long descending collaterals
belong to large ganglion cells.

Collaterals of primary afferent fibres are issued mainly to the segment of
entry, but also to higher as well as lower spinal segments. Ascending collaterals
were followed through 8 to 13 segments in cats and monkeys, whereas descend-
ing collaterals were assumed to take a shorter intersegmental course [1, 3, 10].
Electrophysiological evidence of long descending primary afferent collaterals
(5 to 6 segments) was shown recently in the lumbar region of the cat [13].

The present paper aims at giving some indication about the maximum
length of intersegmental course of descending collaterals, and about the size
of perikarya in the spinal ganglia giving rise to long descending collaterals to
lower thoracic, lumbar and sacral segments. Retrograde axoplasmic transport
of horseradish-peroxidase (HRP) [4, 5, 6, 7] was used to study the distribution
of primary afferent collaterals in the spinal cord.

In 9 cats single or multiple injections of 0.8 2.0 pi of 30% HRP (Sigma
Type VI and Boehringer) were made unilaterally into the spinal grey matter
of lower thoracic, lumbar and sacral segments, from Thn to S3 (see Table 1).
In all but one animal the needle of the Hamilton syringe (701-N) was inserted
through the dorsal funiculus. In the remaining one (TM-26) it was introduced
obliquely through the dorsal portion of the lateral funiculus. Unfortunately,
even in this case the most ventral portion of the dorsal funiculus was moderately
injured. After 48 hours survival time the animals were anesthetized and
perfused with saline followed by a phosphate buffered solution of 0.5% para-
formaldehyde and 2.5% glutaraldehyde, pH = 7.2. The spinal cord and the
spinal ganglia were removed and stored in the fixative for 4 hours, then in

* Presented at the Congress of Hungarian Anatomists, Histologists and Embryologists,
Budapest, April 6 8, 1977.
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Table 1

Localization of HR P injection and the distribution of labelled perikarya
in spinal ganglia cranial to the injection

Cranial most ggl.  Segmental distance

Animal Injected segment w:)tgrilﬁgs)llged ofC%eils;:ér:gligg
T™-2 L,-, Tho 10
TM-24 15 Th9 9
TM-16 15 Thio 8
TM-13 " Thu 7
TM-26 U Th, 6
T™-8 Th,, P Th, 5
TM-5 1, 2 THa 4
T™M-22 s3 L. 4
T™M-11 Lp L3 3

Fig. 1. Labelled neurones of various sizes in ganglion L5 from animal TM-24.
The density of the reaction product in the cells varies from high to low. Scat-
tered black dots are red blood cells. Scale: 100 fim
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Figs 2 and 3. Large labelled neurones (arrows) in ganglion Thn of the same animals as in Fig. 1.

They occur singly or occasionally in small groups. The size of HRP granules in the cytoplasm

of the labelled neurones varies from fine (Fig. 2, bottom neurones) to medium (the other two

neurones in both pictures) resulting in low to moderate density of the reaction product. Black
dots on Fig. 2, are red blood cells. Scale: 50 fim

buffered 5% sucrose solution for 1 or several days at 4°C temperature. Forty
pm thick frozen sections were cut from the injected segment of the spinal cord
(transverse sections), and from the ganglia at both sides (longitudinal sections).
The sections were incubated for HRP reaction product in diaminobenzidine
(Sigma) and hydrogen peroxide, as described by Nauta et al. [8], and counter-
stained with cresyl violet.

The injection site was reconstructed from the localization of the needle
track. The tip of the needle was usually confined to the intermediate grey
matter; occasionally it reached the ventral horn and the ventral funiculus as
well. In agreement with recent findings in the rat [9], numerous labelled cells
were found in the ganglia corresponding and adjacent to the injected spinal
cord segments in all animals. In these specimens both small and large neurones
were filled with the reaction product (Fig. 1). The number of labelled cells
diminished sharply in the cranial direction, but scattered labelled neurones
could still be seen in several ganglia. The latter were mostly large nerve cells
(Figs 2 3).
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Fig. 4. Drawings of spinal cord cross sections of animals TM-2, TM-5, and TM-11. The hatched
area corresponds to the needle track in each drawing. Compare the mediolateral localization
of the needle track with the distribution of labelled spinal ganglion cells (see Table 1)

The segmental distance between the injected segment and the most
cranial ganglion in which labelled perikarya were found depended on medio-
lateral localization of the injection. Injections confined to the medial part of
the spinal cord cross section resulted in the longest segmental distance (Fig. 4
and Table 1). This finding confirms the known principles that descending pri-
mary afferent collaterals are shifted medially along their course in the dorsal
funiculus [1, 12] and that they terminate mainly in the medial portion of
the laminae V, VI, and VII [2]. Both injured fibres in the dorsal funiculus and
axon terminals in the grey matter did probably contribute to the labelling of
the perikarya. Labelled ganglion cells in the contralateral ganglia indicating
a crossing of primary afferent collaterals were rarely observed. The long
intersegmental course (up to 10 segments) of the descending collaterals of
primary afferent fibre was unexpected and suggested an extensive convergence
of primary afferent fibres to the lumbar spinal cord segments. Mainly the
intraspinal arborization of the large neurones was distributed over many
segments. This observation confirmed the results of recent electrophysiological
studies [13] which showed that the long descending primary afferent collaterals
are of thick myelinated nature (conduction velocity up to 40 m/sec). We have
no direct evidence for the functional characteristics of these nerve fibres,
but the findings of Setlzer and Spencer [11] concerning the long course of
visceral afferents up and down the spinal cord might suggest that at least
some of the neurones revealed in the present study have visceral connections
at the periphery.
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DAS VERHALTEN DER ABSTEIGENDEN KOLLATERALEN DER PRIMAREN
SENSIBLEN NEURONEN IM RUCKENMARK DER KATZE

MARIA KAUSZ und M. RETHELYI

In die unteren thorakelen, lumbalen und sakralen Segmente des Rickenmarks von
Uatzen wurde Horseradish-Peroxydase eingspritzt. Nach der Injektion fanden sich in mehreren,
kranialwérts der Injektionsstelle gelegenen Spinalganglien markierte Neurozyten. Die in
Segmenten gemessene Entfernung von der Injektionsstelle bis zu dem am weitesten kranial
gelegenen, markierte Neurozyten enthaltenden Ganglion war anscheinend von der Lokalisa-
tion der Einstichstelle abh&ngig. Die grofRte Entfernung (10 Segmente) wurde bei medialem
Einstich ermittelt. Die primédren sensiblen Neuronen mit langen absteigenden Kollateralen
gehdren zu den Uber groBe Neurozyten verfigenden Ganglionzellen.

HNCXoO4AWME KONNMUTEPANW NEPBMYHbBIX 4YYBCTBYHOWWMX HEBPOHOB
CNMMHHOIo MO3TrA KOWKW®

MAPUA KAYC n M- PETXEWNMU

ABTOpbl BBOAUNMW horsera nBl-nepokcugasy B HUXHWE TPyAHble, MOSICHUYHbIE W KpecT-
LLOBblE CETMEHTbl CMUHHOMO MO3ra KOWKK. Mocne MHbeKLUN npenapata B HECKONbKUX CAWHANb-
HbIX TaHrAMWAX, pacnonarawWmuxca B KpaBuarbHOM HanpaB/ieHUM OT MecTa ykona, Hab6nwpa-
NIUCb MEUYEHHble HEpPBHblE KNeTku. OnpegensieMoe B CEIMeHTax paccTosHWe OT MecTa MHbeKLUun
[0 Hanbosee KpaHWanbHO PACNONOXEHHOTO FaHINNsA, CofepXallero MEYEHHbIE HEPBHbIE KNETKU,
NoOBUAUMOMY 3aBUCUT OT MecTa ykona. Hanbonblwee pacctosHue (10 cermeHToB) 6bIN10 Onpegene-
HO nocfie MHbEeKL WU, BBEAEHHbIX MEANANbHO. NMepBUYHbIE YYBCTBUTEbHbIE HEBPOHbI C ANNHHbBIMM
HUCXOAALWMNMN KONNATEPANsAMU, OTHOCATCS K FAHINIMO3HbIM KneTkam, o6najarlmumMm KpynHbI MU
HelipounTamu.

Semmelweis Orvostudomanyi Egyetem
Il. sz. Anatémiai Intézet
H-1094 Budapest, Tlzolté u. 58.

Dr. Méria K ausz
Dr. Miklés Réthelyi
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RECENSIONES

E. Holtzman: Lysosomes: A Survey. Cell Biology Monographs Vol. 3. Springer Verlag, New
York, 1976. XI. 298 pages 56 figures.
Price: DM 130,—

The lysosome concept and discovery is a result of biochemical research, however, its
full potential was realized only through modern morphological investigations. The morpholog-
ical and biochemical experiments together, brought about the present knowledge of the cell
physiological and pathological significance of the lysosomes. The book provides the reader with
a well designed picture of the above topics.

Individual chapters deal with the concept of the lysosomes, their enzymes, the questions
of the hetero and autophagy, the types of lysosomes and their functions, the known lysosome
theories and their role in various pathological processes.

Regarding the origins of the lysosomes, the author attempts to bridge the differences
of views in the De Duve and Novikoff schools of thought. Testing the pathological functions
of the lysosomes is among pathology’s most comprehensive research subjects.

Their role in storage and infectious disorders as well as in various inflammatory maladies
is surveyed. According to the author, in background of the pathological processes, damages
of the lysosomical membrane and their reduced functions (or lack of it) could be observed.

The subject on the role of the lysosomes in securing the cell’s turnover is also adequately
covered. A separate chapter discusses those lysosomes which are found in alkaloid cells and
the role and functions of lysosomes in the endocrine secretions and germinal cells.

The illustrations greatly assist the reader in better understanding of the lysosomes,
making the book concise and easy to read. The bibliography contains almost every significant
data pertaining to the subject.

The timeliness of the lysosome topic makes this book a most useful tool for biologists,
medical researchers as well as practicing clinicians.

P. SOTONYI

Johann Ambrosius Barth. Nova Acta Leopoldina NF Nr. 217/Bd. 41. Pathologie Fleute
Halle. 1975. Pages 560, Figs 300 Tab. 54.
Price: DM 109,-

The publication contains the lectures delivered at the Halle scientific conference, held
in honour of the 60th anniversary of Professor Gunter Bruns, on February 3rd. 1974.

The well designed volume, besides surveying the development of pathology, sums
up the research, the methods and the goals of today’s pathologists.

Introducing the cases is a lecture heard on the changes of anatomical investigation of
the central nervous system and the effect of these changes on various aspects of pathology
itself. Other lectures cover a rather wide scale of topics, among them the localization frequency
of head injuries, pathological analysis of experimental traumatological material, including
reports on various tests done by electron microscopical, histochemical, polarization filter, fluo-
rescens microscopy and other up to date methods.

A special asset of the book is that the lectures are well connected with oneother, thus
giving the reader a unified picture and in the same time informing him of the newest results
available within a subject.

The well placed and numerous figures convincingly present the facts mentioned in the
text.

Pathologie Heute is a book that can equally be useful for clinicians and pathologists.

1. Lukéacs
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R. Eric Lombard: Comparative Morphology of the Inner Ear in Salamanders (Caudata: Am-
phibia). Contributions to Vertebrate Evolution, Vol. 2. Eds: Hecht, M. K., Szalay, F. S. S.
Karger, Basel 1977. 140 pages, 63 Figs, 1 Tab.

Price: DM 75,—

This monograph is based on the study of larval and adult specimens of 55 species be-
longing to 35 Salamander genus.

It gives a detailed review of the structure of their inner ear. Since few data is known
concerning the gross and microscopic anatomy of the organs of hearing and equilibrium of ten
caudate Amphibia, and their majority is outdated, the work fills a gap in the literature.

The study is based chiefly on gross and histological findings. It supplies a detailed and
exact description on the inner ear, the spatial situation of the labyrinth as well as of the histo-
logical structure of its single parts. The electron microscopic data, which form a minor part of
the work, concern the ultrastructure of the sensory papillae.

Following a general anatomical description of the inner ear, the characteristics of the
different species are discussed. A separate chapter deals with the causes and significance of the
structural diversity observed in the systematic groups.

The book is a well-edited, valuable summary containing a rich figure material. It is
recommended to all who are engaged in the comparative anatomy of the organ of hearing
and balance.

J. Kovacs

H. Tedeschi: Mitochondria: Structure, Biogenesis and Transducing Functions. Springer Verlag,
Wienna, New York, 1976. Vol. 4 X., 164 pages, 18 figures.
Price: DM 89,—

One of the central questions of cytological research is the biochemistry and structural
organization of the multi-enzyme systems of mitochondriums. The timeliness of the book is
obvious in this respect.

The well-articulated volume emphasises the basic fact: the simultaneous examinations
of structure and function is possible and necessary today. The function is realized through the
molecular membrane.

Individual chapters deal with the energy production within the mitochondrium, the
morphological structure, the workings of the inner and outer membranes, the cation —anion
permeability, the metabolic carriers, the electron transport and the ATP-ase connected to it.
The author also gives a detailed explanation of the theories regarding “high-energy” state
(chemical, chemical-osmotic, amount of protein).

An especially well-edited part of the book concerns protein synthesis, where the author
provides us with a rather comprehensive discussion on the problems of mitochondrial DNA
and RNA synthesis.

The figures are complementing the text well, and the bibliography used by the author
covers almost all available literature on the subject.

The book, in our opinion, will be widely read and used by biochemists, morphologists,
or any other professionals working on mitochondria research.

P. SOTONYI
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Acta Morphologica Tomus XXIV Fasciculus 3

pp. 285

An Animal is presenile when its irregular cycle, anil pregnancy occurs infrequently.

pp. 287

Only the fifth mouse (36 month old) had an irregular pattern during the 9 additional cycles,
consisting of a 2-day oestrous period, than a 20-day dioestrous period, 2 normal cycles and
than again a 2-day oestrous period.

pp. 292
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MYOFIBRE ABNORMALITIES
OF ORBICULAR MUSCLE IN MALPOSITION
OF THE EYELID

J. Fehér

(Received March 11, 1977)

Fifty-five cases of senile entropion and ectropion have been studied electron
microscopically. In both senile entropion and ectropion significant ultrastructural ab-
normalities were found in the orbicular muscle fibres, such as a disruption of fibres,
Z line streaming, rod formation, Z line duplication and cytoplasmic body formation.
These alterations have been described only in neuromuscular disorders and systemic
diseases affecting the skeletal muscles. Our observations have confirmed that these
abnormalities are not specific signs of any given disease, they rather represent the
ultrastructural background of impaired muscle function independently of the aetiology
of the disease.

There are two main theories to explain the pathomechanism of senile
entropion and ectropion, the spastic and the atonic theory. These malpositions
of the lower eyelid are therefore often called spastic entropion or ectropion as
well as atonic entropion or ectropion. Both ascribe essential importance to
orbicular muscle function, although few morphological and function observa-
tions have been carried out to reveal the pathologic backround of abnormal
muscle activity [10, 37—39], and we are far from knowing the exact ultra-
structural features of the orbicular muscle affected by senile involution, which
could explain the clinical picture.

This paper has been devoted to the study of the myofibrillar abnor-
malities.

Materials and methods

Fifty-five patients with senile entropion and ectropion were studied electron microscop-
ically. Fourty-two had senile entropion and twelve, senile ectropion. Thirty-seven cases were
unilateral and seventeen cases were bilateral, and one patient had senile entropion of the left
lower eyelid and senile ectropion of the right lower eyelid. Their mean age was 72.5 years.
All these patients were operated upon and small pieces of the orbicular muscle were dissected
at the surgical intervention. The muscle specimens were fixed in 2% osmium tetroxide pH
7.2. buffered with veronal-acetate, embedded in Araldite, sectioned with Reichert Ultra-
microtome and contrasted by Reynolds’ technique with uranyl acetate and lead citrate for
examination in the JEM 7A electron microscope.
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Observations

Dissolution offilaments

Disruption of the normal banding pattern and loss of myofilaments were
the most common ultrastructural changes in the orbicular muscle. In some
sites there were only small focal changes, whereas at other places the damage
extended over many sarcomeres and even many fibres (Fig. 1). Most areas of
myofibre damage were filled with glycogen particles, remnants of sarcoplasmic
reticulum, T tubules as well as mitochondria, most of which showed ab-
normalities.

Z line streaming

A focal widening of the Z line, or sometimes widening of the whole Z line
in one or more sarcomeres were common in both apparently normal and ab-
normal orbicular muscles. The lesions sometimes involved one or more sarco-
meres in one fibre or in several neighbouring fibres (Fig. 2). Under higher
power the Z line streaming displayed a longitudinal fibrillar structure, which
continued into the | band next to the abnormal Z line. No transversal period-
icity was seen in these extended Z lines (Fig. 3). The sarcomeres around
Z line streaming had either a normal or an abnormal banding pattern.

Rod formation

This alteration was characterized by paracrystalline accumulation of Z
line material. The myofibrillar structure was more or less irregular and the
normal banding pattern disrupted. The intermyofibrillar spaces had widened,
and in those spaces, tubules of sarcoplasmic reticulum, glycogen particles,
mitochondria and a few T tubules could be seen (Fig. 4). Under high magnifi-
cation, the enlarged Z lines showed a typical paracrystalline structure (Fig. 5).
They consisted of a lattice-like arrangement of squares measuring about 100 A
on each side. The enlarged Z line was three to five times wider than the normai
but we have never observed such paracrystalline bodies, which would have
extended over several sarcomeres. On both sides of the rods, fine filaments
penetrated into the substance of the accumulated Z line material.

Double Z band

A duplication of the Z line occurred in one of the cases, a man 65 year
of age who had a senile ectropion and no symptoms of systemic neuromuscular
or metabolic disease. The Z line duplication appeared in several neighbouring
fibres (Fig. 6). On both sides of each pair of Z lines, fine fibrils could be seen.
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Fig. 1. Focal disruption of myofibres (arrow). The normal banding pattern has disappeared, large masses of Z line ma-
terial and irregular fibrillar network are seen. N. I. 69 years. Senile entropin. x 11,400
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Fig, 2. Z line streaming in apparently normal muscle. The normal handing pattern is well preserved. The sarcoplas-
mic reticulum and mitochondria seem to be intact. T.A. 87 years. Senile entropion. X22,000
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Fig. 3. Excessive Z line streaming. The normal banding pattern is highly disturbed, most of the Z line are widened.
Between the irregular fibres mitochondria, glycogen particles and tubules of sarcoplasmic reticulum can be seen. S.M.
68 years. Senile entropion. X 19,200
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Fig. 4. Rod formation corresponding to a paracrystalline accumulation of Z line material. S.G. 76 years. Senile entro-
pion. X28.000
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Fig. 5. The rods under high magnification show a typical paracrystalline structure. The thin filaments are in connection
with the rods. E.J. 73 years. Senile entropion. X 99.000
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Fig. 6. Duplication ofthe Zlinesin some neighbouring fibres. Between the slightly irregular fibres, well-developed tubules
of sarcoplasmic reticulum, mitochondria and glycogen particles. V.F. 65 years. Senile ectropion. X 66,000
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Fig. 7. Cytoplasmic body formation in the sarcoplasm. The electrodense oval area is surrounded by a halo of fine
filaments, tubules of sarcoplasmic reticulum and T tubules. B.F. 82 years. Senile entropion. X22,000
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Between these fibrils glycogen particles, mitochondria and tubes of sarco-
plasmic reticulum were observed. This duplication of the Z line was certainly
no artefact.

Cytoplasmic bodies

This curious structure varied widely in size and shape, but had a char-
acteristic appearance. It consisted of a round or oval, amorphous, osmiphilic
central area surrounded by a halo of lighter, less dense amorphous material
(Fig. 7). Fine filaments from the adjacent muscle fibres passed through this
outer zone and entered into the electrodense central region. Between the fine
filaments a few T tubules, glycogen particles and a rich network of sarco-
plasmic reticulum appeared.

Discussion

There is a general agreement that a disruption of the filament arrange-
ment is not specific for any given disease. The alteration has been described in
numerous unrelated diseases, such as muscular dystrophies [18, 26, 42, 45],
periodic paralysis [24, 47], steroid myopathy [37], neurogenic atrophies [1, 50],
glycogen storage diseases [5, 12, 27, 41].

Becently Radncst [37, 38], Radnot and For11man [39] described marked
destruction and diminution of the orbicular muscle in cases of senile entropion,
ectropion and eyelid tumours. The alterations were considered to represent
senile changes. Our observations confirmed their findings and showed some
more ultrastructural abnormalities of the orbicular muscle, such as Z line
streaming, rod formation, Z line duplication and cytoplasmic body formation.
These abnormalities have not been described in the orbicular muscle of ap-
parently healthy patients.

Z line streaming may occur in normal muscles, but it is more common
in muscle diseases such as muscular dystrophies [16, 34], denervation atro-
phies [44], collagen vascular diseases [32, 43, 49], hypothyroid myopathy [19]
and central core disease [4, 11, 21].

Z line streaming has often been found in senile entropion and ectropion
and sometimes enormous masses of filamentous Z line material could be
observed.

A number of authors have considered these rods to be a unique patho-
logical change found in congenital myopathy [9, 25, 48]. The specificity of rod
formation seems to be doubtful since typical rods were observed in late onset
myopathy of adults [13], collagen vascular disease [16, 43], central core dis-
ease [2], muscular dystrophies 116], after tenotomy [51], in the heart muscle
of the cat [17] as well as in extraocular muscles [8, 33, 40].
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According to the earlier opinion, the electrodense rods originated from
the Z line and consisted of Z line material [14, 21, 22, 29, 30, 36]. This view
was based on the finding of focal enlargements of the Z line, and on the ultra-
structural similarities between the Z line and rods with regard to their electron
density and lattice-like pattern. The biochemical composition of the rods is
unknown [54]. Several authors suggested that the rods are the result of an
excessive production and accumulation of tropomyosin [36]. This hypothesis
was based on the apparent continuation of the rods into the Z lines, which
earlier were believed to be tropomyosin, as well as on the ultrastructural
similarities between the rods and tropomyosin crystals. Subsequent antibody
localization studies [35], Z line reconstruction experiments [53] and X-ray
diffraction studies [7] have considerably undermined the evidence concerning
the presence of tropomyosin in the Z line. There is growing evidence suggest-
ing that the tropomyosin localized in the thin filaments and the protein
which the Z lines consist is mostly alpha actin [20]. On the other hand, re-
markable myosin abnormalities have recently been described in muscle biop-
sies from a patient with characteristic clinical and pathological phenomena of
rod myopathy. These abnormalities were accompanied by decreased ATP-ase
activity of the myofibres and the sarcoplasmic reticulum [52]. In our cases of
senile entropion and ectropion the rods had undoubtedly originated from the
Z lines. In some places the Z lines had thickened and formed lattice-like struc-
tures, and their continuity with the filaments was always obvious. Although
the size of the rods varied widely, the paracrystalline structure was typical
and constant.

Duplication of the Z line is a very rare change. Only two cases of this
abnormality have been reported, one in regenerating muscle [23] and one in a
case of thyrotropin deficiency [15]. One case with this abnormality showed
widened pairs of Z lines with paracrystalline structure.

The origin, the chemical composition and significance of cytoplasmic
bodies are not known, but they appear to contain Z line material as well as
myofilaments [29, 34]. These abnormalities are accompanied with other Z line
alterations such as Z line streaming or rod formation. Cytoplasmic bodies were
found in muscle dystrophies [30, 46], periodic paralysis [28, 31], and collagen
vascular diseases [49, 55]. Two of our cases showed typical cytoplasmic body
formation accompanied by other abnormalities such as Z line streaming and
rod formation.
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VERANDERUNGEN DER MUSKELFASERN BEI FALSCHER AUGENLIDSTELLUNG
J. FEHER

Der Musculus orbicularis oculi wurde bei 55 Patienten, die wegen Entropium oder
Ectropium senile operiert wurden, elektronenoptisch untersucht. Sowohl beim senilen Entro-
pium als auch beim senilen Ectropium wurden charakteristische ultrastrukturelle Verdnderun-
gen festgestellt, wie Auflésung der Muskelfasern, Verbreiterung der Z-Linie, Stdbchenbildung,
Z-Linienverdopplung und Bildung von Zytoplasmakirperchen. Diese Verdnderungen wurden
friher nur im Zusammenhang mit verschiedenen neuromuskuldren Erkrankungen und ande-
ren, auf die Skelettmuskulatur tibergreifenden Systemerkrankungen beschrieben. Die Eergeb-
nisse bestatigen die Ansichten, nach denen die erwéhnten ultrastrukturellen Verdnderungen
nicht als eine fir bestimmte Krankheiten spezifische Verdnderung anzusehen sind, vielmehr
die ultrastrukturellen Grundlagen der geschadigten Muskeltatigkeit darstellen, unabhéngig
von der Atiologie der Krankheit.

W3MEHEHWA MbIWEYHBIX BO/NOKOH MNMPW HEMNPABWU/IBbHOM
MONOXEHWN BEK

N. PEXEP

B 3/1eKTPOHHOM MUKpockone 6bifa UccnefoBaHa Kpyrosas Mblwua rnasa y 55 60/bHbIX,
onepupoBaHHbIX N0 NOBOAY CTApP4YeCcKOro BbLIBOPOTa WM 3aBopoTa Bek. Mpu o6oux naTonoru-
Ueckux npoueccax B MblllEYHbIX BOSIOKHAX Gbl/IM 06HAPYXEHbl XapakTepHble U3MEHEeHUsi, B TOM
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ynucne pacTBOpPeHMWE MbIWEYHOTO BOMIOKHA, paclwupeHne NuHuMu Z, ob6pasoBaHne nonoyek, yaBoe-
HWe NMHUKN Z N o6pa3oBaHue uMTonnasmMaTnyeckmx Teney. PaHbwe 3TM U3MeHeHUa 6biNM onuca-
Hbl TONbKO B CBSI3N C Pa3/IM4HbIMUN HEWPOMYCKYNAPHbIMYU 3a60NeBaHNAMM N NPOUYUMU CUCTEM-
HbIMW 3a60/1€BAHNSIMU, PACNpPOCTPAHSAWMMUCA HA CKeNeTHY Mblwly. Pe3ynbTaTel uccneno-
BaHWI NOAKPENNST B3rNSAAbl, COrNacHO KOTOPbIM YNOMSIHYTble YNbTPacTPYyKTypHble wu3Mme-
HEHUA He ABNAKTCA cneunduyeckumun Ansa onpejeneHHoro sa6onesaHns, a npeacTaBnsiioT coboi
YNbTPacTPYKTYPHbIe OCHOBbl HapyWeEeHHON MbllWeYHOW (PYyHKLUKU, HE3aBUCUMO OT 3TMONOTUKN
3aboneBaHus.

Dr. Janos Fehér: Semmelweis Orvostudomanyi Egyetem 1. sz. Szemklinika
H-1083 Budapest, Tom6 u. 25—29, Hungary
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INFLUENCE OF THE INTESTINAL EPITHELIUM TO THE
PLASMA CELL DIFFERENTIATION INJECTED
INTO THE THYMUS

1. Toers
(Received April 26, 1977)

Physiological saline solution of enzyme-isolated small intestinal epithelium of rat
embryos was injected into the thymus of adult rats, thus increasing the number of
epithelial cells in the parenchyma. The effect on the cellular composition of the thymus
parenchyma was studied with special regard to plasma cells. Considering the functional
importance of epithelial elements in the lymphoepithelial organs, the intervention
rendered the thymus similar to the lymphoid organs of the intestinal tract. Plasma
cells failed to appear in the thymus, hut their number in the lymph nodes surrounding
the thymus was considerably increased. It issupposed that under normal circumstances
the thymus contains an inhibitory factor, which would make it possible to induce
plasma cell transformation, hut would inhibit maturation during the presence of the
cells in the thymus.

Studies on the cellular composition of the thymus reveal certain contra-
dictions as under normal circumstances they failed to demonstrate plasma
cells. This is in agreement with the finding that no antibodies are produced in
the thymus and on this basis point to a functional difference between thymus
anti lymph nodes. The difference is farther supported by the differences in
structure, since the thymus, though by its composition a lymphoid organ is
still of epithelial origin differing from lymph nodes by its lobulation, the ex-
pressed variability of its cellular elements and chiefly by its entodermal base-
ment reticulum. These structural differences by themselves explain that the
function ofthe thymus is characteristically different from that of other lymph-
oid organs and it is this structural difference whicli might explain the absence
of plasma cells. This seems to allow the assumption that the presence of epi-
thelial cell is connected with the absence of plasma cells. Thus, since the
plasma cells are endproducts of the maturation process of lymphocytes, it
may be supposed that something necessary for lymphocyte maturation is
missing or something inhibiting the maturation process is present, in the thy-
mus. Whichever of these factors may be responsible for the absence of plasma
cells, the factor would be possibly controlled by the characteristic basement
reticulum. The question arose, what would happen if the number of the base-
ment reticulum cells would increase or that the normal ration of lymphoid
and epithelial cells would be shifted in favour of the epithelial cells.

The epithelial cells of the thymus are entodermal in origin and all the
thymo-lymphatic organs are connected with the entodermal epithelium cells,
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thus in the tonsils, Peyer’s plaques or in the bursae of the birds. The intestinal
epithelium, similar to the epithelial elements of the thymus, are in close struc-
tural and functional connection with the lymphoid cellular elements. There-
fore, intestinal epithelial cells of the rat embryo were injected into the thymus,
thus increasing there the number of epithelial elements. Then their effect on
the cellular composition of the thymus has been studied, chiefly in respect of
plasma cell maturation. This observation seemed to promise results all the
more, since, except the thymus, all lymphoepithelial organs contain a con-
siderable number of plasma cells.

Materials and methods

From the intestines of rat embryos removed between the 16th and 20th days of preg-
nancy, intestinal epithelial cell suspensions were prepared, following digestion of the intestine
in 1% trypsin solution at 38°C for 90 minutes, then after repeated shaking and washing in
physiological saline, the epithelial elements were separated by layer centrifugation for 2 x10
minutes. The layer above the sediment contained the majority of intestinal epithelial cells,
partly adhering to each other, partly isolated. The layer was pipetted and suspended in
physiological saline. The suspension thus obtained was injected into the jugular fossa of rats
of 100 to 200 g body weight, at identical depth into the thymus. Identical depths were ensured
by a narrow metal collar welded at 5 mm from the point of the injection canule. The thymus
of the rats thus treated was removed at different time intervals, after glutaraldehyde and
osmium fixation and embedding into Durcupan, semithin as well as ultra thin sections were
prepared and examined by the electron microscope.

In some cases the thymus adhered to the pleura or displayed a tumour-like enlarge-
ment (Fig. 1); the latter was conspicuous by a considerable protrusion of the thorax. In these

Fig. 1. Open thorax of white rat of 120 g. 20 days before an autopsy, suspension of the small

intestinal epithelium of a 19 days rat embryo was injected into the thymus. The picture dem-

onstrates a considerable increase in the size of the thymus, with nodules on its surface.
Th = Thymus, C= heart
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cases the enlargement was induced by cavities containing a mucous milky fluid in the interior
of the thymus. The neighbouring lymph nodes often showed enlargement or discoloration and
the otherwise smooth thymus surface was uneven and nodular.

Examinations

The intestinal epithelial cells injected into the thymus parenchyma continued to lie
in a satisfactory state (Fig. 2), and several goblet cells containing granules (Fig. 3) could be
found among them. The mucus containing cavities were the products of secretory intestinal
epithelium. Some intestinal epithelial cells displayed microvilli on their surface towards the
mucus-filled cavities (Fig. 4). The intestinal epithelial cells were mostly found in groups, form-
ing smaller or larger cavities. In the luminal part of the epithelial cells the number of mito-
chondria of roughly equal size was increased (Fig. 5). In their environment, the cellular sub-
stance of the parenchyma was loosened, wide intercellular gaps, containing electron-dense
material (Fig. 6) were observed. This material was probably secreted of the epithelial cells.
In the intercellular spaces some intercellular bridges were observed, allowing the union of
cytoplasm and by this way the exchange of cellular components (Fig. 7). In the wide intercellu-
lar gaps the cells could move freely and form variable shapes with processes. Among the lymph-
oid elements, apart from small thymocytes, numerous lymphoblasts and mitotic forms were
observed (Fig. 8), showing both possibilities of transformation, i.e. blast formation and macro-
phage transformation. Their nuclei displayed blebs and cytoplasmic tunnels. The transitory
cells had a rich structure; they contained lysosomes, dense bodies and numerous vacuoles.
The epithelial cells of the basement reticulum were arranged in groups, with interdigitating
complicated cytoplasmic processes, intertwined with those of the macrophages. Endocytosis
of the macrophages demonstrated intact thymocytes and cells in various stages of digestion,
thus indicating their destruction. The emperipolesis of the epithelial cells was somewhat
increased, pointing to and increased activity of the thymus. The cells termed by us specific
epithelial cells could clearly be observed, in contrast with some data in literature, we con-
sider them to represent transformed epithelial cells. With their complicated light, gyrificated
cytoplasmic lobules they surrounded closely a great number of thymocytes: structurally the
picture indicates a close functional cooperation of the two types of cell. Despite the complex
cellular picture, no plasma cells could be observed.

Since the phenomenon has been explained by assuming a blood thymus barrier that
would inhibit antigens to enter into the parenchyma, it was interesting to observe the con-
spicuous capillary walls (Figs 9 10) and the passage of lymphoid cells across them. The
behaviour of endothelial cells was also conspicuous as these demonstrated considerable thicken-
ings, a marked structure of the cytoplasm processes penetrating deep into the lumen and con-
nected with pinocytosis indicated by vacuoles in the cytoplasm. The wide pericapillary spaces
contained a granular substance (Fig. 10) and were covered by distended epithelial cells. This
looked like a real barrier, all the more since frequently the epithelial cells formed several
layers surrounding the vessel.

At other sites collagenous fibre bundles too participated in forming the barrier, seem-
ing to isolate the blood stream from the parenchyma. In spite of this, a penetration of lymphoid
cells into the vascular wall was quite frequent. Originally, the lymphoid cells is lying beside
the vascular wall and although it cannot be decided whether the cell then moves into or out
of the lumen, the structural picture seems to support the former possibility.

The paratrachéal lymph nodes near the thymus have also been studied (Figs 11, 12);
they contained a large number of plasma cells. There were regions, where almost all the cells
mature or maturing plasma cells.
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Fig. 2. A suspension of small intestinal epithelium of a 18 days rat embryo was injected into

the thymus of a white rat of 60 g. The animal was killed 17 days later. The epithelial cells

are in a good condition, cuticule, microvilli are absent. Wide intercellular spaces in the
epithelium. IE = Intestinal epithelium; M = x 3900
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Fig. 3. White rat of Fig. 2. GC = Goblet cell; L = lymphocyte; IE intestinal epitheli-
um; M = X3900'
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Fig. 4. Small intestinal epithelial cells of a 18 days rat embryo were injected into

the thymus of an adult rat. mv: Microvilli; Cy = cyst lumen; M = mitochon-

drium; D = desmosome: Sp = specific vacrole; Db = dense body; G = gran-
nies; M - X2400

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



PI.LASMA CELL DIFFERENTIATION OF THE THYMUS

Fig. 5. Small intestinal epithelial cells of a 18 days rat embryo were injected

into the thymus of a white rat of 55 g. 19 days later the cyst in the thymus is

lined with epithelial cells possessing microvilli, mv Microvilli; 1E intestinal
epithelium; P plasma cell; M = x 4300
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Fig. 6. Loosened parenchyma of thymus of adult rat, with the injected small intestinal epi-
thelial cells of a rat embryo. Widened intercellular spaces containing electrodense substance.

LyV = lymph vessel; Ma = macrophage; L = lymphoid cell; R = reticulum cell; M = 13,700
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Fig. 7. Thymus of a white rat of 160 g body weight, 15 days after injection of a suspension
of small intestinal epithelium of rat embryo. The thymus is increased on size and contains
a cyst filled with mucous substance. Intracellular cytoplasmic bridges between lymphoblasts

debris; O = plasma bridge;

and macrophages. Ma = Macrophage; Ld = lymphocytic
M = X 14.000
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Fig. 8. Small intestinal epithelium of 19 days rat embryo, injected into thymus of rat of
180 g weight. Transformation cell in the thymus
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Figs 9—10. Thymus of adult rat injected with a suspension of small intestinal epithelium

of 18 days rat embryo, 4 days later lymphoid cell penetration across the wall of a capillary.

E — Endothelium; Ep = epithelial barrier; Lu = lumen; L lymphocyte; BM basal
membrane

Figure 9: M = x 13,700; Figure 10: M x 15,800
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Fig. 10
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Fig. 11. Parathymie lymph node of a rat of 120 g, 6 weeks after injection into the thymus of
embryonic small intestinal epithelium. The lymph node is filled with plasma cells. P Plasma
cell; L lymphocyte; M X4200
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Fig. 12. Perithymic lymph node of a rat of 120 g, filled with plasma cells. 30 days after injec-
tion into the thymus of embryonic intestinal epithelium. L = Lymphocyte; P = plasma cell;
Cd = cell degeneration; M = X 13,700
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Discussion

All lymphoepithelial organs originate from the entoderm. The epithelium
of entodermal origin has a characteristic affinity to lymphoid cells, from which
the antibody-producing plasma cells differentiate. This is explained by the fact
that the intestinal epithelium isin constant and close contact with the intesti-
nal contents containing antigens and toxic elements. Thus, these organs contain
a large number of plasma cells and so do the intestinal lymphoreticular organs
and the milk-spots [5]. In the rabbit appendix, plasma cells appear much earlier
than at other sites [32]. In the oral mucosa e.g. in the subepithelial connec-
tive tissue of the human gingiva, plasma cell aggregates occur regularly [25].

Everywhere, where there are numerous plasma cells, there are many
lymphocytes. This is due to the fact that the plasma cells are transformed
small lymphocytes. Under the effect of antigens and mitogens this transforma-
tion occurs both in vitro and in vivo. Menninghof et al. examined the light
and electron microscopic changes of the thymus in young rats and followed the
plasma cell transformation after intravenous application of anti-lymphocyte
serum. In the epithelium of the palatine tonsil numerous immature, but some-
times even mature plasma cells were found [33]. The study of the axolotl
intestine offers a good opportunity to examine the connection between in-
testinal entoderm and plasma cells [39]; both in the connective tissue and the
intestinal epithelium a high number of plasma cells were found. No such active
penetration of plasma cells into the crypt could be observed, which was similar
as the penetration of lymphocytes. Numerous lymphocytes were seen in the
stage of Hasma cell differentiation. The cytoplasm of the small lymphocytes
increases, the nucleus is shifted towards the capillary, the nuclear chro-
matin reaches its characteristic marginal and central position, meanwhile
the relation of plasma cells to epithelial cells is getting more close. Warren
even observed cytoplasmic bridges between the two cell types. According to
Fichtelius, the lymphoid cells produce immunoglobulin on contact with the
intestinal epithelium. Owen demonstrated in the Peyer plaques of the axolotl
intestine a so-called microfold cell (M cell) which contained chiefly plasma
cells in the network of its processes. According to this authorin the reticulum
formed by the M cells the antigens of the intestinal lumen reach the lymphoid
cells by way of the M cells. The M cells may connect IgA to the secretion and
release the immunoglobulin complex into the lumen. Characteristic cells with
a function similar as that of M cells may be found in the other lymphoepi-
thelial organs too, e.g. the specific cells of the thymus [24/a], the covering cells
of the tonsils or the epithelial cells covering the bursa. The importance of the
contact with the intestinal lumen is clearly demonstrated by bursa grafts im-
planted into the peritoneum of the chick embryo: the bursa will lose its lymph-
oid character on the day ofhatching [3]. Also the appendix ofthe rabbit is ligated
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after birth, it will lose its lymphoid character; this will, however, return on restor-
ing the communication with the intestinal lumen. The microenvironment for
the differentiation of plasma cells is created by the epithelium. Since the thy-
mus in the course of evolution has lost its contact with the intestinal lumen, its
difference from the other lymphoepithelial organs may easily be understood
despite the structural similarity. Is the absence of mature plasma cells [1, 11,
16, 26, 29, 38] explained by the absence of precursor cells, which at the periph-
ery are responsible for the differentiation of plasma cells? The plasma cells
are responsible for antibody production [28], and each mature plasma cell
produces only one kind of immunoglobulin. In experiments carried out with
labelled antibodies, the antibodies are selectively bound to the plasma cells,
which array on their surface the immunoglobulin. When labelled basophilic
lymphoid cells stimulated with antigen are injected into lymph nodes, their
cells will be transformed into plasma cells [6]. In the lymph nodes, there are
many plasma cells and many transitory forms between lymphocytes and
plasma cells [2, 24]. If the lymphocytes of immunized mice are transferred
into irradiated mice incapable of producing antibodies, they regain their anti-
body-producing capacity. Immunofluorescence studies demonstrated that lym-
phocytes injected under the skin were transformed into plasma cells without
mitotic activity [4]. Thus, the lymphocytes are plasma cell precursors [7, 9,
41]. Electron microscopic autoradiography revealed that on antigenic stimu-
lation some lymphoid cells will take up thymidine; the cells contain many
RNP granules and small Golgi apparatus and will be transformed into plasma
cells [6]. On the basis of immunofluorescent and autoradiographic examina-
tions antibody production is attributed to the plasma cells [13]. The plasmo-
blast, being a younger cell form, has a large nucleus with a markedly pyro-
ninophilic cytoplasm, where increased RNA synthesis occurs. In the plasmo-
blast or immunoblast, many free ribosomes are found, with little rough endo-
plasmic reticulum, which then increases in amount in the course of matura-
tion. The Golgi apparatus is less developed. It has been stated that antibody
production starts in the ergastoplasm of the perinuclear space, pointing also
to the role of the nucleus. In the mature plasma cells, in the cisterns of the
endoplasmatic reticulum, large nodules may be observed. The plasma cells
contain less receptors than the other cells, since many receptors are lost during
differentiation, but they are the most active in antibody synthesis as well as
in secretion of antibodies into the circulation. In New Zealand Black (NZB)
mice, plasma cell proliferation is regulated by the thymus [12]. According to
Mitter, there exists a thymus-dependent lymphocyte population responsible
for plasma cell production, able to produce also immunoglobulin and anti-
bodies. The B lymphocytes are transformed into plasma cells, which secrete
2000 identical antibody molecules every second. This cell has a short life span;
it is destroyed in a few days [40].

Acta Morphologica Academiae Scientiariim Hungaricae 25, 1977



PLASMA CELL DIFFERENTIATION OF THE THYMUS 235

In cells isolated from lymph nodes of immunized rabbits and labelled
with tritiated leucine, the site of protein formation was observed by W eiss
by means of autoradiography. He intended to find the site of antibody forma-
tion during the 30 minutes between formation and secretion in the plasma cell.
It was found that during the latent period of secretion, the antibody travels
into the Golgi complex and from there to site of synthesis, the ergastoplasm
[10, 21].

Thus, among the lymph-epithelial organs the thymus alone has no con-
tact with the intestinal lumen and contains no plasma cells. According to
Metcalf the thymus exerts its influence upon the immune response by
speeding up by antigenic stimulation the proliferation of plasma cell pre-
cursors. When spleen and thymus pieces are transplanted into mice, within
one month a well-developed mosaic tissue is formed from the mixed graft. The
growth of spleen and thymus beside each other was satisfactory, but even in
this case plasma cells failed to appear in the thymus tissue, whereas they were
present in the spleen. The thymus differs from the other tissues also by epi-
thelial basement reticulum. Thus, it seemed interesting to investigate the
causa] relation of the two different factors and it seemed indicated to shift
the tissular equilibrum of the thymus towards the epithelial elements, in order
to observe the effect cn the other factor responsible for the difference. No
plasma cells appeared in the thymus but an abnormally high number of chiefly
mature plasma cells was found in those lymph nodes, through which the
lymph circulates on its was from the thymus. Thus, it seemed justified to
suppose that the stimulation of plasma cell formation had occurred in the
thymus, but since the tissue environment in the latter inhibited plasma cell
differentiation, this had to occur outside the thymus, in the lymph nodes.
Thus, the occurrence in the thymus of a factor has to be supposed, which would
potentiate plasma cell formation, but simultaneously an inhibitory factor too,
might be present, perhaps identical to the former, which inhibits the process
cf plasma cell differentiation; this factor might be bound to the entodermal
epithelial elements. As long as the thymus is active, the inhibitory factor will
exert its influence. For plasma cell differentiation in the thymus, thymic func-
tion and production of the inhibitory factor must cease. The easiest was to
achieve this by removing the thymus. Waksman et al. found increased num -
bers of plasma cells subsequent to thymectomy. Following X-ray irradiation,
which decreases thymic function, the number of plasma cells in the thymus
Villbe increased, just as under the effect of cortisone which too decreases the
function of the thymus. Freund adjuvant will induce the accumulation of
plasma cellsin the thymus [15,31]; in this case the thymus displays degener-
ative phenomena: tubuli, cysts appear, just as in massive involution. Simi-
larly, the number of plasma cells increases with age, parallel to the physiolog-
ical involutions of the thymus. In the thymus of a two years old boy suffer-
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ing from myasthenia gravis many plasma cells were found [34]. Nahmas sup-
posed the dissociation of the origin of lymphocytes and plasma cells, since in
an athymie female infant in the presence of normal serum globulin no lym-
phocytes were found, neither in the lymph nodes nor in the spleen or the
intestines, but plasma cells were present. Jankovic et al. observed that follow-
ing calf serum antigen injection the number of small lymphocytes decreased,
that of pyroninophilic cells increased in the thymus. This too indicated that
the cells of the thymus have a capacity to differentiate locally into plasma
cells under the effect of direct antigen. In athymie NZB mice or other thym-
ectomized mouse strains an intense proliferation of plasma cells was seen [12].
"When three weeks old rats were thymectomized, 16 days later lymphocyto-
penia, leukopenia and plasmocytosis appeared. After 31—32 days the plasma
cell concentration in peripheral blood might reach 10 per cent. This seems to
indicate that plasmoblasts are formed at a different site, but also to the inhibi-
tion of formation in the thymus under normal conditions. Mitrer et al. re-
ported on an increase in the number of myeloid elements following thymectomy,
indicating thus the suppression of myeloid element formation or the inhibi-
tion of their maturation by the thymus. Azar found in rats no change in
the plasma cell count after thymectomy. Svet observed in thymectomized
mice hyperplastic paratrachéal lymph nodes with plasma cells. Marsnhalt1 and
W hite injected antigen into the thymus and observed the appearance of plasma
cells. Similar observations were made in C3H mice after prolonged admin-
istration of Salmonella antigen or bovine serum albumin. According to
Metcalf, Stutman and Libgalitle,when the host was stimulated with antigen,
follicles and plasma cells were formed in the thymic graft, Mit1er found no
decrease in plasma cell count after neonatal thymectomy.
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DIE WIRKUNG DES EMBRYONALEN DARMEPITHELS
AUF DIE DIFFERENZIERUNG DER PLASMAZELLEN

1. TORO
Die mit Enzym isolierte und aus physiologischer Kochsalzlésung hergestellte Suspen-

sion von Rattenembryonen wurde in den Thymus erwachsener Ratten injiziert und dadurch
die Anzahl der Epithelzellen im Thymusparenchym erhdht. Die Wirkung dieses Eingriffs auf
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die Veranderungen in der Zellzusammensetzung des Thymusparenchyms wurde — unter be-
sonderer Berlicksichtigung der Plasmazellen — elektronenoptisch untersucht. Im Hinblick
auf die funktionelle Bedeutung der Epithelzellen in den lympho-epithelialen Organen wurden
diese durch den Eingriff den lymphoiden Organen des Darmkanals ahnlich gemacht, wobei es
sich herausstellte, dal die Plasmazellen im Thymus zwar nicht in Erscheinung traten, ihre
Zahl jedoch in den Lymphdrisen der Thymusumgebung erheblich zunahm. Es wird angenom-
men, daf unter normalen Verhdltnissen im Thymus ein Hemmfaktor zugegen ist, der die
Induktion der plasmozytaren Transformation potentiell zuldRt, doch die Zellreifung solange
hintanhalt, bis die Zelle im Thymus verbleibt.

OENCTBME 3MBPUOHA/IBHOIO KULWIEYHOIO 3MNUTENUA, BBEAEHHOIO
B 30BHYIO XENE3Y, HA AN®DPEPEHLUMALNIO TIJTASMOLIATOB

M. TEPE

B3Becb 3apoAyLla KpbICbl, M30/MPOBAHHAS 3H3UMOM W W3rOTOB/IEHHas M3 (OU3MO/OrK-
YeCcKOro pacTeopa MoBapeHHol conu, 6biia BBeAgHA B 306HYH0 YKenle3y B3pOC/oin KpbIChl, BCed-
CTBME Yero B MapeHxuMme 306HOM >Kenesbl MOBLICM/IOCh YMCMIO SMUTENNA/IbHBIX KeTOK. Mpw
MMOMOLLM 9NEKTPOHHON MMUKPOCKONWM 6GbI0 NPOBEAEHO WCC/efoBaHMe AeicTBUA YKa3aHHOro
BMeLLaTeNIbCTBA HAa M3MEHEeHUs cocTaBa KNEeTOK B MapeHXMme 306HOM Kenesbl, ¢ 0Co6bIM BHU-
MaHMeM Ha NiasMoLmMTbl. TpUHMMas BO BHUMaHME MX (YHKUMOHA/IbHOE 3HAuYeHWe B MIMAO-
ANUTENUNATIbHBIX OpraHax anuTeNMabHble 3MeMeHTbl MPY NMOMOLLUM BbILLEN3/IOXKEHHOTO BMeLLA-
TeNbCTBa GblM CAeNMaHbl NOAOGHLIMM MIMMQOMAHLIM OpraHaM KULLIEYHOro KaHana. Takum obpa-
30M 6bIfI0 YCTAHOBMIEHO, UTO M/asMaTUYeCKMe KNeTKW He MOosIBAATCS B 306HOM Xenese, B TO
BPEMsl KaK VX UmMc/o B 3HAUMTEIbHOM Mepe MOBbILIAeTCS B MMMAATUUECKMX Y31axX 0KO/0 306HOM
Xenesbl. MonaraeTcs, 4To B HOPMe B 306HOV YKenlese MpUCyTCTBYET TOPMOXKAKOLLMIA (haKTop, To-
TEHLMANbHO BO3BOMSIOWMIA UHAYKLMIO NIa3MOKNETOUHOW TpaHcopMauyu, HO NpensTcTBy-
IOLLMIA CO3peBaHMI0 KNETOK A0 TeX Mop, MOKa OHW OCTaloTCs B 306HOW Xerese.

Dr. Imre TORO: Semmelweis Orvostudomanyi Egyetem
Il. sz. Anatomiai, Szovet és Fejlédéstani Intézet
H-1094 Budapest, T@zolté6 u. 58., Hungary
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CYTOPLASMIC AGGREGATES
IN D-GALACTOSAMINE INDUCED LIVER INJURY

Anna Tompa, K. Lapis, Zsuzsa Schaff, K. Mészaros, J. Mandl,
T. Garzoé and F. Antoni

(Received August 15, 1977)

D-galactosamine treatment leads to the formation of PAS-positive granules or
aggregates in the cytoplasm of mouse liver cells. Ultrastructural observations show
that the granules consist of particles surrounded by membranes of rough endoplasmic
reticulum. Cytochemical results reveal that part of the particles is pronase-sensitive
and amylase resistant, staining positively by the Thiéry silver proteinate method. The
other part is stained positively by EDTA preferentional staining. According to the cyto-
and histochemieal results the granules consist of ribosomes and abnormal basic glycogen.
The aggregates are removed from the cytoplasm mostly by lysosomal degradation.
Discovery of the specific liepatotoxic effect of D-galactosamine (DGA)

[5] has been followed by a number of morphological and biochemical studies
(for reviews see Decker and Keppler [2, 3, 7]). Several morphological features
resembling those of human viral hepatitis (inflammation and focal necroses,
Councilman bodies, balloon cells, etc.) have drawn attention to this experi-
mental liver disease which can he elicited in a variety of animal species. The
ultimate mechanism of cellular necrosis is not known. The primary biochemical
lesion is considered to be a depletion of the uridine triphosphate (UTP) pool [3]
which entails the drastic inhibition of RINA synthesis [19]. Biochemical altera-
tions include the decrease of protein synthesis [8, 15, 19, 22] which cannot,
however, he interpreted as a mere consequence of impaired RNA synthesis in
the early stage. Some direct damage to the protein synthetizing machinery
has been suggested by electron microscopic observations [9, 14, 22] demonstrat-
ing a degranulation of the rought endoplasmic reticulum and the formation of
cytoplasmic electrondense aggregates. The purpose of present study was to

elucidate the structure, composition and fate of the cytoplasmic aggregates.

Materials and methods

Treatment of animals (see Table I).

Male Swiss mice weighing 20 to 25 g were used. Starvation for 48 hours was applied
to deplete liver glycogen. Galactosamine treatment was performed by a single intraperitoneal
(i.p.) injection of 1 g/kg body weight of D-galactosamine HCI (DGA) (Fluka AG, Buchs,
Switzerland), if not otherwise stated. D-glucose was injected i.p. in a single dose of 5 g/kg
body weight. The controls received i.p. physiological saline. Each experimental group con-
tained at least five mice. The animals were sacrificed by decapitations.
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Light microscopy. Liver samples excised from the middle large lobe were fixed in 4%
neutral buffered formalin and in Dubosque —Brasil-Bouin fixative. Paraffin sections were
stained with haematoxylin and eosin and PAS, with or without amylase treatment. Neutral
lipids were demonstrated in frozen sections by oil-red staining.

Electron microscopy. Samples were fixed in 2% 0s04 for 2 hours, or in 2.5% glutar-
aldehyde for 3 hours at 4°C. The fixatives were dissolved in cacodylate buffer pH 7.2. Samples
were dehydrated in increasing concentrations of ethanol, and propylenoxide, and embedded
in Durcupan (Fluka ACM). Ultrathin sections cut with an LK.B ultratome 11l were stained
with uranyl acetate and lead citrate and examined with a JEM 100B electron microscope.

Cytochemical methods. Polysaccharides were stained for electron microscopy with thio-
carbohydrazide-silver proteinate according to Thiéry [24]. Ribonucleoproteins were dem-
onstrated in glutaraldehyde fixed ultrathin sections stained by the method of Bernhard [1]
applying EDTA.

Amylase and pronase treatments were performed according to Monneron and Bern-
hard [17]. Sample sections were digested in a 0.1% solution of alpha-amylase (65.7 U per mg,
W orthington Biochem. Corp.) or in a 0.5% solution of pronase (Grade B, Calbiochem.) at
pH 7.4 at 37°C for 20 minutes. Samples treated with periodic acid only served as controls.
Acid phosphatase activity was demonstrated by the method of Novikoff et al. [18]. Glucose-
6-phosphatase activity was demonstrated according to the method of Wachstein and Meisel
[26] as modified by Tice and Barrnett [25].

Cell fractionation. Rough (heavy) endoplasmic membranes were isolated as described
[16] with some modifications. Postmitochondrial supernatants of liver homogenates were pre-
pared as before. The postmitochondrial supernatant of a single liver was layered gently over
a discontinuous sucrose gradient in 12 ml cellulose nitrate tubes (from bottom to top, 2.5 ml
L2-65B ultracentrifuge for 120 minutes). The resulting pellet was washed with 3.2% sucrose
dissolved in cacodylate buffer pH 7.4, in order to remove excess sucrose and centrifuged at
900 g for one minute. The sediment was fixed in 0s04for 30 minutes and processed for electron
microscopy as described above.

Polysaccharide analysis. Glycogen was isolated from the perchloric acid supernatant of
liver homogenates. The amount of glucose was determined by the cysteine-sulphuric acid
reaction [4]. Hydrolysis of the polysaccharides was performed with 4 N HC1 at 100°C for
12 hours. Glucosamine was demonstrated by automated amino acid analyzer. Protein was
estimated according to Lowry et al. [12] using serum albumin as standard.

Table 1

SCHEME OF THE TREATMENT

Time of sacrifice 24 Nrs
treatment -
ohrs
Starvation 481x5
.6hrs
-27rs

treated
groups
XXXXXXXXXXXXXXXX

starvation DGA ;Xy; D- Glucose III
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Results
1. Controls

In the livers of normally fed mice treated with physiological saline no
particular alterations were seen (Fig. 1/A). PAS staining demonstrated large
amounts of glycogen of normal localization. Starvation for 48 hours depleted
the hepatic glycogen and oil-red staining demonstrated a finely dispersed fatty
infiltration. The injection of D-glucose (5 g per kg body weight) led to the re-
appearance of glycogen which was easily digested by amylase.

2. Galactosamine induced alterations

Light microscopy. Mice starved for 48 hours received a single injection of
DGA (1 g/kg body weight) and were sacrificed after various intervals. Two
hours after the injection a basophilic granulation appeared on the sinusoidal
surface of the liver cells (Fig. 1/B). The granules were resistant against alpha-
amylase digestion (Fig. 1/C). In the period from 6 to 18 hours after the ad-
ministration of galactosamine, light microscopic signs of liver damage devel-
oped: unicellular necroses surrounded by round cell infiltration (Table I11). In
the liver of normally fed mice treated with galactosamine, the light microscopic
alterations were similar to those of the starved animals, but the amount of
basophilic granulation was considerably larger.

Electron microscopy. At 6 hours following the treatment of starved mice
with galactosamine, electron microscopic examination of the liver revealed the
dilatation of the endoplasmic reticulum and the formation of vesicles. Between
the cisternae several aggregates were seen, consisting of electrondense particles
of 10 to 20 nm. The structure of the mitochondria was unchanged apart from
a slight swelling. The appearance of lipid droplets, lysosomes and microbodies
accompanied the changes. Later excessive formation and segregation of elec-
trondense aggregates became the dominant alteration. The change of the
nucleolus deserved attention: the electrondense spots around it reminded one
of the “spotted nucleolus” (Fig. 1/D).

3. Formation and fate of the cytoplasmic aggregates induced by galactos-
amine (see Table II)

P AS staining. The basophilic granulation appearing in the haematoxylin—
eosin stained liver sections of fasted and galactosamine treated mice gave an
intense reaction on PAS staining (Fig. 1/B) and resisted amylase digestion for
20 minutes (Fig. 1/C), although prolonged treatment with alpha-amylase di-
minished somewhat the amount of PAS positive granulation. The site of the
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Fig. la. Control mouse liver: finely dispe- Fig. Ib. 2 hours after galactosamine (DGA) Fig. le. DGA treated liver from the animal
rsed PAS positivity throughout the cyto- treatment. PAS positive granulation on shown in Fig. Ib. 30 min after alpha-amyl-
plasm. PAS reaction. x400; cv = central the sinusoidal surface of liver cells PAS ase digestion. The PAS positive granula-
vein; s = sinusoid reaction. X400; cv = central vein; s = si- tion isunchanged. Amylase-digested PAS
nusoid reaction. x400; Pv = portal vein; Gr =

Granulation; b = bile canal
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Fig. Id. Electronmicrograph of liver cell 6 hr after DGA treatment. Note electrondense spots (sp) in the nucleoli. Endoplasmic
reticulum (Er) exhibits vesicular transformation. Granular aggregates (Gr) stained by the Thiéry-method. 0s04fixation
Thiéry staining. X21,440; Nu = nucleolus; G1 = glycogen; Mi = mitochondria; Mb = microbody; Nb = nuclear body
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Table 11

Cytochemical nature of the DGA induced granules

: DGA Starvation
DGQe%rteat D-glucose and DGA
treatment  treatment

Amylase digestion — .
Pronase digestion + +
EDTA positivity + + + o+
Thiéry positivity + + o+

Glucose-6-P-ase activity in the
bile canal + + o+

Acid-P-ase activity in the
granules + o+ +

granulation corresponded to the midzonal localization of normal glycogen in
the liver lobule. Six hours after the injection of galactosamine, marked PAS
staining was observed in each of the livers examined. Thereafter, the PAS
positive granulation was found to diminish: 18 hours after the injection it was
restricted to a few cells, whereas in the 24th hour, glycogen of normal mor-
phology was seen only (Table Ill). A large amount of PAS positive material
was observed in the livers of normally fed mice treated with galactosamine, or

Table 111
Results
. DGA+ 48% starva- 367 starva-
Time DGA D-glucose ~ D-glucose Control tion DGA tion control
1 6hrs
granules + 4+ + o+ 4+ _ + _
6 —18hrs
unicellular necroses + + - - - + o+ o+ -
18 —36hrs
round cell infiltration + 4+ + + + - _ o+ o+ _
36 —96hrs
regeneration + o+ + _ _ + H _
+ mild

+ + moderate degree of the given alteration
+ + + severe
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Fig. 2a. DGA treatment. 2 hr after injection. Degranula-
tion of rough endoplasmic reticulum (rEr). 0s04fixation!
X 32,000; Gr = aggregates

Fig. 2b. DGA treatment. 6 hr after injection. Polysaccharide
substance in the aggregates (Gr). 0s04fixation, Thiéry stain-
ing. X29,600; L = lipid; Mi = mitochondria
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Fig. 2c. DGA treatment. 18 hr after injection. At the optimal Fig. 2d. DGA treatment, 24 hr after injection. Acid-Ph-ase
point of time for inducing hepatitis-like alterations. A number positivity in the aggregates: arrow; Glutaraldehyde fixation.

of lysosomes contains Thiéry-positive material. OsO, fix- X21,440; Gr = aggregates; Mi = mitochondria; Li = lipid
ation. X21,440; Ly = lysosomes; Gl = glycogen; Pe — pe- droplets Insert: In the control liver cell the glycogen areas
roxisome; Mi = mitochondria are negative after acid-Ph-ase reaction. Glutaraldehyde

fixation, X 13,000; Gl = glycogen; Ly = lysosome
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of starved mice after treatment with galactosamine and glucose. In the latter
case, the amount of PAS positive material could be reduced but not completely
abolished by treatment with amylase.

Electron microscopy. Aggregates of electrondense particles (Fig. 1/d) ap-
peared in increasing amounts 2 to 6 hours after galactosamine treatment of
fasted mice.

Two hours after the treatment (Fig. 2/a) aggregation of electrondense
particles was seen between the cisternae of rough endoplasmic reticulum (Fig.
2/a. Six hours after treatment an increase in the amount of dense granula-
tion was observed (Fig. 2/b). 18 hours after treatment, the aggregates
were partly surrounded by membranes of rEr; at this stage the lysosomes con-
tained densely stained material on Thiéry’s glycoprotein-specific staining
(Fig. 2/c).

Considering the difficulties of distinction between cytoplasmic electron-
dense granules, i.e. glycogen particles and polyribosomes, polysaccharides were
demonstrated by the method of Thiery [24]. The aggregates formed six hours
after galactosamine treatment of starved animals showed intense staining by
this method (Fig. 3/a). The amount of polysaccharide was much larger when
glucose too was injected. The reaction was similar in intensity as the stain-
ing of glycogen, but the localization and distribution of the grains was
different from that of the normally stored polysaccharide. Diastase treat-
ment of the specimens caused a slight decrease in the amount of this un-
usual polysaccharide (Fig. 3/c), in accordance with the behaviour of the PAS
positive material. Pronase treatment caused the granules to disappear (Fig.
3/d).

Ribonucleoprotein was detected by Bernhard’s method [1] demon-
strating the ribosomes (polysomes) as well as the nucleolar ribonucleopro-
tein. At variance with the regular arrays of ribosomes along the rough
endoplasmic reticulum in the starved controls, ribonucleoprotein particles
were trapped in the cytoplasmic aggregates induced by galactosamine (Fig.
3/b).

Acid phosphatase activity was detected in several of the large electron-
dense aggregates in the liver of galactosamine treated animals (Fig. 2/d).
This was in agreement with the finding that the cytoplasmic aggregates
were present in the lysosomes 18—24 hours after treatment. No acid phos-
phatase reaction was seen around the glycogen in the controls (Fig. 2/d)
(insert).

Glucose-6-phosphatase activity was shown to be localized around the
aggregates as well as on the bile canalicular surface of liver cells in the ga-
lactosamine treated animals (Fig. 4/b). In the controls, the reaction ap-
peared normally within the cisternae of the endoplasmic reticulum (Fig.
4/a).
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Fig. 3a. to (. DGA treatment 6 hr after injection, a. Thiéry

staining: the positive reaction shows the presence of the

polysaccharide component. 0s04 fixation. X21,440; Gr =
aggregates.

b. Bernhard staining: the EDTA positive material was found

also in the aggregates, proving”RNP containing structure.

Glutaraldehyde fixation. x21, 440; rEr = rough endoplasm
reticiculum; Gr = aggregates.
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c. Alpha-amylase treatment: the aggregates were resistant to
30 minutes digestion. 0s04fixation, x 39,960; rEr rough
endoplasmic reticulum; r ribosome.

d. Pronase treatment: 30 minutes after digestion, the po-

lysaccharide components of the aggregates disappeared.

0s04 fixation. X32.000; r Er = rough endoplasmic
reticulum; r = ribosomes
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Fig. 4a. Control liver: inthe endoplasmic reticulum (Er) cisterns the reaction is well-preserved, but the bile canalicular
membranes show point-like positivity. Glutaraldehyde fixation, Glucose-6-Ph-ase reaction. X21,440; be = bile canal;
L lipid droplets; Mi = mitochondria; G1 = glycogen
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Fig. 4b. DGA treatment: 36 hr after injection, glucose-6-Ph-ase reaction in the bile canalicular

(be) membranes and

around the aggregates (Gr): arrow.Glutaraldehydefixation, glucose-6-Ph-ase reaction. X21,440; Er endoplasmic reti-

culum; Gl = glycogen; Mi = mitochondria
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4. Isolation and electron microscopic examination of the cell fraction cor-
responding to the cytoplasmic aggregates.

Previous work on the fractionation of microsomal membranes [16] has
shown a characteristic increase in the density of the rough endoplasmic reticu-
lum membranes isolated from galactosamine treated mice. For electron micro-
scopic examination of this cell fraction, the earlier method had to be modified
in order to obtain both the altered and the normal rough membranes at the
bottom of the ultracentrifuge tubes as pellets, separated from the smooth
membranes by a layer of 1.3 M sucrose. Mice starved for 48 hours were injected
intraperitoneally with DGA—HC1 250 mg per kg body weight, and D-glucose,
5 gper kg. Previously, this treatment has been shown to produce large amounts
of cytoplasmic aggregates, but no hepatic necrosis. The controls received
glucose only. After 120 minutes the livers were processed as described in
Methods. The smooth membranes were recovered at the interfaces of the su-
crose layers: similar amounts were found in the controls and the experimental
samples.

The pellet containing the rough (heavy) membranes was examined by
electron microscopy. The pellets obtained from the controls showed more or
less uniform vesicles derived from the rough endoplasmic reticulum (Fig. 5/a).
The fraction gained from galactosamine treated mice by the same procedure
contained amorphous electrondense material containing irregular fragments
and degranulated vesicles of the rough endoplasmic membranes (Fig. 5/b).
The involvement in the formation of cytoplasmic aggregates of endoplasmic
membranes carrying the ribosomes was clearly demonstrated by these experi-
ments.

5, Chemical composition of the atypical polysaccharide.

The incorporation of D-glucosamine into hepatic glycogen following D-
galactosamine administration has been described and elucidated by Matey et
al. [13]. For analytical purposes, the polysaccharides were isolated from mice
receiving similar treatments as in the cell fractionation experiment, in order
to ensure the high yield of the material. Both the normal and the atypical
glycogen, isolated from the perchloric acid supernatant of liver homogenates,
contained 97 to 99% glucose and 0.3 to 0.5% protein. No hexosamine was
found in the hepatic glycogen of the glucose treated mice. In the acid hydro-
lysate of the hepatic polysaccharide of mice treated with galactosamine and
glucose, 1.3% glucosamine was demonstrated. The purified polysaccharide was
not resistant to digestion with amylase.
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Fig. 5a. Control

mouse

liver: ultrastructure of heavy microsomal fraction. Normal pellet. 0s04 fixation. X60,000;
rEr = rough endoplasmic reticulum membranes
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Fig. 5b. DGA treatment:ultrastructure of heavy microsomal fraction after 3 hr DGA treatment. Uncommon sediment-
ed pellet. The membranes were attached to electrondense substance. 0s04fixation. X 60,000; rEr = rough endoplas-
mic reticulum
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Discussion

Cytoplasmic aggregates have been observed in galactosamine hepatitis of
the rat by Scharnbeck et al. [21], Lapis and Schaff [9], who interpreted this
material as abnormal glycogen. This opinion was opposed by Shinozuka et
al. [23] mainly because of the unusual morphology and atypical localization of
the granulation, and its resistance to digestion with diastase. The latter authors
detected irregular stacks of ribosomes in the aggregates and speculated on the
formation of complexes of ribosomes with some unknown carbohydrate due to
the disturbance of glycoprotein synthesis. Lapis and Schaff [9] suggested
that the atypical polysaccharide might be formed on the route demonstrated
by Maltey et al. [13]. Uridine failed to prevent the formation of aggregates [23].

According to Lesch et al. [10] the aggregates or atypical dense bodies
(ADB) can be classified into three types; the early, the intermediate and the
late type and they are never enclosed by a limiting membrane. The ADB has
two constituents; RNAse-sensitive and RNAse and diastase resistant PAS-
positive components. The latter represents some abnormal metabolite of gly-
cogen [10]. We had come to the same conclusion. Part of the particles found
in ADB are stain positively on Bernhard’s preferential staining for RNA con-
taining structures, and part of the granules take Thiéry’s polysaccharide-
specific stain but they are diastase-resistant. The pronase digested the glyco-
protein component but did not attack the RNA-containing particles similar to
the ribosomes.

Most authors share the opinion that the inhibition of protein synthesis in
galactosamine hepatitis is difficult to explain solely on the basis of UTP de-
ficiency, defined as a primary biochemical lesion by Decker and Keppler [3].
Unlike the decrease of RNA synthesis, the inhibition of protein synthesis was
not completely reverted by administration of uridine [23].

The study of the formation and composition of cytoplasmic aggregates
in galactosamine hepatitis has led us to suggest an explanation for the inhibi-
tion of protein synthesis in the early stage of galactosamine induced liver
injury in mice. The morphological and biochemical findings presented indicate
that the cytoplasmic aggregates consist of atypical basic glycogen and ribo-
somes detached from the rough endoplasmic reticulum. The formation of
aggregates is preceded by the incorporation into glycogen of non-N-acetylated
glucosamine. The resulting basic polysaccharide is presumably attached to the
rough endoplasmic reticulum which is the framework supporting the poly-
ribosomes, particles of strongly acid character. The interaction may result in
the detachment of ribosomes from the membranes, or it may cause a fragmenta-
tion of the rough endoplasmic membrane system. Such a severe damage to the
supramolecular structure of the protein synthetizing apparatus most probably
impairs its function, too.
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The formation of the aggregates could be a factor in the inhibition of
protein synthesis which is certainly not counteracted by uridine. The signifi-
cance of this factor is determined by the amount and basicity of the poly-
saccharide. The amount of glycogen is decreasing in galactosamine treated,
normally fed rats [11], but this should he interpreted in terms of a turnover
with a negative balance, permitting the incorporation of glucosamine into
glycogen. The abundance of the aggregates in the mouse liver indicates that
the phenomenon is of great importance in this species. Elimination of the
aggregates is due to lysosomal degradation of the complexes. In galactosamine
hepatitis, autophagic vacuoles containing glycogen were observed by scharn-
beck €t al. [21], Lapis and scnarr [9] and by r umpere et al. [20].

From the point of view of cell death, the aggregates seem to be of second-
ary importance because low doses of galactosamine combined with glucose
maximally stimulate the formation of aggregates, while no significant hepato-
cellular necrosis is induced. Nevertheless, in the sequence of events leading to
hepatic damage, the formation of cytoplasmic aggregates and the resulting
decrease of protein synthesis is certainly one of the factors to be considered.
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KENNZEICHNUNG DER BEI D-GALACTOSAMIN-BEDINGTER
LEBERSCHADIGUNG BEOBACHTETEN ZYTOPLASMA-AGGREGATE

ANNA TOMPA, k. LAPIS, ZSUZSA SCHAFF, k. MESZAROS, J. MANDL, T. GARZO und F. ANTONI

Unter D-Galactosaminwirkung entstehen im Zytoplasma der Mdause-Leberzellen PAS-
positive Granula oder Aggregate. In den Untersuchungen ihrer Ultrastruktur wurde aufge-
zeigt. dal die Granula von der Membran des endoplasmatischen Retikulums mit grober Ober-
flache umgeben sind.

Die Ergebnisse der zytochemischen Untersuchungen deuten darauf hin, daB ein Teil
dieser Aggregate Pronase-empfindlich und Amylase-resistent ist und sieh mit dem Thiéry-
schen Silberproteinatverfahren positiv anfarbt. Der andere Teil farbt sich mit der EDTA-
Praferenzfarbung positiv an. GemdaR zytochemischen und biochemischen Untersuchungs-
ergebnissen bestehen die Granula aus Ribosomen und aus abnormalem basischem Glykogen.
Die Aggregate verschwinden aus dem Zytoplasma zumeist infolge lysosomaler Degradation.

XAPAKTEPNCTUKA BAIPEFATO, HABJ/IIOOAEMbBIX TP MOBPEXAEHUNU
MEYEHW, BbISBAHHOM A-IF'AJIAKTO3AMNHOM

AHHA TOMMA, K. TAMALY, XYXA WA®®, K. MECAPOLW, V. MAHA/, T. TAP30 n ®. AHTOHW

Mop AeiicTBMEM [I-raiakTo3aMMHa B LIMTOMN/MA3Me MeYeHOUHbIX KNETOK MbILliv 06pasytoTcs
MACK-NoNoXuTeNbHbIE FpaHy/nbl WU arperatbl. VccnefoBaHus ynbTPacTPYKTYpbl MOKa-
3bIBAOT, UTO 3ePHbLILLIKN OKPYXeHbl MemMGpaHoii 3HA0MIa3MaTUYecKoli CeTOUKU ¢ rpy6oii no-
BEPXHOCTbIO.

Pe3y/bTaTbl LMTOXMMUYECKUX UCCNEA0BaHMI NOKasanm, YTo YacTb rpaHy/ YyBCTBUTEb-
Ha K NpoHa3y, ycToiiuMBa NPoTMB aMuiasa 1 Npu oKpaLLMBaH1M MeToAbIM NpoTenHaTa cepe6pa Mo
Tuepyn NoOMoXWTeNIbHO OKpaLLIMBaeTcs. [pyras YacTb arperaTtoB MofOXUTENbHO OKpallMBaeTCs
npy NpeanounTesIbHOM okpalumeaHuM SATA. Ha OCHOBE LMTOXMMUYECKMX U BUOXMMUYECKMX
NCCNEeAOBaHMI 3TV rpaHy/ibl COCTOSAT M3 PUBOCOM U U3 HEHOPMAJSIbHOMO LLE/IOUHOTO FIMKOreHa.
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BLOOD SUPPLY OF THE RAT HYPOTHALAMUS. V.
THE MEDIAL HYPOTHALAMUS
(NUCLEUS VENTROMEDIAL IS, NUCLEUS
DORSOMEDIALIS, NUCLEUS PERIFORNICALIS)

G. Ambach and M. Palkovits

(Received October 12, 1977)

Using the India ink double-perfusion technique, the blood vessels of the rat’s
medial hypothalamus were reconstructed from serial sections. The area studied com-
prised the ventromedial, dorsomedial and perifornical nuclei. 4’he arterial supply of
this territory comes from the middle hypothalamic and the anterior, middle and
posterior tuberal arteries. The drainage is strictly undirectional: ventralward by the
anterior, middle and posterior ventromedial, the posteromedial and posterolateral
hypothalamic veins, all ending in the basal vein.

The arteries of the ventromedial and dorsomedial nuclei are distinct from those
of the arcuate nucleus and median eminence, and their drainage is not connected with
the portal vessels. The nuclei studied, even at the levels of their subdivisions, possess
own arteries whose territories of supply can well he distinguished with a minimum of
overlap. The topography of these arteries is described in detail.

The medial hypothalamus has no vascular connections with other regions of the
diencephalon including the thalamus.

Introduction

Earlier studies with double injections of India ink [2, 3, 4, 5] have shown
that the hypothalamic nuclear groups have fairly independent blood supplies.
Those located in the central part of the medial hypothalamus (arcuate, ventro-
medial and dorsomedial nuclei) were distinct from the anterior [4, 5] and pre-
mammillary cell groups as far as their blood supply was concerned (Anbach
and Palkovits in preparation). Even within the medial hypothalamus, the
median eminence and the arcuate nucleus have an own vascular system which
has few or no connections with the dorsally situated ventromedial and dorso-
medial nuclei [5].

The ventromedial and dorsomedial nuclei have an important role in
neuroendocrine control and, as indicated by their volume and cell number,
their contribution to tinlmass of the hypothalamus is substantial. The fact
that, this territory often serves as the target of experimental surgery, has
prompted us to investigate its blood supply in detail. Studies were focused on
the following problems. 1) Do the ventromedial (NYM), dorsomedial (NDM)
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and perifornical (NPF) nuclei possess independent blood supplies ? 2) Is there
any vascular relationship between this area and the median eminence and
hypophysis? 3) Have the subdivisions of the above nuclei own arteries and
veins? 4) What is the pattern of venous drainage in these nuclei? 5) Do they
have any vascular connection with the thalamus?

Materials and methods

The blood vessels of 40 albino rats were filled with India ink. After fixation the brains
were processed as described below. Ink perfusions were made with two colours as described
earlier [2]. Through the common carotid artery, blue ink (Rotring) was injected into the
arteries of the head, then red ink of higher viscosity was pumped in, pressing the blue one into
the veins. Due to its high viscosity the red ink did not pass through the capillaries thus the
arterial side of the circulation became filled with red and the venous one with blue ink. When
only one of the two were filled up, a 5—6% black ink-gelatin solution was administered.
Brains were removed from the skull and fixed for 8—10 days in 10% formaldehyde. Serial
sections of 100 —400 fi thickness were cut mainly in the frontal, in same cases in the sagittal
plane. Sections were cleared for stereo-microscopic study. This allowed a complete reconstruc-
tion of the vessels. Their localization was made using the coordinates of the cytoarchitectonie
atlas of the hypothalamus [Paikovits in preparation]. The blood supply of the medial hypo-
thalamic nuclei (NVM, NDM, NPF) was investigated systematically.

Results

The term “medial hypothalamus” usually refers to the rostro-caudal
middle part of the hypothalamus. This corresponds to what is termed the pars
tuberalis in another terminology. In front of it is the anterior hypothalamus
(pars optica), from behind it is bordered by the premammillary region. It con-
sists of a medial and lateral part. The latter is situated lateral to the vertical
plane through the fornix and comprises the medial forebrain bundle with its
enclosed cell groups.

Wi itliin the medial hypothalamus the basally located arcuate nucleus
and median eminence are distinguished as the medial-basal hypothalamus
from the ventromedial, dorsomedial and perifornical nuclei situated dorso-
laterally.

From the cytoarchitectonie aspect the ventromedial and dorsomedial
nuclei can be subdivided (Palkovits, in preparation). Six subdivisions can be
distinguished in the ventromedial and three in the dorsomedial nucleus. The
anterior cell group ofthe NYM is the most prominent (NVMA). Rostrally there
is a medial (NVMina) central (NVMc) and lateral (NYMIa) subdivision whereas
caudally only medial (NVMmp) and lateral (NYMIp) subdivisions can be found.
The dorsomedial nucleus contains in the dorso-ventral direction the dorsal
(NDMd), central (NDMc) and ventral (NDMv) subdivisions. The perifornical
nucleus, homogeneous in cell density, is situated above the fornix (Figs 5D, 5E).
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Arterial input to the medial hypothalamus

The medial hypothalamus is supplied by the tuberal arteries. These arise
from the internal carotid artery or from the hypophyseal and posterior cerebral
arteries. They enter the hypothalamus from the base of the brain 1000—1200 p
laterally from the midline. Tuberal branches are given off also by the hypo-
physeal arteries but their contribution to the blood supply of the NVM is
negligible. The more important tuberal branches are as follows (Figs
1n—D, 2).

Middle hypothalamic artery issuing from the internal carotid at a distance
of 3500 p behind the bregma. It forms an arch running an antero-medial course,
and at a length of approx. 1.5 mm it enters the diencephalon between the
internal carotid and anterior hypophyseal arteries. At the point of entry a thin
branch directed antero-laterally emerges from the trunk contributing to the
blood supply of the pretuberal part of the supraoptic nucleus (NSO) [2]. The
trunk runs on the side of the NVM to the top of this nucleus where it divides
into terminal branches. Occasionally, this artery comes from the initial part
of the anterior hypothalamic artery (Figs 1A, 2).

The anterior tuberal artery emerges from the initial part of the anterior
hypothalamic, in some cases from the internal carotid arteries. It passes up-
wards 2500 —2600 p behind the bregma between the anterior ventromedial
and subfornical nuclei and divides into terminal branches near the NVMc
(Figs 1B, 2).

A branch of the internal carotid is the middle tuberal artery. It enters the
hypothalamus 3500 p from the bregma behind the entry of the middle hypo-
physeal artery. It runs on the outer side of the postero-lateral part ofthe ventro-
medial nucleus to reach the dorsomedial nucleus. Just before its entry into the
brain this artery gives off 3—4 branches which penetrate the brain at the
bifurcation of the internal carotid and posterior cerebral arteries. The branches
supply the MFB (Figs 1C, 2, 4B).

The posterior tuberal artery is in most cases an independent branch of the
posterior cerebral arteri but sometimes it originates from the internal carotid
as a trunk common with the posterior hypophyseal artery. From its origin
(4200 p behind the bregma) it runs medialwards and then shortly divides into
several branches. The side ones (rr. postérolatérales) contribute to the supply
of the MFB, whereas those directed medialwards (rr. posteromediales) run to
the premammillary region. The trunk proper lies initially on the base of the
brain then enters it at a postbregmal distance of 3500 p and either through
or below the fornix it runs to the NDM. Along its course it lies medial
to the parallel veins. It divides within or just before the NDM (Figs ID,
2, 4C)
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Fig. 1. Arteries of the middle part of the hypothalamus, a = middle hypothalamic ar-

tery, 400 fisection in the sagittal plane; b = anterior tuberal artery; ¢ = middle tuberal

rartey; d = posterior tuberal artery in a 300 g frontal section. Abbr.: see Table | and list
of Abbreviations
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Fig. 2. Arterial supply of the dorsomedial and ventromedial nuclei. Abbr.: see Table | and list of Abbreviations
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Fig. 3. Arteries of the ventromedial nucleus, a = 300 (i frontal section behind the paraventri-
b = oblique frontal section at the level of the middle hypothalamic artery;

cular nucleus;

¢ = terminal branches of the anterior tuberal artery; d = small terminal branches to the
ventromedial nucleus of the anterior hypophyseal artery; e = arteries of the pars lateralis
posterior of the ventromedial nucleus;/= terminal ramifications of the main artery of the
dorsomedial nucleus. Abbr.; see Table | and list of Abbrevations
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Fig. 4. Arteries of the dorsomedial nucleus, a = terminal branch of the anterior tuberal artery;
b branches of the middle tuberal artery; c = ramifications of the posterior tuberal artery.
Abbr.: see Table | and list of Abbreviations
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Fig.

d =
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5. Arteries and veins of the perifornical nucleus, a, band c = 400 fi frontal sections;
arteries of the perifornical nucleus; e = veins of the perifornical nucleus. Abbr.: see
Tables | and Il and list of Abbrevations
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veins of the middle part of the hypothalamus. 300 /i frontal sections. Abbr.:

see Table Il and list of Abbreviations
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Fig. 7. Veins of the dorsomedial and ventromedial nuclei. Abbr.: see Table Il and list of Abbreviations
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a the posterior hypothalamic vein and its tributaries. 400 ft sagittal section; 6, c
- veins of the dorsoinedial and ventromedial nuclei in a 300 fi frontal section.
Abbr.: see Table Il and list of Abbreviations
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Arteries of the ventromedial nucleus (Table 1)

The artery of the anterior ventromedial nucleus (NVMA) (1800—2100 p)
is a branch (r. anterior) of the middle hypothalamic artery. It penetrates the
NVMA from behind and bifurcates in the core of the nucleus (Figs 2, 3A).
In a few cases, this nucleus receives small arteries also from below via the
tuberal branches of the anterior hypothalamic artery.

The pars medialis anterior ofthe ventromedial nucleus (NVMma) is supplied
by the middle hypothalamic artery. It enters the nucleus from lateral and d'vides
into three branches (rr. superiores). In one-third of the animals studied, one
of these branches constituted the posterior artery to the NVMA (Figs 2, 3B).

The pars centralis of the ventromedial nucleus (NVMc) has two arteries.
The narrow frontal zone (between 2100—2400 p) gets two laterally entering
branches (rr. centrales anteriores) from the middle hypothalamic artery. The
major, caudal, portion of the nucleus is supplied by the anterior tuberal artery
which divides either in the outer third of the NVMc or beside the nucleus.
Among its branchesthe 2— 3 (rr. centralesposteriores) are the most pronounced,
running and dividing further from lateral towards the ventricle (Figs 2, 3C).

The pars medialis posterior of the ventromedial nucleus (NVMmp) receives
blood in its upper two-third through a branch of the middle tuberal artery
(r. medialis posterior) entering the nucleus from lateral. The lower third is
reached from below by one or two branches of the same artery arising on the
base of the brain (Fig. 2).

Similarly as the posterior part the blood supply of the pars lateralis
anterior of the ventromedial nucleus (NVMIa) is multilateral with overlapping
fields (Figs 2, 3B). 1) The middle hypothalamic artery provides the rr. laterales
anteriores (2100—2400 p). 2) The short branches of the anterior tuberal artery
(rr. laterales) cover the area between 2400—2600 p. 3) From below the small
branches of the anterior hypophyseal artery (rr. anteriores) enter the nucleus
at 800—1000 p from the midline before the infundibular branches.

The anterior part of the pars lateralis posterior of the ventromedial nucleus
(NVMIp) receives its arterial supply from lateral through the branches of the
middle tuberal artery (rr. laterales posteriores) running upwards from the base
from the posterior tuberal artery, then bifurcating and reaching the nucleus at
its ventromedial side (Fig. 3F). Finally, to supply the premammillary region,
small branches called the rr. posterolaterales enter from below and cover also
the posterior medial part of the NVMIp.

Arteries of the dorsomedial nucleus (Table I)

Each subdivision of the NDM receives a separate branch mainly from the
posterior tuberal artery. There is, however, a considerable overlap between the
terminal supply territories.

Acta Morphologica Academiue Scientiarum Hungaricae 25, 1977



/16T ‘Gz eeolebun|| wniniuslog selwepedy usifojoydio ey

1 r. anterior

w

O © N oo o1 &

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

. rr. superiores

. rr. centrales anteriores
. rr. laterales anteriores

. Ir. anteriores

. r. perifornicalis anterior
. rr. centrales posteriores
. r. dorsalis

. rr. laterales

rr. mediales

rr. inferiores

r. medialis posterior

rr. laterales posteriores -
rr. ventrales posteriores
r. dorsalis anterior

r. dorsalis posterior —

r. centralis

r. ventralis anterior

rr. posteromediales

rr. perifornicales posteriores

a. lateralis posterior

Table 1

Arteries of the ventromedial, dorsomedial and perifornical nuclei

S(NVMA)**
(NVMma)-
(NVMc)
- (NVMIa)
(NVMlIa) 4-
(NPF)
(NVMc)—
(NDMd)
(NVMla)
(NVMIp) e«
(NVMmp)
(XVMmp)
(NVMIp)
(NVMv)
(NDMd)
(NDMd)
(NDMc)
(NDMv) —
(NVMIp)
(NPF)
(NVMIp)

— a. hypothalainica media (1)**

<9

. hypophysea anterior

ea. tuberalis anterior (I1) - o
a. carotis interna

g

hypophysea media

a. tuberalis media (111) -

a. hypophysea posterior

a. tuberalis posterior (1V) - a. cerebri posterior

*The roman and Arabic numerals stand for identification of the branches in the Figure
** Subdivisions supplied by the branches. Abbr. see in text
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The pars dorsalis of the dorsomedial nucleus (NDMd) gets a branch (r. dor-
salis) of the anterior tuberal artery running an upward course on the side of
the NVMc between the medial forebrain bundle and the NVMIla. Its divisions
occur in the frontal part (2400—2700 /n) of the nucleus (Figs IB, 2). To the
NDMd, the posterior tuberal artery gives usually two branches, in the back
two-thirds of the nucleus the ramifications of the r. dorsalis posterior, in front
those of the r. dorsalis anterior are found (Figs 2, 3F).

The pars centralis of the dorsomedial nucleus (NDMc) comprises the main
terminal territory of the posterior tuberal artery. Mostly a strong branch, the
r. centralis, reaches the pars centralis from its side and supplies it after a regular
bifurcation (Figs 2, 4C). In the rostral area of the pars centralis a few terminal
branches of the r. dorsalis of the anterior tuberal artery are found.

The pars centralis of the dorsomedial nucleus (NDMv) receives in its
rostral part a branch (r. centralis anterior) of the posterior tuberal artery
(Figs 2, 4C). The rest of the nucleus is supplied by those 2—3 branches (rr.
ventrales posteriores) of the middle tuberal artery that pass backward above
the NVMmp.

Arteries of the perifornical nucleus (NPF)

The r. perifornicalis anterior is coming from antero-medial to the NPF,
given off by the anterior tuberal artery (Figs 5A, 5D). A more important
source of arterial supply to this nucleus is the posterior tuberal artery which
passes through the nucleus over the fornix. Usually, two branches (rr. peri-
fornicales posteriores) run to the NPF (Figs 5C, 5D).

Veins

The blood of the tuberal nuclei is collected by the veins of the basis such
as the retrochiasmatic, the anterior, middle and posterior tuberal veins (Table
I1). The veins on the base of the brain pass lateralwards and drain the blood
into the basal vein [1]. The main veins of the medial hypothalamus are as
follows.

The posteromedial hypothalamic vein is formed lateral to the caudal edge
of the paraventricular nucleus by the posterolateral paraventricular branches
and the anterior vein of the anterior nucleus of the NDM. It passes towards
the base between the anterior hypothalamic nucleus and NVM receiving branch-
es from both nuclei. On the base it drains the blood into the retrochiasmatic
vein (Figs 6A, 7, 8A) 700—800 p from the midline and approximately 1600 /t
behind the bregma.

The middle hypothalamic vein runs downward on the lateral side of the

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



BLOOD SUPPLY OF THE MEDIAL HYPOTHALAMUS 273

anterior part of the NVM. It reaches the base at 2200—2300 p where it ends
either in the retrochiasmatic vein or in a basal branch of the latter, the anterior
tliberal vein (Figs 6B, 7).

The anterior ventromedial vein emerges at the border of the NVMma and
NVMmp and passes downward on the lateral side of the NYMc. This is an
important vein whose uppermost branch arises in the NDMd, then runs
between the fornix and NVM collecting veins from the periventricular and
ventromedial nuclei and from the medial forebrain bundle. At 2500 /t behind
the bregma it reaches the base of the brain and ends in one of the middle
tuberal veins (Figs 6C, 7).

The middle ventromedial vein is thinner than the former one and runs
medialward behind it along the NVMmp to the base (Figs 6D, 7). There it
ends in one of the middle tuberal veins 2700 —2800 // behind the bregma. At a
post-bregmal distance of 3000 —3500 p a long vein, the posterior ventromedial
connects the NDMv with the posterior tuberal vein running at its beginning
near the posterior edge of the NVMmp then on the side of the NVMIp (Figs
6E, 7).

The posterolateral hypothalamic vein is the outermost vein of the tuberal
nuclei and the main venous drainage of the NDM. After turning from behind
around the fornix, it pursues a course towards the base of the brain and at
3000 /I it drains the blood into the basal vein (Figs 6E, 7). It receives branches
from above the fornix and some negligible ones from the ventral thalamus
and contributes to the drainage of the NPF. The lateral subfornical branches
issue from the lateral hypothalamus.

Veins of the ventromedial nucleus (Table II)

The venous drainage of the NVMA is bidirectional. From its core a thin
branch, r. anterior minor, is directed towards the posteromedial hypothalamic
vein that passes in front of the nucleus. From the posterior part of the nucleus
a thicker branch, r. posterior major, is formed running backwards and lateral-
wards into the middle hypothalamic vein (Figs 7, 8A).

Those 3—4 branches (rr. mediales anteriores) collecting in the NVMma
are the only veins of this area. They run towards the lateral edge of the nucleus
where they unite to form the middle hypothalamic vein (Figs 7, 8B).

From the NVMc blood is drained in three directions. From the anterior
part the r. centralis anterior collects several small branches and passes lateral-
wards at the side of the nucleus into the middle hypothalamic vein. From the
lower tYvo-thirds of the pars centralis, usually 2 —3 branches (rr. centrales me-
diae) and lateralwards in the anterior ventromedial vein. From the upper dorsal
part of the NVMc the rr. centrales posteriores come usually together in a com-
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mon trunk that ends in the middle ventromedial vein. Rarely the back branches
turn to dorsolateral and drain the blood into the posterior ventromedial vein
(Fig- 7).

From the NVMmp 3—4 branches, rr. mediales posteriores emerge. The
front ones are thicker and run into the middle ventromedial, the back ones
into the posterior ventromedial veins.

A bidirectional drainage can be observed from the NYMIla and NYMIp.
Thin branches run to the base, ending in the tuberal veins. The lateral branches
fuse with the successive veins (Fig. 7). From the anterior part of the NVMla
2—3 thin branches (rr. inferiores anteriores) run into the anterior tuberal vein
whereas the lower ones are collected by a thicker, laterally directed branch
(r. lateralis anterior) ending in the middle hypothalamic vein. The posterior
part of the NVMIla gives rise to the inferior branches (rr. inferiores mediae)
draining the blood into the middle tuberal veins. The lateral branches (rr.
laterales) unite with the anterior ventromedial vein. The small rr. inferiores
posteriores that run from the NVMIp to the base of the brain are the branches
of the posterior tuberal vein (Fig. 7). The rr. laterales posteriores emerging from
the front two-thirds of the nucleus unite with the middle ventromedial vein
passing near this nucleus.

Veins of the dorsomedial nucleus (Table I1)

The NDMd is drained by three veins (Eig. 7). 1) From the anterior part
the r. dorsalis anterior passes antero-laterally ending in the posteromedial
hypothalamic vein. 2) The middle third is drained by 2—3 branches uniting in
the r. dorsalis medialis to form the initial part of the anterior ventromedial
vein. 3) At the posterior end of the dorsal part emerges the slender r. dorsalis
posterior which runs lateralwards into the posterolateral hypothalamic vein.

From the NDMc usually two branches come (rr. centrales) that unite
with the r. dorsalis posterior near the nucleus. The NDMv gives rise to several
branches. The rr. ventrales anteriores come from the front and drain their blood
into the posterolateral hypothalamic vein. The thicker hind branches, rr. ven-
trales posteriores run a downward course to reach the posterior ventromedial
vein (Figs 6B, 7, 8C—D).

Veins of the perifornical nucleus (Table 11)

From the anterior part of the NPF emerges the r. perifornicalis anterior
running medial to the fornix into the anterior ventromedial vein (Figs 5B, 5E).
The major part of this nucleus is drained by the rr. perifornicales superiores,
the branches of the posterolateral hypothalamic vein (Fig. 5A). From the core
of the nucleus they pass ventrolaterally, ending in the vein near the nucleus.
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1*Ir. dorsalis anterior

2. r. anterior minor

3. rr. mediales anteriores

4. r. anterior major

5. r. centralis anterior

6. r. lateralis anterior

7.

8.

9.
10.
11
12.
13.
14.
15.
16.
17.

8
19.
20.
21.
22.

rr.

inferiores anteriores

r. dorsalis medialis

r. perifornicalis anterior

rr.

rr.

rr.

rr.

rr.

rr.

rr.

rr.

=

r.

centrales mediae
laterales

inferiores mediae
centrales posteriores
laterales posteriores
mediales posteriores
ventrales posteriores
perifornicales posteriores
inferiores posteriores

r. dorsalis posterior

rr.

rr.

rr.

centrales
ventrales anteriores

perifornicales superiores

(N'DMd,
(NVMA)
(NYMma)
(NVMA)
(NVMc)
(NYMla)
(NYMla)
(N'DMd)
(NPF)
(NVMc)
(NYMla)
(NVMla)
(NVMc)
(NVMIp)
(NVMmp)
(NDMv)
(NPF)
(NVMIp)
(NDMd)
(NDMc)
(NDMV)
(NPF)

Table 11

Veins of the ventromedial, dorsomedial and perifornical nuclei

y. hypothalamica posteromedialis (1)*

— »V. retrochiasmatica
V. hypothalamica media (I1)

V. tuberalis anterior

V. ventromedialis anterior (I11)

vv. tuberales mediae

V. ventromedialis media (1V)

V. ventromedialis posterior (V)

-+ V. tuberalis posterior

V. hypothalamica posterolateralis (V1)

*The roman and Arabic numerals stand for identification of the branches in the Figure
** Subdivisions supplied by the branches. Abbr. see in text
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The small branches, rr. perifornicales posteriores drain the posterior part of the
NPF into the posterior ventromedial vein (Fig. 5E).

Discussion

Data concerning the blood supply of the medial hypothalamus are not
comprehensive. The vessels entering from the base of the brain have been
described in the rat [1, 6, 7, 10, 12, 13], rabbit [8, 9, 11] and cat [1, 7, 10] but
their further tracing and the elucidation of their contribution to the blood
supply of the nuclei has not been accomplished.

As far as volume and cell number are concerned, the ventromedial and
dorsomedial nuclei are encountered as large hypothalamic nuclei. Their phys-
iological role has been investigated extensively. A knowledge of their blood
supply might be relevant to the function and experimental surgery of this
area. From the present studies the following conclusions have been drawn.

(i) As it has been observed earlier [5], the vessels supplying the medial
basal hypothalamus (arcuate and ventromedial nuclei) have a terminal terri-
tory different from that of the dorsal nuclei with practically no vascular link
between them. The veins of the ventromedial and dorsomedial nuclei do not
drain the blood into the portal vessels of the median eminence.

(ii) The ventromedial, dorsomedial and perifornical nuclei have an inde-
pendent arterial supply. In most cases, the subdivisions of these nuclei have
their own arteries with a minimum of overlap between their supply terri-
torities of.

(iii) The medial and central parts of the ventromedial nucleus are poorly
vascularized, whereas the lateral subdivisions are more abundantly supplied by
receiving arteries from the basis.

(iv) The ventromedial nucleus receives small branches also from the
hypophyseal arteries. These issue lateral from the median eminence before the
infundibular branches.

(v) All the three subdivisions of the dorsomedial nucleus have their own
arteries.

(vij With regard to its blood supply, the perifornical nucleus appears to
belong to the medial hypothalamus by receiving its main arteries from the
posterior tuberal artery.

(vii) Although the ventromedial and dorsomedial nuclei can be dis-
tinguished by their blood supply patterns, their arterial trunks, the anterior
and middle tuberal arteries, are common.

(viii) The medial hypothalamus has no significant vascular link with the
structures located dorsally (thalamus), and its drainage is directed downward.
All the veins are collected on the basis by the tuberal veins formed from their
tributaries lateral to the median eminence.
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Abbreviations

a artery
Cl a. carotis interna
CP a. cerebri posterior
EM eminentia mediana
F fornix
i a. infrachiasmatica
NA nucleus arcuatus
M)M nucleus dorsomedialis
NDMc - nucleus dorsomedialis, pars centralis
NDMd nucleus dorsomedialis, pars dorsalis
M)M\ nucleus dorsomedialis, pars ventralis
NPF nucleus perifornicalis
\P\ nucleus paraventricularis
NSF - nucleus subfornicalis
NSOp nucleus supraopticus, pars posterior
NVM nucleus ventromedialis
NVMA nucleus ventromedialis. pars anterior
NVMC nucleus ventromedialis. pars centralis
NV Mia nucleus ventromedialis, pars lateralis anterior
NVMlIp nucleus ventromedialis. pars lateralis posterior
NVMma nucleus ventromedialis, pars medialis anterior
NVMmp nucleus ventromedialis, pars medialis posterior
TO tractus opticus
\% vein
vB v. basalis
vCP v. cerebri posterior
vr v. retrochiasmatica
1.V ventriculus tertius
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DIE BLUTVERSORGUNG DES HYPOTHALAMUS BEI RATTEN. V.
DER MEDIANE HYPOTHALAMUS (NUCLEUS VENTROMEDIALIS,
NUCLEUS DORSOMEDIALIS, NUCLEUS PERIFORNICALIS)

G. AMBACH und M. PALKOVITS

Die GefaRtopographie in dem aus Serienschnitten rekonstruierten mittleren Hypo-
thalamusgebiet von Ratten wurde mit doppelter Tuscheauffiillung untersucht. Das unter-
suchte Gebiet umfalt den Nucleus ventromedialis, den N. dorsomedialis und den N. peri-
fojfnicalis. Es wird durch die A. hypothalamica media, die A. tuberalis anterior, media und
posterior mit Blut versorgt. Eine vendse Ableitung geht nur in ventraler Richtung vor sich:
die Vv. ventromedialis, anterior, media und posterior, ferner die V. hypothalamica postero-
medialis und posterolateralis minden in die V. basalis.

Die den N. ventromedialis und den N. dorsomedialis versorgenden Arterien sind von
deh den N. arcuatus und die Eminentia mediana versorgenden Arterien scharf abgegrenzt
und ihr vendses Blut steht mit den portalen GefédRBen in keinem Zusammenhang. Die unter-
suchten Nuclei und sogar ihre Subdivisionen verfiigen Gber selbstdndige Arterien, deren Ver-
sorgungsbereiche mit gewisser Uberlappung sich voneinander gut absondern lassen. Die
Topographie dieser Arterien wird eingehend besprochen.

Der mediale Hypothalamus hat mit den anderen Gebieten des Dienzephalons, auch den
unmittelbar dorsal von ihm gelegenen Thalamus einbegriffen, keine vaskuldre Verbindung.

KPOBOCHABXEHWE TMAPOTANAMYCA ¥ KPbICbI. V. CPEAHAA TPYTMNMA ALEP
M’MMNOTANAMYCA (NUCLEUS VENTROMEDIALIS, NUCLEUS DORSOMEDIALIS,
NUCLEUS PERIFORNICALIS)

r. AMBAX n M. MAIKOBMUY

MeTogom ABOIMHOMO 3aMofIHEHWUS TYLLBIO aBTOPbl M3yYanun Y KpbiCbl TONOrpaguio Kpose-
HOCHbIX COCYZOB CpefHeli rpynnbl sfep runoTansmyca, PeKOHCTPYMPOBAHHOMO W3 CepUNHbLIX
cpe3oB. WccnepgoBaHHas 06nacTb cofepXuUT Nucleus ventromedialis, N. dorsomedialis 1 N.
perifornicalis. KpoBocHabxeHune 3Toii o6bnacty obecrneuymBaeTca A. hypothalamica media, A
tuberalis anterior, media W posterior. BeHO3HOe OTBeAeHME OCYLLECTB/IAETCA TONIbKO B BEHT-
panbHOM HanpasneHW: Vv. ventromedialis, anterior, media W posterior, a TakXxe V. hypotha-
lamica posteromedialis U posterolateralis BTekaloT B V. basalis.

ApTepun, cHabxatowme Nucleus ventromedialis 1 dorsomedialis pe3ko 060co6nst0TCA
OT apTepwuii, obecreumBaroLMX KpPOBOCHabXeHMe Nucleus arcuatus M Eminentia mediana W
NX BEHO3HasA KPOBb He MMEET CBSA3M C BOPOTHbIMU cocyjamu. WccnepoBaBLUMecs ffpa U Aaxe
nX cy64MBU3NN UMEIOT CBOW COBCTBEHHbIE apTepun, 061acT CHabXXeHUs KOTOPbIX C HEKOTOP-
bIM NepeKpPbITMEM XOPOLUO OTrpaHu4YMBaembl Apyr OT Apyra. [aetca nogpobHoe onucaHue To-
norpagum aTUx apTepuii.

CpefHsa rpynna sgep runotansmyca He MMeeT BacKy/SipHOR CBS3M ¢ Apyrumu obnacTs-
MU MPOMEXYTOYHOI0 MO3ra, BK/OYAs TakXe TansMyc, pacrnofiaraiolnincs HemocpeiCcTBEHHO
fopcanbHO OT MeauanbHOro runoTansmyca.

Gydrgy Ambach: H-6239 Csaszartoltés, Keceli 0t 5, Hungary
Miklds Palkovits: Semmelweis Orvostudomanyi Egyetem

1. sz. Anatomiai Intézet
H-1054 Budapest, TGzolté u. 58, Hungary
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INTERMITTENT HYPOXIC LOADING: A MODEL SYSTEM
TO STUDY THE EARLY STAGES OF MYOCARDIAL
LESIONS

(Short communication)

E. Somogyi, P. S6tonyi, A. Nemes and S. Juhasz-Nagy

(Received March 3, 1978)

Authors applied the model system of intermittent hypoxic loading to study
the development of early myocardial alterations. It was found that a primary role is
played by the deficiency of high-energy phosphate synthesis and by the disturbance
of energetic and transport processes. The change of Ca2+-control, activation of anaerobic
glycolysis and intracellular acidosis were found to be instrumental in decreasing con-
tractility, impairing membranes and finally in a diffuse destruction of myofilaments

Recent efforts to clarify the molecular basis of early hypoxic changes of
the myocardium provided data that question current views and inspire the
formulation of new ones [1 5,8 17, 19, 20, 22]. The study of early or initial
myocardial alterations constitute an essential problem in the research of
myocardial hypoxia. With the model systems available serious difficulties
emerge when this question has to be investigated. It can be, of course, argued
that the different agents damaging heart muscle cells and causing thereby
hypoxia may have different targets. Evidence is, however accumulating for
a uniform action of the irreversibly progressive hypoxia, irrespective of its
cause [18 20]. The necessity of an experimental model is underlined by the
fact that it could yield informations for the clinician concerning the mechanism
of myocardial insufficiency. Adequate models may serve also for the testing
of methods of protection [2, 4, 5, 11].

Interruption of the coronary circulation even for a single cardiac cycle
brings about a well-measurable post-occlusional reactive hyperaemia [6, 7,
19 20]. Several authors concur in the opinion that this reactive hyperaemia
is the most reliable phenomenon currently available to quantitate adaptation
capacity of the coronary system (Fig. 1). Inducing reactive hyperaemia the
adaptation capacity of a vessel is stretched to the extreme as the adaptation
reaction is driven by its strongest stimulus: the lack of oxygen. The reactive

Abbrevations
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Fig. 1. Decrease of reactive hyperaemia in intermittent hypoxia tolerance test. RH: reactive
hyperaemia excess. A: control state B: 9 minutes, C: 18 minutes tolerance test

hyperaemic vasodilatation is easy to reproduce. It ceases relatively soon and
if carried out with caution the experimental territory can fully recover. All
these justify to consider reactive hyperaemia as the best means for testing the
general reactivity of coronaries.

The adaptation disturbance of the coronaries can be induced by inter-
ferences exhausting the capacity for adaptation. One of these is the selective
exhaustion of the myocardium by prolonged or periodic hypoxia. Similar
factors may he instrumental after circulatory arrest for heart operations in
causing adaptation disturbances in young patients with intact coronary cir-
culation.

In our experience intermittent hypoxic loading results in myocardial
alterations characteristic for angina pectoris. From this aspect angina pectoris
can be regarded as an exhaustion of adaptation capacity of the coronaries
against hypoxia.

The blood supply of the heart cannot be characterized with one single
parameter of coronary circulation. The possible reserves of adaptation-capacity
are unknown. The “biological value” of blood supply of the myocardium is
not determined by the actual volume of streaming but rather by the inherent
sensitivity ofthe vascular system to oxygen deprivation. Parallel to the decrease
of reactive hyperaemic responses various forms of structural and functional
alterations develop (Figs 2 5). Methods to study the postadaptation state
of coronaries can be applied according to their sensitivity.

Fig. 2. After 9 minutes interm ittent hypoxia some mitochondria showed an end-to-end fusion.
17,000 X

Fig. 3. The arrow points to focal destruction of I-band. 23,000 X
Fig. 4. The cytochemical reaction showed a marked increase of calcium. 17,000 X

Fig. 5. After 18 minutes of intermittent hypoxia, there were places of focal destruction of
I-band, loss of actin filaments and irregular Z-bands. 17,000 X
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The leading factor responsible for the state after intermittent hypoxia
is the disturbance of energy metabolism (ATP, CP). According to our observa-
tions, in the initial stage the change in ATP levels is not significant unlike
to that in CP levels that decrease rapidly.

The change of ATP level elicits the disturbance of Ca2+ regulation. The
sacs of the sarcoplasmic reticulum are dilatated. With electron microscopic
cytochemistry a substantial increase of Ca2+ activated ATPase activity can
be demonstrated.

It seems that the increase of intracellular calcium causes initially an
ATP breakdown through an extreme activation of ATPase. Mitochondria
accumulate high amounts of divalent cations. This process is energy dependent
untill the electron microscopically verified destruction of mitochondrial mem-
branes. Then it continues as a passive ion uptake. It is assumed that mito-
chondria act as buffers to control intracellular Ca2+ levels. Structural damage
to mitochondria results in a further degradation of the process of phosphoryla-
tion. The increase of intracellular Ca2+ could be demonstrated by the electron
microscopic visualization of Ca2+ and by the measuring of Caf%b uptake with
liquid isotope techniques. Coinciding with the increase of intracellular Ca2+
characteristic alterations occur in the Z-membranes and actin filaments. The
disturbance of enzyme system binding and transferring Ca2+ to the sarco-
plasmic reticulum may also be responsible for the changes of filaments. Glyco-
gen content decreases at a later stage as a manifestation of the enhancement
of anaerobic glycolysis and a result of a shift of intracellular pH to acidic.
This shift blocks the Ca2+ binding sites of troponine-C. This can also bring
about filament alterations. According to our observations intracellular acidosis
is a sign of irreversible changes leading to diffuse myocardial damage.

The reproducibility of the hypoxic model enables protective compounds
to be tested. A prerequisite to counteract the effects of hypoxia is to restore
energy metabolism, increase membrane stability and improve Ca2+ control.
The increase of high-energy phosphates can be achieved by the protection and
stimulation of intracellular energy production. Using our model several pro-
tective agents were tested. A typical drug of this type, Solcoseryl® (Solco., Basel)
for example, proved to increase tolerance against hypoxia. The degree of osmot-
ic swelling of mitochondria diminished, glycogen levels remained unchanged.
This latter indicated that the onset of anaerobic glycolysis and concomitant
intracellular acidosis was delayed. A protective effect was encountered also
on energy production and conservation by a slower decrease of high-energy
phosphate stores. The increase of membrane stability is of basic importance:
their irreversible damage means the death of the cell. Alas, effective mem-
brane protection cannot be performed until after the mechanism leading to
membrane destruction is understood. Besides electron microscopy, polarized
light microscopy seems to be a suitable means to investigate this problem.
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Topo-optical reactions reveal early changes in the geometry of membrane
lipoproteins. The quantitative expression of these changes may provide valu-
able informations about early membrane impairments. The molecular back-
ground of the mechanism of alterations in membrane function requires eluci-
dation by future research.
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INTERMITTIERENDE HYPOXISCHE BELASTUNG ALS UNTERSUCHUNDS MODEL
DER FRUHZEITIGEN HERZMUSKEL VERANDERUNGEN

E. SOMOGYI., P. SOTONYI., A. NEMES und S. JUHASZ-NAGY
Verfasser konnten feststellen das die intermittierende hypoxische Belastung ein
geeignetes Untersuchungs model ist der frihzeitigen Herzmuskel Verdnderungen. Es wurde
festgestellt das Energietransport Verwirrung und Verminderung der Macroerg-phosphat Ver-
bindung eine primare Rolle spielen. Die Schidigung der Ca++ Regulation, Anderung des
Gewebes pH und Aktivation des Anaeroben glycolise fihrt zu Minderung der Kontractions

Kraft, Membranen Schadigungen und spdater zu disseminierten und diffusen Filamenten De-
struction.

MEPEMEXAKWAACA TUNMOKCMNYECKAA HATPY3KA - MOJAEAb WCCNEAO-
BAHUA PAHHWX WU3MEHEHWW CEPALEYHOW TKAHMN

3. womMoabu, n. WOTOHbBWN, A. HEMELWI un W. ©OXAC-HAAb
Mopaenb Harpysku nepeMexarlieiics runokcun noaxoasuiein Kk nccnefoBaHu Gopmu-
poBaHWA paHHUX U3MEHEHWI CepAeyYHOl TKaHW. ABTOPbI KOHCTaTUpoOBanu 4To AeduunTt hopmu-
pyruwmnii n3 makpoapr—gocpaTtHbiX COEAUHEHUN N 3HEPTreTUYECKUli TpaHCNOPT UMEKT NepBuY
HYl ponb. M3meHeHue perynauun-Ca++, akTuBaLms aHasapo6HOro rNukKonmn3a, KUCN0e CMeleHmne

pH TKaHW BbI3bIBAIT MOHUXEHWE COKpal,eHus, paspyweHne memépaH, NOTOM paccesiHHbIli nau
Onpdy3HbIE HEKPO3 HUTOUEK.

Dr. Endre somogyi Semmelweis Orvostudomanyi Egyetem,
Dr. Péter sotonyi lgazsagligyi Orvostani Intézet,
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DETECTION OF HEPATITIS B SURFACE ANTIGEN
IN ISOLATED HEPATOCYTES

Méria Paal, G. Bajtai, Maria Ambrus, Gyodrgyi Horvath,
Marta Kovacs and K. Barna

(Received February 10, 1977)

HBsAg was detected by indirect immunofluorescent method in liver biopsy
specimens of 60 symptom-free HBSsAg positive volunteers. An effort was made to
separate from the material intact cells suitable for studying HBsAg localization in the
liver cells.

Introduction

The immunoflurescent technique is indispensable for the detection of cell
antigens but use of the method is somewhat limited by some technical difficul-
ties. One of the main problems is to obtain satisfactory preparations of the
small biopsy material and often there are no sections sufficient for microscopic
examinations. To avoid this problem, we isolated intact cell populations from
human liver biopsy specimens and performed the immunofluorescent demon-
stration of hepatitis B surface antigen (HBsAg) on the single cells. This allowed
to demonstrate the occurrence and frequency of HBsSAg in the liver cells of
seropositive, symptom-free volunteers, who were chronic carriers of HBSAg.

Materials and methods

Sixty IIBsAg seropositive volunteer blood donors were subjected to percutaneous liver
biopsy. The material obtained was prepared as follows.

1. The specimen was cut into small pieces with fine scissors.

2. The pieces were gently homogenized by slow shaking in 2 ml modified, Ca++ free
Hanks’ solution pH 7.4 containing 0.5 mM EDTA for Ca+t" extraction [2, 5].

3. The isolated cell suspension was washed in 1 ml modified Hanks’ solution twice,
then centrifuged at low speed (50 70 g) for 5 min.

4. One drop of the cell suspension was placed on a slide and kept in a moist chamber
for 30 min. During the incubation period the cells settled and adhered to the slide, bringing
about a monolayer. The procedure was carried out at "-4°C.

5. The cell preparation then was fixed by drying in air at room temperature for 10 min.

The indirect immunofluorescent method of Coyne et al. [11and Ray and Desmat [3]
was used to detect HBsAg intracellularly. The applied antisera were rabbit anti-HBSsAg
(Behringwerke), and goat anti-rabbit 7-S globulin conjugated with fluorescein isothiocyanate
(FITC) (Progr. Lab. Inc., Baltimore, USA). With the control normal rabbit serum no im-
munofluorescence was obtained, neither with anti-HBsAg immune serum absorbed with serum
containing HBsAg. FITC anti-rabbit 7-S globulin was applied directly.
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Results and conclusions

The single cell separation technique from liver biopsy specimens seems to
be a suitable laboratory tool for the detection of HBsAg (Fig. 1). To distin-
guish positive and negative tissue samples, it is easier to investigate single
cells than to work with cryostat sections.

The percentage of antigen positive cells was easily determined by the
method (Table I) because it results in an isolated cell population. Furthermore
a detailed morphological analysis could be made of single cells, revealing

Table 1

Percentage distribution of HBsAg containing cells
in 32 out of 60 cases giving
a positive immunohistochemical reaction with IIF

Percentage of HBgAG

positiv e cells No- of cases
1-20 20
20- 40 5
40- 7
Total 32

clearly the diffuse cytoplasmic, perimemhraneous, or perinuclear localization of
fluorescence (Figs lI/a, 1/b, 2 and 3), much better than it was seen in frozen
sections. The cell isolation method is recommended for immunofluorescent
studies, especially if the tissue specimen is very small. This is mostly the case
when examining symptom-free HBSAgQ carriers, and a liver biopsy is made for
the sake of early diagnosis.

Fig. 1. Cytoplasmic localization of HBSsAg in hépatocytes (IIF) la (x!60), li> (x600)
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Fig. 2. Peripheral fluorescence in the cell membrane (11 F) ( X 600)

Fig. 3. Perinuclear fluorescence in hepatocytes (I1P) ( 640)
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NACHWEIS DES HEPATITIS B OBERFLACHENANTIGENS
IN ISOLIERTEN LEBERZELLEN

M. PAAL, G. BAJTAI, M. AMBRUS, GY. HORVATH, M. KOVACS und K. BARNA

Im Leberbiopsiematerial von 60 symptomfreien Blutspendern wurde das Vorkommen
des Hepatitis B Oberflaichenantigens (HBsAg) mit indirekten Immunfluoreszenzverfahren
untersucht. Aus den mittels Nadelbiopsie entnommenen Proben wurden intakte Zellen isoliert.
Die auf diese Weise gewonnenen Zellen wurden zur Untersuchung der Intrazelluldren Lokali-
sation und der Haufigkeit des HBsAg mit Erfolg angewandt.

BblABMTEHWE MOBEPXHOCTHOIO AHTUTEHA TENATUTA B MSOJIMPOBAHHDI X
MEYEHOUYHbBIX KINETKAX

M. MAAN, I. BANTAM, M. AMBEPY LW, 4. XOPBAT, M. KOBAY u K. BAPHA
ABTOpbl M3yyanu MeTOoLOM MMMYyHOMOOpecueHuun B matepuane 6Guoncum nevyeHun 60
6eCCUMNTOMHBLIX [OHOPOB BCTpeyaeMOCTb MOBEPXHOCTHOroO BHTWreHa renatuta B (HBsAQ).
N3 o6pa3uos, MOJSIyYeHHbIX MPU MNOMOLWKU 6GUONCUU, U30NMPOBAIN HENOBPEXJEHHbIEe KETKWU.
MonyyeHHble Takum o6pas3om OTAe/IbHble K/eTKU yCrnewHOo MNPUMEHSANUCHL NS UcCnefoBaHus

BHYTPUKNETOUYHOU Nokanusauunm u 4acToTbl BCTpeYaeMOCTUM NOBEPXHOCTHOTO aHTUreHa renatu-
Ta B.
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POST MORTEM DETECTION
OF EARLY MYOCARDIAL INFARCTION
BY DETERMINATION OF THE TISSUE K /Na+ RATIO

Alice Decastello, Eva Remenar, Jeannette Toth,
Borbala PoZDERKA and |I. BARTOK

(Received May 20, 1977)

The K+/Na+ ratio was determined in myocardial specimens obtained post mor-
tem from a total of 90 patients. The ratio was 1.0 or higher 25 cases in which there
was firm evidence against myocardial infarction, and 0.7, or less in 30 cases with grossly
visible signs of myocardial narcosis. The remaining 35 cases were suspect of myo-
cardial infarction on the grounds of either clinical observation or sudden death, without
gross change. Out of these the K+/Na+ ratio was above 0.7 histological evidence of
myocardial infarction was absent, but other changes accounting for death were present
in 17 cases. In another 16 cases a K+/Na+ ratio of 0.7 or less was the sole indication
of myocardial infarction, and any other change likely to he responsible for death was
absent. In two further cases a false negative result was obtained for the K+/Na+ ratio,
owing in all probability to some technical error. The findings suggest that determina-
tion of the myocardial K+/Na+ ratio is a great aid in detecting early myocardial in-
farction. The technique is not affected by post mortem autolysis, and is simple enough
for routine use.

Traditional approaches to post mortem diagnosis do not always furnish
evidence of the cause of sudden death. Myocardial infarction (MI) may cause
sudden death even in young age [9] without giving rise to gross or convention-
ally detectable microscopic lesions in patients surviving for less than 12 hours
[10, 11, 15, 18, 22, 23, 25]. If no obstruction of the coronary arteries is present,
the suspicion of MI can be founded only on indirect signs, such as an arterio-
sclerotic stenosis of coronary artery, or the presence of an infarction scar [9],
and clinical data. A further difficulty is that MI may occur without producing
characteristic clinical signs [9, 14]. In view of this, all techniques allowing a
reliable diagnosis of early MI are welcome by the pathologists. The require-
ments of such techniques an; that, in addition to simplicity and accuracy, they
should reflect also short-term ischaemia, and should not be affected by
autolysis.

Disappearance of glycogen from the heart muscle, identified in animal
experiments as one of the earliest signs of M1 [1, 6, 11, 22], is not conclusive
at autopsy owing to the considerable reduction of myocardial glycogen by
autolysis [11, 22]. The reliability of the initially promising acid fuchsin stain-
ing [13, 15, 19] and of the haematoxylin — basic fuchsin — picric acid method
[4, 8, 14] seem to be doubtful in the light of more recent findings [7, 11, 17, 25].
The microscopic [11, 21] and gross histochemical techniques [2, 12, 16] based
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on the decreased dehydrogenase activity are greatly influenced by post mor-
tem autolysis [2, 10, 22]. Torack [20] has attem pted to utilize the peroxidase
activity of erythrocytic haemoglobin for the demonstration of myocardial
circulatory disturbances but little experience has been obtained with this
technique.

A simple biochemical method measuring the sodium potassium ratio in
heart muscle, was elaborated by Zugibe et al. [23] for the detection of early
M. Since ischaemia soon gives rise to cell membrane injury, the cellular
electrolyte transport mechanism becomes disturbed resulting in an influx of
sodium ions into the cell and a loss of potassium ions by the cell. Consequently,
the myocardial Na+-concentration increases, while the K+-concentration tends
to decrease, since collateral circulation, usually functioning in the ischaemic
area [5], can drain the K+ lost from the cells. It follows that the K+/Na+
ratio decreases considerably in the infarcted heart muscle [10, 23 —25].
Evidence has accumulated [10, 17, 23—25] that the determination of the
K +/Na+ ratio meets all requirements of a post mortem diagnostic test of
early MI.

In several neropsied cases the suspicion of M1 arose on the grounds ofthe
clinical history or sudden death, but no evidence could be obtained by routine
histologic techniques. This has prompted us to introduce a new technique for
the detection of MI in cases where the usual staining procedures fail. The
macroscopic dehydrogenase technique would have also failed, most necropsies
being carried out about 24 hr after death. Efforts were subsequently centred
on measuring being the K +/Na+ ratio. These studies are reported in the present

paper.
Materials and methods

Heart muscle specimens were obtained from a total of 90 patients, in most cases 24 to
30 hr after death. The cases were divided into three groups.

Group 1. 25 myocardial samples, without gross or microscopic indication of MI, and
without clinical suspicion of M1 while the patients were alive (negative controls).

Group 2. 30 myocardial samples with both gross and microscopic evidence of MI. The
interval between onset of symptoms and death varied from 18 to 48 hr (positive control).

Group 3. 35 myocardial samples from cases suspected of early MI, but exhibiting
neither coronary obstruction nor gross myocardial changes. The clinical and laboratory find-
ings (pain in the chest, abnormal ECG, increased serum transaminase, shock, severe circulatory
failure) had been indicative of MI in part of these cases. The onset of symptoms was followed
by death within 1.5 to 10 hr. The rest of the patients had been treated for various disorders
before sudden death, of which no satisfactory explanation could be found et necropsy.

The K+ and Na+ contents were determined in the necrotic myocardial area (group 2)
or, there was no gross change (groups 1 and 3), in the anterior and posterior wall of the left
ventricle, 5 and 8 cm away from the ostia of the anterior descending coronary artery and
circumflex artery, respectively. Each specimen weighed about 1.5 g. A specimen was secured
from the adjacent myocardial region for histological examination. In 16 cases belonging to
group 2, additional specimens were removed from remote, normal-appearing areas of the
myocardium.

The specimens were trimmed of pericardium, fat tissue and endocardium, wrapped
into aluminium foil, and stored at —20°C until examination 1—7 days latter [23]. According
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to earlier studies |10, 23, 24], storage under such conditions does not affect the result. Before
use the samples were minced, weighed, and deionized distilled water was added to give a
weight to volume ratio of 1:20. The mixture was homogenized for 10 minutes. The homogen-
ate was centrifuged for 10 minutes at 3000 r.p.m. The Na+ and K+ contents were determined
in the 1 : 10 diluted supernatant by flame photometry, using Na+ and K+ reference standards
for comparison. Initially larger myocardial specimens were taken from the controls (groups
I and 2), and each was homogenized half by half in a ground glass homogenizer and Waring
blendor. Homogenation and centrifugation were carried out at 0°C or at room temperature.
Since identical results were yielded by both procedures and at both temperatures, in later
work the Waring blendor was employed and homogenation and centrifugation were uniformly
done at room temperature.

The specimens secured for histological examination were fixed in 10% neutral formalin.
Paraffin sections were stained with H. and E., PATH, and PAS, with and without previous
diastase digestion.

Results

Results are summarized in Table I.

Table 1

K +/Na+ ratios determined in 90 myocardial specimens

K+/Na +
No. of
Groups cases standard
range mean deviation
Group 1 25 1 -2 2 1.58** +0.33
(negative controls)
Group 2 30 0.1—0.7 0.42** +0.17
(positive controls)
Group 3
(suspicion of early MI)
a) 19* 0.8 22 141 +0.38
b) 16 0.2 07 0.5 0.13

*In 2 cases histological evidence of minor necrosis (false
negative result) was obtained.

** The difference established by the unpaired i-test was highly
significant (p < 0.01).

Group | (negative controls). The age of the patients ranged from 22 to 91
years. The cause of death was pulmonary embolism in nine cases, congestive
heart failure in eight cases, renal failure after chronic pyelonephritis in two
cases and after acute tubular necrosis in one case, liver cirrhosis with parenchy-
mal and vascular decompensation in one case, acute diffuse peritonitis in one case,
and pneumonia in three cases. llyperpotassaemia, with serum K ' values of
5.8, 6.8 and 6.9 mEq/1, respectively, was found in three cases. Several small,
dispersed fibrotic foci were visible in five cases, and post-infraction scars in
two cases. Hypertrophy of the left ventricle was found in 12 cases.
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The K+/Na+ ratio varied between 1.0 and 2.2, irrespective of the serum
K + level.

Scattered focal fibrotic changes were demonstrated histologically in about
half of the cases. On staining with PATH, focal Tarification and an indistinct
cross striation were observed in several cases. Glycogen could be detected by
PAS reaction in a minor part of muscle cells.

Group 2 (positive controls). The patients of this group were 38 to 89
years old. In three cases MI was followed by rupture of the left ventricle.
Occlusion of a coronary artery by a fresh thrombus occurred in 15 cases, and
scars indicating earlier M1 were found in five samples.

The K+/Na+ ratio was 0.7, 0.6 and 0.5 or less in two, six and 22 speci-
mens of necrotic myocardial tissue, respectively.

Sections stained with H and E showed the characteristic picture of myo-
cardial infarction. The cross striation was not recognizable on staining with
PATH; the cells contained only contraction bundles and coarse granules.
A small amount of glycogen was detectable by PAS-reaction in some myo-
cardial cells.

Among the specimens appearing preserved on gross examination, 14 had a
K al/Na+ ratio higher than 1.0, but two only 0.6 and 0.4, respectively, without
any histological sign of M1.

Group 3: suspicion of early MI1. The patients were 52—89 years old.

a) In 17 cases the K +/Na+ ratio ranged from 1.0 to 2.2 in both samples,
but in two other cases it was within these limits in one sample and had a value
of 0.8 and 0.9, respectively, in the other. Post-infarction scar was grossly
visible in one case, and dispersed focal scars occured in three cases. Histological
evidence of MI was absent in 17 cases including those two in which the tissue
Ka+/Na+ ratio was 0.8 and 0.9. The cause of death was severe congestive
heart failure after a valvular defect or hypertrophy and dilatation of both
ventricles in 10 cases, pneumonia in two cases, endstage carcinoma with
multiple métastasés in three cases, and advanced liver cirrhosis in two cases.

Unlike the above cases on staining with H, and E, and PTAH two further
myocardial specimens showed, despite high values for the K+/Na+ ratio, fresh
necrosis of minor groups of muscle cells adjacent to extensive fibrous scars.
Factors other than myocardial necrosis had also a role in the death of these
two patients. One had had systemic lupus erythematosus, and emboli were
found in several secondary branches ofthe pulmonary artery. The other patient
had uterine carcinoma with métastasés, and a myocardial post-infarction scar.
The ECG had suggested MI in both cases.

b) The K+/Na+ ratio ranged from 0.2 to 0.7 in 16 cases, of which four
showed this value in both specimens, and 12 in one specimen only, while the
other specimens showed values of 0.8—0.9 in three cases and of 1.0 or more
in the rest. No other change which could be held responsible for death was
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found. Post-infarction scar was grossly visible in four specimens and dispersed
minute scars in three. The microscopic appearance of the myocardium did not
differ from the negative controls in any of the 16 cases.

Discussion

In the present material MI could he excluded with certainty in 25 cases.
Although focal rarefication or indistinctness of cross striation was demonstrable
by PTAH staining in several such cases, it differed considerably from the
alterations found in M1, and represents in all probability a post-mortem arti-
fact. The K+/Na+ ratio was 0.1 or higher in each case, irrespective of the
presence of left ventricular hypertrophy, congestive heart failure, or hyper-
potassaemia. The high K+/Na+ ratio was not affected by digitalis intoxica-
tion and external heart massage in the cases seen by McYie [10]. The K +/Na+
ratio never exceeded 0.7 in 30 cases with gross evidence of MI. A similar altera-
tion of myocardial K+ and Na+ contents was reported in experimental MI
[3, 17, 23, 24]. It seems therefore improbable that the K+/Na+ ratio should
be low in non-necrotic myocardial tissue, or high where necrosis had occurred.

Most of our cases were necropsied 24—30 hr after death. The K+/Na+
ratio was always high in the negative controls and always low in the positive
controls, indicating that autolysis did not affect the diagnostic value of the
K +/N a+ ratio in 30 hr. McVie [10] and Zugibe et al. [23—24] observed no
change of the K+/Na+ ratio in specimens of normal and necrotic myocardial
tissue after storage at room temperature for 5 and 10 days, respectively. Post-
mortem shifts certainly occur in electrolyte distribution between cells and inter-
cellular fluid, but this is of no avail since the ion ratio depends on the total
electrolyte content [24].

In view of the foregoing considerations, K +/Na+ ratios of 1.0 or higher
have been considered normal in this study, while those of 0.7 or less have been
taken as evidence of MI. Yalues of 0.8 and 0.9, found in a few group 3
patients, were regarded as questionable.

Sixteen myocardial specimens without indication of necrosis showed
K +/N a+ ratios of 0.7 or less. None of these specimens differed from the negative
controls in microscopic appearance. It follows that the low K+/Na+ ratio was
the sole indication of M1 in all 16 cases, and in none was found any other
change which could have been incriminated as the cause of death. In the cases
seen by us, the shortest interval between onset of symptoms and death was
1.5 hours, but the Mi-associated decrease of the K +/Na+ ratio could be de-
tected within a shorter time [23, 24]. A low K +/N a+ ratio signifying early MI
was also found in two histologically normal specimens obtained from myo-
cardial regions distant to the grossly visible necrosis.
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A clinical suspicion of MI had arisen in 19 additional cases, but in these
the K+/Na+ ratio was 1.0 or higher. Necrosis was absent in 17 cases and in
these, death could be explained by causes other than MI. In the remaining two
cases, fresh myocardial necrosis was found. Since autolysis had no influence on
the ionic composition and, on the other hand, a necrotic heart muscle did not
ever give a negative result, the sole explanation of the false negative findings
is a technical error. The accuracy of K+/Na+ determination depends on two
preconditions. One is accurate sampling, which is a blind manipulation without
topographic localization of infarction; for this reason the site of sampling should
always be in the area supplied by the anterior descending and circumflex
coronary arteries. The other perequisite is a careful removal of all extraneous
tissues [10, 23, 24]. In the above two cases with false negative results the first
requirement had been met because the samples were taken from an area ad-
jacent to histologically detectable necrosis, but the site of sampling must have
been outside the necrotic involvement. The necrotic area was evidently quite
small, because it was not grossly visible. Considerable fibrotic alterations were
presentin the surroundings of the necrosis in both cases, and thus a substantial
amount of connective tissue may have been excised along with specimen, which
may in fact have influenced the ionic composition. A further explanation for
the error is that the myocardium had not been satisfactorily trimmed of
extraneous tissues.

The aim of the present studies was not so much to compare the value of
different techniques as to employ aroutinely applicable procedure for the dem-
onstration of early MI, not effected by post-mortem autolysis. The technique
based on determination of the myocardial K+/Na+ ratio was found to meet
these requirements. The ratio was high in all negative controls and low in all
those used as positive controls; in 16 of the 90 cases studied, the low K +/Na~
ratio was the sole indication of MI. We believe that the two false negative
results do not diminish the merits of the technique. Since no mention was
made of such errors in earlier reports [10, 23, 24], false results can in all prob-
ability be prevented by greater experience and caution.
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\ ICHWEIS DES FRUHEN MYOK 1RDINFARKTS
BEI DER AUTOPSIE AUFGRUND DES K/Na-QUOTIENTEN

ALICE DECASTELLO, EVA REMENAR, JEANNETTE TOTH. BORBALA POZDERKA und |. BARTOK

Im Myokard von 90 Verstorbenen wurde der K/Na-Quotient bestimmt. In 25 Fallen,
in denen ein frischer Infarkt mit Sicherheit ausgeschlossen werden konnte, betrug der lonen-
quotient 1,0 oder mehr und in 30 Herzmuskeln, in denen makroskopisch ein Myokardin-
farkt wahrgenommen wurde, betrug der Quotient 0,7 oder weniger. In weiteren 35 Fal-
len, in denen aufgrund der klinischen Symptome oder des plotzlichen Todes der Verdacht auf
Herzinfarkt aufkam, war mit freiem Auge weder ein VerschluR der Koronararterie, noch
Myokardnekrose zu sehen. In 17 dieser Falle betrug der lonenquotient mehr als 0,7, eine
Nekrose lieB sich auch histologisch nicht nachweisen, und der Tod konnte auf andere Ursachen
zurtickgefuhrt werden. In anderen 16 Fé&llen war ein lonenquotient von 0,7 oder weniger das
einzige Zeichen der Herzmuskelnekrose, und andere Todesursachen kamen nicht in Frage.
In weiteren 2 Fallen war der K/Na-Quotient aufgrund des histologischen Befundes falsch-
negativ, allem Anschein nach infolge eines technischen Fehlers. Aufgrund dieser Ergebnisse
bietet die Bestimmung des K/Na-Quotienten in der Diagnose des frihen Herzinfarkts eine
bedeutende Hilfe. Ein Vorteil des Verfahrens ist, dal die post-mortale Autolyse die Resultate
unbeeinfluft 1aB8t und daB es routinemafig durchgefihrt werden kann.

BbIAB/IEHME PAHHEIro MH®APKTA CEPALA HA BCKPbITUM METOAOM
OMPEAENEIWA KOIPPUNUMEHTA

ANNC OEKACTENNO, EBA PEMEHAP, XXAHETT TOT, BOPBAJIA MO3AEPKA n . BAPTOK

B ceppeyHoli Mbiwue 90 ymepLuux aBTOpbl Onpefenunu koagduumeHT K/Na. B 25
cnyyasx, B KOTOPbIX MOXHO 6blf10 6eCCMOPHO UCK/OUNTL CBEXUIA MH(EPKT, NOHHBIM Koaghdm-
LmMeHT okasancs 1,0 unm 6osnblue, a B 30 c/yvasx, B KOTOPbIX HEBOOPYXEHHbIM F/1a30M Habsio-
fanca nHMapKT Mmokapga, KoaduumeHT K/Na 6bin 0,7 nnn meHblie. B ganbHenwnx 35 cny-
Yasx Ha OCHOBE K/IMHUYECKMX CUMMTOMOB WM BHE3AMHOW CMepTV BO3HWK/IO MOAO3PEeHVe H

Ada Morphologien Academiae Scientiariim Hungaricae 25, 1977



296 ALICE DECASTELLO et al.

MH(apKT cepAla, HEBOOPYXEHHbIM rN1a3oM He 6bl0 BUAHO HW 3aKYyNopKW KOpPOHapHOW apTe-
pUW, HW HEKpo3a cepfeyHolt MblwLbl. B 17 aTux cnyvaes koapduumeHT K/Na 6bin 6onbwe 0,7,
npu rMCTONOTNYECKOM MCCNe0BAaHUMN He Y[aNnocb BbISBUTb HEKPO3a, U CMepTb 6O/bHbLIX MOXHO
6bI10 MPUBECTU B CBA3b C APYTUMMW NpuymHamu. B apyrux 16 cnyyasx efUHCTBEHHbIM NpuU3Ha-
KOM HeKpo3a CepfeyHON MbllW bl 6bl1 MOHHbINA KO3 (ULUMEeHT B 0,7 MAN MeHblle, a APYroin npu-
UMHBI CMEPTN He 6bIN0. B ganbHedwnx 2 cnyvyasx KosphuULUMeHT Ha OCHOBE TMCTONOrMYECKOro
nccnefoBaHnMa okasanca OWMGOYHO-OTPULATENbHBIM, MO BCEl BEPOATHOCTM M3-32 TEXHUYECKON
ownbku. Ha ocHoBe uccnepoBaHuii aBTOpoB onpegeneHne HoapduumeHta K/Na okasbiBaeT
3HAYMTeNbHY MOMOLWb NMPU pacno3HaBaHMW paHHero MHdapkTa Muokappa. MpenmyLiecTBOM
onncaHHOro MeTofa fIBNAETCA, YTO NOCMEPTHbIA aBTONW3 He BAWSAET Ha pe3ynbTaTbl U YTO €ro
.MOXHO MOBOAUTbL B KayecTBe PYTUHHOr0 MeToja McCnefoBaHNA.

Dr. Alice D ecastello
Dr. Eva Remenar
Dr. Jeannette TOTH
Dr. Borbéla Pozderka
Dr. Istvdn Bartok

Péteriy Sandor u. Kérhaz
H-1441 Budapest, Pf. 76, Hungary
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Janssen W.: Forensische Histologie. Arbeitsmethoden der medizinischen und naturwissen-

schaftlichen Kriminalistik. Forensic Histology. Method in Medical and Scientific Criminology.

Vol. 10. Verlag Max Schmidt-Rémhild, Libeck. 1977. 400 pages with 125 figures and 10 tables
Price: DM 180.

This book is given a particular actuality by the fact that it abridges a gap in the litera-
ture of forensic medicine. Textbooks available are concerned with a narrower field of histo-
pathology and they consider it primarily from the pathologist’s angle. A comprehensive histo-
pathology treating the subject with the special situation and demands of forensic pathology
in mind was painfully missing. The intention of the author is most appreciated because bis
book is an important contribution to the literature of forensic medicine and will certainly be
Wellcome by those who are engaged with this field.

The construction of the book is clear offering an easy orientation. Earlier and recent
data are considered in a harmonic summary of views. Each chapter is concluded by a com-
prehensive list of references. For the reader’s great help are the high-quality illustrations,
colour and black-and-white as well. The author attempts at dealing with the forensic pathology
in a detailed and objective manner and this aim is fully reached. The literature with its contro-
versial issues is reviewed critically similarly to author’s own results. This critical attitude is
an assurance for the reader that the pending questions of forensic medicine are approached
in a most unprejudiced and realistic way.

The methodical section gives a detailed description of procedures and contains also
relevant critical remarks. In the chapter dealing with post-mortem changes the methods for
determination of the time of death are surveyed. Their potentialities are discussed with special
reference to the post-mortem period when they can be used most efficiently to obtain realistic
values. The chapter dealing with the differentiation of in vivo and post-mortem damages is
particularly rich comprising almost all possible approaches to this problem (histochemistry,
fluorescent-, polarized light-, and electron-microscopy). The clear construction of this chapter
calls the attention to the types of histopathological diagnoses that can be made. The chapter
considering the conditions of hypoxia is also comprehensive. The section on the subject of
sudden death besides its detailed discussions reveals a wide scale of diagnostic problems and
lists almost all the forms of sudden death which are met with in the forensic medicine. A sepa-
rate chapter is devoted to the cases of hanging and suffocation completed with relevant bio-
chemical results. Useful informations can be gained from the chapters on the damaging effects
of heat and electric current. To show the histopathological changes following these injuries,
the most recent scanning electron microscopic data are cited. Similarly excellent chapters are
those considering the shot wounds and poisonings. Special attention is paid to the forensic
histopathology of atypical shot wounds. Of great value is the histopathological differentiation
of almost all types of poisonings. The summarizing tables after each chapter show briefly
but efficiently the most important points of the histopathological investigation for each case.

This book is also excellent from the didactical point of view without being verbose.
Informations are well-grouped covering practically every field of forensic histopathology.
Documentation is of high quality. The book is therefore thought to be most useful for forensic
physicians, pathologists and also for those who are concerned with interdisciplinary studies.

E. Somogyi
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Schumacher, G. H. Geyer, G.: Neurowissenschaft im Licht morphologischer Forschungen.
Ergebnisse der experimentellen Medizin vol. 25. YEB Verlag Volk und Gesundheit, Berlin,
1977. 238 pages + illustrations.

Price: M 34,—

The Sociétés of the Anatomists, Histochemists and Electron Microscopists of the Ger-
man Democratic Republic hold their first joint Congress in 1974 at Binz. One of the main
topics of this meeting was nervous system and sensory organs. The 25. volume of the results
of experimental medicine contains the two reviews and the 32 short communications related
to the mentioned topic and presented at the Congress. The first review type paper (by Prof.
W. Kirsche) is devoted to the functional morphology of the neuronal organization. It is an
excellent survey discussing cellular (focusing on synaptology, i.e. synaptic formations, plastic-
ity of synapses, etc.), supracellular (dealing mainly with neural networks, particularly™ of th(
cerebral cortex) and macromorphological levels. More than 400 publications are listed in the
references. In the second comprehensive and outstanding paper Prof. J. Szentdgothai presents
his very exciting concept on the neural organization of various central nervous system struc-
tures. Largely based on own findings on the spinal cord, lateral geniculate body and cerebellar
cortex, he proposes that the specific neuronal network of various regions is built of regular
structural units overlapping in several cases. The assumption of the repetition of such units
appears to help to explain the occurrence of systematic specificity of neuronal connections of
the various CNS structures. The short communications deal with a great variety of different
neuromorphological questions (such as normal morphology including neural connections of
certains regions, ontogenesis of some structures, morphological changes in certain areas after
various interventions, etc.) having studied them at gross anatomical, light microscopical or
electron microscopical level. Illustrations are of good quality, but are separated from the text
(attached to the end of the volume). The pages of the figures are not numbered. Therefore,
it is not so easy to find the propriate figure referred to in the text. The volume may be re-
commended to all those interested in the field of neuroscience.

B. Halasz

Ungvary, Gy.: Functional Morphology of the Hepatic Vascular System. Akadémiai Kiado,
Budapest, 1977

This book summarizes more than a decade’s systematic research of the author on the
hepatic circulation under normal and pathological conditions. The Unitarian concept of the
entity of structure and function and a multilateral approach to the understanding of circula-
tion-control characterizes the whole work.

The reviewer cannot undertake the task of highlighting some new results or to enlarge
on some interesting details. A general consideration of the scope, methods and — being a
morphological work — the quality of illustrations is given instead.

Investigations were carried out on livers of humans (adult and fetal) and of several
other species. The methods are selected to tackle the problem from various aspects. The
potentialities of injection-corrosion techniques (ink, PVC), portography, stereomicroscopy,
histochemistry, fluorescence microscopy, transmission electronmicroscopy, etc., are well ex-
ploited. Some questions are studied in different species: partial hepatectomy in rats, ligature
of the hepatic artery in cats, ligature of the common bile duct in guinea pigs and rats. Cir-
culatory changes following acute hepatic injuries are considered in CCl4-intoxicated rat and
yellow cirrhotic human livers.

The list of references also comprises recent (1975) data indicating the relatively short
time elapsing between the finalization of the manuscript and the publishing of the book.
Nowadays, this has to be appreciated.

The illustrations are abundant an of high-quality Legends are clear and grasp the very
essence of the figure. Out of 127 pictures 102 are in black-and-white, 25 in colour. Similarly
to the methods illustrations also reflect the multilateral approach of the author.

The book is thought useful primarily for anatomists and histologists but contains
valuable informations also for workers of other theoretical or diagnostic fields such as patho-
physiology, experimental and human pathology and pharmacology. In practical medicine this
work can be of use in abdominal surgery. This latter field is currently showing an increasing
interest towards the liver. The number of partial hepatectomies carried out for therapeutical
reasons increases constantly.

G. Kendrey
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Schumacher, G. H.: Embryonale Entwicklung des Menschen (Thesaurus Reihe). Human
Embryonic Development (Thesaurus Series) VEB Verlag Volk und Gesundheit. Berlin, 1977.
(Third revised and completed edition) 206 pages (19 X 12 cm). 96 illustrations (G. Ritschel and
R. Schiller)
Price: M 5.75

This is a well constructed, didactically illustrated introductory book of the professoi
in anatomy of the Wilhelm Pieck University of Rostock. Unfortunately, it suffers from the
main drawback of many similar books by missing the adequate proportions of the fields sur-
veyed. For example, extremely rare developmental malformations are detailedly considered
whereas the development of the immune-system is treated rather laconically. Moreover very
little is found in this book of the haernopoesis and its onset in the bone marrow. There is no
mention of some important disturbances such as the discrepancies in the growth-parameters
in early embryonic age. Nor is the list of references enough comprehensive.

Because of its low price and page number and for its didactical illustrations this book
can be recommended to students or to post-graduate beginners in the field. Finally, it has
to be noted that it comprises all the advantages what a third, revised and completed edition
of any book can offer.

E. Kelemen

Schumacher, G. H.—Schmidt, H.: Anatomie und Biochemie der Zahne. Anatomy and bio-
chemistry of teeth. Verlag Volk und Gesundheit, Berlin, 1976. 589 pages with 349 figures and
301 tables
Price: M 125.70

The second revised edition of the book of professor G. H. Schumacher, director of the
Anatomy Department of Wilhelm Pieck University in Rostock, and H. Schmidt, director of
the Department of Physiology and Chemistry of Martin Luther University in Wittenberg,
has been reedited since the first edition was sold out shortly after its appearance in 1971.

The authors’ functional and modern attitude is well mirrored by the book’s title and
classification, for chapters and dental development, anatomy and morphology are supple-
mented by just the right amount of biochemical and histochemical knowledge. The work
consists of six main parts.

1. The introductory chapter deals with dental anatomy, structural aspects of teeth,
their setting in the jaws, their pattern and function are discussed together with such im-
portant items as the unity of the maxillo-mandibular apparatus and their tasks.

2. The chapter on phylogenesis and comparative anatomy of the teeth discusses their
origin, the comparative anatomy of the hard dental tissue, the teeth’s topography and fixing
as well as their formations.

3. The chapter on development consists of four parts, a) a historical review: b) genesis
and histogenesis (tooth and dental lamina, dentin, papilla, enamel, the structure and ultra-
structure of the tissues and evolution of the paradontium). There is an excellent table showing
the chronology of development and growth of human teeth; c) eruption and shedding of
teeth, sexual and population differences and chronological data; d) anomalies including hyper-
dontia and hyperodontia.

4. The histology and molecular structure of the dental tissue is the longest chapter in
the book, describing the light microscopical and ultramicroscopical structure of dental enamel,
dentin, cement and pulp. Especially valuable are the excellent electron microscopic pictures.
Studies of tooth structure, histochemical and biochemical methods and their results, estima-
tion of organic and inorganic components, their topography and, where it is known, their
significance are discussed.

5. The chapter on the morphology of teeth and of human dentition contains much
practical information equally useful for the dentist and the anatomist and could prove to he
important in forensic medicine for the identification of corpses. A comprehensive picture is
given of the general and special questions of permanent teeth, the differences in primary
teeth, masticatory function, the structure of the dental arch, occlusion, eugnaphia dysgnathi
and abrasion.

6. The chapter entitled “parodontium” is devoted mainly to morphology; the gums,
the desmodontium, cementium and the anatomical structure of the alveolar bones. It also
touches upon the functions of the parodontium, the parodontal cleft and the physiological
movement of teeth.

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1077
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The book under review is based on substantia .xperience, thorough information and
knowledge, as indicated by the list of nearly fifteen hundred pertaining references. The black
and white figures are of good quality, the tables illustiate well the text.

The appendix by W. Richter explains the Greek and Latin terminology. It is supple-

mented by a short dictionary and a grammatical table.
The book is an excellent and modern work, offering valuable and detailed information
for students, clinicians, dentists, oral surgeons, chemists, morphologists and specialists of

forensic medicine.
I. Kenyeres

Acta Morphologica Academiae Scienliarum Hungaricae 25, 1977
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