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First Department of Gynaecology (Director: Prof. B. Horn). University Medical School,
Budapest

HEPATIC AND RENAL CHANGES INDUCED
BY SYNTHETIC PROGESTOGENS AND
NATURAL PROGESTERONES

F. Téth

(Received May 15, 1964)

Two hundred female rats of 110 130 g body weight have been treated with
progesterone and synthetic progestogens. Normal doses induced no changes in the
internal organs. Large doses induced diffuse fatty degeneration in liver and kidney;
the lesion was reversible and disappeared after 6 to 7 (lays.

Progesterone, the most frequently used female sex hormone, was prescrib-
ed in two and a quarter million instances in the United States in 1960, and its
sale has since increased. The prevention ofthreatened abortions has much contrib-
uted to this increase. According to widerange statistics, progesterone prepa-
rations are employed in 45 per cent ofthreatened abortions. Besides, progester-
one is routinely used for the treatment of genital hypoplasia and the disturb-
ances of menstruation due to relative and absolute progesterone deficiency.
The popularity of progesterone preparations and their administration in large
doses was promoted by the fact that no side effects had been reported. The
natural substance, if administered orally, is practically without effect; in view
of the difficulties involved by the parenteral administration of progesterone in
oil, numerous attem pts have been made to produce efficacious ora) progestogen
preparations. Synthetic products of this kind, marketed in increasing numbers
during the last 6 to 7 years, have been satisfactorily applied in the treatment of
diverse menorrhoeal disturbances, genital hypoplasia, dysmenorrhoea, endo-
metriosis and in cases of threatened abortion. They have moreover proved
highly useful as biological contraceptives. Alarming reports have been pub-
lished inrecentyearsregarding the effect of high doses of synthetic progestogens
prescribed for the prevention of abortions. Administered in the first trimester
of gestation, they are stated to have induced foetal masculinization in more
than a hundred cases. Dieter [1], by administering 10 mg of progesterone in
oil daily for 8 days, induced grave focal hepatic necrosis in pregnant rats.

Appropriate doses of both natural progesterone and synthetic progesto-
gen preparations are frequently administered in this Department for the
treatment of the said disorders, and the animal experiments reported in the
following were devised in order to supplement our clinical observations with
the morphological examination of parenchymal organs.

Acta Morphnlogica Academiae Scientiarum Hungaricae It. 1066



2 F. TOTH

Material and method

Two hundred white female rats with body weights between 110 and 130 g were divided
into 20 equal groups. Three of these groups contained animals in the second half of pregnancy.
The rats received the same drugs as employed in clinical practice, namely natural progestérones
No. 1, No. 2, and No. 3., further tablets of synthetic progestogens No. 1, No. 2, and No. 3.
Natural progesterone No. 3 contains 10 mg progesterone, natural progesterone, No. 2 injection
contains 125 and 250 mg of 17-a-methyl-19-nortestosterone, synthetic progestogen No. 2
contains 17-a-ethynyl-17-/3-hydroxy oestr-4-en -)- 0.15 mg methoxy-ethynyl oestradiol,
synthetic progestogen No. 3 contains 5 mg of /I-4-17-a-allyl-(0)-oestren-/l-ol. Dosage of the
drugs and the consequent hepatic and renal lesions are shown in Table I.

Table 1
Effect of progesterone preparations on liver and kidney

Grou Mode of treatment Hepatic Renal
No» Dn,6 mg/100 g Iesion lesion Notes
l. Synthetic 2x0.10 mg weekly for
progestogen 15 weeks
(No. 1))
2. Synthetic 0.10 mg daily for
progestogen 60 days
(No. 1)
3. Synthetic 2x0.10 mg weekly for
progestogen 15 weeks
(No. 2)
4. Synthetic 0.10 mg daily for
progestogen 60 days
(No. 2)
5. Synthetic 2x0.10 mg weekly for
progestogen 15 weeks
(No. 3))
6. Synthetic 0.10 mg daily for
progestogen 60 days
(No. 3)
7. Natural 0.12 mg daily for
progesterone 10 days
(No. 1)
8. Natural 2.0 mg daily for Lipoid in
progesterone 10 days Kupffer
(No. 1) cells
9. Natural 2.0 mg daily for Parench. Parench. Pregnant
progesterone 10 days degener. degener. animals
(No. 1) Lipoid in
Kupffer cells
10.  Natural 6.0 mg daily for Fatty Fatty Pregnant
progesterone 10 days degener. degener. animals
(No. 1)

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



HEPATIC CHANGES INDUCED BY SYNTHETIC PROGESTOGENS 3

Group Mode of treatment Hepatic Renal
No Drug mg/100 g lesion lesion Notes
11. Natural 6.0 mg daily for Fatty Fatty
progesterone 10 days degener. degener.
(No. 1)
12. Natural 0.25 mg daily for
progesterone 10 days
(No. 2))
13. Natural 5.0 mg daily for Fatty Fatty Pregnant
progesterone 10 days’ degener. degener. animals
(No. 2))
14. Natural 5.0 mg daily for Fatty Fatty
progesterone 10 days degener. degener.
(No. 2.)
15. Natural 0.2 mg daily for
progesterone 10 days
(No. 3.)
16. Natural 2.0 mg daily for Lipoid in
progesterone 10 days Kupffer
(No. 3)) cells
17. Natural 2.0 mg daily for Parench. Parench. Pregnant
progesterone 10 days degener. degener. animals
(No. 3.) Lipoid in
Kupffer
cells
18. Natural 5.0 mg daily for Fatty Fatty Pregnant
progesterone 10 days degener. degener. animals
(No. 3.
19. Natural 5.0 mg daily for Fatty Fatty Killed at
progesterone 10 days degener. degener. different
(No! 3)) times
20.  Olive oil 0.1 ml. daily for Fat in
10 days Kupffer
cells.

The tablets, dissolved in milk, were introduced through a gastric tube; the injections
were given intramuscularly. Doses indicated in Table I. refer to 100 g body weight and were
given daily. The animals received about the two-to fourfold of the doses of synthetic progesto*
gen employed in clinical practice. The smaller dose of progesterone in oil was approximately
the same as usual in cases of threatened abortion; the higher doses are not applied in clinical
practice and have a theoretical significance only. If the doses received by the animals are
referred to a human subject of 60 kg body weight, the following values result: the single dose
of synthetic progestogens No. 1, No. 2, No. 3corresponds to 60 mg; 0.12 mg of natural proges-
terone No. 1to 72 mg, 2 mg to 1.2 g, 6 mg to 3.6 g, 125 mg to 7.5 g; 0.25 mg of natural
progesterone No. 2 to 150 mg, 5 mg to 3 g, 0.2 mg of natural progesterone No. 3 to 120 mg,
2mg to 1.2 g, 5 mg to 3¢

g Acta Morplwlogica Acadcmiae Scientiarum Jiungaricae 14. 1966



4 F. TOTH

W ith the exception of Group No. 19, the animals were killed by a blow on the nape
at the termination of the experiment, their organs were removed, fixed, and then stained
with haematoxylin-eosin, oil red, PAS, methylgreen pyronine, subjected to the Feulgen,
Schultz and phenylhydrazine reactions; alkaline and acid phosphatase and non-specific esterase
reactions with azo dyes were performed by the “Azo-Kupplung” method with naphthol-
As-phosphate substrate.

Results

The applied doses of synthetic progestogens induced no change in the
examined organs, neither did 0.12 mg of natural progesterone No. 1, 0.2 mg of
natural progesterone No. 3, or 1.25 mg of natural progesterone No. 2. Two mg of
natural progesterone No. 2. and natural progesterone No. 3 daily for 10 days
induced parenchymal degeneration in the liver and kidney of pregnant animals.
The Kupffer cells contained a great number of biréfringent lipoid granules. No
degeneration was induced by these doses in nonpregnant animals, although the
Kupffer cells contained lipoids (Fig. 1). Six mg natural progesterone No. 1,5 mg
natural progesterone No. 3 and 5 mg natural progesterone No. 2 administered
daily for 10 days, induced grave fatty degeneration in the liver and kidney of
both pregnant and nonpregnant animals. The hepatic lesion was diffuse, mostly
centrilobular, but appeared sometimes also at the periphery of the lobules
(Fig. 2). In the kidney it was mostly in Henle’s loops (Fig. 3) and sometimes in
the basal part of the epithelium of the proximal convoluted tubules that fat
deposits were found. They were biréfringent and gave a positive Schultz and
phenylhydrazine reaction. No lipoids were observed in lungs and heart. Admin-
istration of olive oil induced no degenerative changes in the control animals,
only the Kupffer cells contained finely dispersed oil droplets. Small doses gave
rise to intensive alkaline and acid phosphatase and PAS reactions in both the
liver and the kidney (Fig. 4); with large doses the reactions were weaker
(Fig. 5).

The animals of Group No. 19 were killed at stated intervals after termina-
tion of the treatment. The degenerative lesions were found to have disappeared,
and the phosphatase and PAS reactions to have returned to normal after 6 to 7
days (Fig. 6).

Five animals (notincluded in Table I) received 10 mg ofnatural progester-
one but even these doses failed to elicit the hepatic necrosis described by
Dietel. There occurred no intrauterine necrosis or pathologic foetal change.
In another group of experiments the administration of 4 times 2.5 mg of
oestrogen (without progesterone) to pregnant rats elicited all the phenomena
described by Dietet, namely hepatic necrosis, intrauterine foetal necrosis and
partial resorption of the ova.

Acta Morphologien Academiae Scientiarum Hungaricae 14. 1966






Fig. 5. Weak alkaline phosphatase reaction in the kidney. “Azo-Kupplung” method with
naphthol-As-phosphate substrate, X 128
Fig. 6. Great amounts of finely dispersed glycogen in liver cells. PAS, X 80
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Fig. 1. Kupffer cells filled with biréfringent lipoid. “Fettrot” staining, X 128; Fig. 2. Dark spots, indicating fatty

degeneration in the liver. Oil red staining, X 128: Fig. 3. Dark spherules representing lipides, in epithelium of

llenle’s loops. Oil red staining, X 128: Fig. 4. Increased alkaline phosphatase reaction in the kidney. “Azo-
Kupplung” method with naphthol-As-phosphate substrate, x 128
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Discussion

Literature contains hardly any report on the side effects of progesterone.
The gravest effects have been observed by Dietel [1] in pregnant rats. In non-
pregnant animals the lesions were less serious. Therapeutic doses of natural
progestérones induced no degeneration in the internal organs, while the alkaline
and acid phosphatase reactions became more pronounced in the liver and the
kidney. Large doses induced fatty degeneration in these two organs. Histo-
chemical reactions showed that the major part of the lipoids were steroid
hormones. These results are in good agreementwith the known fact that the
liver is the chief organ of steroid conversion, and that the greatest part of
progesterone is excreted with urine in the form of pregnanediol. Sandberg and
Staunwiiite [3] injected 14 C-labelled progesterone intravenously and de-
monstrated that, linked to glucuronic acid, only 50 per cent thereof was
excreted after 24 to 48 hrs. Approximately 30 per cent passed into the bile
without being bound by glucuronic acid and gained then access to the intestines
whence it was partly absorbed and partly excreted. The process is known as
hepatoenteral hormone circulation. Small doses are broken down and excreted
by hepatic and renal activity, the intensification of which is indicated by a
pronounced phosphatase reaction. Large doses may, however, exhaust the
available stock of enzymes so that the hormone accumulates in the hepatic
and renal cells. We have found that nonpregnant animals are able to convert
and excrete larger amounts of exogenous hormone than pregnant ones without
developing grave hepatic and renal degeneration. This maybe due to the fact that
conversion of already present steroids taxes the liver and kidney of pregnant
animals to such an extent as to be unable to cope with freshly introduced doses
of hormone. Nonpregnant animals are, on the other hand, capable of converting
high exogenous doses of hormone without degenerative lesions. Dietel did not
discuss the problem as to whether the oil in which the hormone is dissolved,
played a role in the observed changes. Observations made in connection with
Group No. 19 and the progesterone suspension show that the hormone alone
and not the solvent is responsible for the pathologic changes. Hepatic and renal
lesions caused by different doses of oestrogens will be discussed in another pa-
per. It should, however, be noted that they are capable of inducing fatty
degeneration in considerably lower doses than progesterone. This isin contradic-
tion to the observations of Kovacs and David [2] who found no significant
change in the kidney of female rats which had received 1.0 mg of oestrogen
daily for 10 days. On the other hand, extensive renal cortical necrosis resulted if
the oestrogen was administered in combination with posterior pituitary prepara-
tions. The present experiments have reliably shown that not even the larger
of the current doses of progesterone and progesteroid preparations causes
degenerative lesions in the internal organs of animals.

Acta Mor bologica Academiae Scientiarum Hangaricae 14. 1066
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AUF WIRKUNG DER GESTAGENE ZUSTANDEKOMMENDE LEBER- UND
NIERENVERANDERUNGEN

F. TOTH

Die Untersuchungen wurden bei 200, 110—130 g wiegenden weiblichen Ratten vorge-
nommen. Die in der Gblichen Dosierung verabfolgten Progesteron- und Progesteroidpréparate
verursachten in den inneren Organen der Versuchstiere keine degenerativen Verdnderungen.
Das in groBen Dosen verabreichte Progesteron fiihrte diffuse, jedoch reversible, fettige Leber-
und Nierendegeneration herbei, die innerhalb 6—7 Tagen spurlos verschwand.

M3MEHEHWA BMEYEHW U BMNOYKAX 1tO4 BINAHWEM TECTATEHOB

®. TOT
ABTOp npoBoaun uccnefoBaHna Ha 200 Kpbicax-camkax Becom B 110—130 r. Mo ero
HabNIO4EHNIO NPU NPUMEHSAEMOM Ha MpaKTUKe JO3MPOBKE MPOrecTepoHbl M NPOrecTeponibl He
BbI3bIBAIOT [ereHepaTUBHbIX W3MEHEeHW B BHYTPEHHMX oOpraHax MnogonbITHbIX XXWBOTHbIX.

MpvMeHsieMbIli B 60/bLUNX [,03aX MPOrecTepoH Bbi3bIBAET ANDNY3HOE XKMPOBOE NepepoXaeHune
MeyYeHn M MNodeK, KoTopoe o6paTumMoe W 3a 6—7 AHeil GeccreHO McuesaeT.

Dr. Ferenc Toth: Budapest VIII. Baross u. 27., Hungary
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After a brief review of the literature on tendon regeneration a report is given of
light microscopic, histochemical and electron microscopic studies of the regeneration
process of the cut rat tendon.

In contrast to some data in the literature it has been found that the pluripotent
immature mesenchymal cells capable of differentiation and present in the surrounding
connective tissue as well as in the tendon stumps, have a common role in the formation
of regenerating tissue between the tendon stumps.

Synthesis of collagen fibers is performed by the fibroblasts (tenoblasts); the
mechanism of this process is still a problem wich we can as yet only approach with our
actual investigating methods. The fibroblasts of the surrounding scar tissue are distribut-
ed in longitudinal orientation on the fibrin net, as well as the precollagenous substances
secreted by the fibroblasts in the tendon stumps. The collagen fibrils appearing on and
around the cells, thickening gradually and oriented longitudinally under the effect of
functional factors in the first place are responsible for the formation of the new tendon
structure. Even in the case of smooth healing microstructural changes (cell activity,
thick collagen fibers, metachromasia) persist for a long time, and the new structure
will never be quite analogous with that of anormal tendon. Reorganization of the origi-
nal structure — if at all possible — probably takes a much longer time.

Tendon, being a tissue particulary poor in cells and rich in fibers, differs
essentially from the other tissues. Its blood supply is restricted, its metabolism
is low (Peacock, 21). Beside these morphological and physiological peculiarities
the tendon possesses a specific function which is difficult to restore in case of
injury. Between the tendon stumps, the tendons and the surrounding tissues,
scar tissue frequently develops, causing serious functional damage.

The chain of events during the course of regeneration of the damaged ten-
don was repeatedly studied in lhe last decades and a vast literature has been
published on this subject. Most authors seem to hold that the colls of the
connective tissue surrounding the tendons are mainly responsible lor the
development of regenerating tissues between the tendon stumps, i.e. that tin*
injured part of the tendon is replaced mainly by the proliferation of cells of the
paratenon or the injured tendon sheath. According to them the cells of the
tendon stumps play a passive part in tin* course of regeneration, they have no
role in the formation of the “tendon callus” (Hauck, 12, Lange, 17, Buck, 4,
Skoog and Persson, 30, Davidsson, 5, Potenza, 20).

A view which seems inadmissible is that of Imayoshi (13), according to
whom the healing of tendon defects would Ix* due solely to the proliferation of
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8 A. SALAMON and J. HAMORI

the tendon cells. In his opinion tendon cells would never arise from other
connective tissue cells or by way of metaplasia from other cells. A similar
role of tendon cells was maintained by Migliavacca.

Another conclusion is that the surrounding proliferating cells as well as
the cells in the tendon have an equal part in the regeneration, independently of
the degree of maturity of the latter (Enderten, 6, Borst, 3, Seggel, 28).
In this connection we quote Mason and Shearon’s (20) conclusion: “From this
study it seems logical to assume that these two tissues (connective tissues and
tendon tissue itself) have each a definite role or function in the healing process.”
The recent papers of Lindsay and Thompson (18) and Fiynn and Graham
(8) share this opinion.

As in every regenerative process, it is evident that in the tendon regenera-
tion, too, a decisive role has to be attributed to the so-called indifferent
mesenchymal basic tissue. This applies first of all to cells which remain in
their embryonic condition, the undifferentiated cells. These immature mesen-
chymal cells are ubiquitary, they are found in the whole organism as “medium”
tissues capable of pluripotent differentation. This means that the cells originat-
ing from the mesenchyma in the course of embryonic evolution may develop
into various cells, i.e. types oftissues during the process of regeneration. In
the extensive literature concerning tendon regeneration we hardly find any
such data, with the exception of some references in the papers of Peacock and
of Lindsay and Thompson. This important role of the mesenchymal basic
tissue in other fields of the regenerative process has been emphasized by several
avithors; its importance in bone callus formation has been discussed by
K rompecher (16), Block (2), Fromme (7), Karlinger (14) and confirmed
by Haranghy (11).

In close relation to this question stands the problem of the origin,
synthesis, growth and orientation of the collagen fibers. As a tissue rich in
collagen fibers, the tendon constitutes an excellent model for such investiga-
tions. Based on the promising results of the last decades the study ofsubmicro-
scopic structures has allowed recent investigations to go a step further. Today
the majority of workers seems to agree that collagen synthesis is a function of
the fibroblasts and not of the intercellular substance. Wassermann (31) found
in the regenerating rat tendons that the collagen fibers are secreted by the
fibroblasts. Other workers made similar morphologic and biologic studies in
regenerative connective tissues and tissue cultures. The electron microscopic ob-
servations of Wassermann and later of Gieseking (9) revealed filaments of a-
round 100 A in diameter in the fibroblasts; others hold that only precollagenous
substances can be formed inthe cell plasma (“tropocollagenous molecules”)
and their composition into collagen fibrils is an extracellular process [Gross
(10), Yardley et al. (32), Merker (21), Schwarz et al. (29)]. Porter (25)
observed that the fibrils developed on the protoplasmic membrane of the
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PRESENT STATE OF TENDON REGENERATION 9

fibroblast. The orientation of the newly formed collagen fibers, in other words,
their union between the stump and the newly formed tissue, further the factors
influencing this process are problems still discussed. Some authors believe that
in the early stages of regeneration there is no specific orientation and that the
longitudinal arrangement of the cellular and fibrous elements occurs only as a
reaction to the function. Buck (4) on the other hand, observed the longitudinal
“stress line’” orientation of these elements even with fibroblasts appearing on
the very first days.

The metachromatic staining of regenerating tissue is a well-known
phenomenon. Meyer and Rapport (22) stated that even the injured tendon
contains some hyaluronic acid and somewhat more chondroitin sulphate,
consequently it shows some slight metachromatic staining. In the regenerating
tendon this phenomenon persists for a surprisingly long time. According to
Buck's data, metachromasia is still present a year after the tenotomy, although
in the healing skin it soon disappears.

The above discussed controversial data have made us to study the role in
the regeneration process of the cellular elements of the tendon stump and
the surrounding tissues, further the formation, secretion and orientation of the
collagen fibers.

Method

Sixty adult white rats were used in the experiments. The animals were kept under simi-
lar conditions and received the same diet throughout the experiments. Under ether anaesthesia
and aseptic conditions a small incision was made on one of the hind limbs through which the
Achilles tendon was exposed, cut transversely (Fig. 1). As a result a gap of 4—5 mm had
formed between the tendon ends, due to the retraction of the proximal parts. After closing the
skin wound, the legs were immobilized for 2 weeks in plaster casts, unless specimens were

Fig. 1. Schematic representation of conditions after division of tendon. The dark square fields
mark the place where sections were excised for electron microscopic investigation
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10 A. SALAMON and J. HAMORI

required for earlier studies. This simple operative technique (tendon division without suture)
was chosen in order to spare as much as possible the tendon ends, as with the usual tendon
suture the tissue reaction around the thread may influence the pure regenerative conditions.
The animals were sacrificed at various intervals, the hind legs were fixed in formalin and allow-
ed to harden in the deep freeze, then the Achilles tendon was removed together with the
newly formed tissues. The shortest observation time was 3 days, the longest 100 days after
operation. For light microscopic studies the histologic sections were stained with haematoxylin-
eosin and van Gieson’s stain. To demonstrate acid mucopolysaccharides, pH 4,6 toluidine
blue was used.

Electron microscopic studies were made on 1 sq. mm, portions of the proximal tendon
stump and the newly formed tissues, each excised from 3 animals on the 7th, 21th, and 56th
days after tenotomy. The specimens were fixed for two hours in a 1 per cent solution of osmium
tetroxide buffered to pH 7,4 at -j-4° C, then embedded in araldite according to Luft (19).
Contrasting was done in blocks and it was stained with a 1 per cent solution of phosphotungstic
acid in alcohol for 60 minutes. Ultrathin sections were cut by an LKB Ultratome and the
sections were examined by Zeiss EIl.-Mi. D 2 (Jena) or Tesla table electron microscopes.

Results

Gross examination. On the third day after tenotomy a very soft vascular
tissue is seen between the tendon ends. By the end of the second week the tis-
sue is decidedly stronger and holds the tendon ends loosely together. The newly
formed tissue, which is of a dull greyish colour, continues to strenghten through
the third and fourth weeks. Its close connection with the environment lessens,
only loose tissues surround it. Still later there is hardly any difference from
the normal tendon.

Light microscopy. On the third day after tenotomy marked cell prolifera-
tion is seen around the tendon ends. Between the stumps, among the precipi-
tated fibrin threads there are erythrocytes, white blood cells and fibroblasts.
The tendon ends are in a resting state. After 7 days the picture changes con
siderably, the fibroblasts arising from the paratenon on the newly formed fibrin
net are oriented, more or less longitudinally, there are many capillaries, but
less white blood cells. In the peripheral parts of the tendon stumps there
appear swollen cells with ovoid orround nuclei rich in chromatin and with baso-
philic granules in the cytoplasm. Vacuoles are present in most tendon cells in the
centre of the stumps, the nuclei are pycnotic and shifted aside. At the end of
the second week the fibroblasts in the gap between the tendon ends continue
to multiply, their arrangement is in general longitudinal with fine collagenous
fibers between them. The newly formed tissue is still hyperaemic, the connec-
tion of the tendon ends with their surroundings is still strong. Cell activity in
the stumps is invariably present.

In three to four weeks the collagen fiber bundles become more and more
interwoven with the organising granulation tissue, the cellular elements
diminish in number. The newly formed tissue is vascular, the hitherto firm
connection with the paratenon is looser. The limit between stumps and organiz -
ing granulation tissue is still visible. Cells abound in the peripheral parts of
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PRESENT STATE OF TENDON REGENERATION

the tendon ends in contrast to the lack of cells in the centre. By the sixth week
the limit between the tendon ends and the organizing granulation tissue is
hardly noticeable. There are much more cells in this region than in normal
tendon. The nuclei of the new tendocytes are still oval and the arrangement of
the cells, although the longitudinal orientation dominates, is irregular, they

Fig. 2. A. third day: Cellular proliferation from paratenon; t — proximal tendon stump,
p — paratenon (X 125). B.  seventh day: Tissue rich in cells and vessels between stumps.
Immature cells in the peripheral parts of proximal stump; in the central part signs of cell
necrosis; t proximal tendon stump, r regenerating tissue; arrow — immature cells (X

200). C. — three weeks: The hord between stump and newly formed tissue is clearly vis-
ible. t - proximal stump, r newly formed tissue; arrows — cell proliferation in peripher-
al parts of the stump; arrow-acellular region (X - 100). D. six weeks: New tendon cells
in region of the stump and repair tissue, orientated in general longitudinally, arranged densly

and randomly ( : 100)
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12 A. SALAMON and J. HAMORI

Fig. 3. Seven days: Electron microscopic picture of fibroblasts from proximal stump, n
nucleus, er — endoplasmic reticulum, sv — secretory vesicle, m mitochondrium, arrows
RNS granules, f — collagen fibers (x — 20,000)
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PRESENT STATE OF TENDON REGENERATION 13

arc not yet formed in lines. The collagen fiber bundles increase considerably in
number. The histologic picture of a section excised after 100 days, the longest
interval after operation in the present observations, reveals a decrease in the
number of cells and an increase in that of fibers; there was no other essential

Fig. 4. Seven days: Klectron microscopic picture of fibroblasts from the newly formed tissue

between the tendon stumps. The collagen fibrils are in close contact with the cell surface,

n nucleus, er endoplasmic reticulum, ¢ — cistern, in mitochondrium, arrows
RNS granules, nc nucleolus, f collagen fibrils (x — 20,000)

change as compared to the end of the sixth week (Fig. 2 a, 5 ¢, d).
Histochemical studies. 3 days after tenotomy, the paratenon and the loose

tissues between the tendon ends stain somewhat metachromatically with

toluidine blue. At the end of the first week the metachromatic staining of the
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14 A. SALAMON and J. HAMORI

Fig. 5. Three weeks: Cell division in the proximal stump. Burst nuclear membrane, one
cytocentre is well visible; n — nucleus,nm —nuclear membrane, cy — cytocentre, f — collagen
fibers (X — 20,000)
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RESENT STATE OF TENDON REGENERATION 15

tendon ends was increased, and that of the newly formed tissue quite marked.

This staining is unchanged at 100 days.
Electron microscopy. On the seventh day after tenotomy we could observe

Fig. 6. Eight weeks: Active fibroblasts in proximal stump; n — nucleus, sv — secretory
vesicle, er endoplasmic reticulum, ¢ — cistern, arrows — RNS granules, f — collagen
fibers (X — 20,000)

in the proximal stump beside sporadic spindle-shaped tendon cells with a
narrow rim of cytoplasm, also fibroblasts showing decided signs of activity.

The endoplasmic reticulum is pronounced, with intensively staining RNS gran-
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16 A. SALAMON and J. HAMORI

Fig. 7. Eight weeks: Semiactive cells from regenerating tissue between the stumps. Longi
tudinally oriented cells and fibers; n — nucleus, ds — thickening of desmosomal character
f — collagen fibers, arrows — thick collagen fibers (X — 11,000)
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Semiactive cells between oriented fibers varying in thickness from

nucleus, f — collagen fibers, arrows thick collagen fibers (X
29,000)

micta Morphologica Acadetniae Scienliarurn Hnngaricae It. 1966



A. SALAMON and J. HAMORI

ules in the walls. The plasma contains many secreting vesicles and mito-
chondria. The nucleus is rich in chromatin, the nuclear membrane shows
a wavy arrangement. On and around the cells collagen fibrils about 200 A
thick are found (Fig. 3).

On the seventh day, in the newly formed tissue between the tendon
stumps there is a great number of fibroblasts displaying strong activity,

Fig. 9. Control: Electron microscopic picture of normal control tendon cell; n — nucleus,
f — collagen fibers (X — 11,000)

presenting the characteristic appearance of endoplasmic reticulum, with
occasional large cisterns. These cells correspond to Peach and Chapman’s
(23) type B, i.e. “synthesizing” fibroblasts. Occasionally it seems as if the
cisterns would open towards the border of the cell and empty their content
into the intercellular space. Their nucleus is ovoid, rich in chromatin, the cell
membrane shows a wavy arrangement. On the surface of the fibroblasts and
surrounding them we see transversely striated collagen fibrils measuring
200 300 A in diameter (Fig. 4). The presence of filaments in the cell plasma,
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PRESENT STATE OF TENDON REGENERATION 19

as described by Wassermann, could not be corroborated. After 21 days we
observed in the proximal stump practically resting tendon cells and some cells
with moderate activity. Other cells were distinctly active, even dividing cells
could be observed (Fig. 5). Active fibroblasts are invariably present at this
stage in the newly formed tissue, with increased numbers of thickened collagen
fibers between them.

After 56 days, there were still signs of tissue activity in the proximal
stump although on gross examination the new tendon seemed to be fully
developed. Beside completely resting tendon cells there were again fibroblasts
showing signs of activity (Fig. 6). After 8 weeks the differentiating immature
cells of the newly formed tissue had not yet completely transformed into
tendon cells at least not all of them (Fig. 7, 8). The most striking feature
in tlx:se pictures is the great difference in size of the collagen fibers. Beside thin
collagen fibers of 300 400 A there are extremely thick cross striated ones of
2000 4000A in the dense fibrous tissue, while in the normal control tendon
as well as in the region of an 8 weeks old tendon stump the fibers are 200 —
300 A in diameter. We obtained these data by measuring the diameter of
4000 fibers (Fig. 9 showes the normal control).

Discussion

The different opinions about the tendon repair process are far from
convincing. Our experiments did not support the first of these views, that the
tendon stumps are quite inert in the regenerative process, —and even less can
we accept the second view which attributes an almost exclusive role to the
differentiated tendon cells. There remains the third school of thought with the
theory that the proliferating cells of the surrounding connective tissues and
the cells of the tendon stumps in different stages of maturity, have an equal
share in the formation of the new regenerative tissue. This last opinion can be
accepted only by assuming that the mature tendon cells are capable of division
and differentiation.

It is evident from our findings that proliferation of the immature cells in
the paratenon starts in the first days after tenotomy and they soon fill the
gap between the tendon ends. After the first week, however, cell activity is
manifest also in the tendon stumps, in particular in the epitenon and the
peripheral parts of the stump, while in the central parts the majority of tendon
cells shows signs of necrosis. We observed these immature cells in both our
light and electron microscopic sections. Their nucleus is round or oval, rich in
chromatin, their cytoplasm is full of basophil granules. In their submicroscopic
structure there are definite signs of activity. These cells are densely and ir-
regularly arranged and appear after two or three weeks. Concerning their
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20 A. SALAMON and J. HAMORI

origin they seem to arise from proliferating capillaries of the tendon stumps,
mainly from the mesenchymal cells in the wall of capillaries in the epitenon
and endotenon. The supposition that the mature tendon cells should have
changed into young cells seems far less probable.

As soon as the end of the first week the fibroblasts appearing in the
tendon stumps and in the regenerating tissue between them begin to secrete
the collagen precursors. According to present knowledge, the mucopolysaccha-
ride-protein complex building up the collagen develops on the RNS granules
in the endoplasmic reticulum of fibroblasts, but the mechanism of its release
from the cells is still a controversial point, being it not clear whether the
cisterns open up and empty their contents, or else the cell membranes burst.
We could never notice collagen filaments in the cytoplasm of fibroblasts. By
the seventh day after tenotomy transversely striated collagen fibrils were
clearly visible close to the cell membrane or in the proximity of the cells;
their average thickness was 200 A.

The role of mucopolysaccharides in collagen production is an interesting
problem. Our own observations agree with the data of other workers in that
metachromasia of the regenerating tendon persists for a remarkably long time,
in other words there is a prolonged production of “tenomucoid” substance.
These findings are supported by electron microscopic data. It has been shown
that in the course of regeneration (wound healing) the fibroblasts are secreting
mucopolysaccharides (Bernson and Dalferes, 1), (Kennedy, 15), but their
role in collagen formation is still discussed. Romhanyi (27) found the mucopoly-
saccharide components to be embedded longitudinally in the submicroscopic
structure of collagen fibers and that the anisotropic structural component
built in here is responsible for the metachromatic reaction.

Taking into account the histochemical, the light and electron microscopi-
cal findings, the changes appearing during the first days in the microstructure
of the regenerating tendon seem to persist for a surprisingly long time in spite
of the fact that on gross examination the regenerative process may appear to
be complete.

On the basis of the above data, regeneration of the injured tendon seems
to proceed as follows. In the first week immature cells of mesenchymal origin,
arising from the surrounding tissues, begin to proliferate in the space between
the tendon stumps. In this vascular loose tissue the fibroblasts invade the
fibrin net which had developed during these first days and begin to secrete the
collagenous substance. At this time the fibroblasts are already oriented more
or less longitudinally. The collagen fibrils appearing on and around the cells,
increase in thickness and are also oriented longitudinally. At the same time
the cells of mesenchymal origin in the tendon stumps, mainly in their peripheral
parts, are also multiplying, differentiating, changing into fibroblasts, and later
into tendon cells. Meanwhile they continue to secrete collagen fibers which
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PRESENT STATE OF TENDON REGENERATION 2

after due orientation meet with the longitudinally oriented fibers arising from
the surrounding regenerating tissue. The underlying cause of this differentiation
of the mesenchymal cells is not known, but in addition to the chemical and
biological factors arising in the tissues following injury the role of functional
factors has also to he considered. The regenerating tissue is richly vascularized
in the first week and it adheres closely to its surroundings. By the fourth week,
provided there is no scar formation, the close connection villi the paratenon
decreases and the tendon can assume its independent function. The changes in
the finer structures may persist for a remarkably long time. Although the
cellular elements in the tendon stumps and the newly formed tissue decrease
in number and that of the fibers increases, cellular activity is still present at 8
weeks. The regenerating tissue contains thick collagen fibers with regular
cross striation. In addition to these, the metachromatic staining reveals a
still significant mucopolysaccharide synthesis at 100 days.

To finish we have to remind that with our morphological methods we
can at most only follow the process of regeneration as a series of independent
pictures waiting still to be grouped. Even the electron microscopic data must
be interpreted with adequate critical care. Tlowewer, the combined use of
morphological and biological methods will certainly help to bring more light
into the subtle process operating at the microstructural level.
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DER GEGENWARTIGE STAND DES PROBLEMS DER SEHNENREGENERATION.
LICHT- UND ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNGEN AN REGE-
NERIERENDEN RATTENSEHNEN

A. SALAMON und J. HAMORI

Die Regeneration der durchschnittenen Achillessehne von Ratten wurde mittels dem
Licht- und Elektronenmikroskop sowie mit histochemischen Methoden untersucht.

Gegenilber zahlreichen Literaturangaben wird die Ansicht vertreten, dal an der Heraus-
bildung des Regenerats zwischen den Sehnenstimpfen die im umgebenden Bindegewebe und
in den Sehnenstimpfen enthaltenen pluripotenten, unreifen, d. h. Uber eine groRe Differen-
zierungsfahigkeit verfliigenden mesenchymalen Zellen gemeinsam beteiligt sind.

Die Synthese der kollagénén Fasern erfolgt durch die Fibroblasten. Mit den heutigen
Untersuchungsmethoden ist nur eine anndhernde Klarung des Mechanismus ihrer Ausscheidung
moglich. Die sich am Fibringerist orientiert anordnenden Fibroblasten des Regenerats und die
in den Sehnenstimpfen erscheinenden, von den Fibroblasten sezernierten kollagénén Fasern wer-
den allméhlich dicker, nehmen — in erster Linie unter der Wirkung funktioneller Faktoren —
eine Léangsorientierung an, vereinigen sich und bilden auf diese Weise die Struktur der neuen
Sehne heraus.

In der Mikrostruktur lassen sich selbst nach komplikationsfreier makroskopischer
Heilung der Sehne noch lange Zeit hindurch Verdnderungen (Zellaktivitat, extrem dicke
kollagéné Fasern, lange Zeit nachweisbare metachromatische Farbung) nachweisen. Eine der
Gewebestruktur der intakten Sehne véllig entsprechende Struktur ist auch spater nicht vor-
handen. Die Herausbildung der urspringlichen Struktur, sofern dies tUberhaupt maéglich ist,
erfordert scheinbar eine viel ldangere Zeit.

COBPEMEHHOE MOJIOXXEHVNE BOIMNPOCA O PEMEHEPALINA
CYXOXNNnA. NCCNEQOBAHUWE PEMFEHEPUPYIOLWEIOCA CYXOXWNINA
KPbIC CBETOBbIM N 3JIEKTPOHHbLIM MWKPOCKOIMNAMU

A LWWANAMOH u . XAMOPW

Mocne o63opa NMTePaTypPHbIX AaHHbIX aBTOPbl COO6LLAOT O pesynbTaTax CBOWMX MCCle-
[OBaHWUiA, OTHOCSLLMXCA K pereHepaumn cyxoxunuit. OHU W3ydanu pereHepauuio nepepesaH-
HOro AXMW//I0BA CYXOXMUAWUSA Kpbicbl. OLEHKa MpoBOAMMach NpW MOMOLUM METOAOB Mccnefo-
BaHWSA MOJ, CBETOBbIM MUKPOCKOMOM, 9M1EKTPOHHBLIM MUKPOCKOMOM, a TakXXe FMCTOXUMUYECKUMM
MeToAaMMm.

B NpOTMBOMOMOXHOCTb MHOTMOUYMC/IEHHBIM NUTEPATYPHbLIM aHHbIM aBTOpbl MPUAEPXKU-
BAKOTCA TOr0 MHEHWs, UTO B 06pa30BaHMM PereHepupyIoLLeiics TKaHN MeXay KynbTamu CyXo-
XXUMNA COBMECTHO YYaCTBYHOT MAYPUMOTEHTHbIE, He3penble, 3HAUUT, o6nafalolime 3HaUNTe Nb-
HO CMOCOBHOCTLIO K AndepeHLMaUmMn Me3eHXUMasbHble KETKW, VMEIOLLIMECS B OKpYyXKato-
el coeAMHUTENbHOM TKaHW, a TakXe B CYXOXWU/bHbIX Ky/bTAX.
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KonnareHHble BOMIOKHA CUHTE3UpytoTcs (mbpo6nactamMu. py MOMOLUM COBPEMEHHbIX
METO/IOB MCC/efloBaHWUSI HefMb3si TOUHO BbISICHUTL MeXaHM3M WX BbldeneHus. du6pobnacTsbl,
OPVEHTMPOBAHHO pacrofnaratLyecs Ha (PUOPUHOBOM OCTOBE PEreHepupyloLLeiics TKaHu, u
KOMNareHHble BOMIOKHA, Bblaenaemble (M6po6acTamMy, MOSIBAAOWMAMUCA B CYXOXUNIbHbIX
KYNbTSAX, MOCTEMEHHO YTO/MLWATCA M — NpeX4e BCEero MNog BAMSHUEM (YHKLMOHANIbHbIX
(haKTOPOB — OPUEHTUPYIOTCS B MPOAO/IbHOM HanpaBfeHn, COeAUHSIIOTCS, Y 06pasytoT CTPYK-
TYpPY HOBOFO CYXOXW/US.

B MUKPOCTPYKTYpe faxe B C/lyyae MaKpPOCKOMMUYECKOro HEOC/0XEHHOro W3neueHunst
CYXOXWUNNA [ONTr0e BPeMsi Hab/0aaloTCs U3MeHeHMs (KNeTouHasi akTUBHOCTb, KpaiHe ToncTble
KOMMareHHble BOMOKHA, MeTaxpoMaTM4ecKoe OKpallMBaHWe B TeueHWe MNPOAC/HKUTENbHOIO
BPEMeHU), U B MOCNEACTBUAM TaKXe He HabG/oAaeTCsl CTPYKTYpPbl, COBEPLLEHHO COOTBETCTBYHO-
LWEe rUCTOMOrMYECKOl CTPYKTYPEe HEMOBPEXAEHHOTO CyXOXunus. Ons o6pasoBaHWsl NepBo-
HaYa/IbHOM CTPYKTYpPbI, MOCKO/IbKO 3TO BOOGLLE BOSMOXHO, MO-BUAMMOMY, TPeGyeTcsi ropasfio
6onee ANUTENILHOIO BPEMEHU.

Dr. Antal Salamon: Pécs, Il. Sebészeti Klinika, Hungary
Dr. Jozsef Hamori: Pécs, Anatémiai Intézet, Hungary
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CYTOCHEMICAL OBSERVATIONS DURING THE
SPERMATOGENESIS OF TWO INDIAN
SQUIRRELS, FUNAMBULUS PENNANTI

AND FUNAMBULUS PALMARUM

R. S. Mathur

(Received July 14, 1964)

Cytochemically, spermatogenesis in the two species of squirrels, F. pennanti
and F.palmarum, is basically similar. The Golgi bodies are made up of lipoid-polysaccha-
ride materials. The “externum” consists of acidic lipids while the “internum” contains
simple polysaccharides, mainly glycogen. Proteins are completely absent from this
inclusion. The Golgi bodies secrete Nile-blue positive proacrosomic granules which
fuse to form the proacrosome. The latter is then transformed into the final acrosome.
The acid lipids which persist through the proacrosome, form the outer membrane of
the acrosome while the inner core is made up of PAS positive material.

The nucleus is rich in DNA and has a lipoid-polysaccharide-protein complex.
The nuclear membrane towards the posterior aspect is interspread with lipoprotein
positive granules, the postnuclear granules, which fuse to form the postnuclear cap of
late spermatids. The postnuclear granules and the postnuclear cap are of nuclear origin.

The granular mitochondria contain acidic lipids, RNA and proteins. Small
amounts of cystine are also present in this inclusion. The centriole does not divide at
any stage and remains a single body, developing a flagellum in late spermatids. Roth
the centriole and the flagellum contain proteins. The lipids present in the earlier stages
are lost in the final sperm.

The mode of sperm formation in various mammals has been studied by many
workers. Recently, Nath (1957), Bishop and Walton (1960) and Roosen —
RtINGE (1962) have published comprehensive reviews. Although the phenomenon
of mammalian spermatogenesis has been understood to a greater extent, the
chemical nature of the intracellular organelles in the various stages of sperm
formation need further elaboration. Recently, the author (1965) has described
the cytoehemical events in the developing male germ cells of Meriones and has
been able, by the use of specific techniques and blocking reactions, to resolve
to some extent the Golgi controversy and the origin of the postnuclear cap.

The purpose of the present investigations was to perform cytoehemical
studies in other rodents, to determine the precise nature of the Golgi-acrosome
systems and the postnuclear regions and, further, to clear the interrelation-
ships between the various cell inclusions and their ultimate fate in final sperm.

Material and method

F. pennanti and F. palmarum were collected locally and at Port Novo (South India). Ac-
tive testes were dissected in mammalian Ringer and samples of 10 cu. mm were fixed in various
fixatives (Table 1). Processing, embedding and sectioning of the tissues were carried out in
the usual way. In the case of frozen sections, the tissues were frozen directly without previous
fixation and sections 10 u thick were prepared. The applied cytoehemical methods have been
jisted in Table I

Acta Morphologien Academiae Scientiarum Hungaricae 14. 1966



26

Summary

Test or Reaction

Saturated solution of Sudan black
B in 70% ethanol

Nile blue sulphate

Oil red 0

Phosphomolybdic acid

Periodic acid Schiff (PAS)

PAS without previous oxidation
in periodic acid

Acetylation at room temperature
for 24 hours followed by PAS

Pyridine extraction of lipids at 60° C
for 48 hours followed by PAS

Treatment with 1% solution of
diastase to remove glycogen, follow-
ed by PAS

Pectinase treatment to remove
galactogen, followed by PAS

Carmine stain for glycogen

Alcian blue

Dialyzed iron

Méthylation for 24 hours at 60° C
followed by alcian blue

Méthylation followed by Hale’s
reaction

Déméthylation following méthylation-
alcian blue and Hale’s

Azure A.

K. S. MATHUR

Table |

of cytochemical methods

Fixative

Formol calcium; Bouin’s;
Frozen.

Formol calcium; Bouin’s;
Frozen.

10% formalin; Bouin’s;
Frozen.

Formol calcium; Bouin’s;
Frozen.
Formol calcium: Bouin’s.

Formol calcium; Bouin’s.

Formol calcium; Bouin’s.
Formol

calcium; Bouin’s.

Formol calcium; Bouin’s.

Formol calcium; Bouin’s.

Formol calcium; Bouin’s;
Carnoy.

Formol calcium; Bouin’s;
Carnoy.
Formol calcium: Bouin’s;
Carnoy.

Formol calcium; Bouin’s;
Carnoy.

Formol calcium; Bouin’s;
Carnoy.

Formol calcium; Bouin’s;

Carnoy.

Formol calcium; Bouin’s.
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Reference

Baker (1946);
McManus (1946).

Cain (1947).

Littie, 1944, as given by
Pearse (1960).

Landing et al.,, as given
by Pearse (1960).

Hotchkiss (1948).

Pearse (1960).

Littie (1954).

Littie (1954).

Pearse (1960).

Grainger and
Shillitoe (1952).

Best, 1906, as given by
Pearse (1960).

Mowry (1956).

Hale (1946).

Fisher and Lillie (1954).

Fisher and Lillie
(1954).

1Spicer and Lillie (1959).

1Kramer and Windrum

(1955).
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Test or Reaction Fixative Reference
Toluidine blue. Formol calcium; Bouin’s. P EARSE (1960).
Combined dialysed iron and PAS Ilelly; Bouin’s. Ritter and Oleson. 1950,

as given by Pearse (1960).
Millon’s reaction as modified by Carnov; Bouin’s; Baker (1956).
Baker. Hellv.

Bromophenol blue. Carnoy; Bouin’s. Mazia el al. (1953).
Deamination for 20 hours at 40 C, Carnoy; Bouin’s. Burstone (1959).

followed by bromophenol blue.

Ninhydrin-Schiff. Carnoy; Bouin’s. Yasuma and lchikawa
(1953).

Deamination followed by ninhvdrin- Carnoy; Bouin’s. Burstone (1959).

Schiff.

Acetylation followed by ninhydrin- Carnoy; Bouin’s. Littie (1954).

Schiff.

Blocking of aldehyde groups followed Carnoy; Bouin’s. Burstone (1959).

by ninhydrin-Schiff.

Méthylation followed by ninhydrin- Carnoy; Bouin’s. Fisher and Lillie (1954).

Schiff.

Performic acid-alcian blue. Formol calcium; Bouin’s. Adams and Stope«, 1955,

as given by Pearse (1960).

Feulgen’s reaction. Formol calcium; Bouin’s; Pearse (1960).
Carnoy.
Methyl green pyronine G. Formol calcium: Bouin’s; Jorden and Baker
Carnoy. (1955).
Digestion of RNA by human saliva Formol calcium: Bouin’s; Bradbury (1956).
followed by methyl green pyronine Carnoy.
G.
Digestion of DNA by TCA followed by Formol calcium; Bouin’s: Alfert and Geschwind
methyl green pyronine G and Carnoy. (195.4).
Feulgen’s.
Results

The different spermatogenetic stages in the two squirrel species were
clearly defined and hardly different from each other. Application of various
cytochemical techniques allowed to obtain definite information on these
inclusions in each cell stage.
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In fresh frozen and paraffin sections stained with Sudan black B the
inclusions gave a positive reaction due to the presence of lipids or lipoproteins.
The mitochondria and the nucleus of the spermatocyte were strongly positive,
the Golgi bodies showed a weak reaction (Figs. 1 and 2). In the nucleus, the
reaction was more intense on the nuclear membrane while the chromatin
contents were brownish black suggesting the presence of lipoproteins. In the
early spermatid, there was no appreciable change in the intensity of the reac-
tion in the mitochondrial region and the nucleus. A weak reaction was noticed in
the post nuclear granules and the centriole, while the proacrosome appeared to
be negative. In the late spermatid and final sperm, the acrosome and the
nucleus were positive with faint staining in the developing flagellum. Colour-
ing in the mitochondria and the centriole gradually diminished until in the
final sperm both were negative (Figs. 1 and 2).

To evaluate the nature of lipids, nile blue sulphate was used which gives
ared or pink colour due to neutral and blue for acid lipids. The nucleus of the
spermatocyte stained a weak pink which disappeared in the spermatids and
reappeared in the sperm nucleus (Figs. 3 and 4). This indicates low contents of
neutral lipids in the nucleus. This was further substantiated by the application
of oil red 0 which gave positive reaction in the nucleus (Figs. 5 and 6), while
all the other inclusions were negative suggesting the location of neutral lipids
being restricted to the nucleus. The mitochondria, on the other hand, gave a
strong reaction for acidic lipids throughout the entire course of spermatogenesis.
In the spermatids, the postnuclear granules and later the postnuclear cap, the
“externum” of the aggregated mass of the Golgi bodies, the proacrosome and
later the acrosome showed the blue staining of acidic lipids. The centriole and the
flagellum, however, were showing traces of acidic lipids (Figs 3 and 4).

Treatment with phosphomolybdic acid, which identifies choline contain-
ing lipids, revealed positiv reactions in the Golgi bodies of the spermatocyte
and the centriole of the early spermatid (Figs. 7 and 8). The intensity of the
reaction decreased considerably in later stages so that all the cell inclusions
were negative.

It may, therefore, be inferred that most of the lipid positive material in
the cytoplasm is acidic in nature with little choline containing lipids while the
neutral lipids are located in the nucleus.

Identification of polysaccharides, mucopolysaccharides and mucoproteins
was carried out by the periodic acid Schiff (PAS) technique. Nucleus and Golgi
bodies of the spermatocyte gave positive reactions (Figs. 9 and 10). PAS posi-
tive granules in the nucleus appeared as intensely stained bodies and could be
differentiated from the rest of the nucleoplasm. With the transformation of the
spermatocytes into spermatids, the intensity of the reaction increased until
in the final sperm the head was strongly positive (Figs. 9 and 10). The Golgi
bodies showed a different behaviour. In the spermatid, the “internum” was

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



CYTOOHEVICAL CBERVATIONS DLRING SFERVATOEENESIS 29
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Fig. 1. F. pennanti. Sudan black B staining of the fresh frozen section. Note the lipoid sub-
stance in the Golgi bodies (g), the mitochondria (in) and the nuclear membrane (n). X 1000
Fig. 2. F. palmarum. Sudan black B positive sites in the various stages showing the Golgi
bodies (g), the mitochondria (m) and the nuclear membrane (n). Bonin’s fixed, x 1000
Fig. 3. F. pennanti. Nile blue sulphate reaction showing the presence of acid lipids in the
postnuclear region (p), the externum of the Gogi body (g), the acrosome (a) and the mitochon-
dria. Fresh frozen section, x 1000
Fig. 4. F. palmarum. Nile blue sulphate reactive material accumulated in the postnuclear
region (p). Bouin’s fixed, x 1200
Fig. 5. F. pennanti. Sites of neutral lipids indicated by oil red (). Note the reaction in the
nuclei (n) of the spermatids. Fresh frozen section, X 1000
Fig. 6. F. palmarum. Neutral lipids in the nuclei of late spermatide and sperms (n). Bouin’s
fixed, x 800
Fig. 7. F. pennanti. Phosphoinolybdic acid reaction showing traces of choline containing
lipids in the Golgi bodies (g) and the centriole (c). Fresh frozen seetion, Xx 1000
Fig. 8. F. palmarum. Location of choline containing lipids in the centriole (e) and the Golgi
body (g) of the spermatid. Bouin’s fixed, X 1500
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JFig. 9. F. pennanti. Early and late spermatids showing PAS positive regions. Note the reac-
tion in the Golgi bodies (g). The reaction in the acrosome (a) is considerably weaked. Formol

calcium fixed, x 1000

Fig. 10. F. palmarum. PAS positive reaction in the Golgi bodies (g) and the sperm nucleus

Fig. 11.
Fig. 12.
Fig. 13.
Fig. 14.

F.

(n); the acrosome (a) has lost its staining. Bouin’s fixed, x 1000
pennanti. Glycogen positive sites stained by Best’s carmine. Note reaction in
Golgi bodies (g). Carnoy fixetl, x 1000

. palmarum. Glycogen positive Golgi bodies (g) indicated by Best’s carmine. Bouin’s

fixed, x 1000
pennanti. Alcian blue reaction in various nuclei (n). Formol calcium fixed, x 1000
pennanti. Strongly reactive postnuclear granules and postnuclear cap (p), as
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CYTOCHEMICAL OBSERVATIONS DURING SPERMATOGENESIS 3

stained in contrast to the unstained “externum”. The “internum” had distinct
PAS positive granules arranged towards the periphery (proacrosomic granules)
which later fused to form a single reactive granule, the proacrosome. The Golgi
body then moved towards the nucleus, the proacrosome gradually increased
in size and detached itself from the Golgi body to be deposited on the anterior
proximity of the nucleus as the future acrosome. During these changes, PAS
staining became weaker until in the final sperm the acrosome or the head cap
contained little PAS positive material (Figs. 9 and 10). After deposition of the
acrosome, the Golgi body sloughed off and was ultimately absorbed by the
cytoplasm. A weak positivity was also noticed in the postnuclear cap.

To judge the reliability of the above reaction, sections were stained
directly with Schiff’s reagent without previous oxidation in periodic acid. The
PAS reaction was negative, indicating the absence of free aldehydes. Next,
glycol and other related groups were blocked by acetylation (Littie, 1954); no
reaction was observed in any of the cell inclusions in any stage of sperm forma-
tion. The control sections, after treatment with dry pyridine to dissolve lipids,
gave the same results as obtained by direct PAS method. This indicates that the
PAS reaction is dependent on the availability of glycol and other related
groups. Pretreatment of sections with diastase (Pearse, 1960) gave negative
results suggesting that the reaction may be due to glycogen, whereas digestion
of galactogen by pectinase (Grainger and Shillitoe, 1952) had little influence
on the PAS reaction. According to these, the PAS reaction is due to glycol and
related groups, especially glycogen. Although not thoroughly reliable, Best’s
carmine method (Pearse, 1960) also gave a positive result in the same PAS
positive regions (Figs. 11 and 12); this was a further proof of the presence of
glycogen.

Acid polysaccharides were characteristically lacking in the various
cytoplasmic inclusions but the nuclei of the two species gave faint reactions
(Fig. 13) as revealed by the alcian blue (Mowry, 1956) and dialyzed iron
(Hate, 1946) methods. When the acid groups were blocked by méthylation
(Fisher and Liltie, 19547 negative results were obtained. Déméthylation
(Spicer and Littie, 1959) gave positive results in the nuclei of the spermato-
cytes indicating the presence of carboxyl groups. Further, by using dialyzed
iron combined with PAS (Pearse, 1960), the nuclei showed a weak blue colour
due to acid mucopolysaccharides (Figs. 14 and 15). In F. pennanti, purplish
red staining was also noticed in the postnuclear region (Fig. 14).

revealed by combined dialyzed iron and PAS. The various nuclei (n) have also stained. Helley
fixed, x 1000
Fig. 15 F. palmarum. Combined dialyzed iron and PAS reaction showing positive staining
in the postnuclear region (p). Bouin’s fixed, x 1000
Fig. 16 F. palmarum. Millon’s reaction revealing tyrosine positive granules in the mito-
chondria (m) and the eentriole (c). Bouin’s fixed, x 1000
Fig. 17 F. pennanti. Sites of basic proteins shown by bromophenol blue. Note reaction in
mitochondria (m). Carnoy fixed, x 1000
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Acid groups were further recognized by metachromatic staining using
azure A (Kramer and Windrum, 1955) and toluidine blue (Pearse, 1960).
A weak positive orthochromasia in the nuclei was observed. Acidic méthylation
at 16°C (Fisher and Lillie, 1954) resulted in the disappearance of azurophilia
while saponification restored toluidine metachromasia, supporting the pres-
ence of carboxyl groups in the nuclei of the two species.

Proteins were detected by Millon’s reaction as modified by Baker (1956),
bromophenol blue (Mazia et ah, 1953) and the performic acid-alcian blue
(Pearse, 1960) reactions. Millon’s reaction distinguishes tyrosine, the only
known amino acid with a hydroxyphenyl group. In F. pennanti, the reaction
was very weak and hence no proper assessment of the presence of tyrosine in
the cell inclusions was possible. In F. palmarum, however, the mitochondria
were positive (Fig. 16) and in the final sperm, tyrosine was accumulated in
the “middle piece” (Fig. 16). The centriole of the sperm also appeared to be
tyrosine positive.

The protein rich mitochondria and the nuclei of the spermatocytes stained
intensively with bromophenol blue (Figs. 17 and 18). The Golgi bodies and their
derivatives were negative throughout spermatogenesis. In the spermatids, the
intensity of the reaction increased in the mitochondrial regions while in the
nuclei staining was observed in some granules scattered in the nucleoplasm in
both species. The centriole, postnuclear cap and the flagella were also positive
(Figs. 17 and 18). Specificity did not vary in various stages of spermatid
differentiation and the results were similar in both species.

The reactions’s reliability was judged by glocking free amino groups by
deamination (Burstone, 1959). The reaction was completely inhibited, indi-
cating the presence of free amino groups containing tyrosine, as evidenced also
by Millon’s reaction.

Further evaluation of proteins was carried out by ninhydrin-Schiff meth-
od which identifies protein bound amino groups and carboxyl groups. The
mitochondria of the spermatocyte and the spermatid reacted strongly; while the
reaction was weak in the nuclei and the postnuclear granules (Fig. 19 and 20).
The postnuclear cap of F. pennanti stained more intensely (Fig. 19) than that
of F. palmarum (Fig. 20).

These results were confirmed hy acetylation and deamination; these
procedures completely inhibited the reaction. Similarly, no positive staining
was observed when the aldehyde groups had been blocked by hydroxylamine
(Burstone, 1959). Méthylation of carboxyl groups decreased the intensity of
the reaction. It may, therefore, be concluded that the reaction is due to amino
groups only. Thus the bromophenol blue and ninhydrin-Schiff reactions pointed
towards the same general conclusion.

Performic acid-alcian blue (Pearse, 1960) is a highly specific reaction
for cystine. The reaction was very weak in the earlier stages but in very late
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middle piece” and on

the nuclear membrane (Figs. 21 and 22). This means that cystine is present as a
protein constituent in the above inclusions. Since no blocking methods for this
reaction were carried out, it is possible to comment on the specific distribution
and exact nature in which cystine occurs.

Nucleic acids were determined by Feulgen’s reaction performed according
to Hearse (1960) and the methyl green-pyronine G method (Jorden and
Baker, 1955). Feulgen positive granules were confined to the various nuclei,

Fig.
Fig.
Fig.
Fig.

Fig.

1tl.

19.

20.

20.

21.

staining

Fig.

22.

F. palmarum. Bromophenol blue reaction in mitochondria (in) and postnuclear cap
(p). Bonin’s fixed, x 1500
F. pennanli. Ninhydrin-Schiff reaction showing protein-bound amino groups.
Carnoy fixed, x 800
F. palmarum. Sites of protein-bound amino groups as revealed by ninhydrin-
Schiff. Bouin’s fixed, x 1500
palmarum. Sites of protein-bound amino groups as revealed by ninhydrin-Schiff.
Bouin’s fixed, x 1500
F. pennanli. Late spermatids containing cystine after performic acid-alcian blue
. The reaction is particularly obvious in the mitochondria (m). Formol calcium fixed,
x 1500
F. palmarum. Performic acid-alcian blue staining showing positive reaction in the
nuclei (n). Bouin’s fixed, x 1000
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distinguishing DNA from the rest of the chromatin material. Methyl gre m-
pyronine G identifies both DNA and RNA. It stained the nucleus green (DNA)
and the mitochondria red (RNA). The reaction persisted in all the stages of
spermatogenesis. By digesting RNA by human saliva (Bradbury, 1956), a
positive reaction teas obtained in the nucleus, due to DNA. Similarly, when DNA
was extracted by 5 per cent trichloroacetic acid (TCA) (Ailfert and Ge-
schwind, 1953), RNAwas found to be present in the mitochondria. After TCA
extraction, Feulgen’s reaction was negative. Thus it is evident that DNA is
present in the nucleus while RNA is located in the mitochondria and both these
acids persist without any change during spermatogenesis is both the species.

Discussion

Qualitative analysis of the complex cell populations in the two squirrel
species has been achieved by various cytochemical techniques. Basically,
in the species under investigation the chemical composition of the various cell
inclusions in different stages of spermatogenesis is similar, but there are
certain differences in the intensity of the reactions. This is primarily, as far as
the present investigations are concerned, due to the fact that all observations
in F. palmarum have been made in fixed paraffin-embedded tissue, which
might have been influencing the staining and thereby causing some differents
from fresh frozen or fixed tissue of F. pennanti.

There are different views regarding the structure of the Golgi bodies in
mammals during the various stages of spermatogenesis (Mathur, 1965). The
Golgi bodies in squirrels show the granular nature in the earlier stages, as
observed by Nath et al (1957). This author did not mention anything further
about the changing phases of the Golgi bodies in the squirrel, because he
thought presumably that the granular nature was retained throughout sper-
matogenesis. In contrast, the present results clearly indicate that from the sper-
matid onwards the Golgi bodies aggregate and appear like a single body.

The chemical organization of the Golgiacrosome complex is indicative
of a lipoid-polysaccharide constitution. In the Golgi body, lipids are concentrat-
ed in the “externum”. Acid lipids along with choline containing lipids are
present in the initial stages but disappear in later phases. The choline contents
are very low wherever present. The proacrosomic granules are Sudan negative
but show an acid character with Nile blue which persists in the proacrosome.
In the final acrosome, the lipids are associated with the outer membrane, while
the central core is negative. None of the earlier authors have reported the pres-
ence oflipids in the acrosome and hence it is not possible to correlate with them
the present findings.

The positive PAS reaction in the Golgiacrosome system is due to the
presence of glycogen in the internal cores of the Golgi body and the acrosome.
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The lipoidal regions of these inclusions do not show any PAS positive substance-
This suggests that the lipids and the simple polysaccharides occupy different
zones and at no stage conjugate with each other to form a glycolipid complex
in these inclusions which gives a positive reaction with both Sudan black and
PAS. This is in accordance with our earlier observations on Meriones (Mathur,
1965). Further, the possibility of the positivity of the PAS reaction due to other
reactive substances like glycoproteins or mucoproteins is also ruled out as at
no stage are proteins associated with either the Golgi bodies or the acrosome.
Leblond and Clermont (1952), Clermont and Leblond (1955), Leuchten-
berger and Schrader (1950), and Clermont, Glegg and Leblond (1955),
have all reported PAS reactive material in mammalian acrosome. Further,
Leblond and Clermont (1952) and Clermont and Leblond (1955) state that
the developing acrosome during spermateliosis becomes gradually less reactive,
while Oakberg (1956) states to the contrary that PAS reactivity in the develop-
ing acrosome of the mouse does not show any appreciable decrease in reaction.
In the rodents studied by us an uniform PAS staining is maintained in Meriones
but the acrosomes of the two squirrel species show a gradual decline. It appears
that the variations in PAS reactivity may be due primarily to the labile nature
of this reaction and its dependence on the fixative used, and the varying
amounts of PAS positive material which is left over in the final sperm.

Essential components of the nuclei are DNA, neutral lipids, acid muco-
polysaccharides (mainly carboxyl groups) and proteins. DNA is characteristic,
as Feulgen positive granules and the intensity remains unchanged throughout
spermatogenesis. Sudan positive material is mostly located on the nuclear
membrane along with small concentrations of cystine. The lipoproteins are
associated with the chromatin sharply distinguishable from Feulgen positive
granules. The acid mucopolysaccharides and the proteins presumably form a
carbohydrateprotein complex. The nucleus also gives a PAS positive test. Tfthe
nucleus is orthochromatic, the result of the PAS reaction is doubtful. According
to Pearse (1960), the PAS reaction may not be specific in the presence of
carboxyl groups. Since the PAS reaction is not very distinct in the nuclei of the
two species, this reaction might be due to Sudan positive or bromophenol
positive materials and is not accounted for by the presence of any other type of
polysaccharide. In that case, the positive PAS reaction in the inclusion should
not be interpreted in the same way as in the Golgi bodies and the acrosome. It
will thus he seen that the two organic complexes, lipid-protein and carbohy-
drate-protein, constitute and govern the activités of the nucleus, DNA being a
separate entity.

The postnuclear region, consisting of postnuclear granules in the early
spermatid and the postnuclear cap in the late spermatid, contains acidic lipids,
mucoproteins and proteins. Acid lipids and protein are present till the forma-
tion of the final sperm, but mucoproteins are inhibited in later stages. Accord-
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ing to Gatenby and WiGODER (1929), the postnuclear cap in the guinea pig
spermatid originates from argentophile granules, the postnuclear gramdes
which are present in the cytoplasm of the early spermatid and which are
coalescing on the posterior aspect of the nucleus in the late spermatid. As
observed in the present studies, the postnuclear granules never appear in the
cytoplasm. The chemical constitution of the “granules” and the “cap” suggests
a nuclear origin rather than a cytoplasmic one. This is evidenced further by the
fact that the lipoprotein structure of the postnuclear cap is homologous to the
lipoprotein nature of the nuclear membrane. The lipoprotein granules appear
to be parts of the nuclear membrane and by the coalescence of these granules
the posterior surface of the nuclear membrane becomes thickened into a
girdle-shaped structure, the postnuclear cap. In Meriones, on the basic of the
same phenomenon we have concluded to the nuclear origin of the postnuclear
cap.

The mitochondria, the centriole and the flagellum are rich in protein and
are lacking carbohydrates. The mitochondria besides being protein positive,
also contain acid lipids, RNA and cystine positive materials. The centriole
contains traces of choline with low amounts of acid lipids. In the flagellum, the
acid lipid contents are very low. The centriole does not undergo any division
into proximal and distal centrioles as in Meriones (Mathur, 1965), but remains
a single body from which the flagellum develops. It seems that the centriole
and the flagellum have a lipoid-protein constitution in the initial phases but the
lipid contents are soon lost or inhibited so that these organelles in the final sperm
contain only the proteins. W hat happens further in the centriole is difficult to
establish by light microscopy, because of the smallness ofthat structure.
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ZYTOCHEMISCHE ERFAHRUNGEN WAHREND DER SPERMATOGENESE YON
2 INDISCHEN EICHHORNCHEN (FUNAMBULUS PENNANTI UND FUNAMBULUS
PALMARUM)

R. S. MATHUR

Die Spermatogenese der 2 Eichhdrnchenarten F. pennanti und F. palmarum vollzieht
sich grundséatzlich &hnlich. Das Nebenkernchenfddchen ist aus einer Lipoid-Polysacchariden-
Substanz aufgebaut. Das »Externum« enth&lt sauere Lipiden, das »Internum« dagegen ein-
fache Polysacchariden, vornehmlich Glykogen. Eiwei kann im Féadchen nicht nachgewiesen
werden. Das Nebenkernchenféddchen sezerniert Nilblau-positive Proakrosomkodrnchen, aus
denen Proakrosom bzw. Akrosom (Endstadium) entsteht. Die saueren Lipiden verbleiben im
Proakrosom unverandert und bilden die auBere Membran des Akrosoms, wahrend das Innere
desselben aus einer PAS-positiven Substanz aufgebaut wird.

Der Kern ist reich an DNA und enthélt auch einen Lipoid-Polysaccharide-EiweiR-
Komplex. In der postnukledren Membran sind lipoproteinpositive, postnukledre Kdérnchen zu
beobachten, die im Laufe der Entwicklung die postnukledre Hille der Spermatiden bilden.
Die postnukledren Kornchen und die postnukledre Hille sind nukledren Ursprungs.

Die granulierten Mitochondrion enthalten sauere Lipiden, RNA und EiweiR. Im Fadchen
erscheinen kleine Mengen von Zystin. Das Zentriolum teilt sich wéhrend der Spermatogenese
nicht und bildet in der Sperinatidenphase ein Flagellum. Zentriolum und Flagellum sind
eiweilhaltig. Die in den friheren Phasen anwesenden Lipiden sind in den reifen Samenféden
nicht vorhanden.
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LUNTOXNMWYECKWME HABJTIOAEHNA B CBA3W CO CMNEPMATOIMEHE3OM
ABYX BWUAOB WHAMWCKMX BE/TOK (FUNAMBULUS PENNANTI U
FUNAMBULUS PALMARUM)

P. C. MATYP

CnepmaTtoreHes aByx BugoB 6enok F. pennanti n F. palmarum npoucxoguT B 06LLeM
CX0A4HO. BO0MOKHO NO6OYHOr0 AApbIWKA COCTOUT M3 AIMMOUAHO-NOMCAXapUAHOro BeLLecTBa.
«Hapy»Hasi» 4acTb COAEPXMUT KUC/ble UNUAbI, @ «BHYTPEHHAS» 4acTb — MPOCTble Nosmncaxa-
puabl NPEVMYLLECTBEHHO /IMKOreH. BenoK He MOXET ObITb BbISIB/IEH B HUTOUKE. BO/IOKHO Mo6o4-
HOr0 AApbIWKAa OTAEeNAeT MPOaKPOCOMHbIE 3ePHbILIKM, Jatloline MONOKUTENbHYI0 PeakLmio
C HMN61ayoMm, U3 KOTOPbIX BO3HUKAeT MPOaKPOCOM WM aKpocoMm (KOHeyHas ctagus). Kucnble
ANNUAbI COXPAHAKTCA B HEM3MEHHOM BUAe B NPOAKPOCOME M 06pas3ytoT Hapy>XHYK MNeperoHKy
aKpocoma, B TO BpeMsi KaK BHYTPEHHSA ero 4acTb cocTouT m3 NMACK-N0n0XnTenbHoro Be-
LiecTBa.

Appo 6orato AMK 1 cogep>XnUT Takxke NMNoMaHoNonncaxapuaHo-6en1KoBbIi KOMMIEKC.
B MOCTHyK/eapHOM nepenoHKe Hab6MAalTCA NUMONPOTEMH-MONOXKUTENbHbIE MOCTHYK/eap-
Hble SAPbILWKKY, 06pasyloline B X04e [fasbHelillero pasBUTUS MOCTHYK/IEAPHYIO 060/104KY
cnepmaTtngoB. [OCTHyKeapHble AAPLILKW UM MOCTHYK/eapHas 060/04Ka WMMET fA4epHoe
NPOUCXOXAeHMe.

3epHUCTble MUTaXOHAPUN cogepxkaT Kucable nunugbl PHK 1 6enok. B BoioKHe nosiB-
NATCA HebOoNbLUOe KOMNYECTBO UMCTUHA. LIeHTpronym BO Bpems criepmaTtoreHesa He fenuTcs
n obpasyeT B CMepMaTUAHON hase XryTuK. LIeHTpmonym mn XryTuk cogepxxaT 6enok. Vmes-
Lwmecs B MPexHUX asax Nvnuabl B 3pebixX crepmaTonjax He cofepKatcs.

Dr. R. S. Mathur: Department of Zoology, University of Rajasthan,
Jaipur, India

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



Acta Morphologica Academiae Scientiarum Hungaricae Tomus 14 (1), pp. 39— 50 (1966)

Institute of Anatomy, Histology and Embryology (Director: Prof. I. Krompecher), University
Medical School, Debrecen

EFFECT OF PROLONGED THYROXIN
AND METHYLTHIOURACIL TREATMENT
ON THE EPIPHYSEAL CARTILAGE
OF YOUNG RATS

G. Lévai and |I. Zs. Nagy
(Received October 16, 1964)

Seventy-two white male rats, 30 days old at the outset of the experiment have
been treated with 10 //.g/100 g body weight of thyroxin or 0.05 g/100 g body weight
of methylthiouracil daily for 145 days to study the behaviour of the distal epiphyseal
cartilage of the left third metacarpal bone.

Thyroxin enhanced maturation and destruction of cartilage, and the moderately
increased rate of bone formation kept pace with this process. The appearance of chondro-
clasts was noted on the epiphyseal cartilage facing the diaphysis.

Methylthiouracil caused a reduction of chondrification and cartilage absorption;
the rate of ossification was likewise decreased but still more rapid than cartilage break-
down. The cells of the epiphyseal cartilage were smaller, the zone of maturation was
narrow, the matrix was poor in cells: the epiphyseal cartilage had not disappeared after
145 days treatment.

Thyroid hypofunction was recognized as responsible for the dwarfism of
cretins as far back as the second half of the past century. The first experiments
in this respect were performed by Gudernatsch [7], who administered thy-
roid tissue to tadpoles and found that they underwent metamorphosis earlier
than their untreated mates. Subsequent investigations concerning the growth-
promoting action of the thyroid in animals of higher order yielded varying and
often contradictory results. Sitberberg and Silberberg [19], reviewing the
pertinent literature published till 1943, concluded that thyroxin was influencing
linear growth by affecting endochondral ossification. Variations in and occasion-
al contradictions of the literary data were attributed by these authors to
species, sex and age differences, further to those in the dosage of the hormone
and in the duration of the experiments. Of recent, Hutth and Nylainder
[9, 10] studied the behaviour of the epiphyseal cartilage in both hyperthyroid-
ism and hypothyroidism.

The present experiments were designed to study in hyper- and hypothy-
roidism an epiphyseal cartilage which closes early under physiological condi-
tions. The epiphysis of the third metacarpal bone, recommended by Becks
et al. [4], which was selected for study, closes at 120 to 140 days; accordingly,

the treatment lasted from weaning to the age of 175 days.
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Material and method

Seventy-two white male rats of our own breed were used. Date regarding them are
assembled in Table 1. Body length was measured from the tip of the nose to the root of the
tail. The age of the animals varied from 28 to 32 days at the outset of the experiments, and the
maximum difference in their body weight amounted to 2 g.

The animals were divided into 3 groups, and each group into 4 sub-groups. One sub-
group, each, of every group was killed at 40, 70, 91 and 145 days, respectively. (Data of Table 1
indicate mean results obtained in synchronously sacrificed sub-groups.)

Animals of Group 1 received subcutaneously 10 1g/100 g body weight of thyroxin
(Hoffman—La Roche A. G., Basel) daily, dissolved in 0.1 ml of physiological saline.

Members of Group 2, the controls, received a subcutaneous dose of 0.1 ml physiological
saline daily.

Members of Group 3 were treated orally with methylthiouracil daily, mixed of 0.05
g/100 g body weight to the food. The diet was identical in all groups, and all animals were
kept under identical conditions.

The thyroid and the third left metacarpal bone of the sacrificed animals were used
for microscopical study. The glands were fixed in 10 per cent formalin, the bones were decal-
cinated and fixed in Susa fluid. The sections were embedded in paraffin, stained with haema-
toxylin-eosin and azan.

Results

All test animals weighed less and were shorter than the controls after the
treatment. The difference was especially pronounced in the group treated with
methylthiouracil. Mean body temperature was higher in the thyroxin group
and lower in the methylthiouracil group than in the controls (Table 1).

Table |
ThyroX 1 Control Methy llhiouracil
BOdK Body Temper- Bod! Body Temper- Body Body  Temper-
Duration weight length ature weight length ature weight length ature
g cm ° g cm ° g cm
Initial value 35.63 11.37 38.00 36.45 11.50 38.20 36.33 11.56 38.20
40 days 74.00 14.68 39.00 78.00 14.60 38.20 76.83 14.30 37.53
70 Days 102.40 15.94 39.00 107.22 15.83 37.74 102.90 15.77 37.08
91 Days 131.25 16.82 38,20 144.00 17.14 37.45 124.00 16.00 37.08
145 Days 175.00 17.66 38.00 195.00 18.50 37.55 170.00 17.05 36.85

The fur ofthe animals in Group 1was smooth, their movements vivacious,
and they were more irritable than the controls. The thyroid gland was small
in this group. The microscopic picture revealed large follicles engorged with
colloid, further flattened follicular epithelium (Fig. 1).

Animals treated with methylthiouracil had a dishevelled fur and moved
The microscopic picture
showed empty follicles lined by high cylindrical epithelial cells. The picture
resembled that of glandular hyperplasia (Fig. 2).

sluggishly. The thyroid was

Acta Morphologica Headernit

markedly enlarged.
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Fig. i. Thyroid of 175-day old rat after 145 days thyroxin treatment. Haematoxylin-eosin
X 375

Fig. 2. Thyroid of 175-day old rat after 145 days methylthiouracil treatment, llaematoxylin-
eosin, X 375

Changes observed in the distal epiphyseal cartilage of the third meta-
carpal bone are described in the following, the nomenclature being borrowed
from Ham [8].

Forty days treatment. In the thyroxin group, the zone of maturation in
the epiphyseal cartilage was broader, the cells showed a fairly regular
arrangement and were closely packed, osteoblastic activity was lively (Fig. 3).

In the control group epiphyseal cartilage and osteoblastic activity were
normal (Fig. 4).

In the methylthiouracil group the epiphyseal cartilage was narrower, the
cells were smaller and less regularly arranged, and the zone of maturation was
narrower than in the other two sub-groups (Fig. 5).

In the thyroxine group the chondroclasts were fairly active, polynuclear
cartilage-absorbing giant cells appeared on the epiphyseal surface facing the
diaphysis, a phenomenon that became more pronounced after 70 and 91 days
treatment.

Seventy days treatment. Changes at this stage were more pronounced.

In the thyroxin group the epiphyseal cartilage was much thinner, the
zone of maturation broader and osteoblastic activity more intensive than in the
control group. Chondroclastic activity was likewise intensive.

In the control group the epiphyseal cartilage was normal.

In the methylthiouracil group the proportion between chondrocytes and
matrix had changed as far as there were less cartilage cells, and there was more
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Fig. 3. Distal epiphysis of left third metacarpal after 40 days thyroxin treatment. Haema-
toxylin-eosin, x 20
Fig. 4. Distal epiphysis of left third metacarpal of 70 days old control animal. (Control of
40-day treatment) Haematoxylin-eosin, X 20
Fig. 5. Distal epiphysis of left third metacarpal after 40 days methylthiouracil treatment.
Haematoxylin-eosin, X 20
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matrix. The cells were arranged irregularly, the zone of maturation was narrow,
and most of the cells therein were degenerated. There was abundant cartilage
in the elementary bone trabecules; osteoblastic activity was less intense
(Fig. 15).

Ninetyone days treatment. Changes were most conspicuous at this stage.

In the thyroxin group the epiphyseal cartilage consisted of 3 to 4 rows
of cells only. Most of the cells were rounded and resembled those of the matura-
tion zone. Absorption of cartilage extended at certain points to the bony end
plate. Chondroclastic activity was most intensive. The extent of both bone
formation and bone absorption was in excess of that in the control group (Figs.
6, 12).

In the control group the epiphyseal cartilage was perfectly normal (Figs.
7, 13). (Epiphyseal closure at the third metacarpal takes place at the age of 120
to 140 days in rats of the employed strain.)

In the methylthiouracil group the epiphyseal cartilage was thicker than
in the other two sub-groups; the cell count diminished along with an increase
of the matrix. The zone of maturation was narrow, the bone trabecules were
thicker and contained more residual cartilage than in the other two sub-groups;
in some cases chondrocytes surrounded by osteoid appeared in them. Osteo-
blastic activity was somewhat impeded, and chondroclasis considerably
retarded (Figs. 8, 14).

Hundred and fortyfive days treatment. In the thyroxin group epiphyseal
cartilage had disappeared, and the bony end plate above it was disappearing
(Fig. 9). A great number of polynuclear giant cells was observed; their size
varied between 20 and 60 /I, and the number of nuclei from 2 to 7 per section.
The nuclei had a compact chromatin structure and contained 1 to 3 nucléoles.
The cytoplasm was eosinophilic and included basophilic granules. The cells in
question were lodged in their own lacunae next to the epiphyseal cartilage,
and in their neighbourhood there were almost invariably other cells of mes-
enchymal origin (Figs. 7, 18, 19).

In the control group the epiphyseal cartilage had disappeared; the end
plate, though perforated, was still present (Fig. 10).

Fig. 6. Distal epiphysis of left third metacarpal after 91 days thyroxin treatment. Haematoxy-
lin-eosin, x 20
Fig. 7. Distal epiphysis of left third metacarpal of 121 days old control animal. (Control of
91 days treatment.) Haematoxylin-eosin, Xx 20
Fig. 8. Distal epiphysis of left third metacarpal after 91 days methylthiouracil treatment.
Haematoxylin-eosin, x 20
Fig. 9. Distal epiphysis of left third metacarpal after a 145 days thyroxin treatment. Haema-
toxylin-eosin, x 20
Fig. 10. Distal epiphysis of left third metacarpal of 175-day old control animal. (Control of
145-day treatment.) Haematoxylin-eosin, X 20
Fig. 11. Distal epiphysis of left third metacarpal after 145 days methylthiouracil treatment.
Haematoxylin-eosin, X 20
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Fig. 12. Thyroxin treatment for 91 clays. The epiphyseal cartilage is tenuous, its cells resemble
those seen in the maturation zone of the controls. Note chondroclast next to epiphyseal carti-
lage. Haematoxylin-eosin; 375 X magnification of detail from Fig. 6
Fig. 13. Control of 91 day treatment. Haematoxylin-eosin; 375 X magnification of detail
from Fig. 7
Fig. 14. F~piphyseal cartilage after 91 days methylthiouracil treatment. The matrix is rela-
tively poor in cells, the zone of maturation narrow. Haematoxylin-eosin; 375 X magnification
of detail from Fig. 8
Fig. 15. Epiphyseal cartilage after 70 days methylthiouracil treatment. The cells are irregularly
arranged, there are numerous atrophied, degenerated cells; the zone of maturation is narrow.
Haematoxylin-eosin, X 375

Acta Morphologica Atadvniae Scientit Hungaricae 14. 1966
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Fig. 18. Chondroclast. Haematoxylin-eosin, 1100
/'(. 19. Chondroclast. Haematoxylin-eosin, 1600 magnification of detail from Fig. 6

In the methvlithiouracil group the epiphyseal cartilage was broad; the
matrix was relatively poor in cells; the cells were small, irregularly arranged,
degenerating; the zone of maturation was narrow. The thick elementary bone
trabecules contained much cartilage and sometimes chondrocytes surrounded
by osteoid. Osteoblastic activity was retarded (Figs. 11, 16).

Let us now sum up the changes that had taken place in the course of the
experiment.

Thyroxin. The rate at which the cartilage was maturing and absorbed
was accelerated; the epiphyseal cartilage grew thinner more rapidly, than in
the control group. Osteoblastic activity was moderately increased, and chon-
droclasts appeared on the diaphyseal surface of the epiphyseal cartilage.

Controls. Epiphyseal closure occurred between the 120th and 145th day
of life.

Methylthiouraeil. The epiphyseal cartilage still existed at the end of the
experimental period. Maturation and absorption of the cartilage were inhibited,

fig. 16. After 145 days methylthiouraeil treatment epiphyseal cartilage is poor in cells, and
contains small irregularly arranged cells; the zone of maturation is narrow. Haematoxylin-
eosin; 375 x magnification of detail from Fig. 11
f ig. 17. Chondroclasts on the surface of the epiphyseal cartilage next to the diaphysis, with
mesenchymal elements among them. Haematoxylin-eosin, X 1100
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Fig. 20. Zonal division of the epiphyseal cartilage after Ham
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osteoblastic activity was impaired. The epiphyseal cartilage exhibited signs
of grave damage after 70 days treatment; these signs were less serious on the
91st day, but once more very grave at 145 days.

Discussion

Since the monograph of Silberberg and Silberberg [19] numerous
authors have concerned themselves with endochondral ossification in
hypothyroidism and hyperthyroidism [1, 2, 3, 9, 10, 18, 20]. Krompecher’s
work [12] contains a classical description of normal ossification.

While there isno diversity of opinion regarding the effect of hypothyroid-
ism on endochondral ossification, the effect of hyperthyroidism constitutes a
subject of controversies. Experimental hypothyroidism is usually induced by
thyroidectomy, further by the administration of radioiodine or of thiouracil
derivatives, while hyperthyroidism by the administration of thyroid or thy-
roxin.

The amount of thyroxin synthesized by the rat is estimated by Don-
hofeer [5] at 5 pg per day; two-to fourfold this amount was administered in
the present experiments, and of methylthiouracil the same amounts as those

used by Krompecher [16].
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Medium doses of thyroxin promote, large doses delay and small doses fail
to influence linear growth [19]. Although the linear growth of our test animals
hardly differed from that of the controls, the epiphyseal cartilage responded
to treatment vigorously. Its effect was evident after 40 days, and became
increasingly pronounced until the end of the experiment. Epiphyseal closure
started early, and the bony end plate of the epiphysis disappeared after 145
days treatment, at the age of 175 days. Early epiphyseal closure as a conse-
quence of thyroxin treatment is due to the increased metabolism in the carti-
lage which promotes maturation and breakdown (relationship between the
zones of proliferation and maturation, chondroclasts). Osteoblastic activity is
enhanced and keeps pace with the absorption of cartilage, and simultaneously
a slight increase of bone decomposition was observed. These findings are in
harmony with the observations of Forst et al. [6], whereas increased osteo-
clastic and chondroclastic activity in thyroxin-treated animals was only
assumed by Hulth and Nylander [9], whose experiment was too short
actually to observe this. That the cells show a regular arrangement in the zone
of maturation is regarded by these authors as a sign of intensified growth,
whereas it is with respect to chondroclasis that we consider it significant, since
one of the forms of chondroclasis is correlated with cellular activity in the zone
of maturation [13]. Noback et al. [17] found that thyroxin treatment enhanced
the development of ossification centres in the newborn rat.

Absorption of bone and cartilage is reduced in hypothyroidism. The
clavicle and scapula of cretins frequently contain cartilage even after the 5th
decade [22]. Having inhibited thyroid function by means of 13ll, Silberberg
and Sitberberg [20] found the epiphyseal cartilage to persist in the mouse
experiments. These phenomena, confirmed by our observations, are in our
opinion brought bouta by the following mechanism. Hypothyroidism facilitates
the persistence of the epiphyseal cartilage by delaying its maturation (cells are
few and small, the zone of maturation is narrow) and by slowing down the rate
of absorption (the maturation zone isnarrow, chondroclastic activity practically
nil, the elementary bone trabecules contain more cartilage, sometimes chon-
drocytes surrounded by osteoid). Although the effects of hypothyroidism were
observable after 40 days already, they became fully manifest after 70 days in
the present experiments. At 91 days, the epiphyseal cartilage conveyed the
impression as if it had structurally adapted itself to the changed conditions.
Alterations were most striking after 145 days of treatment. The cells of the
epiphyseal cartilage were smallest and their arrangement was most irregular
at that time; a great number of degenerated cells were observed. These findings
are in good harmony wdth the observations of other authors [9, 10, 17, 20].

Osteoblastic activity was reduced by methylthiouracil, and the changes
became graver wdth the progress of treatment. This notwithstanding, the
diminution of cartilage absorption caused a homogeneous bony end plate to
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form on the distal surface of the epiphyseal cartilage by the end of the experi-
ment, a phenomenon due to that bone formation was more rapid than cartilage
breakdown.

A physiological equilibrium between chondrification and cartilage
destruction as also between bone formation and bone destruction is a precon-
dition of normal ossification [14, 15]. Its upset leads to pathologic bone for-
mation. The alterations observed in the present experiment were mainly due
to an upset of the balance between cartilage formation and breakdown as also
to a less pronounced disturbance of the balance between bone formation and
breakdown.

In hyperthyroidism, the histological effect of thyroxin-increased renal
excretion of calcium and phosphorus with a normal blood calcium level [11]
and secondary basophilic hyperpituitarism have to be considered [22]. In con-
nexion with primary hypothyroidism induced by methylthiouracil, the prob-
lem of the peripheral action of thiouracil derivatives (inhibition of oxidases)
arises.

As regards chondroclasis, Krompecher [13] distinguishes three ways of
cartilage absorption: (1) the distal cells of the epiphyseal cartilage (i. e. those
of Ham’s maturation zone) reabsorb the matrix in their vicinity; (2) there
appear polynuclear giant cells, chondroclasts, of mesenchymal origin which
absorb the matrix of the cartilage only; (3) osteoclast-like giant cells are
involved in the removal of elementary bone trabecules which contain both
cartilaginous and osteoid tissue. The giant cells observed in the present exper-
iments presumably belonged to the second and to the third category. The
assumption that it is along the vessels, that they gain assess to the distal sur-
face of the epiphyseal cartilage, is substantiated by the presence in their neigh-
bourhood of other mesenchymal elements. The first form of cartilage absorp-
tion as described by Krompecher, [13] and others [21] was likewise observed
in the course of our experiments: we found that the epiphyseal cartilage per-
sisted for a long time if the zone of maturation was narrow or absent. Having
observed an increased number of chondroclasts in thyroxin-treated animals,
it seems justified to assume that they appear only under the hormonal and
enzymatic conditions of hyperthyroidism, a problem that cannot be settled
before elucidating the role of other endocrine glands.
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UBER DIE WIRKUNG DER PROLONGIERTEN THYROXIN- UND METHYLTHIO-
URACIFBEHANDLUNG AUF DIE EPIPHYSENFUGE VON JUNGEN RATTEN

G. LEVAI und 1. ZS. NAGY

Im Laufe einer 145tdgigen Thyroxin- [10 /zg/lOO g Koérpergewicht/Tage] und Methyl-
thiouracil- [0,05 g/100 g Korpergewicht/Tag] Behandlung wurde das Verhalten der Epiphysen-
fuge bei 72, 30 Tage alten Albinorattenmé&nnchen untersucht. Das Testobjekt der Unter-
suchung war die distale Epiphysenfuge des linken Ill. Metakarpus.

Bei der mit Thyroxin behandelten Gruppe waren gesteigerte Knorpelreife- und -Zer-
storung zu beobachten; parallel mit dieser Erscheinung verlief ein méRig gesteigerter Knochen-
bildungsprozeB. An der diaphysdren Oberflache der Knorpelscheibe der Epiphyse erschienen
Chondroklast-Riesenzellen.

Bei den mit Methylthiouracil behandelten Tieren waren verminderte Knorpelreife-
uiul -zerfall vorzufinden, die ebenfalls verlangsamte Knochenbildung UGbertraf jedoch das
MaR des Knorpelabbaus. Die Zellen der Epiphysenfuge waren kleiner, die Reifzone schmal,
die Grundsubstanz zellarm, auferdem lieR sich die Epiphysenknorpelscheibe selbst nach
145tagiger Behandlung deutlich erkennen.

OENCTBUE ANUTENBHOIO MPUMEHEHWA TUPOKCUHA I METUNTUOYPA-
LUMMA HA 3MNDU3APHBIN XPSALL, KPbIC B CTAAMWN POCTA

r. IEBAW, wn. XX. HAIb

ABTOpbI UCCNefoBann Ha NPOTSXeHUM 145 fHell M3MeHeHUs 3NugU3apHOro Xxpsiia
KpbIC-CaMLOB M0J, BAUSAHMEM Ja4yn TUPOKCUHA U MeTUATHUoypaunna. HabnwogeHns npoBoaMInCh
Ha 72 Kpblcax, KOTOPbIM K Hayany onbita 66110 30 gHeid. HabnogeHUs npoBOAUAWCL Hag aumc-
Ta/lbHbIM 3NM(M3apPHBIM XPALLOM /IEBOA TPETbei 3ansACTHOM KoCcTW. XXMBOTHble nonyyann 10
MKr/100 r Beca Tena TupokcmHa u 0,05 r/100 r Beca Tena mMeTuaTUOypaumna B feHb.

Y >KMBOTHbIX, MNOy4YaBLUMX TUPOKCUH, HabMAanocb YCWIEHHOe CO3peBaHue WU ycu-
NeHHasa rnbenb Xpswa. YMepeHHO ycuneHHoe o6pas3oBaHMe KOCTe He ocTaBasio OT TEMMOB
rméenn xpsawa. Ha guagusapHoli NOBEpXHOCTM 3NUAU3aPHOro XpPsLWLEBOro Aucka nosiBASIUCH
XOHAPOKNACTUYECKME TUFaHTCKME KIETKW.

Y XUBOTHbIX, Nony4vaBlMX 6aseTUPHH HapsaLy C 3amef/leHWeM co3peBaHWs U rmbenu
XpAaLei, Habnwoganocb 3amefneHHoe o6pasoBaHMe KOCTW, CTeneHb KOTOPOro npeBbillana cTe-
neHb paspylleHns xpswa. KneTku anudusapHoOro xpsiwia MeHblUMe, 30Ha CO3peBaHMA Y3Kas,
OCHOBHOE BeLLeCTBO 60/ee 6efHOe K/eTKamu, YemM B HOpMe U elle nocne 145-1HeBHON 3aTpaBKu
HabnopaeTcsa aNUGM3apHbIA XPSALLEBONA ANCK.

Dr. Géza Lévai:

Dr. Imre Zs. Nagy: Debrecen 12., Hungary
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THE ROLE OF MITOCHONDRIA IN THE EARLY
MORPHOGENESIS OF CHICK EMBRYOS

S. Braun

(Received October 20, 1964)

If the blastoderm of young chick embryos is treated with Janus green B, mito-
chondrial dehydrogenase areas, typical of the given ontogenetic stage, are formed,
and the dye isreduced, a phenomenon indicative of dehydrogenase activity. The differ-
ence between the rate at which the dye is taken up in the early phase of development
and that at which it is reduced justifies the assumption that morphogenesis has three
stages: the morphological change is always preceded by two phases of submicroscopic
or molecular transformation. Janus green B at high concentrations has a teratogenic
effect. The resulting monsters exhibit a phase specificity corresponding to the detected
presumptive areas. Janus green B is linked to a specific lipoprotein of the mitoehondrium
and affects the energy-consuming biological processes. Uncoupling of the oxidative
phosphorylation gives rise to a pathological shunt which is responsible for the terato-
genic effect.

Janus green B stains the mitochondria electively, presumably by being
linked to a specific substance therein. When the stain affects energy-consum-
ing biochemical processes, it probably disturbs energetic processes by virtue of
its specific binding point. Starting from this assumption we have shown the
carcinogenic action of Janus green B [1], the effect of the dye as an interphase
poison 12, 3], its teratogenic [4] and leukaemogenic [5] action, as well as its
so-called biological oxygen effect [6, 7]. We succeeded in isolating and chemi-
cally analysing the lipoprotein-enzyme-dye complex which arises as a result of
the elective staining with Janus green B and which plays a central role in
biological oxidation.

Binding of the dye and its reduction to leukosafranine requires the pres-
ence of mitochondria and is indicative of biological oxidation. Keports concern-
ing the embryological aspects of this phenomenon are scarce [12 through 18].

Material and method

The eggs of Leghorn hens were incubated at 38°C from zero to 72 hrs at constant
vapour content. After isolation of the embryonic disk under physiological conditions, the
embryo was freed from the vitelline membrane and incubated for 60 to 90 min. under aerobic
and partially anaerobic conditions in microchambers with abruptly changeable gas phase.
Prior to incubation the epiblast and hypoblast were treated with 6.25 X 10-3to 6.25 X 10-4 M
Janus green B in great excess. Binding and reduction of the dye were recorded by means of
coloured photographs and moving pictures. Control examinations were performed in vivo
by means of the indophenol test, with and without sodium azide inhibiton, the formazan
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reaction, with and without malonic acid inhibition. Fixed preparations were also made to
register the early phases. The fixing fluid contained 1800 ml of saturated picric acid solution,
700 ml of neutral formalin, 66 ml of glacial acetic acid and 1300 ml of 5 per cent trichloro-
acetic acid. The sections were embedded in methyl benzoate - celloidin paraffin, and stained
with haematoxylin — acid fuchsin - “tuchechtgelb” and iron haematoxylin. The dye in the
applied concentrations were not teratogenic under anaerobic conditions and allowed protracted
observation.

Results

Although the entire surface of the embryonic disk had been covered with
Janus green B, separately placed and differently shaped areas intensive bluish
green in colour appeared on the blastoderm after 12 to 15 min. Location and
size of these areas were invariably identical in identically developed embryos.
W hile the whole blastoderm was exposed to the dye, the latter was bound and
reduced under partially anaerobic conditions to its leuko form through a phase
of cherry-red diethylsafranine at certain “typical” points only. It was possible
to follow the three-stage reduction of the dye in situ.

After Janus green B treatment of the epiblast and hypoblast, the mito-
chondrial dehydrogenase areas showed the following distribution in the course
of morphogenesis. At the stage of the early primitive streak, diffuse mito-
chondria were found over the entire substance of the streak; they were more
closely packed at the caudal base (Table 4, Figs. 1—4). After 10 to 12 hours
the mitochondria were grouped along the axis of the primitive streak: a phenom-
enon which proves that the primitive streak corresponds to the blastopore.

Table 1

Fig. 1. Chick embryo No. 3529. Conical early primitive streak with wide base, after 13 1/2
hrs incubation
Fig. 2. Chick embryo No. 3539 after 16 1/2 hrs, at the middle stage of primitive streak;
maximal enzymatic activity in the lateral mesoderm
Fig. 3. Chick embryo No. 3538 after 15 hrs, at the stage of long primitive streak. Absence of
mesodermal enzymatic activity cranio-lateral from Hensen’s node
Fig. 4. Chick embryo No. 3845 after 20 hrs; early head process. Enzymatic activity in Hensen’s
node and the surrounding foliage-like preaxial mesoderm, as well as in the upper third of the
primitive streak, in the fields of the lateral mesoderm next to the primitive streak
Fig. 5. Chick embryo No. 3563 after 21 1/2 hrs. Stage of late head process. Marked enzymatic
activity in the head process, in Hensen’s node, on both sides of the primitive streak and in the
preaxial and paraaxial mesoderm. Incipient regression of primitive streak
Fig. 6. Chick embryo No. 3445, after 22 1/2 hrs., at the stage of early head fold. Intensive
enzymatic activity at the anterior opening of the foregut, in Hensen’s node and the caudal part
of the primitive streak
Fig. 7. Chick embryo No. 3535 at 27 hrs — four pairs of somites. Intensive enzymatic activity
in the cephalic segment, in the somites, in the unsegmented mesoderm, and especially in llen-
sen’s node
Fig. 8. Chick embryo No. 3486. Treatment of the internal lamina of the membrana serosa
with 0.05 ml of 6.25 x 10~1M Janus green B at zero hour of incubation. Situation at 48 hrs at the
18 somite stage, with marked hydropic degeneration in the somites and also paraaxially
Fig. 9. Chick embryo No. 3349. Fenestration at zero hour ofincubation; treatment of embryonic
disk with 0.05 ml of 6.25 x 10-1 M Janus green B; closure. At 35 hrs, the three brain vesicles
are perceptible and the heart shows a slight displacement to the right. As a result of hydropic
degeneration, there is subectodermal vésiculation cranially to the edge of the entrance of the
foregut in the symmetrical part corresponding to the expanded area of the subcephalic pouch
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As from the 14th 16th hour, the staining extended into the deeper axial and
later to the lateral mesodermal layer; movement of the tissue from the para-
axial areas of the epiblast through the linear axis of the primitive streak could
be followed to the deeper layers. Dye uptake and reduction could be observed
in a centrifugal direction but in a deeper layer (Table 1, Fig. 2; Table 4, Figs.
3, 4). Hensen’s node displayed a more pronounced mitochondrial dehydrogen-
ase activity from the 12th hour; this persisted until the formation of the
primitive streak. It was especially intensive before the formation of the head
process, and persisted through the entire course of regression (Table 1, Figs
1 7; Table 4, Fig. 8). It follows that regression is not a passive mechanical
phenomenon concomitant to the elongation of the head process and to the
formation of the notochord, but is actively involved in the progress of morpho-
genesis. This is further indicated by the fact that cranio-caudally advancing
symmetrical areas could be observed in the epiblast during the whole period of
regression.

Staining of the head process became marked only when it induced the
development of the medullary plates above it (Table 1, Figs. 5, 6; Table 4,
Figs. 3 4).

It is a decisive and invariable rule that the entrance and the marginal
parts of the foregut stain intensively and selectively when the medullary folds
emerge from the embryonic plane; this intensive staining persists after the
mitochondrial dehydrogenase activity has extended to the ependyma of the
brain ventricles at the incipient three-vesicle stage (Table 1, Fig. 7; Table 4,
Figs. 5, 6).

The same phenomenon can be seen on both sides of the prosencephalon
prior to the protrusion of the brain vesicles. Intensely staining areas are to be
found on the ectoderm itself, at the entrance of the foregut and on both sides
laterocranially to it (Table 5, Figs. 5, 6).

The applied staining has decided the problem nube”er the terminal bud
and the tail bud should be regarded as separate centres of organization. The

Table 2

Figs 1to 4. Chick embryo No. 3508. Internal lamina of serous membrane treated with 0.05 ml
of 6.25 X 10“1M Janus green B at zero hour of incubation. After 51h 45’ of incubation, a cranio-
rachischisic monster (corresponding to an embryo after 35 to 38 hrs of incubation) was found.
Patency of the neural groove as well as the excessive proliferation of the neural crest (Fig. 3)
and the medullary plate (Fig. 1) are well distinguishable in the cross sections. Fig. 2 shows the
cross section of the distended capillary which invades the neural groove. Triazide fixation, iron
haeinatoxylin staining. Microtar photograph
Fig. 5. Chick embryo No. 3395. 6.25 X 10“1MJanus green B at zero hour; the egg was opened
alter 67 hrs of incubation, and a living omphalocephalic embryo was found. It had irregular
pulsating tubes arranged stepwise in the mesencephalic area
Fig. 6. Cross section of Fig- 5- Note the unilocular, endothelially lined myoepithelial pocket
beside a portion of the dysplastic brain
Fig. 7. Biventricular cardiac tube from Fig. 5
Fig. 8. Detail from Fig. 5. Triventricular cardiac tubes in the area of rachischisic hindbrain.
Figs. 6 —8: triazide fixation, iron haeinatoxylin staining. Microtar photographs
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facts that the remnant of the primitive streak retained its intensive enzymatic
activity through the whole course of regression, the movement of the para-
axially arranged symmetrical areas, and that the remnant of the primitive
streak was still able to convert the indifferent tissue elements of the blasto-
derm’s caudal portion, argue in favour of the supposition that one is dealing
with separate organizatory centres. Therefore, the theory that the tail bud
serves only for a rearrangement of tissues cannot be accepted.

Higher concentrations of Janus green B in the air and oxygen phase have
been applied in the present investigations in order to observe its teratogenic
effect. The freaks shown in Table 2 originate partly from the omphalocephalic
group of monsters. The phase-specificity of teratogenesis evidently depends on
the position of the mitochondrial dehydrogenase areas since the developmental
disturbance of these presumptive areas, caused by concentrated Janus green B,
dominates the subsequent morphological picture.

Discussion

Mitochondrial distribution in the early stage of morphogenesis has been
observed in normal control chick embryos in the course of the present investi-
gations. The dehydrogenase is strongly bound by the mitochondria. It is clear
from our experiments as also from those of Lazarov and Cooperstein [12]
and Showacre and DuBuy [18] that reduction of Janus green B is indicative
of dehydrogenase activity. The difference between the rates at which the dye is
taken up and reduced (Table 4, Figs. 5—8; Table 3, Fig. 3) allows the conclu-
sion that morphogenesis has three stages. In the first, the enzyme is synthesiz-
ed (the dye is bound but not reduced); this is followed by enzymatic action
(reduction of the dye) which precedes the phase of morphologic changes.
Morphological transformation is, thus, always preceded by a two-stage sub-
microscopic or molecular process. ATP is synthesized in the mitochondria
which are, therefore, decisive factors in the metabolism of energy-consuming
processes of growth; their distribution admits, thus, of certain conclusions to
the controlling role played by the mitochondria in the course of embryogenesis.
This metabolic role of the mitochondria is obvious if we consider the great
difference in the quantity of ATP produced from the same amount of glucose in
the course of glycolysis and in that of oxidative phosphorylation.

It has been noted in the foregoing that Janus green B is linked to a
particular lipoprotein of the mitochondrium, a property which facilitates the
study of the metabolic role of mitochondria. Green et al. [8 11] have shown
that it is possible to split the mitochondrium into further enzymatically active
particles. They claim that all substances (alcohols, detergents, etc.) which act
upon the lipides of a macromolecular system are capable of detaching active
particles from the mitochondrium. They demonstrated the presence of three
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Figs. 5—6. 45 1/2 hours chick embryo No. 5799 at the onset of the reaction
Figs. 7—8. Ditto after 30" of reduction
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Fig. 1. 48 hours chick embryo (No. 5800) at the onset of the reaction
Fig. 2. Ditto after 35" of reduction
Figs 3 4. Chick embryo No. 5802. The internal lamina of the serous membrane was treated
with 0.05 ml of 6.25 x 10-4 M Janus green B at the beginning of incubation. Result after 29 hrs:
pygopagus in the early phase of development. Activity in Hensen’s node. Maximum activity
of dye in the primitive streak after 15 min. of partially anaerobic phase. Cherry-red reduction
after 35 min. of partially anaerobic treatment. No dye reduction in the backward bent extra-
einbryonic parts
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Fig. 5—8. 30 hours chick embryo (No. 5803): reduction from the beginning of the reaction till
the 30th min. at 53" (not represented here), complete reduction of the dye, except in the blue
areas
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Tables 3—5

The figures of these tables show early living chick embryos deprived of vitelline membrane,

treated with 3.125 x1O-1 M Janus green B. After an air-phase incubation of 15 min., the

embryos were placed under partially anaerobic conditions. Reduction of the dye and rate of
dehydrogenase activity are recorded on photographs

Table 3

Fig. 1. 33 hours chick embryo at the onset of the reaction; Fig. 2. Ditto after 4’ of reduction
Fig. 3. Ditto after 10" of reduction; Fig. 4. Ditto after 30" of reduction
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Fig. 1. 16 hours chick embryo (No. 5891) after 10’ of reduction
Fig. 2. Ditto after 35" of reduction

Fig. 3. 23 hours chick embryo (No. 5809) after 7’ of reduction
Fig. 4. Ditto after 11’ of reduction
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specific lipoproteins in the mitochondrium each of which binds a respiratory
enzyme so that the lipoproteins may be regarded as functional bridges for
electron transport. What happens if to this system of lipoproteins Janus green
B is linked, a substance which has a special affinity for this system and is,
therefore, the uncoupling substance of oxidative phosphorylation? A patholo-
gic shunt is formed so that the energy, gaining access to another part of the
macromolecular system, releases a pathologic process the teratogenic results
of which (in cases of adequately high doses) are well illustrated by the accom-
panying pictures.
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DIE ROLLE DER MITOCHONDRIEN IN DER FRUHEN MORPHOGENESE
DER HUHNEREMBRYONEN

S. BRAUN

Wenn das Blastoderm von frihen Hihnerembryonen mit Janusgrin B (JgB) behandelt
wird, bilden sich Mitochondrien-Dehydrogenase Felder, die typisch sind fir das jeweilige
ontogenetische Stadium. Der Farbstoff wird reduziert als Zeichen der Dehydrogenase-Aktivitat.
Der Unterschied zwischen der Rate hei welcher der Farbstoff in der frihen Entwicklungsphase
aufgenommen wird und der, hei welcher er reduziert wird, rechtfertigt die Annahme, dass die
Morphogenese ein dreistufiger Vorgang ist. Den morphologischen Verédnderungen gehen immer
zwei Phasen von submikroskopischen oder molekularen Transformationen voraus. Bei hohen
Konzentrationen wirkt JgB teratogen. Die infolgedessen entstandenen Missbildungen sind
phasenspezifisch und entsprechen den jeweiligen detektierten prédsumptiven Feldern. JgB
ist an ein spezifisches Lipoprotein der Mitochondrien gebunden und wirkt auf die Energie
verbrauchenden biologischen Prozesse ein. Die Entkopplung der oxydativen Phosphorylierung
verursacht einen pathologischen Shunt, welcher fiir die teratogene Wirkung verantwortlich ist.

3HAYEHVE MWTOXOHAPWMEB B PAHHEM MOP®OIMEHE3E KYPUHOIO
SMBPVOHA

L BPAYH

B paHHei cTaaumn MopdoreHesa nof BMSAHNEM Pa3NMUHbIX KOHLEHTpaUWii AHyC rpbiH-B
BBEIEHHOIO Ha 61acTofepMy KypUMHOro 3MBpMOHA BO3HWMKAKOT MOMS MUTOXOHAPWUEBON Aerug-
poreHasbl, COOTBETCTBYIOLLME AAHHOM cTagun. Kpacka KaK Mpu3HaK aKTUBHOCTM Aernapo-
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reHasbl — paciennsietcs. B oTAenbHbIX CTaAMAX PaHHEro pasBUTUS M3 PasHOCTU MeX Ay CKO-
pOCTbI0 CBSI3bIBAHWS KPacKM M CKOPOCTbIO ee pacLlensieHns MOXHO fAefnaTb BblBOAbl O TPex-
CTyneH4YaToOM npoLecce MopdgoreHesa. CorfacHo 3ToMy MOP(OSIOrMYECKN BUAVMOMY WU3MEHEHMHO
BO BCEX C/y4yasix NpejLiecTByeT ABYCTYMeHYaToe Cy6MUKPOCKOMMUUECKOE WM MOJIEKYISIPHOE
n3MeHeHue. B cnyyae 6onblueii KOHLEHTpaUuM BbllLeyKa3aHHOr0 areHTa BO3HWKAKT XOpOLUo
onpefensieMble X1Bble Ypoabl. 34eck NPecyMNXOHAPUIA CBA3LIBAETCA K CreLnduyeckomy nmmno-
NPOTENHY M OKasblBaeT B/MSIHWE Ha HYXAaloLMecss B 3Heprum 6UMONIormyeckne mMpoLecchbl.
PaspyLueHneM OKMC/IUTeNbHO hoctopmnaLmm BO3HMKAET MaTONOrMMYeCKUlA LLYHT, OTBETCTBEH-
HbIi 3a TepaToreHHoe [ecTBME.

Dr. Sandor Braun: Budapest VII. Péterfy Sandor u. 8., Hungary
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PHENOL REACTION OF COLLAGEN FIBRES AND ACID
MUCOPOLYSACCHARIDE CONTENT OF CONNECTIVE
TISSUE

T. Neumark

(Received November 7, 1964)

The phenol reaction of the collagen fibres in various kinds of connective tissue
has been studied and it has been found that the phenol reaction permits conclusions
as to the close correlation between the collagen protein and acid mucopolysaccharides,
on the one hand, and the quantity of acid mucoid substance, on the other.

A close correlation is assumed to exist between the acid mucopoly-
saccharide (MPS) components of the connective tissue and the collagen fibres.
Jackson [2] has shown the important role of the MPS of the ground substance
in the stabilisation of the collagen fibres.

Under natural conditions the collagen fibres show positive birefringence
alongside their longitudinal axis [8]. The direction and size of that birefrin-
gence is influenced by numerous factors, such as Ebner’s [Ij phenol reaction,
among others. The essence of that sensitive and specific reaction is that tin-
phenol molecules arc oriented at rectangles to the micellary structure of colla-
gen fibres. The intensity of the reaction in the function of phenol concentration
has been studied by Jobst [3], who, by using a xylol-phenol solution, has found
that the positive birefringence of the collagen fibres turns negative at a 2.4 per
cent phenol concentration. The reaction is influenced by the variable micro-
structural properties of collagen. It has been shown by Romhanyi [6, 7] that
the acid components of collagen fibres play a significant role in the quality of
the phenol reaction. After sulphuration the collagen fibres give no phenol
reaction, or they become isotropic. This would mean that the SO, groups inhibit
the orientation of the phenol molecules to the sulphurated collagen fibres, thus
the phenol reaction may be influenced by the acid MPS of the connective tissue
ground substance. The behaviour of the phenol reaction may accordingly be
used for drawing conclusions as to the variability of the acid MPS content of
collagen fibres, or as to their structural components. We have therefore studied
the behaviour of the phenol reaction given by collagen structures of different
acid MPS concentrations.
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M aterials and methods

Albino rats, weighing about 120 g, were used. The collagen fibres and acid MPS con-
centrations of various kinds of connective tissue (skin, bone, articular and epiphyseal cartilage,
cornea, sclera and aorta) were studied. The tissues were fixed in 10 per cent neutral formalin,
embedded in paraffin and cut into sections about 5 1 thick. Bones were decalcinated in 3 per
cent sodium ethylenediamino tetraacetate. Collagen fibres precipitated in vitro by NEMETH—
CsOka’s method [5] were used in the following way. The collagen fibres obtained from tail
tandon were treated for 24 hours with 0.4 per cent acetic acid at 4°C, then the collagen solution
obtained after centrifugation and filtration was precipitated in 5 per cent NaCl and 1 per cent
chondroitin sulphate A. The precipitate was fixed in alcohol, embedded in paraffin and cut
up into sections. After deparaffination the following topochemical reactions were carried out.

Phenol reaction. The sections used for this purpose were covered with Canada balsam
containing 50 per cent phenol, while other sections were covered with Canada balsam containing
phenol at increasing concentrations, as recommended by Romhanyi. Some results were char-
acterized by the phenol index [5], the quotient of the birefringence measured in Canada balsam
containing 50 per cent phenol and that measured in pure Canada balsam; the quotient is
independent of the fibre diameter.

Precipitation metachromatic staining [6]. The sections were stained with 0.02 per cent
pH 4 toluidine blue and stabilized with 3 per cent potassium ferricyanide. The sections were
examined in monochromatic red light and the metachromatic index of the structure studied
was determined according to Romhanyi.

Results

The sections were covered with Canada balsam containing increasing
concentrations of phenol and the birefringence of the collagen fibres in the
different kinds of connective tissue was studied in the function of phenol con-
centration. The phenol reaction was different in the different kinds of connec-
tive tissue. Whereas collagen structures marked in the ground substance of
cartilage, and first of all in that of epiphyseal cartilage, showed inversion of
birefringence at high phenol concentrations in connective tissues less rich in
acid MPS the fibres turned negative at lower phenol concentrations. This was
most marked in epiphyseal cartilage, in which the birefringence of collagen
structures was still slightly positive at a phenol concentration of 7.5 per cent,
when in the zone of calcification and the bone trabecules they showed negative
birefringence, while the collagen fibres of the media turned merely isotropic.
Of the collagen fibres those precipitated in 5 per cent NaCl turned isotropic at a
phenol concentration of 5 per cent, while those precipitated in chondroitin
sulphate A showed optical inversion at phenol concentrations higher than 6
per cent. At the corneal-scleral junction the collagen fibres of the sclera showed
negative birefringence at a 6 per cent phenol concentration whereas those of the
cornea turned merely isotropic at that concentration (Fig. 1).

To demonstrate that it is the acid side radicals that act as inhibitors in
the phenol reaction, some sections were treated with testicular hyaluronidase
(Permease, Gilag), and others were methylated [4]. After such treatment the
birefringence of the collagen fibres of the above mentioned kinds of connective
tissue turned negative at the same point and at lower phenol concentration.
The latter could be observed mainly in connective tissues otherwise rich in acid

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



PHENOL REACTION OF COLLAGEN FIBRES 61

MPS, whereas the collagen fibres of connective tissues possessing originally
hardly any acid MPS ground substance gave a practically unaltered reaction
(Fig. 2). The effect of Hyaluronidase and méthylation was controlled by stain-
ing with 11 4 toluidine blue.

r
mp

Fig. 1. Phenol reaction of collagen fibres differing in acid IMPS content

1. Epiphyseal cartilage — 2. Collagen fibres reconstr. in ChS A. 3. Cornea 4. Aorta
media 5. Collagen fibres reconstr. in NaCl 6. Aorta adventicia 7. Skin

r
mp

Fig. 2. Phenol reaction in different types of collagen fibres following méthylation and following
testicular hyaluronidase treatment

1. Epiphyseal cartilage — 2. Collagen fibres reconstr. in ChS A. 3. Cornea 4. Aorta media
5. Collagen fibres reconstr. in NaCl 6. Aorta adventicia 7. Skin

In the next step the phenol value and the metachromatic index of the
various kinds of connective tissue collagen structures were compared. It was
found that the kinds of connective tissue showing a high metachromatic index
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had a low collagen fibre phenol index, and vice versa. Following hyaluronidase
treatment or méthylation the phenol index increased. The metachromatic
index varied between 4 and 5 in the epiphyseal and articular cartilage, as well
as in the sclera, with collagen fibres precipitated in chondroitin sulphate A,
and those of the aortic media, while the collagen fibres of these kinds of con-
nective tissue showed a phenol index lower than 1. As compared to these
tissues, the connective tissues poor in acid MPS had a much lower metachro-
matic index, and a phenol index higher than 1. Following hyaluronidase treat-
ment and méthylation the phenol index increased to above 1 in the collagen
fibres of the tissues high in acid MPS.

Discussion

It has been assumed that the behaviour of the phenol reaction of collagen
fibres would be influenced by the acid, first of all by the sulphate, groups of the
connective tissue ground substance, allowing conclusions as to the correlation
between the collagen fibres and the acid MPS components of the connective
tissue.

It has been pointed out by Romhanyi that after sulphuration the colla-
gen fibres give no phenol reaction, since the acid groups inhibit the oriented
association of phenol molecules to the collagen fibres, and, also, that for exam-
ple in the embryonic cartilage, high in acid mucoid, the collagen structures
show possess a slight phenol effect [7].

The important role played by the acid mucopolysaccharides of the
ground substance in the stabilization, maturation and physico-chemical be-
haviour of the collagen fibres has been extensively investigated, first of all by
Jackson, and a close correlation has been assumed to exist between the colla-
gen structure and the acid components of its ground substance, although the
exact nature of this correlation has not been clarified.

We have shown that the collagen fibres of connective tissue possessing a
ground substance high in acid MPS yielded a weak phenol reaction. A similar
observation was made by Németh —Cséka; in his experiments the collagen
fibres precipitated in chondroitin sulphate showed lower phenol values than the
fibres precipitated in other agents. Viszioy has found that in patients suffering
from osteogenesis imperfecta, a condition in which the acid components of the
ground substance are increased, the collagen fibres turned negative at higher
phenol concentrations only [9].

According to our experiments the phenol reaction of the collagen fibres is
influenced by the acid MPS content of the ground substance. On this basis it
has been surmised that in connective tissues containing a large quantity of
acid MPS the acid groups inhibit sterically the oriented association to the
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collagen fibres, of the likewise acid phenol molecules. In view of this a close
correlation has been assumed to exist between the collagen fibres and the acid
MPS components of the ground substance. In addition, the present investiga-
tions allow conclusions as to the quantity of acid MPS firmly bound to the col-
lagen fibres in the various kinds connective tissue.
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CUBER DIE WIRKUNG DES SAUEREN MUKOPOLYSACCHARIDGEHALTS AUF DIE
PHENOLREAKTION DER KOLLAGENFASERN

T. NEUMARK

AnlaRlich der Untersuchung der Phenolreaktion der Kollagenfasern der verschiedenen
Gewebearten wurde festgestellt, dal aus der Intensitdt der entstandenen Phenolreaktion
teils auf den zwischen dem Kollageneiwei und den saueren Mukopolysacchariden bestehenden
engen Zusammenhang, teils auf die Menge der saueren Mukoidsubstanzen gefolgert werden
kann.

PEHOBAA PEAKUUMA KOJIJTATEHOBbLIX BOJIOKOH B 3ABUCUMMOCTW OT
COAEPXXAHWUSA KUC/bIX MYKOMOJIMCAXAPUAOB B COEAMTENLHOW
TKAHWU

T. HEMMAPK

ABTOp wuccnegoBan d)eHOI'IOBy}O peaKuno KonnareHoBbIX BOJIOKOH pas/nMyHbIX BUA0B
COEAVIHVITeﬂbHOIZ TKaHu 1 Hallesn, 4To no (*)EHOI'IOBOVI peakunn MOXXHO genatb BbIBOAblI OTHOCKU-
TeNbHO TECHOM CBA3M 6efIKOB KojnareHa € KUCAbIMA MyKononmncaxapmngammn H OTHOCUTE/IbHO
Ko/nn4yecTea KWUCIOro MyKOMAHOro BellecTBa.

Dr. Tamas Neumark: Budapest Il. Frankel Led u. 17/19., Hungary
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HISTOCHEMICAL EXAMINATION OF VAGINAL
EPITHELIUM AND ENDOMETRIUM WITH SPECIAL
REFERENCE TO MUCOPOLYSACCHARIDES

F. Téth and R. Gimes

(Received December 5, 1964)

Glycogen, acid and neutral mucopolysaccharides have been studied in the cells
of the vaginal epithelium and endometrium. Alkaline and acid phosphatase, non-
specific esterase, succinic-lactic-dehydrogenase and diphosphopyridine-nucleotide
reactions have been performed. It was found that the superficial cells of the vaginal
epithelium as also the cells in layers 1, 2 and 3 contained, in addition to glycogen, large
amounts of neutral and acid mucopolysaccharides. Vaginal epithelial cells contained
the largest amount of glycogen in the periovulatory period; it was associated with
a high level of oestrogen. Glycogen in the endometrium showed a peak concentration
in the secretory phase; it was associated with a high level of progesterone. Acid muco-
polysaccharides were present in all phases of the menstrual cycle. They were compara-
tively abundant in the intermediary layer of the vaginal epithelium and the endometri-
um during the periovulatory period. Neutral mucopolysaccharides accumulated in the
endometrium in the second half of the secretory phase and filled even the peritubular
lymph spaces. Metabolic changes observed in the different phases of the menstrual
cycle are ascribed to circulatory changes in the vaginal epithelium and the endometrium.
It is suggested that, among others, local factors of circulation may he responsible for
the identical changes produced by two different hormones (progesterone and oestrogen)
in the glycogen and mucopolysaccharide contents of the vaginal epithelium and endo-
metrium.

Stockard and Papanicolaou [54] in 1917 were the first to describe
cyclic changes in the vaginal epithelium of guinea pigs. Ten years later,
Dierkes [15] published his observations on human material; lit* found a
correlation between tin* menstrual cycle and the changes occurring in thevaginal
epithelium, and demonstrated that, like the endometrium, the vaginal epithe-
lium gave a typical response to sex hormones. Of especial value was the obser-
vation that vaginal smears allowed conclusions as to tin* quantity and composi-
tion of ihe sex hormones. Since then, a great number of authors has discussed
the morphology, enzymology and histochemistry of tin* vaginal epithelium,
and it would s><m that nothing has been left unelucidated in this field after
the detailed investigations and painstaking researches of Hotella-Llusia,
l)e Hrux, Graham, Haam, Koss, Murray, Puindel, Kosa, Runge, Shorr,
Stoll, Wied, Zinser and numerous others. Yet, it appears that the mechanism
through which the response of the vaginal epithelium to hormonal influences
is mediated has not been cleared up. Hormones exert no direct effect on epi-
thelial cells. Moreover, the origin and composition of the substance termed
“horn”, contained in the cytoplasm of superficial cells, are likewise unknown,
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so that a number of histological and morphological problems have still to be
solved. This study had the aim to approach the solution of these problems.

Material and method

Fifty-five healthy young female subjects, in different phases of the menstrual cycle,
constituted the material of this study. Endometrial biopsy specimens were collected from 18 of
them. Fifteen of the females were pregnant; two of them were in the first 3 weeks of pregnancy
which was revealed by examining the curettings. Serial examination of vaginal smears was
performed in the other 13 cases; the smears were obtained every other day from the boundary
between the middle and the upper third of the vagina. Vaginal smears, intended for enzymatic
examinations, were immediately placed in incubating solutions, while material intended for
the determination of glycogen and polysaccharides in 96 per cent alcohol and Shabad’s fixative
which latter contains Zn(NO03)2for the inhibition of bacterial digestion and phloridzin (L. Light
and Co., Ltd.) in a mixture of 10 per cent formalin and 96 per cent alcohol for the inhibition
of glycolysis. A 10 per cent solution of neutral formalin served as fixative in most cases. For
staining, Schiff’s periodic acid (PAS); Ritter-Oleson’s dye; Best’s carmine; 0.25 per cent
toluidine blue; methylgreen-pyronine; Feulgen’s reaction; Papanicolaou’s stain; gallocyanin;
Fettrot (fat-red); Nile blue; haematoxylin-eosin; Van Gieson’s dye and Azan’s dye were
applied. Digestion was performed with ribonucléase, diastase, saliva, hyaluronidase, pepsin,
trypsin and combined pepsin-trypsin were applied. For the purposes of PAS reaction, oxidation
with 0.23 per cent sodium periodate during 5 minutes and staining with Schiff’sreagent during
60 min. was applied. Ritter-Oleson A, B and C indicate the results of acetylation; material
A was dyed without preliminary treatment; material B was stained after acetylation; material
C was first acetylated, then saponified and finally stained. Hyaluronidase digestion was per-
formed with 150 U/ml, in physiological saline, at 37°C for 16 hrs. A 1 per cent solution of
diastase (L. Light and Co., Ltd.) in 0.01 M phosphate-buffered 0.8 per cent solution of NaCl
was employed for digestion which lasted 2 hrs at 37°C. Pepsin digestion was made at 37°C
by means of a 2 mg/ml solution in 0.02 N hydrochloric acid for 2 hrs. Digestion with trypsin,
at a concentration of 1 mg/ml in pH 8 phosphate buffer was performed at 37°C for 2 hrs.
In the combined procedure, digestion with pepsin for 6 hrs. was followed by trypsinization
for 12 hrs. Alkaline and acid phosphatase as well as non-specific esterase reactions were carried
out by means of the azo-kupplung method with naphthol-As-phosphate as substrate. The
procedures of Fuhrmann [20] and Rosa [52] were employed for the succinic dehydrogenase
(SDH), lactic dehydrogenase (LDH) and diphosphopyridinenucleotide-diaphorase (DPN)
assay. As to the numbering of the layers of the vaginal epithelium, No. 1 means the superficial
and No. 2 the next layer; the intermediate layer is divided into an upper (3a) and a deeper
zone (3b); the parabasal layer bears the number 4, and the basal one is marked 5.

Results

Glycogen and mucopolysaccharides (MPS) in the vaginal epithelium

Cells from layers 1, 2 and 3 gave an intensive PAS reaction. The histo-
chemical results for PAS-positive substances are assembled in Table 1. The
fact that the brilliant red colour showed a slight paling after digestion with
diastase, saliva, pepsin, trypsin and combined pepsin-trypsin (Fig. 1), permits
of the conclusion that the cells of the three first layers contain glycogen as
well as a large amount of MPS. An insignificant amount of finely granulated
PAS-positive material was demonstrated in the cells of layers 4 and 5; most
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Fig. 1. Neutral mucopolysaccharides in superficial cells of vaginal epithelium. Rittcr-Olcson
staining after diastase digestion, x 160
Fig. 2, Fine metachromatic particles in a superficial epithelial cell. Toluidine blue, x 320
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of this material disappeared after digestion with diastase. Staining with Ritter-
Oleson’s dye yielded the most intensive red colour in the cytoplasm of super-
ficial cells with pycnotic nuclei. All shades of red, from purple to pink, were
observed in the cells of the three upper layers. Other cells of these layers
stained blue which would, with Hale’s combined staining, indicate the presence
of acid MPS. Treatment with toluidine blue actually revealed mctachroinatic
granulations in the majority of these cells (Fig. 2). Granules of acid MPS often
covered almost the entire nucleus. Their amount was largest in the cells of
layers 1 and 2. These observations are in contradiction to those made in spec-
imens of the vaginal wall. Here the PAS reaction was practically negative

Fig. 3. Accumulation of mucopolysaccharides in layers 1 and 2 of biopsy specimen. Ritter—
Oleson staining after diastase digestion, x 80

in layers 3b and 4, weak in layer 2, and practically unchanged in layer No. 1
(Fig. 3). The intercellular ground substance strongly adsorbed colloidal iron,
gave a marked blue reaction with Ritter-Oleson’s stain and a metachromatic
one with toluidine blue which became much weaker after hyaluronidase diges-
tion. The amount of the substance was largest in layer 3 and considerably
less in layers 1 and 2.

The glycogen and MPS content of the vaginal epithelial cells showed no
significant change under the effect of different hormones; it was comparatively
highest in the 3rd and 4th months of pregnancy and considerably diminished
in cases ol colpitis. The excised material contained a large amount of glycogen
in the 2nd and 3a layers at the preovulatory stage of the proliferative phase,
while the amount of MPS increased toward the end of the secretory phase.
The quantity of glycogen reached a peak in the 3rd and 4th months of gestation.
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Ribonucleic acid

It was in the cells of layers 4 and 5 that the largest amount of pyronino-
philic substances was found in both the biopsy and the exfoliative material
(Fig. 4). Pyroninophilia practically disappeared after ribonucléase digestion.
The amount of RNA rapidly diminished in the cells of the superficial layers.
The nucléoles of the parabasal and basal cells contained pyroninophilic matter
the bright red colour of which contrasted with the green staining of the
desoxyribonucleic acid. The nuclei were surrounded by a narrow bright zone,
and it was around this zone that the vividly red RNA was seen. Its amount,
with a maximum in the 3rd and 4th months of pregnancy, did not seem to
depend on hormonal influences.

Desoxyribonucleic acid

Like RNA, most of the DNA teas located in the parabasal and basal
layers. It formed a fine network in the nuclei, but gradually condensed into
coarse lumps in the cells of the upper layers, to form structureless spherules
in the superficial layer. Such condensation of DNA is the most characteristic
oestrogenic effect which fails to appear in the menopause and in other cases
of oestrogen deficiency (e.g. in Turner’s syndrome).

Lipoids

A slight amount of larger or smaller granules reacting with “Fett-rot”
was observed in the cells of the superficial epithelial layers. Roth number and
size of the granules diminished toward the deeper layers. It was, on the other
hand, in the cells of layers 4 and 5 as also in the intercellular fibres of layer
3 that the largest amount of lipoid teas recorded in the excised material.
No correlation seemed to exist between the lipoid content of the cells and the
action of hormones.

Enzyme reactions

These reactions were invariably weaker in the vaginal smears than in
the biopsy material.

Alkaline phosphatase was negative in the vaginal smears and compara-
tively most intensive in the basal zone of the excised specimens. It became
more pronounced in the proliferative phase, and reached a peak during
ovulation. The endothelial cells of the vessel walls, too, gave a marked reaction.

Acid phosphatase activity in the desquamated cells seemed to be limited
to the cytoplasm of the superficial cells with pycnotic nuclei, whereas a moder-
ate activity teas observed in the basal and parabasal cells and a stronger
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reaction in layers 1 and 3 of the biopsy material. Activity became more
pronounced during ovulation and toward the end of the secretory phase.
Non-specific esterase reaction was negative in the vaginal smears, and
moderate in the superficial and basal layers of the excised material at the
outset and termination of the menstrual cycle. Activity appeared also in
layer 3a in midcycle.
Dehydrogenase, SDH, I,DIl and DPN. Activity in the biopsy material

Fig. 4. Accumulation of pyroninophilic matter in the cells of layers 4 and 5. Methylgreen-
pyronine, X 80

was strongest in the superficial and basal layers at the outset and termination
of the cycle. Administration of oestrogen increased the intensity of reactions.

Endometrial glycogen and MPS

The amount of glycogen gradually increased in the epithelial cells of the
endometrial glands as from the middle phase of the cycle. After forming fine
granules in the basal portion ofthe epithelial cells, it filled the entire cytoplasm
in a diffuse form. The greatest number of granules appeared in the second
half of the secretory phase; they were situated subnuclearly and accumulated
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in the basal part of the tubules of the endometrial glands. A moderate amount
of acid MPS around the glands was found between the 8th and 10th day of
the proliferative phase: the amount increased after ovulation. Club-shaped
structures connected the apex of the epithelial cells with the matter contained
in the lumen of the glands (Fig. 5). The various phases of secretion formation
and transfer could well be observed under the microscope. Neutral MPS
appeared in the second half of the secretory phase. Glycogen, acid and neutral
MPS were observed side by side in the cytoplasm of the epithelial cells and
the glandular lumina. The neutral MPS completely filled the peritubular
lymph spaces in the second half of the secretory phase, a phenomenon partic-
ularly well observable in Ritter-Oleson-stained sections after digestion with
diastase. The PAS-positive substance stained bright red and sharply outlined
the distended peritubular lymph capillaries (Fig. 6). Only scattered fine
powder-like particles of glycogen were seen in the ground substance. It was
around the time of ovulation, between the 12th and 18th day the cycle, that
the amount ofacid MPS reached a peak. The major part of the MPS disappeared
after treatment with hyaluronidase in the postovulatory period, a proof
that hyaluronic acid was their main component. Hyaluronidase removed but
a minor part of these MPS in the later stages of the menstrual cycle. It wasin
this phase that neutral MPS began to accumulate. The endometrium of
pregnantes contained considerable amounts of glycogen, acid and neutral
MPS. The amount of glycogen was many times more than its maximum in the
secretory phase. The cytoplasm of decidual cells was almost completely filled
with granules and lumps of glycogen (Fig. 7). The quantity of acid MPS did
not diminish in the ground substance; neutral MPS began to accumulate
in the placental villi from the 4th month of gestation. The amounts of RNA
and DNA reached their respective maxima in the proliferative phase.

Changes in enzymatic reactions

It was only in the epithelial cells of the glands and the endometrial
cylindrical epithelium that the examined reactions were strong enough for
evaluation, while in the stroma occasional weak reactions were only observed.

Alkaline phosphatase in the endometrium was most pronounced in
midcycle and during pregnancy, acid phosphatase in the second half of the
cycle. In contrast, non-specific esterase was not pronounced in any phase.
SDH activity was most intensive from the middle of the proliferative until
the middle of the secretory phase. LDH and DPN activity increased rapidly
from the time of ovulation and remained marked until the end of the secretory
phase. LDH and DPN activity increased rapidly from the time of ovulation
and remained marked until the end of the secretory phase. Dehydrogenase and
acid phosphatase activities were strongest in the decidual cellsduring pregnancy.
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Fig. 5. Lumen of endometrial gland and apical portion of epithelial cells engorged with
mucopolysaccharides. Ritter-Oleson staining after diastase digestion, X 400
Fig. 6. Red-staining PAS-positive matter fills and sharply outlines dilated peritubular lymph
spaces. Ritter-Oleson staining after diastase digestion, X 160

Acta Morphologica Academiae Scientiarum llungaricae 14. 1)66






HISTOCHEMICAL EXAMINATION OF VAGINAL EPITHELIUM 71

Discussion

The present investigations had two aims, viz. [1] to study the various
processes of metabolism by means of up-to-date methods and describe the
properties of and the changes in the substances and enzymes involved; [2] to
compare the results obtained and to present a brief summary after their
comparative evaluation. The material covers wide range, and detailed treat-
ment has therefore been reserved to certain new points. Comparative examin-
ation and evaluation of the glycogen and MPS contents of the vaginal epi-
thelium and endometrium are unavoidable since, otherwise, different reactions
to identical hormones cannot be interpreted. We have omitted to expatiate

Fig. 7. Cytoplasm of decidual cells almost completely filled with glycogen granules. PAS,
x 160

upon known results [5, 8, 9, 10, 13, 17, 19, 21, 22, 27, 35, 38, 12, 43, 46, 50.
51, 52].

Data as to the glycogen and MPS-contents of the vaginal epithelium
and endometrium and the changes produced by different hormones are contra-
dictory [2, 3, 4, 5, 7, 11, 12, 14, 16, 18, 23, 24, 28, 29, 30, 31, 37, 39, 40,
44, 45, 53, 55, 56, 57]. This may be due to differences in fixation and staining.

We performed a number of histochemical analyses for the identification
of PAS-positive substances, and it can be seen from Table | that epithelial
cells in the vaginal smears contained much glycogen and a considerable amount
of glycoprotein, acid and neutral mucopolysaccharides. As well-known, it is
the free Oil radical of the 1 :2-glycol group which renders the PAS-reaction
positive; a positive reaction may, however, be obtained with the NH, radicals
of the amino-alcohols as well. Acetic, anhydride dissolved in pyridine acetv-
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Table

The applied histochemical methods for identification of PAS-positive substances in the exfoliated
vaginal epithelium cells

Cornified Precomified Intermediate
Applied methods squamous squamous
cells cells

1 PAS reaction without oxidation — — —

2 PAS reaction + o+ + + + 4+ o+ + + o+ o+
3 PAS reaction after diastase digestion ~ _L4-4- PR o+ o+
4 PAS reaction after saliva digestion + + + ++ + + + +
5 PAS reaction after pepsin extraction + o+ + + + + + o+ +
6 PASreaction after trypsin extraction + 4+ + + 4+ + + o+ +

7 PAS reaction after comb, pepsin—
trypsin extraction + 4+ o+ + o+ o+ o+ o+

8 PAS reaction after phenylhydrasine
reaction — — —

9 Best’s carmine stain + o+ 4+ o+ + o+ 4+ + o+ +

10 Best’s carmine stain after diastase
digestion + o+ + 4+ + + +

11  Ritter-Oleson “A” (untreated sec-
tion) o+ R P

12 Ritter-Oleson 4iB” (section after
acetylation) — — —

13 Ritter-Oleson “C” (section after

acetylation and deacetylation) + o+ 4+ + + 4+ + + + + 4+
14  Ritter-Oleson’s stain after diastase PAS + + + PAS + + + PAS + + Y
digestion Hale + + + Hale + + + Hale + + +
15 Ritter-Oleson’s stain after saliva PAS + + + PAS + + + PAS + + +
digestion Hale + + + Hale + + + Hale -4+j—b
i6  Ritter-Oleson’s Stain after pepsin PAS + + + PAS + + + PAS + + +
extraction Hale + + + Hale + + + Hale + + 4-
17 Ritter-Oleson’s stain after trypsin PAS + + + PAS + + + PAS + + +
extraction Hale J)—j—f— Hale 43¢ Hale 4-+ H
18 Ritter-Oleson’s stain after comb. PAS + + + PAS PAS + + +
pepsintrypsin extraction Hale + + + Hale +-j-+ Hale -r+ +
19 R. Oleson’s stain after hvaluronidase PAS + + + PAS + + H PAS + + +
extraction Hale + + + Hale 4 Hale + + +
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. Cornified Precorn.tied Intermediate
Applied methods squamous squamous cells
cells cells
20 Toluidin blue stain + o+ o+ + o+ .

21  Toluidin blue stain after hyaluro-
nidase extraction + + +

22 Toluidin blue stain after pepsin
extraction + o+ 4+ F o+ o+ -3

23 Toluidin blue stain after trypsin
extraction + o+ o+ + o+ o+

24  Toluidin blue stain after comb,

pepsin-trvpsin extraction + + + + + + + + +
25 Ninhydrin-Schiff reaction -b +
2ft  Millon reaction + + +
27  Fettrot stain + + +
28 Nile blue stain +

lates the OH radical ofthe 1 : 2-glycol group and the aniino derivatives, thereby
preventing periodic acid oxidation. Negativity of subsequent PAS reactions
indicated the presence of the said radicals. If acetylation is followed by sapon-
ification with diluted alkali, the original condition (i.e. free OH radical) will
be restored in the presence of the 1:2-glycol group, but will not be restored,
in that of amino derivatives. The reacting radical is of carbohydrate origin
ii the PAS reaction, rendered negative by acetylation, becomes once more
positive after saponification. This applies especially to material fixed in absolute
alcohol where lipoids are eluted.

The above results justify our supposition that it is not only the direct
hormonal action which is responsible for changes in the glycogen and MPS-
contents of the cells and the ground substance, but local circulation and
oxygenation may be involved as well. Acid MPS embedded in and chemically
bound to proteins constitute the most important component of the inter-
stitial ground substance. The connective tissue has both static and dynamic
functions; it plays an independent active role in metabolism. Far from being
a mere storehouse of fluids, the extracellular compartment actively promotes
the flow of intercellular fluid transporting (),,, CO., and the metabolic products.
This flow is mainly determined by circulatory conditions, colloid and hydro-
static pressure, capillary permeability and the pH. Permeability depends
largely on the condition of the basement membrane composed of acid MPS.
Its polymerization, water contents and gel-sol condition determine the size
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and permeability of the capillary mural pores. Hyaluronidase and oestrogen,
for instance, increase permeability. Besides acid also neutral MPS are contained
in the connective tissue. Every cell of the organism contains more or less
mucoprotcin. The fact that neutral MPS mostly occur in tissues with a poor
blood supply (cartilage, vitreous, cardiac valves) has led to the conclusion
that bradytrophia and anaerobic glycolysis are responsible for their formation.
It has been found [1, 33] that the first effect of moderate hypoxia on brady-
trophic tissues is the production of acid MPS, a phenomenon of adaptation.
W ith increasing hypoxia, metabolism returns from aerobic to anaerobic
glycolysis; a further decrease of the oxygen supply induces processes of
degeneration and gives rise to the accumulation of neutral MPS, a phenomenon
that has been verified histologically in cases of pulmonary tuberculose, mouse
cancer and crural ulcer. Mucopolysaccharides so produced are removed via
the distended lymph vessels, and the level of MPS rises in the serum at the
same time. Letterer [36] ascribes an active role to acid mucopolysaccharides
in both anabolic and catabolic processes.

For the correct interpretation of the present results, we have to touch
upon the effect of oestrogens on angiogenesis. Markee [41], studying the
behaviour of endometrial tissue transplanted to the anterior chamber of female
monkeys, has shown that angioarchitectonic endometrial processes occurring
in the course of the menstrual cycle are due to changes in the oestrogen level.
Oestrogens promote angiogenesis, while their 50 per cent diminution induces
vasoconstriction, congestion, hypoxia and, finally, the menstrual cycle are
due to changes in the oestrogen level. Oestrogens promote angiogenesis, while
their 50 per cent diminution induces vasoconstriction, congestion, hypoxia
and, finally, the menstrual discharge of blood. Endometrial blood flow gradually
increases during the phase of proliferation, reaches a maximum about the
time of ovulation, remains unchanged in the secretory phase, diminishes rapidly
before menstruation, whereafter a state of prestasis ensues. According to
De Brux and Bory [12], oestrogens promote mitosis in the ripening of cells,
i.e. their development into superficial cells.

Our investigations have shown that the amount of glycogen in the vaginal
epithelium is largest at the time of acute hyperaemia, under the favourable
circulatory conditions in the periovulatory period and in the secretory phase.
Endometrial glycogen reaches its highest level in the secretory phase and in
pregnancy. Acid MPS are present during the entire cycle; their amount
(especially in the ground substance) is largest about the time of ovulation.
Neutral MPS reach a peak in the second half of the secretory phase; even the
peritubular lymph spaces of the endometrium are engorged with them. In the
vaginal epithelium they mostly accumulate in the superficial cells, in the
layer farthest from the circulation. The superficial cells of the vagina also
contain acid MPS. Desquamated epithelial cells lodged in the vagina encounter
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completely changed conditions of metabolism. Besides glycogen also acid
and neutral MPS arc polymerized in their cytoplasm. These are the dominant
substances in the cells of layer 3a as well, whereas the cells of layer 3 (especially
those of layer 3b) contain hardly anything hut glycogen, a phenomenon show-
ing that detached cells in the vagina, deprived of circulation, are compelled
to follow the anaerobic way of metabolism.

The enzyme reactions examined in this study [»lay a significant role in
various metabolic processes. Acid and alkaline reactions, for instance, are - on
account of phosphorus transport important factors in carbohydrate and
protein metabolism, whereas it is by the transfer of hydrogen that dehydro-
genase reactions constitute essential factors in the same metabolic processes.
Like enzymes in general, these too are both positive and negative catalysers:
they promote now polymerization, now depolymerization. Reduced blood
circulation, a diminution of oxygenation, seems to shift the equilibrium toward
polymerization. It thus becomes clear why vaginal glycogen is most abundant
during the proliferative phase and endometrial glycogen during the secretory
phase, i.e. both at the time of peak circulation. The examined enzyme reactions
were most pronunced during the proliferative [»hase in the vaginal epithelium,
and during the secretory phase in the endometrium. Acid phosphatase was
positive only in those epithelial cells of the vagina which had been detached
from the superficial layer; all the other reactions were negative, a phenomenon
emphasizing the importance of acid phosphatase in the metabolism of epithelial
cells shed into the vagina. Alkaline phosphatase activity was strongest around
the time of ovulation both in the vaginal biopsy material and the endometrium.
Acid phosphatase activity in the vaginal epithelium seemed to become more
intensive at the time of ovulation and at the termination of the secretory
phase. It would follow that oestrogen promotes alkaline, progresterone acid,
phosphatase activity. It is, however, more probable that the activity of the
two enzymes is intensified under the combined effect of both hormones. This
assumption is confirmed by their increased activity in the vaginal epithelium
at the time of ovulation, and in the endometrium during gestation. The inter-
relations of hormones and enzymes are still more or less terra incognita.

Neutral MPS were most abundant during the second half of the secretory
phase partly in those epithelial cells of the vaginal smears which had originated
from the superficial layer, and partly in the endometrium. If it is assumed
that these changes, as well as the products of metabolism depend on the degree
ol blood supply, the question arises as to the cause of these circulatory changes,
further, whether all observed phenomena are exclusively governed by them.
The findings of Markee [41] who demonstrated the effect of oestrogen on
the endometrial vessels are convincing. Pritt [47], by administering 5 mg
of oestradiolpropionate, increased endometrial blood flow by 200 per cent
within 30 min. Hagermann and Villee [25, 26] demonstrated in endometrial
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homogenate oestrogen-conditioned DPN1--TPNH —aDPNH f TPN+
systems which may be important factors of protein synthesis. In addition to
the endometrium, DPN—TPN transdehydrogenase was observed in the pla-
centa, mamma and hypophysis, but nowhere else. This would explain the
mechanism through which oestrogens produce their specific effect on the target
organs. Oestrogens may participate in metabolic processes in the form of
co-enzymes, and it is perhaps by being attached to inactive protein molecules
(which may occur in the said organs only) that they turn into active enzymes.
Kona [49] holds that both oestrogen and progesterone might be involved in
MPS metabolism.

Krompecher [34] claims that the blood level of MPS is governed by
the thyroid. As far as can be judged, the sex hormones exert, conjointly with
the nervous apparatus, a specific effect upon the vascular conditions of the
target organs, the synthesis of glycogen and MPS, as also on various enzyme
systems. Circulatory changes induced by oestrogens may give rise to new
conditions of metabolism in which enzyme systems serving the synthesis of
glycogen and MPS, among others, show a behaviour completely different from
what they display under the effect of oestrogens in vitro.

It is not our intention to explain all metabolic changes by the alterations
of circulatory conditions. All we feel safe to claim is that oestrogen and
progesterone play an important role in the synthesis of glycogen and MPS
contained in the epithelial cells of the vagina and the endometrium.
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UBER DIE HISTOCHEMISCHE UNTERSUCHUNG DES SCHEIDENEPITHELS UND
DES ENDOMETRIUMS MIT BESONDERER RUCKSICHT AUF
DIE MUKOPOLYSACCHARIDEN

F. TOTH und R. GIMES

Mit Hilfe verschiedener Verfahren (alkalische und sauere Phosphatase-, aspezifische
Esterase-, Sukzino-lakto-dehydrogenase- und Diphosphopyridin-nukleotidadiaphorase-Reak-
tion) wurden der Glykogen- bzw. der sauere und neutrale MPS-Gehalt der Scheidenepithel-
zellen und des Endometriums untersucht. Es wurde festgestellt, daR die oberflachlichen
Scheidenepithelzellen und die in die Scheide desquamierten Zellen der ersten, zweiten und
dritten Schicht aufer Glykogen auch neutrale und sauere Mukopolysacchariden enthalten.
AnlaBlich der Untersuchung von, aus Biopsiematerial verfertigten Prdparaten ergab sich,

daR der Glykogengehalt der Scheidenepithelzellen — nebst hohem Ostrogenspiegel — in der
Periovulationsphase am héchsten liegt; im Endometrium war der Glykogengehalt dagegen —
nebst hohem Progesteronspiegel — in der Sekretionsphase am hdchsten. Die saueren Muko-

polysacchariden waren in samtlichen Zyklusphasen nachzuweisen; in der Grundsubstanz des
Endometriums und derintermedidren Schicht des Scheidenepithels war der Mukopolysaccharid-
gehalt in der Periovulationsphase am bedeutendsten. Im Endometrium vollzieht sich das
Anhéaufen der neutralen Mukopolysacchariden — die im Laufe dieser Periode selbst die peri-
tubuldren Lymphspalten ausfiillen — in der zweiten Halfte der Sekretionsphase. Die Vorge-
fundenen Stoffwechselverdnderungen wurden mit den verschiedenen Perioden des Menstrua-
tionszyklus und den Blutkreislaufsverhdltnissen des Endometriums bzw. des Scheidenepithels
verglichen. Es wird angenommen, daf die aufWirkung der 2 verschiedenen Hormone zustande-
kommenden Glykogen- und MPS-Verdnderungen auch die lokalen Kreislaufsverhéltnisse
beeinflussen.

MCTOXMMNYECKOE NCCNEAOBAHUME BNAATATNYHOIO 3MNMNTENA U
SHAOMETPNA C OCOBbIM YYETOM MYKOTO/IMCAXAPNAOB

®. TOT, n P. TMELL

ABTOpbI McCNefoBany B aNUTeNMaNbHbIX K/ETKax Baraauvuia U B 3HAOMETPUU coaep-
KaHue TIMKOTeHa, KUC/bIX U HeATpanbHbIX MyKomnonvcaxapugoB. OHVM NPOBOAMAM peakuum
onpegeneHns LWeMOYHOM M Kucnoi dochatas, Hecrneyndmyeckol acTepasbl, CYKLMHO-NaKTo-
fervaporeHasbl 1 avdochopuanH-HyKneoTuaanadocdopassl. OHM YCTaHOBUM, YTO MOBEPX-
HOCTHbIE 3NUTeNNa/IbHbIE KNETKU Baranauvilia U KneTku 1-ro, 2-ro n 3-ro cfoes, AecKBaMupo-
BaHHbIX BO Brarajuile, cogepXaT Hapsify C FIMKOreHoM 60/1bIL0e KOMMYECTBO HelTpaibHbIX
N KUCNbIX MyKOMOUcaxapuaoB. B anuTenvanbHbIX KneTKax Bnaranuiia, UCCnefoBaHHbIX Ha
61MonNTMYECKOM MaTepuase, 60/blUe BCEro FIMKOreHa 06HapPY>XMBasioCb B MEPUOBY/ISLIMOHHOM
nepuoje npv BbICOKOM COAEPXXaHUW 3CTPOreHoB B KPOBWU. B 3HAOMeTpum ke 6onblie BCEro
rNMKOreHa yAanocb BbISIBUTb B CEKPETOPHONW (hase, NMpy BbICOKOM COAEpPXaHUW MNporectepoHa
B KpoBU. Kucnble MyKononucaxapuibl 06Hapy>XunBarTcs BO BCeX CTagusx LMKna. B ocHOBHOM
BELLLECTBE MPOMEXYTOUHOr0 C/0si 3HAOMETPUSI Y BNAra/INLLHONO 3NUTENINSI OHWU B HambosbLUIEM
KONNYecTBe OGHApPYXXMBAKOTCA B MEpPUOBYNSALUOHHOM nepuoge. KonnuecTBO HelTpabHbIX
MYKOMO/IMCaxapnioB B 3HAUMTE/IbHOWN CTeNeHW yBEeMUMBAETCA B 3HAOMETPWUM BO BTOPOW Moso-
BMHE CEKPETOPHOM (hasbl M OHW MOSIHOCTbLIO 3arMO/HAT TaKXe U MNepuTyGynsipHble numdatu-
yeckue wWenn. OBHapy>KeHHble aBTOpaMM MeTabo/IMUECKEe U3MEHEHWUSI OHWU CpaBHMBaIM C pas-
JINYHBIMUW 3TanaMn MeHCTPYaslbHOro LMK/A U C YC/I0BUSIMW KPOBOOGPALLEHMS B 3HAOMETPUM U
BO Bfara/MLHOM 3nuTenuu. Mo MHEeHWI0 aBTOPOB B M3MEHEHUSIX COZLEePXKaHMs [/IMKOreHa U
MYKOMO/IMcaxapuioB B 3HAOMETPUU U BO Bfara/MLHOM 3MUTEUU POJib MOFYT UrPaTb Takxke
N MeCTHble (haKTOpbl KPOBOOGPALLEHUSI.

Dr. Ferenc Toth

Budapest VIIIl.,, Baross u. 27., Hungar
Dr. Rezs6 Cimes P gary
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Dermatologische Klinik der Medizinischen Universitdt in Debrecen.
Direktor: Prof. Dr. L. Szodoray

ENTWICKLUNG UNI) KERATINISATION
DER MENSCHLICHEN EPIDERMIS MIT BESONDERER
BERUCKSICHTIGUNG DER BARRIERE

L. SZODOUAY und K. NaGY-VeZEKENYI

(Eingegangen am 27. Februar, 1965)

Die Morphologie der epidermalen Barriere wurde mit histochemischen Verfahren,
an der Sohlenhaut menschlicher Foeten, an der Sohlen-, Ricken-, Brust- und Bauchhaut
gesunder Personen und Psoriasis- und Ekzemkranken mit der Ritter-Oleson-, Gram-,
Kongorot-, Sudan |Ill- und Sudanschwarzfarbung, der Schiffschen Poressigsdure-
Reaktion, der Chevremont-Frédéricschen und Barnett-Seligmansehen Reaktion zum
Nachweis von SH-Gruppen untersucht.

1. Die sog. Ubergangszone |4kt sich in allen Kdrperregionen mit Kongorot gut
farben. AuBerdem ist sowohl mit Lipoidfarbung als auch mit modifizierter, sorg-
faltig differenzierter Gramfarhung eine kompakte Schicht im unteren Teil der Keratin-
schicht zu beobachten. Diese Zone ist PAS-positiv. Von den histologischen Enzym -
reaktionen ist nur die unspezifische Esteraseaktivitdt unmittelbar unter der Uber-
gangszone nachweisbar. Die Sulfhydrilreaktionen sind in der unteren Partie der Keratin-
schicht am ausgeprédgtesten. Die Ubergangszone ist auch Baker-positiv, als Beweis
des fur diese Schichte charakteristischen Lipoid-Keratin Komplexes (Sakall — Mali).

2. Unsere Befunde an Menschenembryonen stimmten weitgehend mit Matoltsys
an Huhnerembryonen gewonnenen Resultaten dberein. In der Haut menschlicher
Embryonen kann man erst am Ende des 5. Monats eine supragranuldre homogene
Schicht im Stratum corneuin beobachten.

3. Auf Grund der Beobachtungen kann angenommen werden, daB die epidermale
Barriere auch morphologisch nachweisbar und aller Wahrscheinlichkeit nach als eine
mehr oder weniger kompakte Schicht eines ausgeprdgten Keratinlipoidkomplexes in
der unteren Partie des Stratum corneuin lokalisiert ist, und diese breiter ist als die
Szakallsche-Schicht.

4. Da in der Ubergangszone Enzymaktivitat (Esterase und Phosphatse) nach-
zuweisen war, wird in Ubereinstimmung mit Sakall und Mali angenommen, daR die
Barriere eine biologisch aktive Schicht darstellt.

Ein Teil unserer Untersuchungen wurde in der Morphologischen Abteilung des Insti-
tuts fur Experimentelle Medizin der Ungarischen Akademie der Wissenschaften durch-
gefuhrt; fir diese Hilfe sei auch an dieser Stelle gedankt

Eine der wichtigsten Funktionen des Hautorgans besteht darin, daB es
den Organismus gegen physikalische und chemische Sché&den schitzt, d. h.
die darauf einwirkenden Strahlen filtert, das mit der Haut in Kontakt kom -
mende Wasser und die darin geldsten Substanzen gewissermaflen zuriuckhalt
und verhindert, daR diese in den Kreislauf gelangen. Dieser funktionelle
Faktor gab den Forschern AnlaR dazu, das fir diese Funktion verantwortliche
morphologische Element und die Lokalisation der Barriere, welche das Ein-
dringen von Wasser und Chemikalien in den Organismus verhindert oder
vermindert, festzulegen.

Hein Setzte bereits 1924 voraus, dafl in der Haut eine negativ geladene
Schicht das Eindringen von Anionen verhindert und daf sich diese Schicht
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an der Grenze zwischen verhornter und unverhornter Epidermis befindet.
Spdter ergédnzte Rothman Reins Auffassung durch die Annahme, dall es sich
um zwei Schichten handele, welche an der dufReren Oberflaiche stark sauer,
innen schwach basisch reagieren. Blank (1953) experimentierte mit Diffusions-
kammern und fand ein Erldschen der Barrierfunktion nach der Ablésung der 8.
Leukoplastschicht.

Szakall (1952) konnte mit Hilfe der Wd6lfischen Cellophanpflaster-
technik die Barriere als selbstdndige Membran isolieren. Seitdem wird die
Membran allgemein (z. B. Malkinson und Rothman [1]) in die sog. Ubergangs-
zone lokalisiert. Histologisch bildet diese Ubergangszone die kompakte Keratin-
schicht Gber dem Stratum lucidum. Steigleder [3, 4] wies auf den W ider-
spruch hin, daB das Stratum lucidum bzw. Stratum compactum nur in der
Handflache und der Sohle morphologisch nachweisbar ist. In der Haut der
meisten Kdorperregionen sind unmittelbar Uber der Keratohyalinschicht Kera-
tinlamellen in meistens disjunktiertem Zustand zu beobachten, welche die Auf-
gabe einer Schutzschicht nicht erfillen kénnen. Neben dieser anatomischen
Barriere dirften andere Bestandteile der Epidermis die Barrierefunktion ausu-
ben. Trotz dieses morphologischen Wiederspruchs erfullt aber die Hautober-
flache einer jeden Kdrperregion mehr oder minder eine Barrierefunktion.

Steigleder beobachtete mit Mikroradiogrammen eine, Uber der Kerato-
hyalinschicht gelagerte, schmale, fur weiche Rtg-Strahlen gar nicht oder nur
in einem geringem Grade durchldssige Schicht. Er fand sie auch in solchen
Korperregionen, in denen ein Stratum lucidum nicht nachweisbar ist. Laut
Marzulli und Tregear’s Permeabilitdts-Untersuchungen mit radioaktivem
Tri-n-propylphosphat miRten wir annehmen, daB auRer der SzZAKALLsehen
Schicht auch andere Epidermisschichten eine Barrierfunktion ausiiben.

Ein Faktor der Barrierefunktion ist die Kératinisation der Epidermis.
Intrauterin ist dieser Vorgang noch unvollkommen, wie das sowohl morpholo-
gische als auch histochemische Befunde beweisen. Matoltsy untersuchte
den Ablauf der Kératinisation in der Haut von 6 20 tdgigen Hihnerembryo-
nen, an mit Ha&matoxylin-Eosin geférbten Paraffinschnitten und auch mit
der BARNETT-SELiIiGMANschen Sulfhydryl-Reaktion. Nach diesen Untersuchun-
gen zeigte sich die Kératinisation d. h. die an SH-Radikalen reiche Keratin-
schicht, erst in der Mitte des embryonalen Lebens. Stabilisiertes, endgultiges
Keratin war erst 2 Tage vor der Geburt nachweisbar. Die chemischen
Untersuchungen von Deme und Garazsi [11] an Rattenembryonen ergaben an-
nédhernd gleiche Resultate. Unsere Untersuchungen an menschlichen Embryo-
nen — welche wir spéter ausflihrlich erdértern werden gaben &hnliche
Ergebnisse, wie die von Matoltsy [8]. In diesen Experimenten wendeten wir
die Gramfarbung an, da nach Szodorays (1931) friheren Untersuchungen,
die die Hypothese Unnas, daR die Kératinisation in den unteren Zellreihen
anfangt, zu bestdtigen scheinen, eine aufwéartsgraduierte Grampositivitdt der
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Tonofibrillen nachweisbar ist (Abb. 1), die als beginnende K¢ératinisation
angesehen werden kann. Nach den meisten Autoren (Carruthers, Derksen,
Selby, Rudall,Stoughton, Flescii und Van Scott) langt die Kératinisation
in der Basalschicht an. Die Tonofibrillen und interzelluldaren Bricken sind
Yorstadien des fibrosen Keratins.

Neben der Kératinisation spielt bei der Ausbildung der Barrierefunktion
noch ein, die Permeabilitdt vermindernder Faktor, der Lipoidgehalt der oberen
Zellschichten der Epidermis eine Rolle. Szakan1 [13] schreibt auf Grund seiner
Funktionsuntersuchungen: »Die Autoren nehmen an, daB das Rohkeratin
eine Matrix bildet, in der die Lipoide durch einen unbekannten Mechanismus

Abb. 1. Keratohyalinkdrner und llbergangszone in menschlicher Sohlenhaut. Gramfarbung

fest eingebettet sind und daR diese ihrerseits den W asserdurchtritt bestim-
men«. Bei der Untersuchung der Permeabilitdt scheinen die histologischen
Untersuchungen uber den Lipoidgehalt sehr wichtig zu sein, da die chemischen
Untersuchungen keinen sicheren AufschluR Uber die genaue Lokalisation der
Lipoidschicht geben. Mati [10] fihrte (1956) ausgedehnte Funktionsunter-
suchungen in dieser Richtung durch. Er stellte fest, daR an der Barrierezone
die Fette (Cholesterin) gemeinsam mit dem kompakten Keratin die Diffusion
der Was-sermolekile durch diese Membran verhindern. Die sogenannte Mali-
Schicht liegt offensichtlich unter der SzAKALLschen Schicht.

W ir fiithrten bei einigen Foeten die Ubergangszone anzeigenden histo-
chemischen Untersuchungen durch.
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Methoden

An der Sohlenhaut frisch verstorbener 2—9 monatiger Foeten wurden teils in eingebette-
ten, teils in Gefrierschnitten folgende Farbungen und Reaktionen durchgefihrt: Hamatoxylin-
Eosin, Cresylviolett, Ritter-Oleson (Hyaluronidase und Verdauungskontrolle), Gram-, Kon-
gorot-, Sudan |Ill-, und Sudanschwarzfarbung, die Lilliesche, die Peressigsdure-Schiff-
Reaktion, die Chevremont-Frédéricsehe, Barnett-Seligmansche und die Bakersche Reaktion
schlieBlich den SH-Nachweis.

Diese Reaktionen fihrten wir auch an normaler Sohlen-, Ricken-, Rrust-, Bauch- und
Schenkelhaut aus, und auch an Papeln von Psoriasis und Ekzem. Mit dem Kryostat wurden
dinne Schnitte fir Succinodehydrogenase, alkalische und sdurephosphatase Azofarbstoff
nach Vadasz und nicht-spezifische Esterase (nach David-Orstein) verfertigt.

Ergebnisse

1. In der untersuchten Sohlenhaut fielen die vor dem 4. Monat fir die
Barriere charakteristischen histochemischen Reaktionen negativ aus und
ebenso fehlte die Keratinschicht. Tonofibrillen waren zuerst im 3 4. Monat
wahrnehmbar. Im 4. Monat entsteht in der Haut der Foeten an der Oberflache
der Epidermis eine Gram-positive Zone. In der Haut der 4 5 monatigen Foeten
war im Stratum granulosum eine Keratohyalinkérnelung nachweisbar. Das
Keratohyalin zeigt Hale- (Abb. 2.) und Gram-Positivitdt, die Keratinschicht
ist mit Kongorot, Gram und PAS farbbar. Bei dlteren Foeten waren Gram- und
Kongo-Positivitdt verstdrkt und in der unteren Partie der Keratinschicht
lokalisiert. Lipoidfarbungen waren vom 5. Monat an positiv. Unsere Ergebnisse
in Hinblick auf SH stimmten mit denen von Matoltsy Uberein, der in Hihner-
embryonen die SH-Gruppen etwa in der Mitte des embryonalen Lebens vorfand
und erst spédter hohere Konzentrationen nachweisen konnte. In den so be-
handelten embryonalen Hautschnitten kann man im allgemeinen im 5—6.
Monat eine homogene suprabasale Keratinschicht beobachten, die ein Vor-
stadium der morphologischen Barriere sein dirfte. Diese morphologische Schicht
kann man besonders in den mit Kongrot und nach Gram behandelten Schnitten
gut beobachten (Abb. 3).

2. In normalen Hautgebieten erwachsener Personen sind die Kerato-
hyalinkérner mit der Ritter ObDESONschen Farbung Hale-positiv, die Kera-
tinschicht ergibt in ihrer ganzen Breite eine positive PAS-Reaktion. Ein
&hnliches Bild zeigen die Haut der Sohle, Psoriasis- und Ekzem-Haut, mit der
Abweichung, dall bei Parakeratose das Stratum granulosum meistens fehlt.

Mit modifizierter Gram-Fé&rbung kann man bei sorgféltiger Differenzie-
rung, besonders in akanthotischen Gebieten die aufwdarts zunehmende Gram-Po-
sitivitat der Tonofibrillen gut beobachten, welche mit den Keratohyalinkérnern
eine stark positive Schicht der Ubergangszone bildet. Eine schwache Féarbung
ist hie und da auch im Stratum disjunctum auffindbar. Die Positivitdt des
Keratohyalins und der Ubergangszone an der Sohle ist in der normalen Haut
in der Mehrzahl der Félle zu beobachten. In dem parakeratotischen Keratin
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Abb. 2. Hale-positive Keratohyalinkdrner in der Haut von 5 Monat alten Foeten
Abb. 4. Die sog. »Ubergangszone« wird mit der Bakerschen Reaktion gut sichtbar
Abb. 5. Starke saure Phosphatase-Reaktion in der Hornschicht. Vadaszsclic Azofarbstoff-
Methode
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«ler Psoriasis sowie bei Ekzem ist dagegen die Reaktion schwach. Die Gram-
Positivitat der beschriebenen Strukturen ist nach Fleschs [5-7] und unseren
Untersuchungen wahrscheinlich durch die Anwesenheit sauerer Mukopolysac-
charide bedingt. Nach eigenen Untersuchungen l4Rt sich die Ubergangszone am
besten mit der Kongorot-F&rbung in der Haut der Sohle und auch anderer
Kdrpergebiete darstellen. Bei Parakeratosis férbt sich dagegen die Keratin-
schicht in ihrer ganzen Breite kaum oder gar nicht. Es ist unbekannt, an
welche Substanzen sich die Kongo-Positivitdt knupft. Alte histologische Hand-
bicher bezeichnen sie als eine elektive Eleidin-Féarbung.

Mit den verwendeten Lipoidfadrbungen besonders mit der Bakersehen

ibb. 3. Kongorotfarbung in der Haut von 3 Monat alten Foeten

Reaktion ist die Ubergangszone in der gesunden Epidermis (Abb. 4) und
Sohlenhaut gut darstellbar, auch die Oberfladche der Keratinschicht farbt sich
in der Regel positiv. Bei Psoriasis und Ekzem féarbt sich die Keratinschicht
meistens in ihrer ganzen Breite. Mit der Bakerschen Reaktion ist ein Teil der
Keratohyalinkérner nachweisbar.

In der Barriere lassen sich SH-Gruppen in grofRer Menge und bei Para-
keratose in der ganzen Keratinschieht nachweisen.

Von den untersuchten Enzymen ist die Aktivitdt der Succinodehydro-
genase in der Basalschicht am stdrksten; sie vermindert sieh in Richtung der
Hornsehicht, und hort in der Ubergangszone auf.

Der Nachweis der alkalischen Phosphatase-Aktivitdt mit der Vadasz-
schen Methode gelingt nur im Kapillar-Endothel.
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Die saure Phosphatase-Aktivitat ist in der sog. Ubergangszone am stéarksten
(Abb. 5). In der psoriatischen und ekzematischen Epidermis erstreckt sie sich
Uber die ganze Hornschicht.

Die unspezifische Esterase — nach einigen Autoren teilweise Lipase—
akkumuliert sich unter der Ubergangszone. Die Hornschicht gibt nur bei
Parakeratose eine positive Reaktion.
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DEVELOPMENT AND KERATINIZATION OF THE HUMAN EPIDERMIS WITH
SPECIAL REFERENCE TO THE BARRIERS

L. SZODORAY und KLARA NAGY-VEZEKENYI

The morphology of the epidermal barriers has been studied by histochemical methods
in the sole of human foetuses, the sole, back, chest and abdomen of healthy persons and
patients suffering from psoriasis and eczema, applying Ritter—Oleson’s, Gram’s, Congo red,
Sudan Il and Sudan black dyes the periodic acid reaction of Schiff, the Chevremont—Frédéric
and the Barnett—Seligman reactions for the demonstration of SH groups.

1. The so-called transitory zone stains well with Congo red in every skin area. Lipid
staining and thoroughly differentiated Gram staining reveal a compact zone in the lower
part of the keratin layer. This zone is PAS-positive. Of the enzymes only a non-specific esterase
activity is demonstrable immediately under the transitory zone. The sulphhydryl reaction is
the most marked in the lower parts of the keratin layer. The transitory zone is Baker-positive,
proving the presence of the lipid-keratin complexes characteristic of these layers (Szakall—
Mali).

2. The results for human embryos were in close agreement with those obtained by
Matoltsy for chick embryos. In the stratum corneum of human embryos it is late in the 5th
month that a supragranular homogeneous layer appears.

3. It is concluded that the epidermal barrier is demonstrable morphologically, and
apparently located as a more or less compact keratin-lipid layer in the lower part of the
stratum corneum, and that it is broader than Szakall’s layer.

4. As in the transitory zone esterase and phosphatase activity could be demonstrated,

in agreement with Szakall and Mali it is believed that the barrier is a biologically active
layer.

PASBUTWUE N KEPATUHWU3ALUWNA YENOBEYECKOIo 3NMMAEPMWUCA C OCOBbLIM
YYETOM BAPbLEPA

N. COAOPAN n K. Hapgb-BesekeHbu

ABTOPbI MCCNEOBa/IN NPYU MOMOLLM TUCTOXMMUYECKMX METOAOB MOPO/Iormio anuaep-
MasIbHOro 6apbepa Ha KOXKe MOJOLLIBbI YeI0BEHECKUX 3apofblLleid, Ha KOXKe MOAOLUBbI, CrWHbI,
rPYAM W XMBOTA 3[40P0BbIX ML, 1 60/IbHBIX C NCOPMA30M W C 3K3eMOiA. ViccnegoBaHnsa nMpoBoau-
NCb MPU MOMOLLW OKpacku no PutTepy—OnecoHy, pamy, okpacku ¢ KoHropoTom, CypaH
Il n cygaHoBbIM YepHbIM, peakuuy LLngdba, peakumin LlleBpemoH—®peaepuka n BapHeTa—
3enurmaHa ansa BbIABMeHUA rpynn SH.
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1 Tak HasbiBaeMasi MepexofHasi 30Ha BO BCEX 06/1acTAX Tesla XOPOLUO OKpaluMBaAeTCs
KOHropoToM. Kpome TOr0 Kak npu MoMOLY SIMNOWAHON OKPAcku, Tak M C BUOV3MEHEHHOA,
TLATe/IbHO  AUCEPEHLIMPOBAHHO OKpackoil Mo I"pamy Hab/MOAAETCA KOMMaKTHbIA Croit B
HWXKHE YacTVi KepaTMHOBOro c/oA. 3Ta 30Ha MACK-nosioxutenibHas. M3 rucTonornyeckmx
3H3MMHBbIX peaKumii HernocpeacTBEHHO MOA NepexoAHOM 30HOW MOXHO BbISIBNIATL TONIbKO aKTyB-
HOCTb  HecreumMqMueckoii acTepasbl.  CynbrgpuibHble peakuy Hauboniee BblpakKeHHble B
HVWKHEA 4acT KepaTHOBOro C/iosl. MepexofHas 30Ha [aeT Takke M MOMOKUTENIbHYIO peak-
Um0 no bekepy, 4TO SB/SETCS [0Ka3aTe/IbCTBOM XapaKTepHOro Afs 3TOro C/ost SINNoug-
KepaTuHoBoro Komnsekca (Caxkaii—Mann).

2. Haum faHHble, MOMyyeHHble Ha YENOBEUECKUX 3apojblllaX, B 3HAYUTE/NLHOA Mepe
COBMafiad/IM CaHHLIMM, NONYYeHHbIMM MaTofibun Ha KyprHBIX 3apoibllliax. B KOXe Ye/oBeve-
CKMX 38p0fblLLEd TOMBKO K KOHLY 5-T0 Mecsiia MOXHO HabnofaTb CynparpaHynapHbIi romo-
TeHHbIi CIOV B POTOBOM Cioe.

3. Ha ocHoBaHWM Hab/tofeHNI MOXKHO Mpegnofiarats, HTO 3nuiepMasibHbIl  6apbep
/IOKa/IM30BaH M B MOPIO/IOTMYECKY BbIAB/IIEMO (HOPME M MO BCEA BEPOATHOCTM Kak 6oriee
WM MEHEe KOMMAKTHbIA C/oii BbIPKEHHOrO KePaTWH-/IMMOMAHOIO KOMI/IEKCA B HIDKHEN
YacT! POroBOrO C/I0A H YTO 3TOT 6apbep LMpe, Yem cnoii Caxavia.

4. TaK Kak B NMepexofHoii 30He MOXHO OblI0 BbISIBUTL SH3VIMHYHO aKTVBHOCTb (3CTepasbl
¥ hochaTaskl) aBTOPbI MNpejrosiaratoT B cornacuy ¢ Cakasyiom v Manwn, Uto Gapbep NpeacTas-
NAAET 6MO/OTVYECKN AKTUBHBIVA CJIOMA.

Dr. Lajos Szodokay
Dr. Klara Nagy-Vezekény
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Forschungsstelle der Akademie der Rumadnischen Volksrepublik. Institut fir Anatomie
(Vorstand: Prof. I)r. T. Maros) der Medizinischen und Pharmazeutischen Hochschule,
Tirgu-Mures

UBER GEWISSE EIGENTUMLICHKEITEN
DES PHYSIKALISCHEN ABBAUS DER MARKSCHEIDE
BEI DER EXPERIMENTELLEN ALLERGISCHEN
ENZEPHALOMYELITIS DER HLNDE

L. Lazar, T. Maros und Ibolya Kovacs

(Eingegangen am 5. April, 1965)

Bei der experimentellen allergischen Enzephalomyelitis (EAEM) der Hunde
wurden mit lichtmikroskopischen Methoden die einzelnen Typen des physikalischen
Abbaus der Markscheide untersucht. Auf Grund der anfanglichen Zeichen der Démyéli-
nisation konnten drei Typen unterschieden werden:

1. Die primare Démyélinisation, die durch Bildung von Myelinkugeln entsteht,

und bei welcher eine Antigen-Antikdrper-Reaktion die Abwicklung der Myelinperiode
von der AuBenflache der Markscheide verursacht.

2. Die sekundére Démyélinisation, die mit Erosionen der Oberflache der ge-
quollenen Markscheide beginnt, und welche durch Einwirkung der aktivierten RES-
Elemente in mit Mononukledren infiltrierten Gebieten hervorgerufen wird.

3. Die sekundare Démyélinisation, die mit Zacken- und Stachelbildungen an
der Oberflache der gequollenen Markscheide beginnt, und welche mit der Schadigung
und Mobilisation der Oligodendroglia-Elemente in Zusammenhang zu bringen ist.

Die genannten Typen kommen meistens vermischt, allein nur selten vor. Das
mikroskopische Bild macht die WALLERsche Degeneration, die infolge der Neuronen-
schadigungen entsteht, noch verwickelter.

Es konnte kein grundlegender Unterschied zwischen der EAEM der Hunde
und der menschlichen multiplen Sklerose (MS) gefunden werden.

Die eigentimlichsten Verdnderungen, die bei Enzephalitiden und Enze-
phalopathien mit Démyélinisation zustande kommen, werden durch den Abbau
der Markscheide und dessen Folgen verursacht. Obwohl sieh mit der Desinte-
gration der Markscheide eine fast undurchsichtliche Literatur beschéaftigt, kann
auch heute noch nicht behauptet werden, dall alle Probleme der Demyelinisa-
tionsvorgdnge klargelegt wdaren. So steht es immer noch zur Diskussion, ob
die Démyélinisation bei der multiplen Sklerose (MS), und auch bei der experi-
mentellen allergischen Enzephalomyelitis (EAEM) vom primé&ren oder sekun-
daren Charakter ist ferner, ob bei der EAEM die zellulare Infiltration des
betroffenen Nervengewebes nach der Démyélinisation entsteht, oder in
umgekehrter Reihenfolge — ob die zelluldre Infiltration an Stellen der fokalen
Demyelinisationen als sekundédre Folgeerscheinung zustande kommt, und
schlieBlich, ob die priméare und sekundare Démyélinisation in der physikali-
schen Phase des Markscheidenabbaus einen gemeinsamen morphologischen
Charakter hat. Mit den vorliegenden Untersuchungen trachteten wir die
obenerwédhnten Fragen zu beantworten und gleichzeitig weitere Daten zur
richtigen Interpretation jener morphologischen Bilder zu liefern, welche wir
in EAE M-Modellversuehen an Hunden beobachtet haben (Maros u. Mitarb.,
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1964). Wir suchten auch nach Zusammenhéngen zwischen den lichtmikroskopi-
schen Charakteristika des Demyelinisationsprozesses, der Bedeutung der mit-
wirkenden zelluldéren Elemente und den Typen der immunologischen Reaktion
bei der EAEM. SchlieBlich verglichen wir anhand der gewonnenen Ergebnisse
die morphologischen Eigenschaften des EAEM mit der menschlichen MS.

Untersuchungsmaterial und Methodik

Die Untersuchungen wurden am Gehirn von 20 erwachsenen Hunden durchgefihrt,
denen nach vorangehender Pertussis-Vakzination fiinftaglich eine heterologe Gehirnemulsion
mit Freunds Adjuvant intrakutan in die Haut des Genickes und des Rickens verabreicht
wurde. Die Tiere wurden nach Erscheinen der neurologischen Symptome in verschiedenen
Zeitpunkten getdtet, zur Zeit als es zu einem derartigen Verschlechterung des Allgemein-
zustandes gekommen ist, daR eine spontane Verendung zu firchten war. Die Angaben der
Modellexperimente wurden bereits bekanntgegeben (Maros, 1964).

Das Zentralnervensystem und gewisse Teile des peripheren Nervensystems wurden in
1:9 Formalinldsung, die eine Hemisphére in Bromforinol fixiert. Gefrierprdparate wurden
nach LAzARscher (1955) Markscheidenfarbung oder Silberimpragnation, Paraffinschnitte nach
Nissl-, Masson- und Hadmatoxylin-Eosin Farbung untersucht.

Ergebnisse

Es ist eine Eigentimlichkeit der EAEM, dall nach jeder Antigenverab-
reichung immer neuere Herde entstehen, bzw. dall in einem Teil deré&lteren
perivaskuldren Demyelinisationsherden neuere Exazerbationen zustande kom-
men (Maros, Lazar, Kovacs, 1964).

Bei jedem Tier sind die einzelnen Phasen der Démyélinisation von den
anfanglichen exsudativen perivaskuldren Erscheinungen bis zur Glianarben
bzw. sklerotischen Herden gut zu verfolgen.

Die Frihverdnderungen, d. h. die Erweiterung der perivaskuldren Rdume
und Invasion derselben durch hdmatogene Elemente, das perifokale Odem
und die hdmatogene Infiltration der Nachbargebiete sind nur mit einer Quellung
der Markscheide vergesellschaftet. Diese reversible Reaktion der Markscheide
wird irreversibel und fihrt zur Démyélinisation, wenn das Nervengewebe
dauernd oder wiederholt mit Blutplasma bzw. Extravasat infiltriert wird.
Im letzteren Falle weist die Markscheide eine unebene Oberflache auf, nachher
kommt es zur Desorganisation ihres Neurokeratingeristes, und endlich zer-
bréckelt sie sich zu Myelinkugeln.

In alteren, subakuten Herden und in deren Nachbarschaft verlauft der
M arkscheidenabbau nach der hyperergischen Exazerbation der histio-lympho-
polyblastischen Infiltrationen in derselben Weise entlang.

Derselbe Typ des physikalischen Abbaus der Markscheide ist auch in
den charakteristischen chronisch-gliotischen Herden wahrzunehmen, wenn es
zu Exazerbationen mit exsudativen Erscheinungen kommt. Man sieht die
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eigentimliche Abwicklung-AbreiBung der verschieden groBen Myelinkugeln
von der AuRenflache der gequollenen Markscheide, bis schlieBlich an ihrer Stelle
nur eine Reihe von Myelinkugeln zu beobachten ist (Abb. 1). Die diffuse akute
Démyélinisation der weifen Substanz der Hemisphédren wird meistens durch
den genannten »Myelinkugel-Typ« des physikalischen Markscheidenabbaus

Abb. 1. N. opticus. Zerfall der Markscheiden zu Myelinkugeln. Markscheidenfarbung. Vergr. Ok.:
6 X, Obj.: 24/0,42

Abb. la. Zerfall der Markscheide zu Myelinkugeln

charakterisiert (Abb. 2). Der Myelinkugelbildung folgend wird das ganze
Gebiet von mit Gliazcllen vermischten Granulationselementen tberschwemmt,
d. h. den physikalischen Abbau der Markscheide folgt die zelluldre Infiltration.

Eine Démyélinisation ist aber auch an solchen Stellen zu beobachten,
wo das Nervengewebe in umschriebenen perivaskuldren Herden, oder diffus
mit lympho-polyblastischen Elementen Uberhduft ist. An den genannten
infiltrierten Stellen, wo der ProzefR von subakuten Charakter ist, kommen oft
Erscheinungen vor, die als Erosionen den duBeren Schichten der Markscheide
zu deuten sind; auch dieser Verdnderungen folgt ein physikalischer Abbau
(Abb. 3). Diese Demyelinisationsform ist in den langen Bahnen des Gehirn-
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Stammes und des Rickenmarkes haufiger, kommt aber auch in der weien
Substanz der Hemisphéren vor.

Zwischen den (akuten, subakuten oder chronischen) Herden der weillen
Substanz der Hemisphdren findet man oft eine Vermehrung der Zeilen von
Oligodendrogliareihen, mit Quellung des Zellkerns und Anreicherung des

Abb. 2. N. opticus. Erosionen an der Oberfliche der gequollenen Markscheide. Markschei-
denfdrbung. Vergr.: Ok.: 6 x, Obj.: 45/0,65

Abb. 2a. Schema des Markscheidenabbaus durch Erosionen

Zytoplasmas. Ensteht an diesen Stellen eine Démyélinisation, so wird sie durch
“Myelinfortsdtze”, “Myelinstacheln” charakterisiert, welche sich von der
AuRenflache der gequollenen Markscheide abschniren (Abb. 4). Das Myelin
wird von den Nervenfasern sozusagen abgerissen. Diese Form des physikali-
schen Abbaus der Markscheiden ist auch im Opticus-System eine haufige
Erscheinung.

Meistens kommen die genannten Formen des Markscheidenabbaus ver-
mischt vor, um so mehr, da sich die akuten exsudativen Herde meistens auf
solche Herde ansetzen, welche einen subakuten oder chronischen Prozef}
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spiegeln. Noch verwickelter wird das Bild dadurch, daR nach direkter Schadi-
gung der Neuronen ein, die WALLERsche Degeneration begleitender Myelin-
abbau auch einsetzt.

Abb. 3. N. opticus. An der gequollenen ungleichméRig dicken Markscheide sind »Stacheln«,
»Zacken« zu beobachten. Markscheidenfarbung. Vergr.: Ok.: 6 x, Obj.: 45/0,65

Abb. 3a.Schema des beginnenden Markscheidenabbaus durch »Myelinstacheln« und »Myelin-
zacken«

Besprechung

In der Umgebung des perivaskuldren entzindlichen Hofes, in den diffus
6ddematdsen Gebieten, und auch an Stellen der hyperergischen Exazerbationen
wird es klar, daf in jenen Formen der Démyélinisation, wo dieser ProzefR der
Aktivation der zelluldren Elemente vorangeht, der markscheidenschéadigende
Faktor direkt auf das Myelin einwirkt. Die Funktionsstérung der Blut-Gehirn-
Barriere (Lehoczky, 1962, Halasy-Lehoczky, 1962, Seitelberger, Jellin-
ger, 1963) ermdglicht die Einstrémung des im Serum vorhandenen demyelini-
sierenden Faktors (Appel, Bornstein, 1964) in die perivaskuldren Gewebe.
Der Serumfaktor ist von Antikérper-Natur (Niedick, Kuwert, 1963), und
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entsteht infolge der Einwirkung der Antigene auf die RES-Elemente (Bohme,
1963, 1964). Als Antigen fungieren die mit der heterologen Gehirnemulsion
eingefihrten Substanzen des Myelins (Levine, Wenk, 1963). Die Rolle der
als Adjuvant injizierten Mykobakterien oder anderen Gramnegativen Mikro-
organismen ist nicht ganz klar (Shaw, Alvord, Kies, 1964). DalR die anti-

Abb. 4. Po6lustemporalis. An den Konturen der Fasern sind anfangliche Zeichen des Markschei-
denabbaus durch Erosionen und Stacheln zu beobachten

Abb. 5. N. opticus in demselben Sehfeld. Anfédngliche Zeichen des Myelinabbaus: Erosionen
Stacheln und Myelinkugelchen die sich von der Markscheide wegreifen. Markscheidenfarbung
Ok.: 6 X, Obj.: 24/0,42
Myelinsubstanzen sich zur Markscheide binden, ist mit Immunofluoreszenz-
methoden gut kontrollierbar (Fietld, Ridley, Caspary, 1963). Die zur Démy-
élinisation fihrenden Antigen-Antikdérper Verbindungen kommen vermutlich
auch im lebenden Organismus in dhnlicher Weise zustande, wie in der Nerven-
gewebekultur. Das Serum des Tieres mit EAEM, oder des Menschen mit MS
enthélt solche Substanzen, die in vitro Démy¢élinisation herbeifihren (Schatz,

Adelson, 1958, Bornstein, 1963).
Das zur Schwannzellen-Kultur gegebene anti-Schwannzellen-Serum 16st
zuerst die Zellwand und deren Membransysteme, und danach auch das Zyto-
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plasma auf. Inaktiviertes Serum hat nur nach Zugabe von Komplement eine
&hnliche Wirkung (Pette, Pette, 1963). Dieser Antikdrper ist scheinbar ein
Lysolezithin, der die Markscheide, die doch von Schwannzellen abstammt,
angreift (Webster, 1957). Ahnlicherweise wirken auch die Lezithinaseenthal-
tenden Stoffe, sowie einige Schlangengifte, Clostridium-Filtrat usw. (Mor-
rison, Zamecnik, 1950, Weil, 1930, Weil, Heilbrunn, 1941). Auf Wirkung
der myelindestruierenden toxischen Stoffe kommt es zur Desorganisation der
dickeren dunklen Linien zwischen den Myelinperioden der Markscheide
(Barton, 1962, Petersohn, 1963). Danach zerfallen die aufgewickelten Myelin-
perioden zu kleineren oder grofReren Myelinkugeln. Anhand der obigen Befunde
ist der von uns beobachtete Markscheidenzerfall in Myelinkugeln die Folge
einer Antigen-Antikérper-Wirkung. Im wesentlichen handelt es sich um eine
Myelinolyse, welche zur axo-myelinischen Dissoziation (Fog, 1947, 1957)
fuhrt, und als primare Démyélinisation zu betrachten ist.

Die andere, durch Erosionen charakterisierte Form des physikalischen
Abbaus der Markscheide kdnnen wir als direkte Einwirkung der zeliigt;n Ele-
mente deuten. Dieser Typ entsteht in mit Zellen infiltrierten Zonen. Nach
der Meinung von Bubis und Luse (1964), sowie Waksman und Adams (1955)
ist die Démyélinisation zum Erscheinen der mononukledren Zellen im Nerven-
gewebe gebunden, und beginnt zuerst mit dem Kontakt zwischen Histiozyten
und Myelin. Eine demyelinisierende Wirkung der RES-Elemente wurde auch
von anderen Autoren beobachtet (Bohme, 1963, Weinstein, Woolf und
Meynell, 1963). Johnston, Green und Headington (1963) haben neben
Tuberkulose und Sarkoidose Leukoenzephalopathien mit Démyélinisation
beobachtet. DrAganesco, Gyergyay, Petresco und lonesco (1963) berich-
teten Uber perivaskuldare Démyélinisation bei einer durch retikulohistiozytare
Granulome charakterisierten Enzephalitis. D’Agostino, Pease und Kehnohan
(1963) beobachteten einen Fall von multifokaler progressiver Leukoenzephalo-
pathie in den Hemisph&ren und dem Gehirnstamm, die sich zur RES-System-
Erkrankung anschloR.

Unserer Meinung nach ist der mit Erosionen einhergehende Abbau der
Markscheide einer direkten Einwirkung der RES-Elemente zuzuschreiben und
als solches fiir die subakute Démyélinisation charakteristisch.

Der dritte Demyelinisationstyp, der in der physikalischen Phase des
Markscheidenabbaus zu beobachten ist, und welchen die an der AulRenflache
der Markscheide entstehenden unregelmdRigen Stacheln oder Zacken charakte-
risieren, dirfte mit einer primdren Sché&digung und Mobilisation der Oligo-
dendroglia-Elemente erklart werden.

Mit dieser Ansicht schlieBen wir uns Lumsdens (1957) Behauptungen an,
wonach die dem Myelinabbau vorangehende Myelinquellung mit der hypoxi-
schen oder andersartigen Schéadigung der Oligodendroglia-Elemente in Zusam-
menhang steht. Diese Schdadigung der Oligodendroglia-Elemente, die in den



94 L. LAZAR, T. MAROS und I. KOVACS

osmotischen Verhaltnissen des Myelins eine wichtige Rolle spielen, kdnnen bei
der EAEM, auch ohne Teilnahme entziindlicher Komponente, zur irreversiblen
Myelinveranderungen und Démyélinisation fihren (Roizin, Kolb, 1957).
Die Schédigung und Dedifferenzierung der Oligodendrogliazellen erkl&rt diese
Form des Markscheidenabbaus, welche trotz der axo-myelinischen Dissoziation
als sekundare Démyélinisation zu deuten ist.

SchlieBlich kann also in der Démyélinisation bei Hunden mit EAEM
eine primare und auch eine sekunddre Démyélinisation eine Rolle spielen.
Bei der akuten primaren Démyélinisation ist die zeitige Infiltration des Herdes
sekundéar, im Gebiet der subakuten zelluldaren Infiltration haben wir aber mit
einer sekundaren Démyélinisation zu tun, bei welcher der priméare Faktor die
AKktivitdt der RES-Elemente und der Gliazellen ist.

Der Auffassung Lumsdens (1957), wonach in allen allergischen Enze-
phalomyelitiden nur sekunddre Démyélinisation vorkoinmt, kédnnen wir also
nicht vollig beistimmen.

In Einverstdndnis mit Fogs (1963) Behauptungen kdnnen wir zwischen
den Demyelinisationsformen bei der EAEM der Hunde und der menschlichen
MS keine grundlegenden Unterschiede finden, da in beiden Prozessen dieselbe
Faktoren wirken und im wesentlichen beide auf Grund einer disseminierten
zerebrospinalen Periphlebitis entstehen.

Die flr die menschliche MS charakteristische herdférmige oder diffuse
progressive Démyélinisation (Henneaux, 1959) unterscheidet sich nicht
wesentlich von jenen Typen, die bei der EAEM des Hundes Vorkommen.

Konklusionen

Bei der EAEM der Hunde sind drei Type des Markscheidenabbaus zu
unterscheiden:

1. In den akuten allergischen Herden und an den Stellen der hyper-
ergischen Exazerbation zerfdllt die Markscheide in Myelinkugeln. Bei diesem
Prozell kommt eine charakteristische Erscheinung vor: von der AuBRenflache
der Markscheide reien sich verschieden grofe Myelinkdérnchen und Kigel-
chen ab, wahrscheinlich infolge einer Antigen-Antikdrper-Reaktion, die sich
im Niveau der Myelinperioden abspielt. Diese Form des Markscheidenabbaus
ist als primare Démyélinisation zu deuten, welche von einer Mobilisation der
zelluldren Elemente gefolgt wird.

2. Den subakuten, herdférmigen oder diffusen zelligen Infiltrationen
entsprechend entsteht eine sekundare Démyélinisation mit langsameren Ablauf.
Fir diesen Typ der Démyélinisation ist es charakteristisch, dall sie mit Ero-
sionen der Oberflaiche der Markscheide beginnt. Diese Erosionen entstehen
infolge der myelinschadigenden Wirkung der zelligen Elemente, hauptsdchlich
der RES-Elemente.
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3. Den Beginn der dritten Form der Démyélinisation charakterisieren die

Myelin-Zacken oder Stacheln, die sich von der AuRenfldche der Markscheide
wegreilen. Diese ebenfalls sekundédre Demyelinisationsform kann man mit der
priméren Schadigung bzw. Mobilisation der Oligodendroglia-Elemente in
Zusammenhang bringen.

Bei der EAEM der Hunde entstehen die genannten drei Demyelinisa-
tionstypen meistens gemischt mit Prdponderanz der einen oder der anderen
Form. Das histologische Bild kann noch verwickelter werden, wenn zu den
erwdhnten Formen gleichzeitig ein solcher Markscheidenabbau hinzukommt,
der mit der WALLERschen Degeneration verbunden ist.

Die wesentlichen Unterschiede zwischen der EAEM der Hunde und der
menschlichen MS sind nicht in den morphologischen Eigentiimlichkeiten, son-
dern vielmehr in den Abweichungen des Krankheitsablaufes zu suchen.
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SOME CHARACTERISTICS OF THE PHYSICAL BREAKDOWN OF THE MYELIN
SHEATH IN THE EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS OF THE DOG

L. LAZAR, T. MAROS and IBOLYA KOVACS

In the experimental allergic encephalomyelitis of the dog authors have studied by light
microscopic methods the various types of the physical breakdown of the myelin sheath. It has
been found that on the basis of the initial changes of demyelinization three forms may be
distinguished:

1. Primary demyelinization resulting from the formation of myelin spheres, in which
the rolling off of the myelin periods from the surface of the myelin sheath is caused by the
antigen-antibody reaction.
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2. Secondary demyelinization beginning with a “pitting” of the surface of the swollen
myelin sheath, produced by the activated RES elements in the areas infiltrated by mono-
nuclear cells.

3. Secondary demyelinization beginning with the appearance of myelin indentations
and spikes, which may he correlated with lesion to and mobilization of oligodendroglial
elements.

These types usually occur mixed and are seldom found alone. The degeneration of Waller
due to lesions to the neurone makes the microscopic pattern of demyelinization even more
complicated.

Authors have found no fundamental differences between the demyelinization occurring
in the dog’s EAEM and that demonstrated in SM of man.

HEKOTOPbIE OCOBEHHOCTU ®UN3NYECKOIO PA3PYLUEHNA MWE/IMHOBOIO
B/TATAZIVWA TP SKCINMEPUMEHTAJ/IbBHOM AJIJIEPTMYECKOM
SHUE®PANOMUNENNTE ¥ COBAK

n. NA3AP, T. MAPOWI n N. KOBAY

ABTOPbI M3ydany NpU 3KCMEPUMEHTA/IbHOM asifieprieckom aHLedaniomMmveniTe y cobak
OTAe/bHbIE TUMbl (PU3NYECKOrO PaspyLLEHNUs MWENUHOBOrO Bfara/dlia noj MUKPOCKOMOM.
OHV YCTAHOBW/IM, YTO HA OCHOBAHUM Haua/bHbIX MPU3HAKOB AEMUEIMHU3ALMN MOXHO pas/fiun-
yaTb TpU HOPMbI:

1 TepBuYHAs AeMUEIMHM3ALMS, HACTynawowas 3a CYeT BO3HUKHOBEHWS| MMWENMHOBbIX
LLIApPVKOB, e NPOLECC Bbi3blBaeTCS peakuueri aHTUTeH-aHTUTeNo.

2. BTOpuYHas [eMUENUHM3ALMS, HAUMHAIOWAACS «BblOAHWAMM» MOBEPXHOCTU HaByX-
LA MUENMHOBOI 060/104KK, KOTOpasi Bbi3blBAaeTCA aKTVMBMPOBABLUMMMUCS aneMeHTamu P3C B
061acTAX, UHPUALTPMPOBAHHBLIX OHOAAEPHBLIMM  K/IETKaMu.

3. BTopuuHas geMuenMHM3aLMs, HaUMHAIOWASCS MOSIBNEHNEM HA MOBEPXHOCTM HabGyX-
LLIEr0 MMESTMHOBOIO BRaravilla LUMMOB, YTO MOXET 6biTb CBS3aHO C MOPaXKEHWEM U C MOBUU-
3aUmMeilt 3NeMeHTOB ONIUIOAEHAPOT MM,

BblLLenepeuncieHHble TUMbl AeMUENMHM3ALMM 06bIYHO BCTPEYAoTCs CMELLaHHO M TOMIbKO
peAko HabntogaloTca camy no ce6e. MUKPOCKOMNMUECKas KapTuHa OC/IOXHsieTca ewe Banne-
POBCKMM MepepoXKAeHMEM, BO3HMKAIOLWMM B pesy/ibTaTe MOPaXKeHWUs HeBPOHOB.

ABTOPbI He BUAST OCHOBHOIM pasHULbl MeXay AemMuenuHmusaupeid, HabnogatoLeiica npu
9KCMEPUMEHTA/IbHOM afifIepruyecKoM sHuUedanoMmennTe cobak u 4denosedeckoin CM.

Dr. Laszl6 Lazar
Dr. Tibor Maros
Dr. Ibolya Kovacs

Tirgu-Mures, (R.P.R.) str. Universitatii 38.,
Ruménien

Ada Xlorphologica Academia»' Scienliarum 1lungaricae 14. 1966






Acta Morphologien Academiae Scientiarum Hungaricae Tomus 14 (1), pp. 99 — 104 (1966)

Second Department of Ophthalmology (Director: Prof. T. Nonay), University Medical School,
Budapest

THE MECHANISM OF CORNEAL VASCULARIZATION

Gy. Imre

(Received April 30, 1965)

Intracorneal injection of 0.1 per cent lactic acid and pyruvic acid induced early
and intensive vascularization in the cornea of rabbits. The injection of 0.1 per cent
sodium hydroxide, hydrochloric acid and acetic acid caused corneal intumescence of
the same degree as that due to treatment with lactic acid, but vascularization provoked
by the latter compound was significantly more intensive than that induced by the
other compounds. The accumulation of lactic acid in the course of anaerobic glycolysis
in hypoxic tissues plays most probably an important role in vascularization. Impairment
of oxygen supply and activated metabolism due to regeneration explain the increased
concentration of lactic acid and the resulting corneal vascularization after the injection
of substances other than lactic acid. This compound presumably represents the vaso-
formative factor.

The literature on corneal vascularization has been surveyed by Ashton
[1] and Cogan [4]. Cogan [3] holds that vascularization is connected with
corneal swelling, while according to Ashton [1] it is probably due to a meta-
bolic product arising under hypoxic conditions, and this vessel-forming factor
may, owdng to the poor oxygen supply of the cornea, be present also in the
unimpaired avascular corneal tissue, the reason why a decrease in the density
of the cornea may induce the growth of vessels. It is well-known that hypoxia
promotes the development of new vessels [2, 18, 23].

Tin; vasoformative factor is presumably lactic acid, a product of anaerobic
glycolysis [8]. It was suggested that the reason why vessels are always growing
toward the hypoxic tissues is that the lactic acid produced in those tissues is
anabolized to glycogen by the cells having a role in vascularization. This is
supported by the observation [9, 19] that glycogen is stored in the mesenchymal
cells of the vascularizing retina and cornea.

The present experiments were designed to demonstrate the role of lactic
acid in corneal vascularization.

Material and method

Intracorneal injections of 0.05 ml volume were made into both eyes of 28 adult rabbits
with an average body weight of 2 kg. The puncture was made near the centre of the cornea,
and the canula was inserted between the lamellae towards the limbus. As a result, a wheal
4 mm in diameter developed, touching the limbus over a length of 3 to 4 mm.

Usually two injections were made; the second was given 3 days after the first, possibly
by the same route so that the injected solution reached the same area on both occasions.
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Table |
Intracorneal injections Days of
No. of Number of Side (0.1%,0.05 "ml) inc?{)ient
experiment animals vasculariza-
Compound pH No tion
l. 5 r. Lactic acid 3.0 2 3—4
1 Lactic acid 3.0 2 3 4
2. 5 r. Lactic acid 3.0 2
1 Lactic acid 3.0 2 —
3. 5 r. Lactic acid 3.0 2 2 4
1 Sodium hydroxide 125 2 3-5
4, 5 r. Lactic acid 3.0 2 2—4
1 Acetic acid 3.5 2 4-6
5. 5 r. Pyruvic acid 25 2 3-4
1. Hydrochloric acid 15 2 3-7
6. 3 r. Distilled water 3 8-9
1 Puncture only 3 0

*= 001 CP< 002
** = 002 < p< 005

Experiment No. 1. A 0.1 per cent solution of lactic acid was injected into both corneas
of 5 rabbits in order to observe possible discrepancies between the two sides.

Experiment No. 2. After having injected a 0.1 per cent solution of lactic acid into both
corneas of 5 rabbits, the eyelids of the left side were united by 5 to 6 stitches. The palpebral
fissure was reopened for the second injection and closed again. Closure became incomplete
between the 4th and the 10th day when the sutures had cut through the tissues. Although the
palpebral fissure was immediately reclosed, air had nevertheless gained access to the cornea
in these cases.

Experiment No. 3. A 0.1 per cent solution of lactic acid was injected into the right eye
and an equal solution of sodium hydroxide into the left eye of 5 rabbits.

Experiment No. 4. Five rabbits were injected with lactic acid in the right eye, and a
0.1 per cent solution of sterile acetic acid in the left eye.

Experiment No. 5. Five rabbits received a 0.1 per cent solution of pyruvic acid in the
right eye and 0.1 per cent solution of hydrochloric acid in the left eye.

Experiment No. 6. The right-side cornea of 3 rabbits was injected with distilled water,
while only a puncture was made on the left side. The total number of injections and punctures
was 3 per rabbit, at 3-day intervals.

Corneal vascularization, the distance between the limbus and the central rim of the
vascularized area were measured daily (except, of course, in experiment No. 2). These data
were analysed, the arithmetic mean of the length of the vasularized areas in the identically
damaged corneas was computed, its standard deviation determined, and the difference between
the two sides analysed statistically by means of Student’s i-test.

The results of histologic examinations made in connection with the experiments have
already been reported (9).

Results

Superficial and deep vascularization was notable in all corneas except
those pierced but not injected. New vessel growth originated from a 5to 7 mm
long portion of the limbus, and the vessels formed a dense pannus in most
cases (Fig. 1). Numerical results are presented in Table I.
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Distance (mm) between vascularized area and limbus

(mean value and + standard deviation) Not
otes

4th day 6th day 8th day 0
0.38 + 0.13 1.00 £ 0.23 1.68 t- 0.44 2.28 + 0.32
0.34 it 0.18 0.98 + 0.22 1.70 + 0.43 2.30 + 0.36
0.32 + 0.13 1.26 + 0.11 2.00 *0.12 3.08 + 0.46 Closed palpebral
0.54 + 0.21 — — 3.14 + 0.46 fissure
0.46 £ 0.22 1.34 £ 0.35 1.94 + 0.35 2.54 £ 0.44
0.22 + 0.22** 1.00 + 0.10 1.82 + 0.30 2.38 £ 0.36
0.44 £ 0.32 0.58 + 0.34 1.88 + 0.11 2.38 £ 0.35
0.08 + 0.08** 0.58 + 0.23* 1.16 £ 0.47** 1.64 + 0.47
0.22 + 0.08 0.94 £+ 0.34 1.67 f 0.11 2.46 -i- 0,23
0.06 £+ 0.13** 0.46 + 0.23 0.94 + 0.47 1.48 + 0.80
0 0 0.10 £ 0.07 0.13 £+ 0.06
0 0 0 0

Experiment No. 1. Vascularization was of the same extent on both sides.

Experiment No. 2. On the 4th day of the experiment up to which time
the closure of the left palpebral fissure had been practically complete, the
vessels of this side were 68 per cent longer and somewhat more densely arranged
than those on the right side. The difference was not significant statistically.

Experiments Nos. 3, 4, 5. On the 4th day, vasevdarization in the corneas
treated with lactic or pyruvic acid was more developed than in those treated
with sodium hydroxyde, acetic acid or hydrochloric acid. The differences were
significant (p < 0.05). The difference between the effect of lactic acid and that
of acetic acid (Expt. No. 4) was still significant on the 6th and the 8th day
(p < 0.02 and 0.05 respectively).

Vascularization began on the 2nd to 4th day in the corneas treated with
lactic or pyruvic acid, whereas new vessel growth started on the 3rd to 5th
day after sodium hydroxyde, on the 4th to 6th day after acetic acid, and on
the 3rd to 7th day after hydrochloric acid injections.

Experiment No. 6. Marginal vascularization of 0.1 to 0.3 mm was found
on the 8th to 10th day after the injection of distilled water, whereas mere
puncturing had no effect.

Discussion

The fact that the injection of lactic acid at a concentration hardly exceed-
ing that of lactic acid present in the cornea under physiological conditions
induced early and intensive vascularization does not, in itself, prove the
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vessel forming role of the compound since vascularization is generally known
to follow corneal swelling. The fact, however, that all injected substances
caused a similar degree of intumescence and that vascularization was never-
theless earliest and most pronounced after the injection oflactic acid, argues for
a specific enhancing property of this molecule. (Most of the pyruvic acid, em-
ployed in Experiment No. 5, must have been converted into lactic acid in the
bradytrophic cornea so that its effect was really one of lactic acid.) It should
be noted that, while the corneal damage caused by hydrochloric acid, or sodium
hydroxide was more serious than, and that caused by acetic acid equal to,
the injury due to lactic acid, vascularization was less marked in these cases.

Vascularization induced by lactic acid ceased to be significantly stronger
on the 6th day in Experiments 3 and 5 and on the 10th day in Experiment 4.
This, however, doesnot argue against the specific action of lactic acid, since the
acceleration of the rate of vascularization in the corneas treated with the other
substances may have been due to factors that increase the concentration of
lactic acid. One such factor is the impairment of oxidative metabolism which
occurs if the cornea is injured. Disturbance of oxidative metabolism is, of course,
followed by a rise in the concentration of lactic acid. Another such factor
is connected with regeneration. Weimar has shown [22] that regeneration
means the activation of corneal metabolism. Because of insufficient corneal
0 2-supply, such activation gives rise to increased anaerobic glycolysis and so
to higher concentrations of lactic acid, a phenomenon demonstrated also by
Pena-Carrillo [17].

In case of corneal oedema the physiologically high lactic acid concentra-
tion of the cornea [12, 13] may be sufficient in itself to produce corneal
vascularization as shown by the vascularization due to distilled water injected
in Experiment No. 6.

It is known that continuous wearing of a contact lens may cause corneal
swelling and so lead to vascularization [6]. Swelling is due in this case to
anoxia [20]. That the protracted wear of a contact lens increases the concentra-
tion of lactic acid in the cornea, and that the consecutive erosions promote
corneal vascularization, has been shown in numerous animal experiments
[5, 6, 16]. Erosions increase the concentration of lactic acid because, synthesized
in all corneal layers, this substance is utilized only in ihe presence of epithelial
cells [7]. Alloxan introduced into the anterior chamber has induced marked
corneal swelling and vascularization in animal experiments. According to
Langham [14], alloxan inhibits glycolysis for 24 hours and reduces the 02-
uptake of the cornea markedly and permanently. The reduced 02-uptake is,
of course, accompanied by a rise in lactic acid concentration. Levene et al. [15],
by encircling the equator of the globe with an elastic band, induced an increase
of intraocular pressure, corneal swelling and vascularization in rabbits. They
found that in the unimpaired cornea ihe lactic acid content amounted (with
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Fig. 1. Dense pannuslike vascularization of rabbit cornea after two intracorneal injections of
0.1 per cent lactic acid., on the 10th day of exp. No. |
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reference to dry matter) to 2.9 /<g/mg in the peripheral rim and to 5.9 /ig/mg
in the central disk. While there was no ehange in this respect in the central
disk during the first 12 days, i.e. the initial and active stage of vascularization,
the concentration of lactic acid rose to 55 6.0 /ig/mg in the peripheral rim.

The results of the present experiments as also the quoted literary data
make it evident that a rise in lactic acid concentration plays an important
role in corneal vascularization, and support the assumption that the vaso-
formative factor is also lactic acid. Glycogen, appearing in connection with
vascularization, seems to be synthesized from lactic acid by the vessel-forming
cells which are activated by the high lactic acid concentration. Accumulation
of glycogen supplies the energy required for the proliferation and differentiation
of these cells.

Beside the elevated concentration oflactic acid also other factors contrib-
ute to corneal vascularization. It has been shown [10, 11] that bradytrophic
tissues as well as fragments of brain tissue, soaked in adrenal extract and then
grafted on the chorioallantoic membrane of chick embryos, develop an abound-
ant vasculature. The prompt vascularization in these cases is probably due
to the physico-chemical properties of the explanted hypoxic tissues (e.g. a
ehange in their compactness), but it is likewise possible that mesenchymal stim -
ulation by the mineralocorticoids enhances the vascularizing affect of the
high lactic acid concentration.
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UBER DEN MECHANISMUS DER HORNHAUTVASKULARISATION
GY. IMRE

Intrakorneal injizierte 0,1%ige Milchs&ure- und Brenztraubensdurelésung verursachten
bei Kaninchen frihe und ausdrickliche Korneavaskularisation. Diese GefaRbildung war
signifikant ausgepragter als die durch Injizierung von 0.1%iger Salzsdure-, Natronlauge- bzw.
Essigsdurelosung herbeigefuhrte Vaskularisation, obwohl die entstandene Korneaanschwel-
lung im wesentlichen identisch war. Die Experimente sprechen dafir, dal die in den hypoxi-
schen Geweben im Laufe der androben Glykose zustandekommende Milchsdureanhdufung in
der GefaBbildung eine bedeutende Rolle zu spielen vermag. In den Fallen, in denen der schadi-
gende Faktor nicht die Milchsdaure war, kénnen die Milchsdureanhdufung und die Korneavasku-
larisation mit der Schadigung des oxydativen Stoffwechsels und der mit der Regeneration
verbundenen Stoffwechselaktivierung erklart werden. Der vasoformative Faktor ist aller
Wahrscheinlichkeit nach die Milchsdure selbst.

MEXAHW3M BACKYNAPU3ALMN POrOBULbI
Ob. UMPE

MHTpakopHeanbHoe BBeaeHMe 0,1%-HOro pacTBopa MOJIOYHOM UM MUPOBUHOrPaAHON
KUC/IOT BbI3bIBAET Ha POrOBULE KPOMMKa PaHHIO W BbIPAKEHHYI BacKynspusauuio. 3Ta
BacKy/nspm3aLua Gbina CTaTUCTMYECKN [OCTOBEPHO GO/blUEi, YeM TakoBasi, Bbl3BaHHAsi MHTpa-
KopHeanbHbIM BBegeHVeM 0,1%-HOro pacTBopa FUAPOKCUAA HATPUS, COMSAHOM W YKCYCHOW
KWC/IOT, HECMOTPS Ha TO, YTO HabyxaHue PoroBuLbl GbII0 MO CYTU AeNa OAHVUM U TeM e, OnbiTbl
NOATBEPXAAIOT, UTO B FMMOKCUYECKMX TKaHAX B [ie/1e BacKyspusauny 60/bLIy0 Posib MOXET
UrpaTb CKOM/EHME MOJOYHOM KWCNOThI, 06pasytolleiicds BO BpeMsi aHaspobHOro rIMKou3a.
B Tex cny4yasx, B KOTOpPbIX MOpaKeHWe BbI3blBa/IOCb HE MOJSIOYHOW KMCMOTOM, CKOM/eHue mo-
cnefiHell U BacKynsipusauusi PoroBuLbl OGBLSICHSAIOTCA HapyLLEeHWeM OKWUCUTENbHOM0 o6MeHa
BELLECTB M aKTVBaLMell CBS3aHHOro C pereHepauuveit obMeHa. BasoopMaTMBHLIM (PAKTOPOM,
BEPOATHO, SIBNSETCA caMa MOJoYHas KucroTa.

Dr. Gydrgy Imre: Budapest vIIl., Maria u. 39., Hungary
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SUBMICROSCOPICAL STRUCTURE OF ADENOID CYSTIC
CARCINOMA OF SALIVARY GLANDS

V. Fhiboksky

(Received February 23, 1965)

Adenoid cystic carcinoma of the salivary gland has been investigated by polari-
zation and electron microscopy. The polarization microscopical findings revealed that the
cylindrical formations are not amorphous but consist of oriented fibres with a charac-
teristic polarization optical appearence. The hyaline cords (spheroids) are built up by
two components, viz.

(i) acid mucopolysaccharides, chiefly ChSA A and/or C, in great amounts;

(i) connective tissue fibres with positive Ebner’s reaction and electron micro-
scopical periodicity.

In a previous communication we have dealt with the histogenesis,
morphological appearence and biological properties of the adenoid cystic
carcinoma of salivary glands (Friborsky 1963). The present paper deals with
the submicroscopic structure of the cylindrical stroma formations (spheroids),
the nature and origin of which is not fully clarified.

Material and methods

Biopsy material has been investigated from adenoid cystic carcinoma by polarization
microscopy and electron microscopy. Polarization optical observations were made with Leitz
Ortholux polarization microscope equipped with a rotating Kohler-Brace compensator of
30—58 mft retardation. Concerning the general principles of polarization microscopy, we refer
to the papers by Schmidt (1938). Bennet (1950) and Brewer (1957). For the special study
of the question of the possible collagenous nature as well as of the acid mucopolysaccharide
components of the cylindrical hyalinecords, the following topochemical reactions were applied.

1 Ebner’s phenol reaction. The positive birefringence of the collagen fibres becomes
negative in phenol. This effect is due to the oriented association of the phenol molecules trans-
versally to the micellar collagen structure. Since the reaction depends on the collagens specific
molecular structure, it may be considered as one of the most specific morphologic reactions
for collagen. The phenol reaction was performed by mounting the slices in a mixture containing
equal quantities of phenol and Canada balsam.

2. Anisotropic toluidine blue staining according to Romiianyi (1963), for the study of
the submicroscopic structural pattern and relative quantity of the acid mucopolysaccharide
components. In a recent study of the submicroscopic structure of the metachromatic staining
reaction, Romiianyi (1963) has shown that in connective tissue the acid mucopolysaccharides
are present in an orientated macromolecular structural pattern. The metachromatic staining
reaction, as an oriented association of the dye molecules on the acidic polysaccharide groups
causes characteristic anisotropic changes of the stained structures. By measuring the anisotropy
of the metachromasia, quantitative data can be obtained for the acid mucopolysaccharide
content in relation to the collagen content estimated by the phenol reaction, and expressed
as an anisotropic index of metachromasia (Romiianyi, 1963). Enzymatic treatment: Testicular
hyaluronidase (Organon) for 4 6 hours at 37°C; and mg/ml of elastase in carbonate buffer,
pH 8.8, for V2—2 hours at 37°C.
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Fig. 1. Strong birefringence of connective tissue and cylindrical spheroids. Negative birefringence of spheroids
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Fig. 2. Ebner’s reaction. Inversion of
birefringence

Fig. 3. Toluidine blue staining.  A. light microscopy
B. polarization microscopy
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Electron microscopy. Tissue blocks from the neutral formalin-fixed biopsy material
were cut into pieces of 1—2 mm, postfixed in 1 per cent buffered isotonic 0S04, pH 7.2, for
60 minutes, and after dehydration in ethanol they were embedded in a mixture of butyl and
methylmethylacrylate, 4:1. Sections were cut on a LKB Ultratom type ultramicrotome and
examined by a Zeiss ELMI D 2 electron microscope.

Polarization optical findings.

Fig. No. 1. shows the polarisation optical behaviour of the cylindrical cords in a section
mounted in water. In Fig. 1/A the microphotograph was taken at crossed polaroids without
compensation. A strong birefringence of the connective tissue fibres as well as of the hyalin
cords is seen, the latter appearing in the form of spheroids with polarization optical crosses.
Using the compensator for establishing the optical character of the spheroids, it was found
that their slow axis of transmission was oriented tangentially, corresponding to a negative
spheriod.

Fig. 1 B was made at 2.2 m/i compensation. Both lateral sectors of the spheroids are
compensated to dark. In Fig. 1 C 7 m// of the same section is compensated. Here the spheroids
are in general overcompensated, but the perpendicularly oriented collagen fibres (in the contre
of the picture) are compensated to dark.

The negative character of the form birefringence of the spheroids is indicating the pres-
ence of a circulary oriented fibrillary submicroscopic structure. On testing the possible colla-

Fig. 4. Digestion with testicular hyalurinidase

A. light microscopy B. polarization microscopy
Fig. 5. Digestion with elastase
A. light microscopy B. polarization microscopy
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genous nature of this micellar structure by the phenol reaction the optical character of the an-
isotropy became reverted, in other words it behaved like collagen (Fig. 2). This microphoto-
graph was taken at 7 m// compensation, the vertically oriented negative collagen fibres are
compensated to dark. In the spheroids the lateral sectors are compensated to dark, their
optical character is now positive along the radially oriented slow axis of transmission. Fig. 3
demonstrates the same field as Fig. 1 and 2, but after toluidine blue-ferricyanide staining
at pH 4 and mounted in gum arabic. In Fig. 3A, the typical histological picture of the cylindri-
cal tumour can be seen. In Fig. 3 B, the same field is shown at crossed polaroids, photographed
at light of A560 m//. The basophil cylindric-cords appear as strongly biréfringent spheroids.
The sectors at compensation revealed alternately anomalous colours (blue-red), and when
investigated in monochromatic red light, the slow axis of transmission was radially found.
Toluidine blue staining at pH 4 indicated the presence of a circularly oriented macromolecular
component of acidic nature. Its polysaccharide nature was further established by the eliminaton
of this component by hyaluronidase treatment, as demonstrated in Fig. 4 A. Here it can be
seen that the basophilia of the cylindrical cords disappeared and therefore nuclear staining

r
mp

5m cock comb

a

15-

Graph |

became more distinct. In Fig. 4 B the same field is seen at crossed polaroids. The anisotropic
effect of the hyaline cords (as seen in Fig. 3 B) completely disappeared, only the slight anisotropic
(metachromatic) effect of the collagen fibres persisted.

The findings demonstrated in Fig. 3and 4 are indicative of acircularly orientated micellar
structure of an acid mucopolysaccharide component sensitive to hyaluronidase. Fig. 5 de-
monstrates the relative resistence to elastase (contaminated with desoxyribonuclease) of the
hyaline cords. In Fig. 5 A the cell nuclei and cytoplasm disappeared but the cylindric cords
are resistant and show a strong basophilic staining with toluidine blue and reveal at crossed
polaroids strongly biréfringent spheroids of positive optical character.

In order further to characterize the acid polysaccharide structural component in the
cylindric cords, a comparative study of the quantitative cationic dye binding capacity of some
well-known acid mucopolysaccharides and of the cords was made. Graph | shows the findings
expressed in in// of retardation of the metachromatic anisotropy found in sections stained with
toluidine blue at different pH. It can be seen that the curve of metachromatic anisotropy of
the cock comb, which is known to contain exclusively hyaluronic acid, reaches isotropy at
pH 3. This means that its metachromatic anisotropy of embryonal cartilage, containing
chiefly chondroitine sulphuric acid, shows small decrease even at pH 2. The dye binding
capacity of the acid mucopolysaccharide component of the spheroids of the cylindrical tumour
is similar to that of the cartilage. Connective tissue metachromasia around a carcinoma of the
breast (biopsy material) was intermediate between those of the cock comb and of adenoid
cystic carcinoma.
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Electron microscopical findings

The electron microscopic appearence of the hyaline cords was character-
istic. Their form isround or ovoid and consists of an outer loose and an inner
dense part (Fig. 6). The outer, loose part is a mcshwork of thick fibres which
connect the hyaline cords or spheroids with the tumor cells and seem to
represent a connection with the vacuoles occurring in these cells. The centre
of the cords consists of a great number of haphazardly arranged fine fibres.
On closer examination, however, at the periphery of the inner part of the
cords a circular arrangement of the fine fibres is clearly observable (Fig. 7).
When cut longitudinally, the thin fibres may show a periodicity (Fig. 8).

The loose arrangement of the fibres at the periphery of the cords could
be explained in different ways. They may be an artefact resulting from
shrinkage during fixation, as the formol used was neither bufferednor isotonized.
The spaces between the thick fibres seem to be empty. It is possible, however,
that they were filled by a material which has been dissolved out during fixation
or embedding procedures.

Our electron microscopic observations are in agreement with the polari-
zation optical findings and supply direct evidence of the presence of a circularly
zarranged system inthe hyaline cords. In some fibres a periodicity is seen indicat-
ing their collagen nature, demonstrated also by the phenol reaction in the polar-
ization optical studies. The problem whether or not the thick fibres at the outer
part of the spheroids are collagen fibres cannot be answered on the basis of
the electron microscopic findings. In these fibres the periodicity might have
been obscured, masked by some material, perhaps the hyaluronidase digestible
acid mucopolysaccharides demonstrated in the polarization optical studies.

Discussion

It has been shown that the hyaline cylindrical cords of adenoid cystic
carcinoma of the salivary gland are not amorphous, as at crossed polaroids
they appeared in the form of anisotropic spheroids. Their negative optical
character with a tangentially oriented slow axis of transmission suggested
the presence of a circularly oriented micellar texture. The reversal by the
phenol reaction of their optical character from negative spheroids to optically
positive ones with radially oriented slow axis of transmission is indicating
the collagenous nature of the micellar structure. Furthermore, the strong
anisotropic metachromatic reaction of the cords with toluidine blue staining
at pH 4 shows the presence of a circularly oriented acid mucopolysaccharide
micellar component which proved to be hyaluronidase-sensitive. Considering
the pH curve of its toluidine blue binding capacity and the effect exerted on
it by testicular hyaluronidase, the component may be CHSA A and/or C.

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



SUBMICROSCOPICAL STRUCTURE OF ADENOID CYSTIC CARCINOMA

Acta Morphologica Academiae Scientiarum Hangaricae 14. 1966

X 20,000

periphery of spheroids Magn.

Sp

centrum of spheroids

Sc

Fig. 6.



996T 'pT eeoleBUNH uinienIusIoS selwapedy eolbojoydioNy epy

Fig. 7.

The arrow shows a tumour cell with vacuoles. The fibres in the spheroid are in connection with
them. Magn. X 10,000
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The methods used, offered a possibility to compare the eationic dye
binding capacity of various tissues in relation to their acid mucopolysaccharide
content. The theoretical and practical aspects of the quantitative and qualita-
tive analysis of mucopolysaccharides have been discussed in detail by Szirmai
and Balazs (1958) and Romhanyi (1963).

Electron microscopy supports the observations made by polarization
microscopy concerning the circular arrangement of the fibres of hyaline
cords. The positivity of Ebner’s reaction can be explained by the presence of
fibres with periodicity.

The changes in the surrounding tissues during the development or
proliferation of neoplasmas are interpreted in various ways. Vassiljev (1961)
supposes that neoplasms need a neostroma for growth and the mucopoly-
saccharides around the tumour do not originate from decomposed connective
tissue but are newly formed to serve for the proliferation of the neoplasm.
Maltoni and Prodi (1960) suggest that in the tissue “mucopolysaccharides
induce some changes in the medium favouring the nutritional exchange of
the tumour cell”. Around tumours an increase of mucopolysaccharides and
collagen formation usually occurs. According to Gullino, Grantham and
Clark (1962), and Gullino and Grantham (1963), this phenomenon depends
on the type ofthe tumour. Different tumours induce different extents of collagen
formation.

The relationship between tumour and surrounding connective tissue
cannot be solved unambiguously. We have proved that the connective tissue
in the spheroids is formed by collagen fibres and acid mucopolysaccharides.
This stroma is characteristic of adenoid cystic carcinoma. The specific arrange-
ment of the connective tissue (disorganization of fibrils) and therefore the
specific relationship between tumour and stroma is probably one of the factors
responsible for the biological behaviour of adenoid cystic carcinoma.
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SUBMIKROSKOPISCHE STRUKTUR DES ZYSTISCH EIN ADENOKARZINOMS
V. FRIBORSKY

Die polarisations- und elektronenmikroskopischen Untersuchungen des zystischen
Adenokarzinoms der Speicheldriise ergaben, daf die zylindrischen Bildungen nicht strukturlose
Formationen, sondern orientierte, Uber charakteristische polarisationsoptische Aktivitat
verfligende Fasern sind.

Die Hyalinbindel bestehen aus 2 Komponenten:

1. saueren Mukopolysacchariden, hauptsadchlich ChSA A uud/oder Cin groRen Mengen.
und

2. Ehner-positiven, elektronenmikroskopische Periodizitdt aufweisenden Bindege-
websfasern.

CYBMWKPOCKOI1MUYECKASA CTPYKTYPA KUCTO3HOW AAEHOKAPLIMHOMbI

B. ®PUBOPCKMU

ViccnegoBaHMst KUCTO3HOW afeHOKAPLMHOMbI C/IIOHHON XKenesbl Nof Nospy3aLyoHHbIM
N 3M1EKTPOHHBLIM MMKPOCKOMamu MoKasasiv, YTo LUMANHAPUYECKUE 00pasoBaHUs He SBMA0TCA
BECCTPYKTYPHBIMM (hOPMALISIMU, & BOSIOKHAMM, 06/13aH0LLIMMIN XapaKTepHOM Mo/sprU3aL oHHO-
ONTWYECKOM aKTVMBHOCTbHO.

'MannHoBbIe My4YKW COCTOSAT W3 ABYX KOHMIMOHEHTOB:

1 W3 KucnbIX MyKornonucaxapugos, rnasHbiM o6pasom XCA A u (unn) C B 60/1bLLIOM
KOMM4ecTBe U 13

2. 36Hep-NONOXUTENbHBLIX COEAVHUTENIbHO-TKAHHbIX BOJIOKOH, 06MafalolLmMX  3M1eKT-
POHHO-MMNKPOCKOMNYECKOA aKTUBHOCTbLIO.

Dr. V. Friborsky: Praha 8-Bulovka Czechoslovakia
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British Medical Bulletin
Transplantation of Tissues and Organs

Vol. 21, Number 2, May 1965. Published by the Medical Department, The British Council.

The present issue of the Bulletin contains the views of prominent scientists on trans-
plantation, a fundamentally important subject in both surgery and biology. It cannot, therefore,
fail to command the attention of medical and biological research workers all over the globe.

The introduction of the volume, contributed by P. B. Medawar, emphasizes the great
theoretical and practical importance of transplantation. The initial researches in this field
were inspired by the progress of surgery.It led to the study of immune-biological relationships
and of the problem concerning the possibility of influencing them. In addition to presenting
a survey of researches regarding renal, cartilage and corneal transplantations, the volume
under review offers information about the intricate problems of tissue immunity and the
transplantation of organs. Such information includes, for instance, instructive discussions
concerning the transplantation of haemopoietic tissues, especially in cases of radiation injury,
and also a highly useful treatise on the transplantation of endocrine organs. The volume in-
cludes furthermore information regarding the immune-biological factors of neoplastic growth.

These subjects are contained in the following 15 articles:

J. R. Batchetor: Histocompatibility systems.

1. L. Gowans: Role of lymphocytes in destruction of homografts.

J. F. AL P. Mitter: The thymus and transplantation immunity.

J. F. Loutit: Transplantation of haemopoietic tissues.

G. Gowtand: Induction of transplantation tolerance in adult animals.
M. Simonsen: Graft-versus-host reaction in chick embryo.

A. Haddow: immunology of the cancer cell: Tumourspecific antigens.
M. C. Berenbaum: Immunosuppressive agents.

B. Rycroft: Biological problems of the corneal graft.

T. Gibson: Cartilage grafts.

P. L. Krohn: Transplantation of endocrine organs.

K. L. G. Gotdsmith: Donor selection and compatibility typing.

R. Y. Caine: Supply and preservation of kidneys..

K. A. PORTER: Morphological aspects of renal homograft rejection.
M. F. A. Woodruff: Biological and clinical aspects of organ transplantation.

Pathologie des R3allismus

A. Juba

Publishing House of the Hungarian Academy of Sciences,
Budapest 1965. 132 pages, 27 illustrations

The monograph under review consists of two parts.

The first part begins with the embryology, anatomical and histological structure, blood
supply and the neural connections of buys’ nucleus.There follows a discussiouof the morphologi-
cal changes incases of hcinihallisin and parahallism.This discussion is accompanied by a wealth
of bibliographic references. The reproduction in animal experiments of nuclear and path
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deviations observed in “typical and atypical” human cases is pointed out. The first part
covers 58 pages and presents a detailed survey of the pertinent literature. It is instructively
supplemented by a number of anatomical drawings representing the supposed or established
connections of buys’ nucleus.

The second part contains case reports from the author’s clinical material, together
with the pathohistological findings concerning the central nervous system. Among four cases
of hemiballism there was one in which a softening of the subthalamic nucleus was observed,
while symptoms in the other three cases were due to a lesion of the posterior part of the internal
capsule. Case No. 9 is interesting from both a pathogenic and a therapeutic angle: although
the nucleus had softened, no hemiballism resulted since arterio-sclerosis had induced grave
degeneration in other areas of the central nervous system. Location of the degenerated areas
makes it possible to determine by histological analysis the sites of inhibition involved in the
release of choreic movements.

The case records include two cases of paraballism and two cases of choreoballism. In the
latter cases, the interconnection between ballism and chorea of vascular origin is pointed out.
The possibilities of conservative and surgical therapy (the latter on the evidence of a case
treated by the author) are then discussed.

The morphological descriptions are illustrated by instructive photographs, most of
which represent axonal degeneration. The bibliography containing 154 references offers a basis
for more detailed studies.

The volume has been edited by S. Dobi; it is a worthy commemoration of the neuro-
histological activity of the recently deceased author.

Gy. G.
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ERRATUM

Bd 14, H. 1, pp 82—83. Abbildungen 3, 4 und 5
wurden vertauscht. Die richtigen Abbildungsnummern
und -Unterschriften sind:

Abb. 3. Kongorotfarbung in der Haut von 5 Monat
alten Foeten. (In der Mitteilung: Abb. 5.)

Abb. 4. Die sog. “Ubergangszone” wird mit der Ba-
kerschen Reaktion gut sichtbar. (In der Mittei-
lung: Abb. 3, S. 83)

Abb. 5. Starke saure Phosphatasereaktion in der
Hornschicht. Uaddsssche Azofarbstoff-Methode.
(In der Mitteilung: Abb. 4))
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A total of 130 white female rats have been treated with progesterone and norste-
roid in order to investigate their effect on the lipoid in the ovaries and suprarenal
glands and also to study hydroxysteroid, lactic and succinic dehydrogenase, alkaline-
and acid phosphatase and non-specific esterase activity in the ovaries, suprarenal
glands and the liver. In constrast to norsteroid, progesterone was found to increase
the amount of lipoid and enhance the examined reactions.It is suggested that a compe-
tition is taking place for the steroid dehydrogenase which converts lynoestrenol into
17-ketosteroid and pregnenolone into progesterone. The latter cannot be formed if
lynoestrenol is predominant.

Details of our clinical experience and animal experiments with synthetic
progestogens have been reported previously [6, 7]. The present paper deals
with the effect of progesterone on the ovary, adrenal gland and liver of rats.

Since our observations concerning the effect of 17-a-methyl-19-nortesto-
sterone and progesterone on the ovary have been reported earlier [8], the present
account will he restricted to lynoestrenol (17a-ethynyloestr-4-en-17R-ol), the

most efficacious synthetic progestogen, and progesterone (the Hungarian
preparation Progestin).

Material and method

A total of 130 white female rats of identical stock, with body weights betw een 110 and
120 g, were used. The animals were kept and under identical conditions on a mixed diet and
divided of 20 rats each in sex test groups and a control group of 10 rats.

Lynoestrenol (Organon and progesterone were dissolved in sunflower oil and doses of
0.1 mg/g body weight were injected into the crural muscle of the animals every second day.

The first group was treated with lynoestrenol for a monath, the second for 40 days, the
third, for 2 months. Animals in the fourth group received lynoestrenol for 45 days and were
sacrificed 2 weeks after the last injection, those in the fifth group progesterone for a month
and those in the sixth group progesterone for 2 months. The control animals were injected
intramuscularly with 0.1 ml doses of sunflower-oil. The experiments were carried out at diffe-
rent periods, and the results were controlled in further experimental groups. Vaginal smears
were made daily. The animals were weighed once every week and killed by a blow on the nape,
then the parenchymatous organs, endrocrine glands, uterus and diencephalon were immediately
removed, weighed and fixed in a 10 per cent solution of neutral formalin or Shabad’s flouid
which latter contains zink and copper salts for the inhibition of bacterial digestion, and phlorhi-
zin in a mixture of 10 per cent formalin and absolute alcohol for inhibiting glycolytic enzymes.
Haematoxylin-eosin, methylgreen pyronine, Feulgen’reaction, oil-red, PAS, Ritter-Oleson’s
reaction, 0.25 per cent toluidine blue, azan, oil-red and van Gieson’s dye were used. The acid
and alkaline phosphatase and non-specific esterase reactions were performed with the azocoupl-
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120 F. TOTH and I. SZONYI

ing method, with naphthol As-phosphate substrate. The stains and reactions used for the
identification of lipoid were oil red, 0.2 per cent Nile blue, Schultz’s method, the phenylhydra-
zine and phenylhydrazine-formazan reactions. Diastase, hyaluronidase served for digestion.

The incubating solution for the steroid-dehydrogenase reactions, described by Levy
et al. [2], had the following composition:

Hormone substrate 0.2 mg
Propylene glycol 0.5 ml 1 Mol.
Néotétrazolium chloride, 1 mg/ml 10 ,,
DPN solution, 3 mg/ml 0.8 .
Nicotinamide solution, 1.6 mg/ml 0.7

Phosphate buffer 0.1 Mol, pH 7.1 to 7.4 4.0
Total 7.0 ml

The following hormone substrates were employed: déhydroépiandrostérone (DHA),
androstenedione, androsterone, testosterone, pregnenolone, progesterone, oestradiol, oestrone,
oestriol, lynoestrenol, corticosterone, cortisone and hydrocortisone. Some incubating solutions
contained, instead of hormone, 50 mM sodium lactate or 1.4 per cent sodium succinate as
substrate. Incubation was carried out at 37°C for 2 hours. After dissolving the hormones in
0.5 ml of acetone, the latter was evaporated at 56°C, replaced by 0.5 ml propylene glycol and
the incubating solution was then added to it. The reactions were first performed on cryostat
sections, later on frozen one previously fixed in cold acetone for 30 minutes. Recently, the
specimens are fixed in glacial neutral formalin for one half hour, and the sections are made by
means of a freezing microtome. Since there is no essential difference between the results obtain-
ed by these three methods, the third has been adopted as the routine procedure because it
provides material suitable for phosphatase reactions and lipid staining as well. The pH of the
incubating solution, having been found to be of decisive importance, is repeatedly checked.
The frozen sections are carefully washed in Ringer’s solution and distilled water. After incuba-
tion, the preparations are fixed in 10 per cent neutral formalin and mounted in glycerinated
gelatin.

Results

It is clear from Table 1 that animals treated with progesterone (groups 5
and 6) gained most, and those treated with lynoestrenol least, in weight.

The greatest loss of uterine and ovarian weight occurred in group 3, i.e.
in the animals treated longest with lynoestrenol. The ovary of animals of

Tabic 1

Effect of lynoestrenol and progesterone on uterine, ovarian and
adrenal weight in rats

Body Uterine Ovarian Adrenal
Groups weight g weight mg  weight mg  weight mg
average

Group 1 136 338 60 68
Group 2 140 350 62 70
Group 3 120 257 39 60
Group 4 140 297 86 61
Group 5 162 403 85 65
Group 6 170 364 94 71
Group 7 control 150 340 85 80
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group 4 (i.e. those killed 2 weeks after the last lynoestrenol injection) contained
many more corpora lutea than that of the controls. Adrenal weight decreased
in every group, most markedly in groups 3 and 4.

None of the examined organs exhibited pathological changes.

Lynoestrenol induced protracted oestrus, while prolonged periods of
dioestrus alternated with prolonged oestrus (8 to 10 days) in the progesterone-
treated animals.

Uterus. Uterine changes were best demonstrable by van Gieson’s dye
and azan. By progesterone-treated animals the uterine became thinner and
there was collection of fluid in the lumen. The glandular ducts were dilated
and lined with high columnar epithelium with bright cytoplasm. The stroma
contained a network of delicate collagen fibres. Norsteroid caused a thickening
of the uterine wall and a constriction of the lumen. Coarse, fibrous hyaline
connective tissue accumulated in the stroma, the epithelial cell lining the
glandular ducts became flatter, and their cytoplasm stained dark.

Ovary. A great number of persistent corpora lutea were found in the
ovary of progesterone-treated animals, and a large amount of Schultz-negative
and carbonyl-positive biréfringent lipoid had accumulated in the ripe corpora
lutea (Fig. 1). The amount of lipoid was highest in the cells of the follicular
theca interna of freshly organizing corpora lutea. Corpora lutea undergoing
involution displayed coarse, irregular carbonyl-negative lipoid granules
(Fig. 2). Staining with methylgreen pyronine revealed a large amount of
pyroninophilic matter in the cytoplasm of postovulatory granulosa cells. The
positive pyroninophilic and PAS reactions of the zona striata and the liquor
folliculi turned negative after digestion with ribonucléase and diastase.

The active cells of the stroma, rich in lipoid, exhibited intense pyronino-
philia and could therefore be well distinguished from the inactive, hardly
pyroninophilic interstitial fibroblasts. Degenerating granulosa cells in the
centre of follicles were markedly PAS-positive. The reaction became weaker
after diastase treatment, indicating that these cells contain glycoproteins in
addition to glycogen.

The ovary of animals treated with norsteorid showed signs of atrophy.
It exhibited follicles at different stages of development, fibrous connective
tissue with dilated vessels, shrunk and some degenerated corpore lutea. The
amount of lipoid was unchanged in the tunica interna of the theca folliculi
and in the interstitial cells (Fig. 3). Most of the lipoid granules were, however,
Schultz-positive, carbonyl-negative and not birefrigent.

Adrenal glands. A large amount of lipoid was observed in the zona fasci-
culata and in the adjacent cells of the zona reticularis of progesterone-treat-
ed animals (Fig. 4). The lipoid was Schultz-negative, carbonyl-positive and
biréfringent (Fig. 5). The adrenal of animals treated with norsteorid contained
much Schultz-positive, carbonyl-negative and nonbirefringent lipoid (Fig. 6).
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122 F. TOTH and I. SZONYII

Fig. 1. Large amount of biréfringent, Schultz-negative, carbonyl-positive lipoid in ripe corpus
luteum, X 128

Fig. 2. Schultz-positive, carbonyl-negative, non-birefringent, coarse lipoid granules in degen-
erating corpus luteum. Fat. red. X 128
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iff. 3. Mostly Schultz-positive, carbonyl-negative, non-birefringent lipoid in the ovary of
lynoestrenol-treated rat. Fat red, X 80

'iff. 3. Intensive alkaline phosphatase activity in corpora lutea after progesterone treatment.
Azo-coupling method with naphthol-As-phosphate as substrate, X 80
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Fig. 4. Large amount of lipoid in the outer layer of the zona fasciculate and zona reticularis
of progresterone-treated rat. Fat red, X 128

Fig. 5. Large amount of biréfringent lipoid in the zona fasciculata after progesterone treat-
ment. Fat red. Polarization microscopy, X 128
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Fig. 6. Mostly Schultz-positive, carbonyl-negative, non-birefringent lipoid in suprarenal gland
of lynoestrenol-treated rat. Schultz’s reaction, X 128

Fig. 7. Intensive alkaline phosphatase activity in theca interna. Azo-coupling method with
naphthol-As-phosphate as substrate. X 128
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Hydrolytic enzymes and dehydrogenases
(1) Ovary

(a) Alkaline phosphatase. Reaction was most pronounced in the follicular

theca interna (Fig. 7) and the ripe corpora lutea. In the latter even the small
capillaries were sharply outlined. The reaction was somewhat weaker in the
interstitial cells and the vessel , of the connective tissue. An intensive reaction

Fig. 9. Intensive lactic dehydrogenase reaction (with néotétrazolium chloride) in interstitia
theca cells and theca interna. X 80

was obtained in the endothelium of the capillaries running in the theca interna
of secondary and tertiary follicles, and a slightly weaker one in the theca cells.
Granulosa cells gave no reaction. Activity seemed to decrease in the degenera-
ting corpora lutea (Fig. 8). The ova were sharply outlined. An intensive
reaction was noted in the nuclear membranes; this became less pronounced
under the effect of lynoestrenol. In contrast to the controls and the proges-
terone-treated animals, the reaction became positive in the granulosa cells of
primary and tertiary follicles, without, however, having reached the intensity
observed in the theca.

(b) Acid phosphatase. Activity of this enzyme was weaker than that of

alkaline phosphatase. It was most marked in the theca interna, and less so in
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the interstitial luteal cells and the endothelium of capillaries running in the
corpora lutea. Progesterone increased and norsteroid diminished the activity.

(c) Non-specific esterase. Reaction was most marked in the theca interna
and the corpora lutea. Involuting corpora lutea, too, showed intensive activity,
and even the granulosa cells gave a moderate reaction. Activity was increased
by progesterone and decreased by norsteroid.

Fig. 10. Intensive hydroxysteroid dehydrogenase reaction in epithelial cells of the uterine
tube, with lynoestrenol as substrate. X 80

(d) Dehydrogenases. The hydroxysteroid, lactic, and succinic dehydrogenase
reactions were most pronounced in the interstitial luteal cells and the theca
interna (Fig. 9), somewhat less marked in the granulosa cell* of atretic follicles
and in the corpora lutea. Primary follicles and vessels failed to react with
hydroxysteroid dehydrogenase, while reaction in the endothelium ofthe uterine
tube was positive (Fig. 10). The lactic-dehydrogenase reaction was intensive
in the vessels. Sharper than alkaline phosphatase did the precipitating
formozan outline the endothelium, media and adventitia of the vessels (Fig. 11).

Progesterone intensified all the three reactions, especially in the corpora
lutea (Fig. 12). Norsteroid induced no change in the reactions. As regards
differences due to the hormone substrates, the reaction was negative in lyno-
estrenol-treated animals if the incubating medium contained pregnenolone,
whereas in comparison with the control animal activity was marked if
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Fig. 11. Intensive lactic dehydrogenase reaction in vessels of the ovary. X 128

. 12. Hydroxysteroid dehydrogenase reaction in corpus luteum, with pregnenolone as
substrate, after treatment with progesterone. X 128
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Table 2

Steroid dehydrogenase activity in the ovary, adrenal and liver of untreated (control) rats and
rats treated with lynoestrenol

Control animals Animals treated with lynoestrenol
Hormone substrate

Ovary Adrenal Liver Ovary Adienal Liver

Déhydroépiandrosté-
rone (DHA) + + + + + + + + + + + + + 4+ + + + + + +

Androstenedione 0 0 0 0 0
Androsterone 0 0 0 0 0 0
Testosterone + o+ + o+ o+ . + o+
Pregnenolone 1o +4- - 0 0 "
Progesterone 0 0 0 0 0 0
Oestradiol 0 0 0 0 0 0
Oestrone 0 0 0 0 0 0
Oestriol 0 0 0 0 0 +
Lynoestrenol + + o+ + + + + + o+ +
Corticosterone + -j- + o+
Cortisone 0 0 0 0 0
Hydrocortisone 0 0
Controls 0 0 0 0 0 0

the incubating medium contained lynoestrenol (Fig. 13). DHA, testosterone
and corticosterone did not affect the reactions (Table 2).

(2) Adrenal

Fig. 17 presents a schematic illustration of the structure of this organ.
Quadrant 2 shows the three zones, the other three quadrants illustrate the
intensity and distribution of enzymatic activities in the different zones of the
suprarenal cortex in animals treated with lynoestrenol. The hydroxysteroid
reaction was strongest in all groups when DHA served as substrate. Ac-
tivity was most intensive at the boundary of the zona fasciculata and the
zona reticularis (Fig. 14). The lactic dehydrogenase and alkaline phosphatase
reactions were most marked in the zona fasciculata (Fig. 15), less pronounced
in the zona reticularis and still less so in the zona glomerulosa. Succinic de-
hydrogenase, acid phosphatase and non-specific esterase gave weak reac-
tions in all zones. All activities were slightly enhanced by progesterone and
somewhat decreased by norsteroid.

(3) Liver
Fig. 18 presents a schematic illustration of a hepatic lobule. Quadrant 2
shows the normal structure of the liver: d = liver cells, e = sinusoids, f =
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Fige 13. Hydroxysteroid dehydrogenase reaction in the ovarv, with lynoestrenol as substrate.
X 128

Fig. 14. Intensive hydroxysteroid dehydrogenase reaction at the boundary of the zona
fasciculata and zona reticularis, after lynoestrenol treatment, with DHA as substrate. X 128
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130 F. TOTH and 1. SZONYI

Fig. 15. Intensive lactic dehydrogenase reaction in zona fasciculate, after progesterone
treatment. X 128

Fig. 16. Intensive, mostly centrolobular, lactic dehydrogenase reaction in liver of progeste-
rone treated rat. X 128
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zona glomerulosa

Hydroxysteroid zona fasciculata

dehydrogenase zona reticularis
?
medulla

Malic -
dehydrogenase.
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Fig. 17. Intensity of different enzymatic activities in the suprarenal gland of the rat

Hydroxysteroid
dehydrogenase

Succinic -dehydrogenase
Alkaline phosphatase
Acid phosphatase

Non - specific esterase

Fig. 18. Intensity of different enzymatic activities in a hepatic lobule of the rat

central vein. The lobule is divided into three zones; that surrounding the central
vein is the centrolobular zone, the outermost is the peripheral zone, with the
midzone between them. Lactic dehydrogenase activities was strongest in the
centrolobular zone (Fig. 16); succinic dehydrogenase activity was negative
here, strong in the midzone and moderate in the peripheral zone. The same
distribution applies to alkaline and acid phosphatase and non-specific esterase
as well. Hydroxy-steroid dehydrogenase activity was most intensive in the
central and peripheral zones, less so in the midzone. The reactions were most
marked in all groups when the incubation fluid contained DHA. Treatment
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with lynoestrenol left this reaction unaffected, nor did it change under the
effect of testosterone, but was considerably weakened when pregnenolone
served as substrate. Lynoestrenol as substrate increased the activity in com-
parison to the controls. Alkaline and acid phosphatase and non-specific
esterase activités diminished during treatment with lynoestrenol. All enzymatic
activities were enhanced by the administration of progesterone.

Discussion

Our intention was to describe the observed changes and, in addition, to
present a correlated evaluation of the histochemically accessible processes
occurring in the ovary, adrenal and liver, i.e. the organs that play a decisive
role in the synthesis and conversion of hormones. In order to make comparisons
possible it was necessary to present physiological conditions also, since - for
example — literature does not contain a comprehensive report of this kind on
the intensity of enzymatic activity in the various parts of the adrenal gland or
the liver. Deviations from the normal state, as observed under the microscope
and revealed by photomicrographs, are presented in Tables Il and IIl as also
by way of illustrations. Changes observed in the kidney are not discussed in
this paper; the hydroxysteroid dehydrogenase activity was invariably negative
in this organ, while other enzymatic reactions have already been described
[91.

In the present experiments progesterone increased the amount of lipoid
and intensified the examined enzymatic reactions. Lynoestrenol, administered
for 2 months to rats with active ovary, decreased the weight of the uterus,
ovary and adrenal, and weakened all the examined enzymatic reactions.

Table 3

Localization of hydroxysteroid-, lactic and succinic dehydrogenase, alkaline and acid phosphatase,
and non-specific esterase reactions in the ovary of rats

Hg{grrgf( i Lactic Succinic Alkaline Acid Nonspeci-

deydro- (e ‘e o M fio esterae
Primary follicle 0 + 4+ + + + + 0
Ripe follicle + o+ + o+ + o+ + o+ + +
Atretic follicle + o4+ + + + + - + 0
Interstitial luteal cells ++4+H - o+ o+ o+ o+ o+ o+ o+ o+ + 4+ 0
Ripe corpus luteum + o+ o+ + o+ + + + o ¥+ +-H -
Involuting corpus luteum + o+ + o+ 4+ + o+ 4+ + + “T--I
Connective-tissue vessels 0 + o+ + o+ + + T
Theca cells + 4+ + + + + + + + + + + + + + + “H -f + 4-4-
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However, these changes were but temporary. Organs of the animals in group 4
regenerated completely after 2 weeks, regained their original weight, and a
large amount of Schultz-negative, carbonyl-positive biréfringent lipoid
appeared in the ovary and adrenal, the reactions were also enhanced. These
phenomena point to a liberation of the hypothalamo-hypophyseal system from
the inhibition caused by peripheral steroids, and to an increased production of
gonadotrophic hormone (rebound effect). It is this effect of the norsteroids
that is utilized in the treatment of sterility due to hypoplasia. It should be
noted that norsteroids show this effect only in animals with intact ovary,
whereas — according to experiments now in progress — the effect is reversed
in ovariectomized animals. This phenomenon and the length of the oestrus
point to a peiipheral effect of norsteroids. These observations may be useful
when prescribing norsteroid to patients in ihe menopause.

Prolonged oestrus and dioestrus following progesterone treatment point
to a disturbance of the hormonal equilibrium, i.e. an upset of the harmony
between the ovary, adrenal and the hypothalamo-hypophyseal apparatus a
desynchronization of their rhythmicity.

Nothing is so far known about the conversion of norsteroids in the organ-
ism. Observations made in the present experiments in connection with
hydroxysteroid dehydrogenase reactions may be a step towards the solution of
this problem.

Samuels et ai. [4] described a 3B-ol steroid dehydrogenase which was
dependent on DPN and which oxidized hydroxysteroid to unsaturated a and
R ketones. The reaction in vitro requires the presence of an OH group on C17 or
CU Wattenberg [10], Pearson and Grose [3] were the first to attempt the
histochemical demonstration of dehydrogenases capable of oxidizing hormones.
It was in 1959 that Levy et al. [2] described the histochemical reaction used in
this study.

DPN-diaphorase can be coupled with tétrazolium in the enzymatic
reactions in which DPN serves as the coenzyme. Nicotinic acid and its amide,
together with adenine and pentosephosphoric acid, form the enzymes which
transfer H2 i.e. co-zymaze | and co-dehydrogenase Il. In order to demonstrate
steroid dehydrogenases histochemically, we must employ some hormone
substrate to be reduced, DPN, tétrazolium salt and nicotinamide in 0.1 Mol.
phosphate buffer at a pH of 7.1 to 7.4. The enzymatically liberated H2 is
taken up by DPN which is thus converted into DPNH. This hydrogen is then
transferred by the codehydrogenase to the colourless tétrazolium salt. Tétra-
zolium so reduced (formazan) appears in the tissues as a coloured insoluble
dye-precipitate. In order to prevent aspecific reactions, the acetone in which
the hormone substrate is dissolved has to be evaporated completely.

According to Tatalay and Marcus [5], /?-hydroxysteroid dehydrogenase
catalyzes the reversible DPN-linked oxidation of 3 -, 16 R and 17 /1-hydro-
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xysteroids. It catalyzes, according to Fuhrmann [I], steroids with a keto or
OH group at CI7 or C,0to the corresponding ketosteroids. Its catalytic action
is most pronounced when DHA is converted into androstenedione, or pregne-
nolone into progesterone. Intensive precipitation of formazan has been observ-
ed in the ovary and adrenal of lynoestrenoltreated animals when this same
hormone served as substrate, while the reaction was practically negative if the
incubating fluid contained pregnenolone. We assume that the OH group on
the C17 of lynoestrenol is oxidized and converted into ketosteroid by hy-
droxysteroid dehydrogenase. A competition seems to take place for the steroid
dehydrogenase which changes lynoestrenol to 17-ketosteroid, or pregnenolone
to progesterone. The latter cannot be formed if lynoestrenol is predominant. This
theory seems to be supported by the clinical observation that patients treated
with norsteroids excreted practically no pregnanediol. It is noteworthy that
norsteroids do not interfere with the conversion of DHA into androstenedione.
According to the foregoing, norsteroids — apart from inhibiting the luteinizing
hormone produce a direct effect on the enzymes of the ovary, adrenal glands
and the liver. Hydroxysteroid-dehy drogenase activity in the Fallopian tube
permits of the supposition that a local metabolism of steroid hormones is
occurring there.
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HISTOCHEMISCHE UNTERSUCHUNGEN AN DEN ORGANEN VON MIT NORSTEROID
UND PROGESTERON BEHANDELTEN RATTEN MIT BESONDERER RUCKSICHT
AUF DIE HYDROXYSTEROID-DEHYDROGENASEN

F. TOTH und I. SZONYI

An 130 mit Progestin und Norsteroid behandelten weiblichen Albinoratten wurden
die auf Wirkung der Behandlung in den Ovarien und Nebennieren zustandekommenden
Lipoidverdnderungen untersucht; in den Ovarien, Nebennieren und in der Leber wurden
auRerdem Hydroxysteroid-, Lakto-, Sukzinodehydrogenase, alkalische und sauere Phosphatase
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und «spezifische Esterase-Reaktionen durchgefiithrt. Es wurde festgestellt, dal das Progestin
sowohl die Menge der Lipoiden, als auch die Intensitdt der angefihrten Enzymreaktionen
steigert. Das Norsteroid setzt die dem Steroid entsprechende Lipoidmenge und die Enzym-
reaktionen herab. Es wird angenommen, daB um die Steroiddehydrogenase, die das Pregneno-
lon in Progesteron und das Lynestrenol in 17-Ketosteroid umwandelt, zwischen dem Lynéstre-
nol und dem Pregnenolon eine Kompetition besteht, woraus folgt, dal im Falle von Lyndstre-
nol-XJbergewicht kein Progesteron produziert wird.

FMCTOXVMUYECKUE WCCNEAOBAHMA OPFAHOB KPbIC, MOJABEPXEHHbIX
BO3JEVNCTBNIO HOPCTEPOWIA W MPOFECTEPOHA C OCOBbIM YUETOM
JErNAPOrEHA3 TMAPOKCUCTEPOWIOB

®. TOT u N. CEHEWN

ABTOpbI MPOBOAUAM UcCneaoBaHMss Ha 130 6enblX Kpbicax-CaMKax, MoABEPXEHHbIX
BO3[EMCTBMIO NPOrecTMHa M HopcTepouga. OHW MccnefoBasvn NIMMOUAHBIE U3MEHEHUS, BO3HU-
Kalolme nog BANSHMEM BO3AeWCTBUSA B AMUHUKAX M B HafmnoyeyHuKax, fanee peakuun aerug-
poreHasbl FMAPOKCUCTEPOMAOB, TAKTO-, CYKLMHOAErUAPOreHas, LLEMOYHOW U KUCMO (octaTas
N HeCreLmMMUUecKMX acTepas B AMUYHMKAX, HaanodeuHMKax v B nedeHu. CornacHo MX YycTaHo-
B/IEHWSIM MPOrecTVH MOBbILLIAET KaK KOMMYECTBO NIMMOUAOB, TaK U CUMY PAcCMOTPEHHbIX SH3UM-
HbIX peakuuii. HopcTepoua yMmeHbLLIAeT KOMMYECTBO COOTBETCTBYIOLIMX CTepouay IMNOUa0B U
3H3VMMHble peakuuun. Mo MPeanonoXeHUo aBTOPOB MEXAY SIMHACTPEHONIOM W MPErHeHOI0HOM
CYLLLECTBYET COMEepHMYECTBO 3a CTEPOUAHYIO AervaporeHasy, MpeBpallaloLlyto NpPerHeHoNoH B
NporecTepoH W NNHICTPEHON B 17-KeTocTepoma. B cnyuae npeobnagaHus NMHACTPeHona npo-
recTepoH M MO3TOMY He MOXET 06pas’oBbIBaThCS.

Dr. Ferenc Toth

i Budapest VIII., Baross u. 27., Hungar
Dr. Istvan Szényi P gary
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Anatomisches Institut (Direktor: Prof. Dr. J. Szentagothai) der Medizinischen Universitat,
Budapest

NEUERE UNTERSUCHUNGEN AN DEN MESENTERIA-
LEN LYMPHGEFASSEN

J. Vajda und M. Tomcsik

(Eingegangen am 28. Mai, 1965)

Die Bedeutung der Lymphkapillaren neben dem im postmuralen Gekrdseab-
schnitt befindlichen LymphgefdB-Anastomosensystem und ihre Wichtigkeit bei der
Lymphspeicherung wird betont. Neben den Einzel- und Doppelblattklappen wird die
Rolle der Invaginationen sowohl in der Lenkung der Stromung, wie auch im Aufrechter-
halten des Kapillarkreislaufs hervorgehoben. Die Morphologie der Doppelblattklappen
der LymphgefaBe wird erdrtet und festgestellt, daR diese, solange ihre Blatter unversehrt
sind, nicht insuffizient werden kdnnen. Die Frage des mit der retrograden Pflanzung
der Lymphstauung zustandekommenden Odems wird besprochen.

In friheren Untersuchungen wurde festgestellt, daB sich am darmnahen
Abschnitt des Gekroses ein méachtiges Anastomosensystem von Lymphgefden
befindet. In den anastomisierenden LymphgefdBen sind zahlreiche Doppel-
blattklappen, in den dinneren auch Eizelblattklappen, oder beide Typen
abwechselnd in ein und demselben GefdR zu beobachten (Vajda u. Tombol,
1964).

Nach Horstmann (1951) fallt in der Speicherung der aus dem Darm in
die LymphgefdRe geratenen Flissigkeit dem ersten, postmuralen Abschnitt
der mesenterialen LymphgefdRe eine bedeutende Rolle zu. Diese Flussigkeit
wird bei der Kontraktion des Darmes aus den LymphgefdRen der Darmwand
in jene des Gekrdses sozusagen eingeschlcudert. Die Transportkapazitdt der
Letzteren reicht jedoch nicht aus, diese Saftmenge weiterbeférdern zu kénnen,
und ein Teil der Lymphe wird in dem Anastomosensystem des darmnahen
Abschnittes gespeichert. Diese Annahme wurde von Zhdanow (1952) be-
statigt. Die Speicherungsfédhigkeit der Lymphknoten wurde von Rouviére u.
Valette (1933) aufgeworfen und 1957 von Rusznyaic, Féldi u. Szabé be-
wiesen. Went (1958) ist ebenfalls der Meinung, dall die gesamte Menge der in
die LymphgefédRe geratenen Flussigkeit nicht in den Ductus thoraeicus ge-
langt, sondern zum Teil in der Peripherie bzw. den Lymphknoten gespeichert
wird. An diesem speichernden Abschnitt konnte Horstmann 1951 Erweiterun-
gen der LymphgefédBe mit elastischem Fasernetz in der Wandung nachweisen.
In der uns zugénglichen Literatur Uber diesen Abschnitt fanden wir Kkeinen
Hinweis in bezug auf die Lymphkapillaren vor. Laut Zhdanow (1952) und
Y amagishj (1960, 1961) besitzen die Lymphkapillaren keine Basalmembran,
und es fehlen auch die perivaskuldren Zellen. Somit kommt die Zugwirkung der
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auseinandergedrédngten Bindegewebefasern auf die LymphgefdRBe besser zur
Geltung, wie z. B. bei der Odembildung. Die Fasern hdngen namlich mit der
Wand der LymphgefdBe eng zusammen. Die Lymphkapillaren kdénnen im
Mangel einer Basalmembran, sogar auf das Dreifache ihres urspringlichen
Kalibers gedehntwerden. Pullinger u. Florey (1935) kamen zu dem SchluRB,
dall Adrenalin bzw. Pituitrin keine Wirkung auf die Lymphkapillaren ausuben.
Dehnung und Verengung der Lymphkapillaren stehen also nichtunter neuraler
Steuerung. Nach Kraus (1959) ist die Lumendnderung bei Lymphkapillaren
mehr passiven, bei Blutkapillaren mehr aktiven Charakters, da letztere inner-
viert sind. Der Umstand, dal das Gesamtvolumen der Lymphkapillaren die
Transportfahigkeit des zugeordneten ableitenden LymphgefdBes wesentlich
Ubertrifft, bedingt beim LymphabfluR eine solche Einengung, die auf das
Einkonzentrieren der Primarlymphe fordernd wirkt. Der Eindickung wé&hrend
der ldnger anhaltenden Speicherung im Kapillargebiet dirfte ein osmotischer
Mechanismus oder der hydrodynamische Effekt der retrograden Stauung zu-
grunde liegen.

Material und Methode

Als Untersuchungsmaterial diente das Mesenterium von Katzen und in einigen Féllen
von Hunden. Bei der Entnahme des Materials wurde darauf geachtet, daR der mesenteriale
Rand unversehrt bleibe. Die histologischen Schnitten wurden mit Hdmatoxylin-Eosin geféarbt
oder mit Silber impragniert.

Ergebnisse

An den darmnahen Partien befinden sich zahlreiche Lymphkapillaren.
Die meisten dieser blind anfangenden Endothelréhrchen sind neben den Blut-
kapillaren, im Verzweigungswinkel derselben (Abb. 1), und auch im blutge-
faRfreien Bereich des Gekrdses aufzufinden. Diese blinden Sécke sind in samt-
lichen Fillen erweitert (Abb. 2, 3, 4). Die Kapillaren zeigen alle Ubergéinge
vom ganz weiten bis zum fadenférmig zusammengefallenen Lumen. Diese
Anfangsabschnitte der Lymphkapillaren minden nach kurzem Verlauf in eine
teichartige Erweiterung, zumal bildet sich sogar eine Insel aus (Abb. 5, 6). An
den Stellen, wo die dinnwandigen Endothelkapillaren von Blutkapillaren
Uberkreuzt werden, kommen maRige Einengungen vor. Die Lymphkapillaren
verfugen zunédchst noch uber gar kein Gebilde zur Lenkung oder Beeinflussung
der Strémung; solche erscheinen erst im weiteren Abschnitt. Diese sind keine
Klappen, sondern Invaginationen. Der periphere Lymphkapillarabschnitt
ragt gleichsam in die Erweiterung des mehr zentral Gelegenen ein, und endet
in diesem mit einer engeren, schlauchférmigen Mindung (Abb. 7). Manchmal
sieht man mehrere Invaginationen an einer Erweiterung (Abb. 8). Die Erwei-
terungen weisen ebenfalls groBe Lumenverschiedenheiten auf. In der Ndhe des
Anastomosensystems von LymphgefédBen sind die Lymphkapillaren bereits
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Abb. I. Blind anfangendes Lymphkapillar- Abb. 2. Blind anfangendes Lymphkapillar-
gefiiB im BlutgefdBwinkel gefdR mit Einengung

Abb. 3. Blinde Lymphsadcke verschiedenen Abb. 4. Blinder Anfangsabschnitt unter
Kalibers starker VergréBerung

mit Einzelblattklappen versehen (Abb. 9) und folgen nicht mehr den Verlauf
der BlutgefdfRe, sondern ziehen selbstdndig dem Anastomosensystem zu (Abb.
10). Am Endabschnitt befinden sich auch Doppelblattklappen neben den Ein-
blattklappen (Abb. 11, 12). Der morphologische Aufbau der einander nahe
gelagerten Doppelblattklappen 4Rt gar keinen Ruckfluf in die Kapillaren zu.
lli<;se Klappen bestehen aus zwei halbkreisférmigen Blédttern, welche sich im
spitzen Winkel zur Ladngsachse des GeféRBes in der Stromrichtung in das Lumen
hineinragen (Abb. 13, 14). Die beiden Bléatter ergeben zusammen ein ovales
Gebilde; die spaltformige Offnung befindet sich bei dem kurzen Durchmesser.
Die gebogenen Insertionslinien der Klappenbléatter treffen sich in je einem an
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Abb. 5. Zwei zusammenflieRende Lymphka- Abb. 6. Ausbildung einer Insel beim Zusam-

pillaren mit Erweiterung menfluR, Einengung bei der arteriellen Uber-
kreuzung
Abb. 7. Invagination Abb. 8. Zwei Invaginationen in derselben

Erweiterung

der GefédRBwand einander gegenlber liegenden Punkt (Abb. 15). lhre freien
Ré&nder Uberbriickcn saitenartig das Lumen; die Flussigkeit kann nur durch
die zwischen ihnen gelegene Léangsspalte stromen (Abb. 16.) Ohne Verletzung
der Struktur ist hier kein Riuckstrom mdglich. Bei Druckzunahme im weiteren
Abschnitt spannt die gedehnte Wand die gemeinsam inserierenden straffen
Réander der Blatter an, die dann, &hnlich der Stimmritze, die Stromspalte noch
mehr verschlieBen. Wegen der gemeinsamen Insertionspunkte der Klappen-
rdnder vermag selbst eine hochgradige Dehnung Kkeine Insuffizienz dieser
Klappen hervorzurufen.
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Abb. 9. Invagination und Einzelblattklappe Abb. 10. Anastomosensystem im postmura-
beim ZusammenfluR len Abschnitt

Abb. 11. Einzel- und Doppelblattklappe des- Abb. 12. Doppelblattklappen
selben LymphgefaRes

Die Einzelblattklappen sind ebenfalls oval, inserieren aber nur mit
einem Rande an der GefdRwand. Es ist offensichtlich, daR es bei Druckanstieg
durch Dehnung des GefdlRes zum Rickbeugen des nicht fixierten freien Randes
der bogenfdormigen Platte kommen kann. Somit kann hier, in Abhéngigkeit
von den Druckverhéltnissen im nach der Klappe folgenden Abschnitt ein
Rickstrom zustande kommen.

Hinsichtlich der Lenkung der Lymphstrdémung sind auch die Invaginatio-
nen von Relang; hier kommt jedoch ein RickfluB schon bei geringer Drucker-
hohung zustande, was durch die zwar engere, aber offene schlauchartige Miin-
dung auch ermdglicht wird. Die Erweiterung nach der Invagination Ubt wahr-
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Abb. 13. Einzel- und Doppelblattklappen im Abb. 14. Langsschnitt einer Doppelblatt-
Lymphgefal klappe

Abb. 15. Querschnitt einer Doppelblattklappe Abb. 16. Schematische Darstellung einer
Doppelblattklappe

scheinlich eine Saugwirkung auf den vor ihr gelegenen Abschnitt aus und
dirfte somit in der Aufrechterhaltung der Stromung eine Rolle spielen.

Im Hinblick auf die aus der Schilderung mehrerer Autoren bekannten
Tatsache, daB die Lymphkapillaren selbst auf das Dreifache ihrer urspring-
lichen Lumina gedehnt werden kénnen, ist die Lymphmenge nicht zu vernach-
l&ssigen, die in diesem reichlichen Kapillarnetz hei Hemmung des Abflusses
oder beim die Transportkapazitdt Uberschreitenden peripheren Angebot
gespeichert werden kann.

Die aus dem morphologischen Aufbau gezogenen Schliisse konnten wir
auch experimentell bestdtigen. Nach Tuschegaben in die Darmwand von
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Katzen konnte eine Auffillung des Anastomosensystem und der ableitenden
Haupt-LymphgefédRe beobachtet werden. Der AbfluB wurde dann durch Unter-
bindung der ableitenden Stdmme unterbrochen. Das periphere Angebot
fuhrte zur stetigen Zunahme des Lymphdruckes im Sammelgebiet. Nach
kurzer Zeit begann die Tusche tUber die den arteriellen Bogen begleitende
Anastomose zum tributidren Gebiet des benachbarten Hauptstammes hinzu-
fliessen, was zwar zu einer Verdinnung der Tusche am Rand des Netzes fuhrte,
den durch Verbleiben des peripheren Angebotes entstandenen UberschuB
jedoch nicht abzuleiten vermochte. Nach vierstindiger Abklemmung kam
bereits eine mé&Rige Schwellung des zwischen den benachbarten Sammelgebieten
liegenden Gekrdseabschnittes zustande und es erschienen Lymphstrdnge von
verschiedenem Kaliber. Den Weg der Tuschekdrnchen verfolgend, stromte die
Lymphe neben dem Anastomosensystem zuriick zum geschwollenen Gebiet
hin. Der Bereich, wo die Tusche verdiinnt wurde, endete mit einer fast scharfen
Grenze.

Die obigen Befunde lassen die Feststellung zu, dall eine Behinderung des
Abflusses durch Lymphknoten- oder LymphgefédRentziindung, Abschniirung,
Obstruktion, usw. oder die Steigerung des peripheren Angebotes zunéchst eine
Speicherung der Lymphe im Anastomosensystem bewirken. Aus diesem Bereich
ist ein WeiterflieRen Uber die den arteriellen Bogen begleitenden Verbindungs-
&ste zu den benachbarten tributdren Gebieten noch maoglich. Bei weiterem
Druckanstieg reicht diese Verbindung nicht mehr aus und es kommt zu einer
Stauung in den LymphgefdRen. Nach dem Insuffizientweiden der Einzelblatt-
klappen beginnt die Stromung zu den Kapillaren hin; das Speicherungsver-
mogen derselben nimmt auf das Mehrfache des urspringlichen zu. Da gibt es
offensichtlich keine Resorption, sondern die Flussigkeit diffundiert aus den
méchtig geschwollenen Kapillaren und den blinden Anfangssdckchen, und
es kommt zur Odembildung in dem Sammelgebiet des unterbundenen Lymph-
gefédRes. Bei ldnger anhaltender AbfluBhinderung kann die Stauung auf die
Darmwand Ubergreifen und auch hier eine Schwellung verursachen.
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FURTHER INVESTIGATIONS CONCERNING MESENTERIC LYMPH VESSELS
J. VAIDA and M. TOMCSIK

Besides the system of lymphatic anastomoses in the postmural portion of the mesen-
tery, the lymphatic capillaries, too, contain a significant volume of lymph. Not only the
simple — pocket and double-pocket valves but also the invaginations play an important role
in directing the flow of lymph and maintaining capillary circulation. The morphology of
double-pocket valves is discussed in detail, and it is emphasized that these valves do not
become insufficient provided their constituent membranes remain intact. The problem of
oedemata developing in connexion with the retrograde spread of lymph stasis is also discussed.

HOBbIE NCCNELOBAHUA HA JTMM®OATUNYECKINX COCYOAX BPBIXXEWMKMW
4. BAUAA n M. TOMUUK

ABTOpbI MOAYEPKMBAIOT Hapsay C CUCTEMO aHACTOMO30B NIMM(ATUUYECKUX COCY/0B Ha
NOCTXMypaslbHOM 3Tane GpPbDKEAKM 3HauYeHVe NMMGaTUUYECKUX KanuinspoB C TOUKM 3peHus
XpaHeHUs nuMgbl. Hapagy ¢ ogHO- v ABY/IMCTKOBbIMK K/arnaHaMu OHU MOAYepKMBalOT posib
MHBarMHauMyM Kak B OTHOLLUEHWM HamnpaefeHusi MMMAOTOKa, TaK U B Aene MOAAePXMUBaHUS Ka-
NUANAPHOTo NMMdoo6palLieHns. OHM crelyanbHO PaccMaTpPUBaOT MOPQOIOTUI0 ABY/TIMCTKOBbIX
KNanaHoB W YCTaHaB/MBAIOT, UTO NPW MHTAKTHOCTU NIMCTKOB HE MOXET HacTynaTb MX HefocTa-
TOYHOCTb. ABTOPbI paccMaTpPMBAIOT fasiee BOMPOC 0TeKa, BO3HMKAIOLLEro B CBSA3W C PeTporpag-
HbIM pPacnpocTpaHeHMeM 3acTost MIUMpbI.

Dr. Jdnos Vajda

o ) Budapest IX., TGzolté u. 58., Ungarn
Dr. Miklés ToMCSiK
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Institut fur Histologie (Direktor: Prof. Dr. P. Jl. Motawkin) der Medizinischen Universitat,
W ladiwostok

GROSSER INTRAMEDULLARER RUCKENMARKSNERYV
BEIM MENSCHEN

P. A. Motawkin, A. A. Belikov uUnd L.N. Si1obodina

(Eingegangen am 13. Juni, 1965)

Das Rickenmark von 18 Verstorbenen wurde untersucht. Die Schnitte wurden
laut Cajal impréagniert, bzw. mit Hadmatoxylin-Eosin gefdrbt. Im oberen Drittel des
ersten Lendensegments, im zwolften und elften sowie im unteren Teil des zehnten
Brustsegments wurde ein 3,5 cm langer und 0,25 bis 0,51 mm dicker Nerv nachgewiesen.
Er nimmt seinen Ausgang vom oberen Teil des ersten Lumbalsegments, tritt in die
vorderen Strdnge der linken und rechten Seite des Rickenmarks ein, um von dort in
kranialer Richtung medial von der Clarkeschen Sdule unter die Basis des Hinterhorns
zu ziehen. Im Nervenbestand finden sich dicke sensible und diinne vasomotorische
Nerven. Es wird angenommen, daB die Fasern dieses Nerven die intramedulldren
BlutgefdRe auf dem Gebiet des Lendenabschnittes und in einem groBen Teil des Thora-
kalabschnittes innervieren. Es wird vorgeschlagen, diesen Nerv Nervus intramedullaris
perpetuus major medullae spinalis (groRer, konstanter intramedulldrer Rickenmarks-
nerv) zu nennen, zwecks seiner Unterscheidung von den kleinen GefaRnerven, die
duBerst veranderlich und nicht immer nachweisbar sind.

Bei der Untersuchung der die BlutgefdlRe des Rickenmarks versorgenden
Nerven konnte einer von nur [8, 9] in den unteren Segmenten des thorakalen
Abschnittes einen groBen intramedulldren Nerv nachweisen. Das eingehende
Studium der diesbezuglichen Literatur [10] ergab, da den Neuromorphologen
nichts tber diesen Nerven bekannt ist. Deshalb beschreiben wir ihn in der
gegenwartigen Arbeit als ein neues Strukturelement des Rickenmarks, das
mit vollem Recht als selbstdndige Einheit aufgefallt werden darf.

Untersucht wurde das Ruckenmark von 18 Personen beiderlei Ge-
schlechts im Alter von 24 bis 60 Jahren, die verschiedenen zufalligen Todesur-
sachen erlagen. Wir zergliederten das Rickenmark zweier Verstorbener seg-
mentweise und untersuchten esan Schnitten von je 50 die alle 0,5 mm ent-
nommen wurden. Die mikroskopische Analyse dieses Materials ermdglichte
die approximative Lokalisation des Nerven, den Ausschluf &hnlicher Gebilde,
und beschrankte die weitere Arbeit auf einen bestimmten Abschnitt des
Rickenmarks. Deshalb wurde aus dem Riickenmark der anderen 16 Verstorbe-
nen der sieh vom siebenten Thorakalsegment bis zum dritten Lumbalsegment
erstreckende Teil herausgeschnitten und in Stiicke zergliedert, die dem 8., 9.,
10., 11. und 12. Brustsegment sowie dem ersten und zweiten Lendensegment
entsprachen. Das Riuckenmark von 15 Verstorbenen wurde in seiner gesamten
Lé&nge in einer wasserig-alkoholischen Chloralhydratlésung, in Ammonia-
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Alkohol fixiert und laut Cajal imprégniert. Das sechzehnte Rickenmark wurde
in Zelloidin eingebettet und die 15 bis 30 4 dicken Schnitte wurden mit Hama-
toxylin-Eosin geférbt, unverziglich untersucht und ndétigenfalls, etwa alle
0,3 0,3 mm, unter Glas eingeschlossen.

Auf Grund der folgerichtigen Untersuchung der Serienschnitte lieR sich
feststellen, wo der Nerv seinen Ausgang nimmt und wo er endet. Seine Ldnge

Abb. 1. Querschnitt des oberen Teils des 12. Thorakalsegments. 1 = Der Nerv mit einem
Durchmesser von 0.38 mm. 2 = Der zentrale Kanal. 3 = Clarkesche Sé&ule. Impragnation.
45fache VergroBerung

und Dicke, seine Beziehungen zu den anderen Gebilden des Ruckenmarks, die
Struktur des Nervenstammes, die Natur der zu seinem Bestand gehdrenden
Fasern konnten gekldrt werden, soweit dies die Imprégnationsverfahren
erlauben. Wir kénnen auch auf die Frage eine vorladufige Antwort geben, ob
dieser Nerv eine obligatorische und konstante morphologische Einheit des
Rickenmarks bildet.

Der Nerv beginnt zumeist im oberen Drittel des ersten Lumbalsegments.
Er tritt — zusammen mit der im Sulcus intermedius medullae spinalis verlaufen-
den Arterie in die linke oder in die rechte Seite des Rickenmarks ein (mit dieser
Arterie zieht er der ganzen vorderen Furche entlang) und lagert in der weilSen
Substanz des dorso-medialen Teils des Vorderstranges, unter der Basis der vor-
deren Commissura alba. In den unteren zwei Dritteln des zwdlften Thorakalseg-
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ments findet er sich am medialen Rand der Intermedidrzone und liegt ventrome-
dial der Clarkeschen Sdule bzw. ventrolateral des zentralen Kanals (Abb. 1). Im
oberen Drittel des zwdlften und im gesamten elften Thorakelsegment zieht der
Nerv in dorsaler Richtung, umgeht die mediale Seite der Clarkeschen S&ule in
einem Bogen von etwa 180° und erscheint im Anfangsteil des zehnten Brust-
segments unter der Basis des Hinterhorns. Ein geringer Teil des Nerven liegt
im Bereich der weilen Substanz der hinteren Strdnge. An dieser Stelle finden
wir ihn im unteren Drittel des zehnten Brustsegments. In drei Féallen nahm der
Nerv seinen Ursprung aus der Mitte des zwdlften und endete im oberen Teil des
elften Brustsegments. Die allméhliche Verlagerung des Nerven von vorne nach
hinten weist darauf hin, daB seine Achse nicht streng vertikal, sondern etwas
der Horizontalebene zugeneigt ist. Die Ladnge des Nerven wechselt zwischen
1,3 und 3,5 cm.

Bei vier Personen erschien der Nerv als paariges Organ, d. h. er lieB sich
sowohl in der linken als auch in der rechten Seite des Rickenmarks gleichzeitig
nachweisen. Sein Stamm war in diesen Féallen auf der einen Seite zwei bis
dreimal so dick und in der Regel auch ldnger als auf der gegentberliegenden
Seite.

Zusammen mit dem Nerven erscheint ein Blutgefall, dessen Querschnitt
etwa 55 bis 60 * betrdgt. Seine Wand besteht aus drei Schichten: einer duf3eren,
einer mittleren und einer inneren Schicht, woraus gefolgert werden darf, dal es
sich um eine Arterie handelt. Im oberen Drittel des zwdlften und im unteren
Drittel des elften Thorakalsegments liegt der Nerv und die Arterie neben der
langsverlaufenden Hauptvene. Sie bilden gemeinsam ein neurovaskulédres
Biundel, das auch makroskopisch gut zu erkennen ist. Im Anfangsteil des zehn-
ten Brustsegmentes und bisweilen auch niedriger trennen sich Nerv und
GeféRe und ziehen in verschiedenen Richtungen.

Der Nerv verschwindet nicht spurlos. Schon an der Stelle wo er in die
M arksubstanz eintritt, gibt er ein bis zwei Bilndel von je 20 bis 25 [x ab, die
zusammen mit den Abzweigungen der im Sulcus intermedius verlaufenden
Arterie zum Lendenabschnitt ziehen. Dem gesamten Verlauf des Nerven ent-
lang sieht man andererseits die Wand der BlutgefédRe innervierende Kkleine
Nervenfasernbiindel. Besonders méchtige Stdmme sendet der Nerv zu den
langsverlaufenden Hauptvenen und -artérien, die Uber die intermedidre Zone
zum Hinterhorn und zu der Clarkeschen Sdule ziehen. Im unteren Drittel des
zehnten Segments teilt sich der Nerv in kleine Stdimme, die ldngs der GefaRe
auseinanderlaufen, und in den hdherliegenden Thorakelsegmenten erscheinen.
Der Nerv versorgt nicht nur die gleichseitigen, sondern auch die gegenseitigen
Gefdlle mit Fasern. Er entsendet kleine Nervenstdmine entlang der GeidlRe der
Commissura alba und grisea zur gegenlberliegenden Seite des Rickenmarks.
Der Nerv gibt aber nicht nur Fasernbiindel ab, er nimmt solche auch auf.
Diese kommen mit der im Sulcus intermedius verlaufenden Arterie aus den
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Segmenten, die héher liegen als das Segment, in dem der Nerv seinen Ausgang
nimmt. Deshalb ist seine Dicke im Verlauf des zwdlften und elften Thorakal-
segments bei ein und derselben Person fast konstant. Bei verschiedenen Per-
sonen schwankt sein Querschnitt von 0,25 bis 0,51 mm.

Der Nerv selbst, aber auch das neurovaskuldre Bindel sind von einer
Glia- und Bindegewebshille umgeben und heben sich von der Marksubstanz,
scharf ab. (Abb. 2). Es I4Bt sich nicht bezweifeln, dal das Bindegewebsgerist

Abb. 2. Querschnitt des mittleren Teils des 11. Thorakalsegments. Arterie und der aus zwei
Bindeln bestehende Nerv. Imprégnation. 400fache VergréBerung

dieser Hdulle, wie auch das gesamte Bindegewebe, von dem es im Nerven-
bestand sehr viel gibt, die Fortsetzung der weichen Hirnhaut im Inneren der
Riuckenmarksubstanz darstellt. Dank dieses Reichtums an Bindegewebe
1aRt sich der Nerv mit den gewdhnlichen histologischen Methoden leicht nach-
weisen, beispielsweise auch mit H&matoxylin-Eosin-Farbung (Abb. 3). Im
Nervenbestand oder auBerhalb der Nervenhille finden sich kleine Arteriolen
von 12 bis 15 fl, die offenbar die Erndhrung der Nervenfasern besorgen.

In seltenen Féllen bildet der Nerv einen einzigen Stamm mit undeutlicher
Aufbindelung. H&ufiger besteht er aus zwei bis sieben Biundeln, deren jedes
von sichtbaren Bindegewebsschichten umgeben ist (Abb. 2, 4). Die Achsen
dieser Nervenbindel nehmen einen stark gewundenen Verlauf, die zu ihrem
Bestand gehdrenden Fasern sind intensiv verflochten, was an den L&ngsschnit-
ten des Nerven besonders anschaulich zutage tritt. Die Nervenbundel enthalten
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Abb. 3. Querschnitt des Anfangsteils des 10. Thorakalsegments. Der Nerv und zwei kleine
Arteriolen. Die eine ist innerhalb der Nervenhille, die andere auRerhalb der Hille zu sehen.
Héamatoxylin-Eosin. 400fache VergroRerung

Abb. 4. Qerschnitt des oberen Teils des 1. Lumbalsegments. Arterie und der aus drei grofRen
Bindeln bestehende Nerv. Impréagnation. 400fache Vergréferung
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Fasern vornehmlich mittleren Kalibers mit einem Querschnitt von 1,5 bis
2,5 /t. Vereinzelt finden sich auch dickere Nervenfasern (3 bis 3,5 /r). AuRerst
gering ist auch die Zahl der Nervenfasern mit dinnen, deutlich sichtbaren
Axonen. Die ersten zwei Faserntypen gelten als sensible Nerven [6, 3, 4], die
dritte Art wird der Regel den vasomotorischen zugeordnet, was in bezug auf
die BlutgefédRe des Rickenmarks auch experimentelle Bestatigung fand [11,
12].

Zusammenfassend |48t sich sagen: Der im obigen beschriebene Nerv
nimmt seinen Ausgang meistens vom oberen Drittel des ersten Lumbalseg-
mentes, tritt in die weille Substanz der vorderen Strdnge der linken und rechten
Seite des Rickenmarks ein, zieht dann in kranialer Richtung und geht in die
Zona intermedia. Von dort zieht der Nerv medial von der Clarkeschen Sdule
unter die Basis des Hinterhorns, wo er im Niveau des unteren Drittels des
zehnten Thorakalsegments in kleine Bundel zerfdallt und endigt. Die maximale
Ldnge des Nerven betrdgt 3,5 cm, sein Querschnitt schwankt zwischen 0,25
und 0,51 mm. Die Struktur des Nerven ist innerhalb des Stammes variabel. Er
kann als kompakter, undeutlich aufgebindelter Stamm auftreten, oder er
besteht aus zwei bis sieben einzelnen Bundeln, die von deutlich erkennbaren
Bindegewebsschichten umgeben sind. Im Bestand des Nerven finden sich vor-
nehmlich Fasern mittleren Kalibers und eine geringe Anzahl dicker und dinner
Nervenfasern. Die Funktion des Nerven besteht vermutlich in der Innervation
der intraorganischen Blutgefédfe, zumindest im Abschnitt der Lumbalsegmente
und in einem bedeutenden Teil des thorakalen Teil des Rickenmarks. Es
4Rt sich annehmen, daB die Fasern dieses Nerven in kaudaler Richtung bis
zum Kreuzbein Vordringen und in kranialer Richtung das fiinfte bis sechste
Thorakalsegment erreichen. Die genauere Feststellung des Ausbreitungsgebietes
der Nervenfasern bedarf indessen weiterer Beweise, die weniger morphologisch
als experimentell zu erbringen wéren. Bedauerlicherweise fanden wir unter den
zu neurohistologischen Experimenten herangezogenen Versuchstieren (Hund,
Katze, Kaninchen) keines, bei dem ein dem beschriebenen Nerven entsprechen-
des Gebilde nachzuweisen wére.

Die Tatsache, dalB wir den charakteristisch lokalisierten Nerven bei jedem
von den 18 untersuchten Individuen nachweisen konnten, dirfte als Beweis
betrachtet werden, dal der Nerv eine ziemlich konstante Struktureinheit des
Ruckenmarks darstellt, und als erstmalig beschriebenes Gebilde einer Benen-
nung bedarf. Zwecks seiner Unterscheidung von den kleinen GefédlRnerven, die
duBerst verdnderlich und nicht immer nachweisbar sind [10], schlagen wir vor,
diesen Nerv Nervus intramedullaris perpetuus major medullae spinalis (grofer,
konstanter intramedulldrer Rickenmarksnerv) zu nennen.
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A MAJOR INTRAMEDULLARY SPINAL NERVE IN HUMANS
b A MOTAWKIN, A A BELIKOV and L. N. SLOBODINA

The spinal cords of 18 cadavers have been examined. The sections were stained according
to Cajal’s silver method and/or with haematoxylineosin. The existence of a nerve, 3.5 cm long
and 0.25 to 0.51 mm thick, was demonstrated in the upper third of the first lumbar segment,
further in the 12th and 11th, as also in the lower part of the 10th thoracic segment. It originates
in the upper part of the first lumbar segment, enters the anterior fascicles on both sides of the
spinal cord, runs cranial medially to Clarke’s column and terminates beneath the base of the
posterior horn. The neural substance contains thick sensory and thin vasomotor nerves. The
fibres of the nerve presumably innervate the intramedullary blood vessels in the lumbar and
in the greater part of the thoracic segment. In order to distinguish the nerve in question from
minor vascular nerves that are extremely variable and not always demonstrable, the name
“Nervus intramedullaris perpetuus major medullae spinalis” is suggested.

BOMbLUOV WMHTPAMEAYNNAPHBLIA HEPB CMMHHOINO MO3IA UEJ/IOBEKA
N A MOTABKVH, A A BEJ/INKOB wu J1. H. C/IOBOAVNHA

ABTOpPbI U3yunn 18 CMUHHbLIX MO3rOB Ye/loBeKa, MCMoNb3ya MmnperHauuio no Kaxanto
M OKpacKy Cpe30B reMaTOKCU/IMHI03MHOM. Ha NpoTsXXeHWW BepxHeil TPeTu NepBOro MOSCHWUY-
Horo, 12,11 n HwxHein Yactn 10 rpyaHbIX CErMeHTOB UMW O6HapyXeH BHYTPMMO3roBoOl Heps
ONVHOK 0 3,5 CM U TOMLWMHOK OT 0,25 MM A0 0,51 MM. OH HauMHAeTCs Ha YPOBHE BepxHel
YacTM MepBOro MOSICHUYHOrO CerMeHTa, BCTYMaeT B MepefHMe KaHaTWKW N1eBOM WAM npasBow
MO/IOBUHbI CMWHHOIO MoO3ra W, C/efysa B KpaHWa/lbHOM Hanpas/fieHUW, nepemellaeTca no Me-
OnanbHo cTopoHe cTonba Knapka nog ocHOBaHve 3afHero pora. B coctaBe HepBa 06Hapy-
YKeHbl TONCTble — YYBCTBUTE/bHbIE BOSIOKHA Y TOHKME NPOBOAHWKM C Ba30OMOTOPHOW (PYHKLUEN.
ABTOpbI CUATAIOT, YTO BOSIOKHA HepBa WHHEPBUPYIOT BHYTPMMO3roBble KPOBEHOCHbIE COCYAbl
Ha NPOTSHKEHUW NOSICHUYHOIO M 60MbLUeA YacTh FPyAHOro oTAena CrvHHOro mMosra. OHW npea-
nararoT 3TOT HepB (B OT/IMUME OT MESIKUX COCYAUCTbIX HEPBOB KpaliHe BapuabesbHbIX U Habnto-
[JaloLWMXCA He NOCTOSAHHO) HasBaTb 60/bLUMM M MOCTOAHHLIM BHYTPVYMO3rOBbIM HEPBOM
Nervus intramedullaris perpetuus major medullae spinalis.

P. A. Motawkiiv
A. A Belikow
L. N. Stobodina

Institut fir Histologie der Medizinischen Universitéat,
W ladiwostok, Szevernij Pr. 2., USSR
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DIE FEINSTRUKTUR DER GALLENKAPIULAREN
NACH SURTOTALER HEPATEKTOMIE

I. Barték und Sz. Viragh

(Eingegangen am 2. August, 1965)

An Ratten wurde nach subtotaler Hepatektomie die Feinstruktur der Gallen-
kapillaren untersucht. Am 2—10. postoperativen Tage waren eine Vermehrung und
Erweiterung, sowie intrazelluldre Einstilpungen der Gallenkapillaren und Verdnderun-
gen der Mikrovilli zu beobachten. Zu den gleichen Zeitpunkten war der Golgi-Apparat
hypertrophisch und es konnte ein »heller« und ein »dunkler« Leberzellentyp unter-
schieden werden. Die submikroskopischen Verdnderungen werden mit den AKtivitd”s-
&nderungen der alkalischen Phosphatase und der ATPase in der regenerierenden Leber
in Parallele gestellt. Die im Fruhstadium der Regeneration feststellbaren kanalikularen
Verdnderungen werden mit der gesteigerten Sekretionsaktivitdt der Restleber in Zusam-
menhang gebracht. In den spdteren Phasen der Regeneration entwickeln sich die Ver-
&nderungen der Gallenkapillaren allmé&hlich zurick.

Der histochemische Nachweis der alkalischen Phosphatase (Goéméri,
1941, Wachstein und Zak, 1949, 1964) und noch mehr der der Adenosin-
triphosphatase (ATPase) (Wachstein und Meisel, 1957, Wachstein, 1959,
Novikoff und Mitarb., 1958, Wachstein, Meisel und Falcon, 1962) erwies
sich als ein vorzuglich geeignetes Verfahren zur Darstellung der Gallen-
kapillaren. Bekanntlich zeigen die beiden kanalikularen Enzyme nach sub-
totaler Hepatektomie eine erheblich gesteigerte Aktivitdit (Wachstein und
Meisel, 1958, Wachstein, 1959).

Nach fruheren Untersuchungen ist nach subtotaler Leberresektion die
alkalische Phosphataseaktivitat der Gallenkapillaren in den ersten 48 Stunden
und die der ATPase in den ersten 96 Stunden gesteigert: das Reaktionsprodukt
zeigt zu den genannten Zeitpunkten eine Erweiterung und reiche Verzweigung
der Gallenkapillaren an. 10 Tage nach der Operation wird die Aktivitdt der
Enzyme jener der normalen Leber &hnlich (Barték und Mitarb., 1962, 1963).

Auf Grund der histochemischen Befunde war zu erwarten, dafl die Gallen-
kapillaren des regenerierenden Leberparenchyms elektronenmikroskopisch
augenfdllige Verédnderungen aufweisen wirden. Frihere elektronenmikrosko-
pische Versuche beziiglich der Leberregeneration (Bernhard und Rouiller
1956, Gansler und Rouiller 1956) hatten bereits die Aufmerksamkeit auf
einige Verédnderungen der Gallenkapillaren gelenkt, doch hatten sich die
Autoren mit der Frage der Entstehung und der genauen morphologischen
Charakterisierung der Verdnderungen nicht eingehender befal3t.
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Material und Methoden

Es wurde bei méannlichen Albinoratten von 150—200 g Gewicht der mittlere und der
linke Leberlappen, d. h. 60—65% des Leberparencbyms, entfernt. Nach der Operation erhielten
die Tiere 48 Stunden lang taglich 3 X5 ml 20%-iger Dextroseldsung und dann — bis zu ihrer
Totung — wieder die Standarddiét (s. Barték und Mitarb., 1962). 24, 48, 72 und 96 Stunden,
bzv. 10 und 20 Tage nach der Operation wurden stets zur gleichen Tageszeit je 2 Tiere durch
Nackenschlag getdtet, aus den Lebern sofort kleine Stiickchen exzindiert, diese in 1%-iger—nach
Partade gepufferter — Os04 Losung fixiert und nach Alkoholdehydrierung in Butyl-Methyl-
metacrylat eingebettet. Zur phasenkontrastoptischen Untersuchung wurden aus den Bldocken
halbdinne Schnitte hergestellt. Die dinnen Schnitte wurden nach Millonig (1961) mit
Bleizitrat kontrastiert und ein Teil derselben vor der Untersuchung mit einer Kohlenmembran
zugedeckt. Die elektronenmikroskopischen Untersuchungen erfolgten in dem Zeiss-Jena 180
ID und JEM 6C Apparat.

Abb. 1. 48 Stunden nach der Entfernung von 23 der Leber sind mehr Gallenkapillaren anzu-
treffen, als in der normalen Leber. Um die mit H bezeichnete Leberzelle sind 5, und um die mit
H2 bezeichnete 10 Gallenkapillaren (c) sichtbar. 5.200 X
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Abb. 2. Die obere Leberzelle ist von 7 Gallenkapillaren (c) umgeben. Die Lumina der links-
seitigen sind nur durch die zellverbindenden Strukturen (Pfeil) voneinander getrennt. In die
mittlere, erweiterte Gallenkapillare ist ein 6dematdser, keine Organellen enthaltender Zellan-
teil eingestulpt. In der rechten unteren Zelle werden peribilidre Lysosome (1) sichtbar. 9.300 X

Ergebnisse

24 Stunden nach der subtotalen Leberresektion waren einzelne Gallen-
kapillaren mé&Rig dilatiert, die Mikrovilli etwas geschwollen und verkirzt. Nach
diesen relativ geringfligigen Verdnderungen konnten wahrend des 2 10.
Tages der Regeneration die folgenden wesentlicheren beobachtet werden:
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Abb. 3. Konzentrisch erweiterte Gallenkapillare. Die Mikrovilli sind nur in der Nachbarschaft
der Zonula occludens (zo) erhalten geblieben. Der Golgi-Apparat ist hypertrophisch (G), in
seinen Yesikeln befinden sich Granula. 30.500 X

Vermehrung der Gallenkapillaren. Im ganzen Bereich der Leberldppchen
waren praktisch in jedem Gesichtsfeld mehr Gallenkapillaren anzutreffen
als im normalen Lebergewebe. Die Vermehrung der Gallenkapillaren ist im
Frihstadium der Regeneration (2—4. Tag) hochgradiger als spédter. Um die
Leberzellen liegen normalerweise 2—4 (Schaffner und Popper 1959, Steiner
und Mitarbeiter, 1963), in der regenerierenden Leber aber wesentlich mehr,
stellenweise auch 10 Kanélchenquerschnitte (Abb. 1 und 2). Die Entfernung
zwischen den Kapillarquerschnitten ist verschieden: wéhrend sie stellenweise
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Abb. 4. Erweiterte Gallenkapillare (c), deren unterer Rand sich in die rechtsseitige Zelle

einstilpt. Die Mikrovilli sind zahlenméRig auffallend vermindert, besonders wenige finden sich

in der linken oberen »hellen« Leberzelle. Bei dem Pfeil ist das Lumen der Gallcnkapillare sack-
artig in das Zytoplasma gestilpt 5.700 X

durch eine relativ lange Strecke der Zellmembran voneinander getrennt sind,
bilden im anderen Bereichen nur die SchlufRleisten eine Grenze. Die einander
naheliegenden Gallenkapillaren sind oft perlkettenartig aneinandergereiht
(Abb. 2). Das Lumen enth&lt wechselnde Mengen filamentdr-granuldrer Sub-
stanz (Ahh. 3, 4).

Dilatation. Das Lumen der Gallenkapillaren ist am 2 4. postoperativen
Tage an zahlreichen Stellen auf mehrere Mikron erweitert. Wie hei der extra-
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hepatischen Cholostase (Katifat und Mitarb., 1962), 148t sich auch in der
regenerierenden Leber eine konzentrische und eine exzentrische Dilatation
erkennen. Bei der konzentrischen Dilatation bilden die symmetrisch erweiter-
ten Lumina gleichméRige Einstulpungen in den benachbarten Leberzellen
(Abb. 3), wéhrend bei der exzentrischen Dilatation das Lumen assymmetrisch
in die eine Zelle weiter vordringt als in die andere (Abb. 4). Man sieht in den

Abb. 5. An der Gallenkapillare sind zahlreiche Sakkulationen erkennbar (s). Die Mikrovilli
sind der Zonula occludens (zo) entlang zahlreicher als anderwarts. Oben in der Mitte sind
invaginierte Zellmembranen sichtbar (i). 14.800 X

ldngsgetroffenen Kapillaren, dal die Lumenerweiterung nicht immer gleich-
férmig, sondern an der einen Stelle enger und an der anderen weiter ist.

Die ungleichméRige Erweiterung der Gallenkapillaren kann zur Folge
haben, dall sich das Lumen an einer Stelle sackféormig in das Zytoplasma der
Leberzellen einstulpt (Abb. 5) (Sakkulation, s). Wenn der sackartige Teil nicht
vollkommen in die Schnittebene fallt, kann das Bild eine, vom Lumen der
Gallenkapillare isolierte, intrazytoplasmatische Vakuole zeigen (Abb. 6). Da
letztere bis zum Golgi-Apparat reichen kdnnen, lassen sie sich an manchen
Bildern schwer von den grofen Golgi-Vakuolen unterscheiden (Abb. 6). Eine
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Abb. 6. Nicht erweiterte Gallenkapillare (c), von zahlreichen groBen Hohlrdumen umgeben
die sakkulierten Gallenwegsquerschnitten entsprechen (s’l —s’5). Der Golgi-Apparat (G) ist in
beiden Zellen hypertrophisch, seine Vakuolen (Gv) enthalten Granula. 22.000 X

Hilfe bedeutet hier, daR die Sakkulationen die bereits erwahnte fein-filamen-
tdre, granuldre Substanz enthalten, wdéhrend die Golgi-Yakuolen entweder
»leer« sind oder aber Granula von 20 muy Durchmesser enthalten (Abb. 6).
Um die Sakkulationen ist auBerdem das Hyaloplasma randartig verdichtet
(Abb. 6). Sakkulationen wurden gewdhnlich an betrédchtlich dilatierten Gallcn-
kapillaren gefunden, vereinzelt konnten sie aber auch in der N&he von nicht
erweiterten Gallenkapillaren nachgewiesen werden (Abb. 6).
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Aus friheren Arbeiten ist bekannt, daR die Verbindung der benachbarten

Leberzellen durch spezifische Strukturen — nach der Terminologie von Far-
quhar und Palade (1963): Zonula occludens, Zonula adhaerens, Desmosomen
und Membranverzahnungen (Abb. 5) - gewdhrleistet wird. In unserem

Abb. 7. Der 6dematdse, keine Zellorganellen enthaltende Teil der »hellen« Leberzellen stulpt
sich in die Gallenkapillare ein (Pfeil), in der sich auffallend wenige Mikrovilli befinden. 9.100 X

M aterial hat die Erweiterung der Gallenkapillaren nie eine Abtrennung dieser
zellverbindenden Strukturen bewirkt, obwohl sie um die erweiterten Gallen-
kapillaren oft in irgendeiner Richtung verschoben (Abb. 5) oder mitunter in
das Lumen der Gallenkapillare eingestilpt waren.

Zytoplasmaverdanderungen: An anderer Stelle (Viragh und Barték, im
Druck) haben wir ausfuhrlich dartuber berichtet, daB in der frihen Phase der
Regeneration ein »heller« und ein »dunkler« Typ von Leberzellen zu unter-
scheiden ist (Abb. 4 und 7). Die »hellen« Leberzellen enthalten weniger Zellor-
ganellen als normalerweise, sie sind geschwollen, abgerundet und pressen die
Sinusoide und benachbarten »dunklen« Leberzellen zusammen. Die »dunk-
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len« Leberzellen stehen hinsichtlieh des Gehaltes an Zellorganellen, Dichte,
Gestalt und GroRe den normalen Zellen naher, als die »hellen« Zellen.

Kurz nach Entfernung von 23der Leber hypertrophiert der Golgi-Appa-
rat in den Leberparenchymzellen, und in seiner Umgebung erscheinen viele
multivesikuldre Korper, winzige Vesikeln und zahlreiche Lysosome (Abb. 2 3
und 5 6).

Verdnderungen der Mikrovilli. In den meisten erweiterten Gallenkapil-
laren sind die Mikrovilli vermindert und verkiirzt. An der kanalikuldren Ober-
flache der »hellen« Zellen sind in der Regel weniger Mikrovilli zu beobachten
als an der der »dunklen« Zellen (Abb. 4 und 7). Die Abnahme der Zahl der
Mikrovilli bezieht sich nur ausnahmweise auf den ganzen Umkreis der Gallen-
kapillaren, denn in der Nachbarschaft der zellverbindenden Strukturen finden
sich auch dann noch mehr oder weniger Mikrovilli, wenn sonst die Zellmembran
vollkommen glatt ist (Abb. 3, 5).

In zahlreichen Gallenkapillaren sind die Mikrovilli geschwollen, 6dematés.
Das Odem kann das distale Ende der Zotten oder aber ihr Ganzes betreffen.
Im letzteren Falb; bewirken sie eine mehr oder minder starke Einengung des
Lumens der Kapillaren (Abb. 2 und 7). Erhebliche Odeme der Mikrovilli fanden
sich vorwiegend an den w»hellen« Zellen. Die 6dematdésen Mikrovilli sind mit
hellem feingranuldrem Hyaloplasma ausgefillt, welches keine Zellorganellen
aufweist. An der Basis der verbreiterten, 6dematdsen Mikrovilli sind stellen-
weise reihenférmig geordnete Bldschen wahrnehmbar, welche das die Zellorga-
nellcn enthaltende Zytoplasma von dem in den Zotten befindlichen Hyaloplas-
ma trennen.

Die beschriebenen Verdnderungen sind 48 72 Stunden nach der partiel-
len Leberresektion am ausgeprdgtesten, aber auch am 10. Tage noch betrécht-
lich. Am 20. Tage der Regeneration weisen die Gallenkapillaren eine vorwiegend
normale Struktur auf, doch sind vereinzelt auch dann noch maRigere Erweite-
rungen und intrazelluldre Einstiilpungen feststellbar. Die Mikrovilli sind am 20.
Tage wieder intakt.

Besprechung

Auf Grund der vorliegenden Untersuchungen sind in der frithen Phase
der Leberregeneration die AKktivitdtsdnderungen der gallenkanalikuldren
Enzyme (alkalische Phosphatase und ATPase) mit den submikroskopischen
Verédnderungen der Gallenkapillaren in Beziehung zu bringen. Mit den erwéhn-
ten Enzymreaktionen ist eine Intensivierung der kanalikuldren Zeichnung
sowie eine reiche Verzweigung der Gallenkapillaren feststellbar. Das submik-
roskopische Aquivalent dieser Veranderungen ist die Vermehrung der Gallen-
kapillaren, ihre Dilatation und hdufig ihre tiefe Einstilpung in die Zelle.

Kaltifat und Mitarb. (1962) haben bei der extrahepatischen Cholostase
im wesentlichen gleiche Gallenkapillarenverdnderungen gefunden wie wir im
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regenerierenden Lebergewebe. Wdahrend aber bei der Cholostase die Verdnde-
rungen eine Folge der Anreicherung der abfluRbehinderten Galle sind, dirften
sie nach der subtotalen Hepatektomie eher mit der gesteigerten sekretorischen
Aktivitdt im Zusammenhang stehen. Die Untersuchungen von Schalm und
M itarb. (1952) beweisen n&mlich, dal nach Blockierung des Gallenabflusses
des Ubrigen Parenchyms selbst 1/4 des Lebergewebes imstande ist, die Gesamt-
gallenmenge ohne Funktionsstdrungen auszuscheiden. Dabei ist in der funk-
tionierenden Restleber eine Hypertrophie nachzuweisen. Es mufl also ange-
nommen werden, dal nach der subtotalen Hepatektomie das betrédchtlich ver-
ringerte Lebergewebe relativ bedeutend grdRere Mengen Galle ausscheidet.
Dies erklart sowohl die VergroBerung des Gesamtquerschnittes der Gallenab-
leitung, welche den AbfluR der gesteigert produzierten Galle ermdglicht, als
auch die Steigerung der Enzymaktivitdt (ATPase, alkalische Phosphatase) der
Zellmembran. Es ist namlich bekannt, daB die ATPase eine wesentliche Rolle
im transzelluldren Transport spielt (Essner und Mitarb., 1958, Ernster und
M itarb., 1962, Rondez und Ruttner, 1963). Mdglicherweise steht auch die
Steigerung der alkalischen Phosphatase-Aktivitdt mit einer gesteigerten Funk-
tion der Zellmembran im Zusammenhang. Eine Stitze fir diese Annahme
stellen jene Befunde dar, wonach die in dem transzelluldren Transport eine
wichtige Rolle spielende Zellmembran der Nierenepithelzellen (Spater und
Mitarb., 1958, Molbert und Mitarb., 1960) und Diulnndarmepithelzellen
(Crark, 1961) lUber eine hohe alkalische Phosphatase-Aktivitat verfugt.

Die Vermehrung der Gallenkapillaren kann auf verschiedene Weise
Zustandekommen. Nach unseren Befunden kann die starke Erweiterung der
prédexistierenden Lumina und ihre Schldngelung den Anschein einer Vermeh-
rung erwecken. Es ist aber auch vorstellbar, da die unter normalen Umstén-
den teilweise oder vollkommen geschlossenen Kandlchen sich 6ffnen (Rouiller,
1956) oder auf die zunehmende Belastung zwischen den einander anliegenden
Zellmembranen auch neue Lumina entstehen. Nach Unterbindung des Ductus
choledochus, wenn der AbfluR der Galle gehemmt und auch seine Richtung
gedndert ist, kénnen Gallenkapillaren auch an abnormalen Zelloberfldéchen
entstehen (Steiner und Carruthers, 1961).

Die exzentrische Dilatation der Gallenkapillaren fuhrt h&ufig zur Sak-
kulation des kanalikuldren Lumens. Diese sackartigen Einstilpungen sind auf
Grund von lichtmikroskopischen Untersuchungen als intrazelluldre Gallcn-
gange beschrieben worden (Wachstein und Zak, 1949, Novikoff und Noe,
1955, Hammerbeck, 1958). Die Sakkulationen kénnen tief in das Zytoplasma
Vordringen und in der frthen Phase der Regeneration in die Ndhe des stark
hypertrophischen Golgi-Apparates gelangen. Dem Golgi-Apparat wird eine
Rolle in der Sekretionstitigkeit der Leberzellen zugesprochen (Steiner,Phil-
lips und Baglio, 1963). Auf Grund der obigen Angaben erweitern die Sak-
kulationen nicht nur die Lumina der Gallenkapillaren, sondern verkiirzen auch
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den Weg fur die Zellprodukte, die von den Leberzellen in die Gallenkapillaren

sezerniert werden.

Yon Higgins und Anderson (1931) wurde beschrieben und spater
auch von anderen bestdtigt —, da wéhrend der Regeneration die Hydratation
der Leberzellen gesteigert ist. Hiermit dirfte das Odem der Mikrovilli in
Beziehung stehen. Auf Grund der elektronenmikroskopischen Bilder ist beson-
ders im Falle der »hellen« Zellen an eine gesteigerte Hydratation zu denken.
Di.ise Zellart is n&mlich nicht nur wegen der Schwellung der Mikrovilli, sondern
auch in anderer Hinsicht als 6dematds zu betrachten (Viragh und Bartoék,
im Druck). Diese Verédnderungen deuten daraufhin, dall die Mikromorphologie
der Gallenkapillaren nicht nur durch die Gallenausscheidung, sondern auch
durch andere Faktoren beeinfluft wird.
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THE MICROSCOPIC STRUCTURE OF BILE CANALICULI AFTER SUBTOTAL
HEPATECTOMY

. BARTOK and S. VIRAGH

The microscopic structure of bile canaliculi has been studied in subtotally hepatectomiz-
ed rats. Between the 2nd and 10th postoperative day, increase in the number and the diameter
of bile canaliculi, intracellular invagination of the bile paths and various changes in the micro-
villi were observed. At the same time, the Golgi apparatus became hypertrophic, and the liver
cells differentiated into a “light” and a “dark” variety. The submicroscopic changes are
compared to changes in the activity of alkaline phosphatase and ATPase seen in regenerating
livers. It is suggested that the observed changes in the structure of bile canaliculi during the
early phase of regeneration are due to the increased task to be performed by the surviving one
third of the liver parenchyma. The structural changes of the bile canaliculi gradually disappear
with advancing regeneration.

TOHKASA CTPYKTYPA >XENUYHbIX KAHAJIbLEEB TOC/IE CYBTOTAJIbHOW
FEMNATEKTOMUU

N. BAPTOK un C. BUPAT

ABTOpbI M3ydani TOHKYH CTPYKTYPY >KeNuHbIX KaHa/blEeB nocne cy6ToTanbHoli rena-
TEKTOMUM Y KpbiC. Ha 2—10 fieHb Moc/ne onepaLuy OHW Ha6oAany yBenmueHne ymcna xenu-
HbIX KaHa/bLEB, UX pacluvpeHune, BHYTPUKIETOUHOE BMNAYMBAHUE XeNUHbIX MNyTell U pasnnu-
Hble M3MeHeHUS MMUKPOBOPCUHOK. B 3TO e Bpems annapaTt [ofbMKu runepTpodupoBaHHbIi
N OT/IMYAIOTCS «CBET/IbI» W «TeMHbIVi» BapuaHTbl NMEYEHOUYHbIX KNETOK. ABTOPbI YCTaHABIMBAKOT
napannenb Mexgy Cy6MUKPOCKOMUUECKMMU U3MEHEHUAMMW W U3MEHEHUAMMU LLIENOYHOM docta-
Tasbl U AT®-a3bl B pereHepupytoLLeiics neyeHn. BosHMKalOLME B paHHei CTagum pereHepawmm
MN3MEHEHUSN XeNUYHbIX KaHa/bLEeB aBTopbl MPUBOASAT B CBA3b C YCWU/IEHHON HArpysKoi, KOTopyo
NpeacTaBNseT BblAeNleHNe Xenum 1 ApYrux BELIECTB Ha MeYeHOUHYI MapeHXUMY, YMeHbLLeH-
HOI 10 0AHOI TpeTW. B 6oniee NO3AHMX CTAAMSX PereHepaL My U3MEHEHUS XeMUHbIX KaHa/bLeB
NOCTENEHHO MPEKPALLAOTCS.

Dr. Istvan Barték: Szeged, Kossuth Lajos sgt 40., Ungarn
Dr. Szabolcs Viragh: Budapest, IX., TGzoltd u. 58., Ungarn
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EFFECT OF PAINTING WITH ACID ON MUSCFLAR TYPE
SMALL ARTERIES

H. Jellinek, Klara Szemenyei, T. Kerényi and |. Huttner

(Received 9 September, 1965)

Elastic and muscular type blood vessels have been found to react in a different
way to painting with acid. Fibrinoid necrosis develops only in the small arteries of
the muscular type. Muscle necrosis, one of the components of the vascular wall fibrinoid
can readily be differentiated from the other components by Mallory’s phosphotungstic
acid haematoxylin, since the necrosed muscle cells bind more dye.

In previous experiments [l, 2] the regeneration of the aortic wall damaged

by painting with acid has been studied. The method employed was as follows:
- Albino rats were laparatomised and the exposed infrarenal part of the aorta

was painted for a few seconds with concentrated hydrochloric acid. It was
found that the cellular elements disappeared and the framework of regenera-
tion was constituted by the remaining fibre network.

In most cases the small blood vessels of the muscular type running near
the aorta were also damaged. The characteristic histological changes displayed
by them are illustrated by presenting typical case.

The vascular wall is homogeneous, eosinophilic, stains a homogeneous
yellow with Van Gieson’s dye and flame-red with Azan (Fig. 1), and contains
only at sites a few muscle cells with elongated nuclei. Foot’s silver impregna-
tion shows an intact fibre network. On treatment with pH 4.5 toluidine blue the
vascular wall shows no metachromasia (Fig. 2), the Ritter-Oleson method
reveals a homogeneous PAS-positivity. In the vascular wall staining red with
Azan, Mallory’s phosphotungstic acid haematoxylin reveals strongly staining
bluish-black islets corresponding to necrosing muscle cells in the reticular
network (Fig. 3).

When survival is longer, in the necrosed vessels intimai proliferation a
strong metachromasia begins (Fig 2), and later on the necrosis undergoes
hyaline transformation.

From the findings two conclusions have been drawn.

(i) Blood vessels of the elastic and ofthe muscular type react in a different
way to the same injury. Whereas fibrinoid necrosis failed to develop in the aor-
tic wall, in the small arteries of the muscular type a change showing all the
characteristic features of fibrinoid necrosis was observed.
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(ii) By Mallory’s phosphotungstic acid haematoxylin, the homogeneous
fibrinoid was broken up into its components. Whereas the plasma components
and necrosed muscle cells stained in the same way with Azan by the PAS reac-

Fig. 3. Necrosed muscle cells staining well with Mallory’s phosphotungstic acid haematoxylin
are visible in the fibre network of the vascular wall

tion which showed a homogeneous vascular wall fibrinoid, with Mallory’s
phosphotungstic acid haematoxylin the necrosing muscular elements of the
vascular wall, by virtue of their enhanced dye-binding ability, can clearly be
differentiated from the plasma in the media.

*
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Fig. 1. Small artery of the muscular type characteristic of fibrinoid necrosis, homogeneous

staining red with Azan, alongside acid-painted large vessels of the elastic type. There is no

fibrinoid necrosis in the wall of the elastic vessels. Intimai proliferation in the upper vessel
(Azan)

Fig. 2. The small blood vessel and part of the adjacent elastic vascular wall have lost méta-
chromasie, which appears exclusively in the area of intimai proliferation (Toluidinie blue, pH
4.5)
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UBER DIE NACH SAUREPINSELUNG BEOBACHTETEN VERANDERUNGEN DER
KLEINARTERIEN MUSKULAREN TYPS

H. JELEINEK, KLARA SZEMENYEI, T. KERENYI und I. HUTTNER

Die nach Saurepinselung entstehenden Verdnderungen der GefdBe elastischen und
muskuldren Typs sind grundlegend unterschiedlich. Fibrinoidnekrose entwickelt sich lediglich
in den Kleinarterien muskuldren Typs. Die, einen Bestandteil des GefaRwandfibrinoids bildende
Muskelnekrose kann den tUbrigen Komponenten gegentber mit Hilfe der Malloryschen Phos-
phor-wolframsdure-Hamatoxylin-Fdbrung — infolge der gesteigerten Farbenbindung der
nekrotisierten Muskelzellen — deutlich abgesondert werden.

N3MEHEHNA B MAJIbIX APTEPUAX MbIWLEYHOIO TUIA,

HABJTFOAABLUMNECA MNOCJ/IE CMA3bIBAHNA KCNOTON

X. MEAAWHEK, K CEMEHbEW, T. KEPEHbWU n WU XIOTTHEP
B cBA3M €O cMasbiBaHWEM KWC/IOTOl aBTOPbl YCTAHOBW/IM, YTO peakuyi COCY/0B 3/1acTu-
UECKOI0 U MYCKY/IIPHOrO TUMa CyLLECTBEHHbIM 06pa3oM OT/MYaloTCst Apyr OT Apyra. dubpu-
HOMAHBIV HEKPO3 BO3HWKAET TO/ILKO B MaJlbIX apTepuUsix MbILLEYHOro Twra. [peacTaBnsioLmii
COCTaBHYH YacTb (hMOBPUHOMAA COCYAWUCTON CTEHKM MbilLEUHbI HEKPO3 MOXET ObITb XOPOLLIO
AMDdEPEHLMPOBaH 3a CUET MOBBLILLEHHOTO CBSA3bIBAHWA KPacKy HeKPOTM3MPOBaHHLIMW MbiLLEY-

HbIMV K/IETKaMW, eCniv NMPOBOAMTL OKPAcKy € (hocthopBosIbPaMOKUCIbIM FeMaTOKCUIMHOM 0
Mannopu.

Dr. Harry Jellinek
Dr. Klara SZEMENYEI
Dr. Tibor Kerényi

Dr. Istvdn Huttner

Budapest IX., UllGi ut 93., 1lungary
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FIBRINOID NECROSIS OF THE VASCULAR WALL
INDUCED BY PAINTING WITH ACID

l. Huttner, H. Jellinek, T. Kerényi and Klara Szemenyei

(Received 9 September, 1965)

Fibrinoid necrosis of the muscular arterioles of the rat’s uterus has been induced
by painting with hidrochloric acid. The first change observable by light microscopy
was a necrosis of muscle cells. A plasma imbition of such a rate the result of which was a
development of typical fibrinoid of the media and which caused a precipitation of fibrin
in severe cases was visible only after the necrosis of muscle cells. In addition, in the
larger uterine arteries possessing a resistant internal elastic membrane, subendothelial
fibrinoid, originating mostly from a precipitation of fibrin, was observed.

In earlier studies we often observed fibrinoid necrosis of the muscular
arterioles in the environment of the aorta damaged by painting with acid in
order to investigate the process of regeneration [4]. As fibrinoid necrosis of the
vascular wall could reliably be evoked by painting with acid and the extent of
the lesion appeared to be controllable, the process was subjected to detailed
analysis.

In 40 albino rats of 200 g average weight the uterus as an organ rich in small blood
vessels, was painted with different dilutions of hydrochloric acid. The animals were sacrificed
at intervals from the 1st to the 60th day following operation. The uterus was removed, fixed in
formalin and Carnoy’s fluid, embedded in paraffin, then were examined after staining with
haematoxylin-eosin, Azan, Mallory’s phosphotungstic acid haematoxylin, PAS-reaction (after
diastase-digestion), by fluorescence and polarisation optical methods (phenol, aniline-reaction),
and in some instances following digestion with trypsin.

The vascular changes of the uterus were different depending on the
concentration of the acid and on the distance of the effect, i.e. on the intensity
of acid action.

In response to direct treatment with acid the small blood vessels showed
dilatation, stasis, the wall was thinned, the connective tissue and elastic fibres
were elongated, the muscular elements could not be differentiated. These blood
vessels have not been used in the studies.

Various stages of fibrinoid necrosis were present in the wall of the small
blood vessels lying in an intact environment somewhat distant from the site of
treatment. The changes which depended on the length of survival and the
intensity of acid action, will be described below in the sequence of their develop-
ment.
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In response to weak acid, the endothelial and muscle cells showed
vacuolisation, hyperchrome, sometimes deformed nuclei, but no necrosis in
the vascular Avail (Fig. 1). Later, proliferation of muscle cells and the endothelium
without fibrinoid necrosis was visible in these slightly damaged arterioles
(Fig. 2).

In response to strong acid, some muscle cells underwent early necrosis;
they stained flame-red with Azan, bound phosphotungstic acid haematoxylin
more firmly than did the intact cells, gave a diastase-resistant PAS-reaction
(Fig. 3), showed increased birefringence and an intense greenish-yellow
fluorescence with coriphosphin as well as with the combination of euchrysin
and thiazine red, giving the characteristic reactions of muscle cell necrosis.
Later on, more and more of the muscle cells become necrosed, the necrotic
areas show first a segmental, then a circular confluence, and the typical picture
of fibrinoid necrosis arises (Fig. 4, 5). In the homogeneous, eosinophilic, PAS-
positive fibrinoid which stains red with Azan, the necrosed muscle cells can
for a while be differentiated by Mallory’s phosphotungstic acid haematoxylin,
but later, with the further progress of the process, this method shows ahomoge-
neous fibrinoid, too (Fig. 6). The confluence of muscle cell necroses, and
later the excessive increase in diameter of the vascular wall (Fig. 7) indicate an
increased influx of plasma components. This is confirmed by the decrease, then
cessation of the birefringence of the necrosed muscle cells.

When the damage is more severe and the influx of plasma is more copious,
the process extends to the adventitia and the perivascular tissue, and biré-
fringente fibrin appears in it. The damaged blood vessels are surrounded by
granulation tissue composed of lymphocytes, histiocytes, fibroblasts, fibrocytes
and collagen fibres, making the pattern reminiscent of periarteriitis nodosa
(Fig. 8).

In the larger arteries of the acid-painted rat uterus, possessing a more
resistant elastica interna, there is a homogeneous, eosinophilic material also
between the membrana elastica interna and the endothelial cells, displaying
the characteristic appearance of fibrinoid. While in these instances the entire
vascular Avail stains a homogeneous red with Azan (Fig. 9), phosphotungstic
acid haematoxylin readily differentiates the subendothelial fibrinoid, the
necrosed muscle cells of the media, as well as the smoothened-out elastica
interna between the two (Fig. 10). In polarised light the subendothelial fibrinoid
shows the birefringence and topochemical reactions characteristic of fibrin.
Under Canada balsam the birefringence varies from —435 to 48 m/x, and this
value is not effected by the aniline or the phenol reaction (Fig. 11, A, B, C). The
likewise positive birefringence of the necrosed muscle cells of the media reach a
maximum of 12 m/m An 0.3 per cent trypsin solution took 60 minutes to
digest the subendothelial fibrinoid in the Carnoy-fixed preparation (Fig.
H, D).
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Fig. §. A large uterine artery 7 days after treatment, with a
fibrinoid necrosis staining homogeneous red with Azan

Fig. 10. In the same vascular wall segment Mallory’s plios-

photungstic acid haematoxylin makes it possible to distinguish

the fibrinoid of the media containing the necrosed muscle cells

and the subendothelial, homogeneous fibrinoid above the smoothen-
ed-out internal elastic membrane
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Fig. 5. Circular fibrinoid necrosis extending to most ofthe vas-  Fig. 6. Fibrinoid necrosis in vascular wall, with isolated and
cular wall 5 days after treatment. Azan partly confluent cell necroses distinguishable by phosphotung-
stic acid haematoxylin (upper part). The lower part stains homo-
geneously. Seven day specimen. Mallory’s phosphotungstic acid
haematoxylin

Fig. 7. Fibrinoid necrosis in small blood vessel, with plasma Fig. 8. Severely damaged small blood vessel 21 days after paint-
imbibition, broadening of the wall in which the necrotic muscle  ing with acid, with perivascular granulation. Mallory-positive
cells cannot be differentiated either by Mallory’s phosphotung- fibrinoid in part of the perivascular granulation tissue
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Fig- 1. Vacuolization of endothelium and muscle cells, two days
after weak acid treatment. Haeinatoxylin-eosin

Fig. 3. Muscle cell necroses in the vascular wall, two days aftei
treatment with strong acid, showing PAS- positivity

Fig. 2. Thirty days after painting with acid. Slightly damaged
small blood vessel, with hypertrophy of the vascular wall show-
ing no fibrinoid necrosis. Haematoxylin-eosin

Fig. 4. Segmental confluence of muscle cell necroses in the entire
breadth of the media. 7 days after treatment. Azan
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Fig. 11. Subendothelial fibrinoid in the uterine artery shown in Figs. 9 and 10, in polarised

light. After covering with Canada balsam (A) the subendothelial fibrinoid shows positive

birefringence, identical in direction with that of collagen fibres. The phenol reaction (B) which

reverses the positive birefringence of collagen fibres and the aniline reaction (C) which abolishes

the birefringence of the fibres, does not affectthe positive birefrigence (48 in//) of the subendothe-

lial fibrinoid. Trypsin digestion dissolved the subendothelial fibrinoid. Phenol reaction after
60 minutes digestion with trypsin (1))

After an average of 30 days, the fibrinoid necrosis of the small blood
vessels showed hyalin transformation: the characteristic Azan-red colour
disappeared and finally every lesioned vascular wall stained blue. In the vascu-
lar wall showing hyaline transformation neither necrosed muscle cells, nor
fibrin could be demonstrated by phosphotungstic acid haematoxylin.

Thrombus formation did not occur in our cases.

Discussion

Matkoff [7], Ssotowjew [19], Jafre [3] and others applied different
mechanical means to lesion the vascular wall, but all those authors restricted
their studies to large blood vessels.
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In similar experiments we have shown [20, 21] that painting with acid
was a method by which fibrinoid necrosis could be induced in small blood
vessels of the muscular type.

In the pathogenesis of fibrinoid necrosis a decisive significance has been
attributed to plasma imbibition by Schurmann and McMahon [16], Vazquez
and Dixon [22], Kellaway et al. [6], Soustek [17, 18] and others, whereas
Montgomery and Muirhead and [9, 10], Muirhead and Grollmann [12],
Muirhead et al. [13, 14], Gardner [1, 2] Masson and Kawakita [8],
Zollinger [23] and others have claimed this for a primary damage to the
muscle cells of the vascular wall.

Electron microscopic and fluorescence studies equivocally prove that
in lesions of the small blood vessels an early influx of plasma components into
the vascular wall take place. Movat and Fernando [11], for instance demon-
strated a precipitate in the wall of small blood vessels 3 minutes after inducing
allergic inflammation. It is, however, undecided whether plasma imbibition
would be responsible for the necrosis of muscle cells and whether it alone would
suffice to cause necrosis, and whether the disturbance of permeability and the
necrosis of muscle cells could be traced back to a common cause.

In our experiments the first visible sign of the vascular damage was a
necrosis of the muscle cells of the media; a plasma imbibition of such a rate
which together with the necroses of muscle cells gave rise to the typical
fibrinoid, developed only later.

As it has been pointed out by Jobst [5], the identical appearance of the
fibrinoid arising in different pathological processes, its staining like fibrin,
thus a homogeneous red with Azan its eosinophilia and PAS-positivity as well
as the birefringence of certain of its forms, may be traced back to various
factors. As indicated by its staining with phosphotungstic acid haematoxylin
and its polarisation optical properties, the fibrinoid of the media that arises in
the wall of the small blood vessels in response to painting with acid is likewise
of variable composition. At first, the necrosed muscle cells strongly binding
phosphotungstic acid haematoxylin and showing increased birefringence can
still be differentiated in the imbibed vascular wall. Later, even this staining
method only reveals a homogeneous vascular wall. The simultaneous cessation
of the polarisation optical activity of the media indicates a disintegration of
muscle cells, a desorientation of their biréfringent elements. When the lesion
is more severe, in the necrotic vascular wall and its environment a network
corresponding to fibrin can be differentiated on the basis of its birefringence and
topochemical reactions (Romhanyi [15], Jobst [5].)

The subendothclial fibrinoid which develops in the larger uterine
arteries unlike the fibrinoid of media is on the basis of its birefringence a
precipitation of plasma proteins, composed mainly of fibrin un der the endothe-
lial layer.
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At the beginning, when the subendothelial fibrinoid develops in these
blood vessels the changes of the media don’t contain fibrin. Thus, the internal
elastic membrane seems to block the way of the plasma imbibition and prevent
for a time the penetration of fibrinogen into the media.

The above described changes observed in small blood vessels running in
intact environment suggest the possibility that a reflex vascular spasm may
have played a role in the process.

*

Acknowledgement: We are indebted to Mr. S. Kiss for tho photographs.
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UBER DIE ENTWICKLUNG DER MIT SAUREPINSELUNG HERBEIGEFUHRTEN
FIBRINOIDEN GEFASSWANDNEKROSE

I. HUTTNER, H. JELLINEK, T. KERENYI und KLARA SZEMENYEI

Bei Ratten wurde durch Séaurepinselung Fibrinoidnekrose der KleingefdBe der Uterus-
inuskulatur herbeigefiihrt. Die erste, lichtmikroskopisch wahrnehmbare Verdnderung im Laufe
der Entwicklung der Fibrinoidnekrose war die Nekrose der Muskelzellen. Jenes Stadium der
Plasmaimbibation, das gemeinsam mit der Muskelzellnekrose zur Entwicklung des typischen
Mediafibrinoids fuhrte und im Falle einer schweren Schadigung auch die Prazipitation des
Fibrins resultierte, trat nur spdater in Erscheinung. In den, Uber eine widerstandsfdhigere
Membrana elastica interna verfiigenden groReren Gebdrmuttergefdlen wurde auBerdem in
manchen Féllen auch die Entwicklung eines — grofRtenteils aus Fibrinprazipitation stammen-
des — endothelialen Fibrinoids beobachtet.

BO3HWUKHOBEHUWE ®WBEPUHOUAHOIO HEKPO3A COCYANCTOWM CTEHKMW,
BbI3BAHHOIO CMA3bIBAHVIEM KWC/IOTOWN

W XKOTTHEP, X. MENAWHEK, T. KEPEHbW, K CEMEHbLEU

ABTOpbI BbI3bIBa/IM CMasblBaHUEM KMUC/IOTON (MOGPUHOMAHBIA HEKPO3 MasbiX COCYAOB
MbILLL, MaTKM KpbIC. B X04e BO3HWKHOBEHWUS (HMOPUHOUAHOrO HEKpo3a MepBbIM MPU3HAKOM,
HabM0aeMbIM Noj MUKPOCKOMNOM, GblU1 HEKPO3 MbILLEYHbIX KIETOK. Ta CTemneHb BNUTbIBaHWSA
nnasMbl, KOTOPOe BMECTE C HEKPO30M MbILLEYHbIX KNIETOK MPUBENO K BO3HUKHOBEHWIO TUMUYHOMO
hrnbprHonaa cpefHeil 060/104UKN 1 B Cllydae TSHXKEN0ro MopaxeHus NPUBOAWUIIO TakXe U K Bbk
nageHnto nbpuHa, Habnwganacb ToNbKO No3Ke. B 6onee KpynHbIX apTepusx mMaTku, obna-
farowmnx 6onee yCTOMUYMBON BHYTPEHHEN 3/1aCTUYECKON MepenoHKO, HeCKO/bKO pa3 Habsto-
[anocb BO3HVMKHOBEHWE Cyb63HAO0TeNMaNbHOro (GuépuHoOMaa, MPEeMMYLLECTBEHHO MPOMUCXOAS-
LLEero 3a CYeT BblMageHus (ubpuHa.

Dr. Istvdn Huttner
Dr. Harry Jeirtinek
Dr. Tibor Kereényi

Dr. Klara Szemenyei

Budapest TX., Til6i at 93., Hungary

Acta Morphologica Academiae Scientiarurn Hungari le 14. 1566



Acta Morphologica Academiae Scientiarum Hungaricae Tomas 14 (2), pp. 175—182 (1966)

Second Institute of Pathology (Director: Prof. L. Haranchy), University Medical School)
Budapest

FIBRINOID NECROSIS OF THE VASCULAR WALL
IN EXPERIMENTAL MALIGNANT HYPERTENSION

T. Kerényi, H. Jellinek, |I. Huttner, G. Goracz and Eva Konyar

(Received 9 September, 1965)

Malignant hypertension was induced in albino rats by bilateral kidney compres-
sion by means of rubber capsules and the development and the various forms of appear-
ance of fibrinoid necrosis in the small blood vessels have been studied.

1. In the development of the fibrinoid of the media of small muscular blood
vessels, the progressive necrosis of muscle cells was of fundamental importance.

2. The elastic elements of the vascular wall significantly modified the form of
appearence of fibrinoid necrosis. In the small blood vessels possessing a resistant internal
elastic membrane, or in the case of fibrosis of the media, above the elastica interna a
subendothelial fibrinoid may develop which differs in composition from the fibrinoid
of the media.

Fibrinoid necrosis of the small blood vessels in experimental malignant
hypertension has been reported by several authors 110,11, 12, 13,9, 17, 2a, 1]
Goragz [4] studied the vascular wall lesions in malignant hypertension induced
in albino rats by bilateral compression of the kidneys by means of rubber
capsule. In the present paper we shall report on a study of the development and
the various forms vessel wall’s fibrinoid.

In 60 albino rats, weighing 150 to 200 g, rubber capsules were placed on both kidneys, as
described by Lérincz and Goracz [7, 8]. After the second postoperative day blood pressure
increased from the normal 80 to 115 mm Ilg systolic to 150 to 190 mm Hg. The animals were
sacrificied at regular intervals from the 2nd till the 30th day and the heart, intestines, mesentery
and pancreas were subjected to study, as in previous experiments the changes of the small
blood vessels were most marked in these organs. The sections were fixed in formalin and
Carnoy’s fluid, embedded in paraffin, and stained with haematoxylin-eosin, Azan, Mallory’s
phosphotungstic acid haematoxylin, Endes’ trichrome and resorcin Fuchsin, the PAS and
Feulgen reactions, as well as by polarisation optical and fluorescence methods.

In 2 to 4-<lays, swelling and vacuolisation of the endothelial and smooth
muscle elements of the small blood vessels, swelling and sometimes pycnosis of
the nuclei of muscle cells, then disseminated necrosis of the muscle cells were
visible. The necrosed muscle cells stained an intensive red with Azan (Fig. 1),
were PAS-positive and hound phosphotungstic acid haematoxylin more firmly
than did the normal cells. The necrosed areas showed an increased positive
birefringence in polarised light (Fig. 2), and a greenish-yellow fluorescence with
acridine orange (Fig. 3). Their Feulgen-positivity indicated an DNA content
(Fig. 4). On the 3rd to 6th days the necroses showed segmental, then circular
confluence, extending to the entire media (Fig. 5). The coalescing necroses of
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the muscle cells and the widening of the media indicated an increasing influx
of plasma. On the 7th to 9th days the vascular wall was eosinophilic, staining a
homogeneous red with Azan, PAS-positive, exhibiting a picture typical of

Fig. 2. Muscle cell necroses showing increased birefringence in polarised light in the wall of a
small blood vessel 3 days after operation. Under Canada balsam

Fig. 3. Intensive greenish-yellow fluorescence corresponding to muscle cell necroses in the
wall of a small artery 5 days after operation. Acridine orange 1 :10000, pH 6

fibrinoid. Initially, the necrosed muscle cells could still be differentiated by their
increased binding of phosphotungstic acid haematoxylin and birefringence.

Parallel with the changes of the media, perivascular granulation occurred.
The cells of the granulation tissue invaded the necrosed media, to occupy fi-
nally the place of the damaged media by infiltrating it circularly down to the
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Fig. 10. Necrosing muscle cells and subendothelial fibrinoid
in small intestinal subserose arteriole 9 days after operation.
Mallory’s phophotungstic acid haematoxylin

Fig. 12. Mesenterial artery with resistant elastic membrane.
Circular subendothelial fibrinoid above smoothened-outinternal

elastic membrane. At sites the process involves the media and
as well. 21 days after operation. Endes’

perivascular tissue
trichome
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Fig. 1. Isolated and segmentally confluent muscle cell necroses
in a mesenterial small blood vessel 3 days after operation. Azan

Fig. 5. Segmental confluence of muscle cell necroses in the entire
media, 5days after operation. Mallory’s pliosphotungstic acid
haematoxylin

Fig. 4. Early confluent muscle cell necroses with persisting
nuclear material, 3 days after operation, in the wall of a mesen-
terial arteriole. Feulgen reaction

Fig. 6. Small intestinal subserose arteriole 21 days after opera-
tion. The media is replaced by granulation tissue, the lumen
is almost obliterated by the subendothelial fibrinoid. PAS-
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Fig. 7. N lesion similar to that shown in Fig. 6, in polarised light. Biréfringent bundles and
granules oriented in different directions are visible in the subendothelial fibrinoid. Under
Canada balsam

Fig. 8. Pancreatic small blood vessel 17 days after operation, with granulation tissue extend-
ing to the lamina elastica interna and with subendothelial fibrinoid. Haematoxylin-eosin
Fig. 9. The same small artery, stained with resorcin-fuchsin
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lamina elastica interna, blocking thus the influx of plasma and leading to the
appearance of a homogeneous acellular substance staining like fibrinoid and
increasing in amount subendothelially. The broad subendothelial fibrinoid
narrowed the lumen, occluding it almost completely in some instances (Fig. 6).
It stained a dark bluish-black with phosphotungstic acid haematoxylin and
contained an increasing quantity of filamentous granular elements oriented in
different directions and showing an average birefringence of -f- 35 to 48 m/j,
similar to that of fibrin (Fig. 7).

Fig. 11. Subendothelial fibrinoid in polarised light, with opposite compensation. Biréfringent
bundles and granules oriented in different directions 12 days after operation. Under Canada
balsam

In the blood vessels in which the lamina elastica interna was resistant the
subendothelial fibrinoid developed simultaneously with the changes in the
media. The staining and polarisation optical properties of the subendothelial
fibrinoid were similar to the changes observed in small blood vessels surrounded
by granulation (Fig. 11). In these blood vessels of the muscular type possessing
a marked elastic membrane the influx of plasma took place in stages; after the
development of the subendothelial fibrinoid the signs of plasma imbibition
appeared also in the media, and together with the muscle necroses a typical
picture of medial fibrinoid appeared. Subsequently the process extended radi-
ally from the media to the surrounding granulation tissue (Figs. 12, 13).
In the plasma invading the perivascular granulation tissue radially, fibrin
could be demonstrated (Fig. 14).
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Fig. 13. Mesenterial artery 21 days after operation. Plasma invasion blocked by the internal

elastic membrane, then the external elastic membrane. At the lower margin, plasma has

penetrated across the external elastic membrane. Thiazine red-eucrysin 1 : 10 000, fluorescence
microscopy

Fig. 14. In the plasma imbibing the necrosed vascular wall and penetrating subendothelially
and radially into the environment, fibrin is demonstrable. 21 days after operation. Under
Canada balsam. Polarisation optical photograph
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After 30 days the entire fibrinoid of the media and parts of the perivas-
cular fibrinoid stained usually blue with Azan, showing hyaline transformation.
The subendothelial fibrinoid retained its staining properties and birefringence.

Discussion

Opinions diverge as to the development of vascular fibrinoid necrosis in
malignant hypertension. Some authors think that the primary change is a
necrosis of muscle cells [10, 11, 12, 13, 9, 17, 2a, 1], whereas others claim this
for plasma imbibition. [15, 2, 16, 14].

According to data in the literature, in experimental hypertension a
pathological permeability of the blood vessels develops in a few hours following
the onset of hypertension [3, 4]. However, plasma imbibition alone cannot be
held responsible for the development of muscle necroses. In the experiments
of Goracz fibrinoid necrosis failed to occur in those animals, in which the
rubber capsule had been removed from the kidneys 2 days, although plasma
imbibition was demonstrated by fluorescence on the first postoperative day
already [4]. Moreover, the simultaneous presence of plasma imbibition and
muscle cell necroses is not always a proof of the entrance of plasma com-
ponents into the vascular wall being a primary event. Onva et al. [14] reported
that in the early stage of experimental necrosing arteriitis, gamma globulins
entered the vascular wall and were linked to muscle cells. This suggests the
possibility that an accumulation of plasma proteins in the media is due, at
least in part, to a damage to muscle cells. As regards the pathogenesis of the
fibrinoid in the vascular wall, no view can be put forward, because the forms of
fibrinoid appearing in the different layers of the vascular wall differ from one
another in composition and mode of development.

On the basis of our investigations it may be stated that the commonest
form of fibrinoid necrosis of the small blood vessels, the fibrinoid of the media,
originates from the necrosed muscle cells and the plasma components entering
the vascular wall. The muscle cell necroses revealed by Mallory’s phosphotungs-
tic acid haematoxylin and examination in polarised light can be differentiated
for a while even after the onset of excessive plasma influx and the development
of typical fibrinoid necrosis.

Subendothelial fibrinoid can always be traced back to as interference
with the entrance of plasma into the media. This fibrinoid may develop even
in the smallest muscular blood vessels if the damaged media is replaced by a
granulation tissue rich in fibres. However, we find it most often under the
layer of endothelial cells in muscular arteries possessing a resistant internal
elastic membrane. The subendothelial fibrinoid stains in the same way as the
fibrinoid of the media but differs from the latter in composition, as revealed by
its polarisation optical activity. Its native birefringence is always significantly
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higher (positive 35 to 48 m/i) than the increment of birefringence (maximum
12 to 18 m/t), observable in the early stage of muscle cell necrosis leading to the
development of fibrinoid of the media in small blood vessels. At the same time,
the toluidineblue potassium-ferrocyanide precipitation anisotropy of the
subendothelial fibrinoid plotted against pH is similar to that of fibrin and
significantly different from that of the fibrinoid of the media [6]. Accordingly
the subendothelial fibrinoid would correspond to plasma materials precipitated
onto the internal elastic membrana and its birefringence is caused by fibrin.
The suggestion made by Montgomery and Muirhead [9] that the subendothe-
lial fibrinoid would originate from necrosed cellular elements of the media is
discredited by the fact that the two forms of fibrinoid behave differently
under polarised light.

On the basis of its morphology, staining properties and birefringence, the
fibrinoid substance spreading radially around the vessels if these are serious-
ly damaged likewise contains fibrin. However, in the case of such a grave
damage the permeability disturbance is so severe that fibrin is precipitated in
every layer of the vascular wall, therefore the various forms of fibrinoid cannot
be differentiated on the basis of their birefringence.

Although these experimentally induced vascular changes cannot be pa-
rallelled without restrictions with the vascular changes of human hypertension,
yet in many respects their patterns are identical, with the various changes of
the small blood vessels described inhuman pathology as occurring in malignant
hypertension and other conditions.

Acknowledgement: We are indebted to Mr. S. Kiss for the microphotographs.
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UNTERSUCHUNG DER FIBRINOIDEN GEFASSWANDNEKROSE
IN EXPERIMENTELLER MALIGNER HYPERTONIE

T. KERENYI, H. JELLINEK, I. HUTTNER, GY. GORACZ und EVA KONYAR

Bei Albinoratten wurde mit der Methode nach Lérincz und Goracz (Komprimierung
der Nieren mit einer Gummihille) maligne Hypertonie herbeigefihrt und anschlieRend die
Entwicklung bzw. die Erscheinungsform der Fibrinoidnekrose der KleingefdRe untersucht.
Es wurde festgestellt, daB

1. im Zustandekommen des Media-Fibrinoids der kleinen muskulédren GefdBe der
ausgeprdgten Nekrose der Muskelzellen eine grundlegende Bedeutung zukommt,

2. die elastischen Elemente der GefdaRwand die Erscheinungsfrom der Fibrinoidnekrose
in bedeutendem MaRe modifizieren. In den, Gber eine widerstandsfahige Membrana elastica
interna verfigenden Kleingefdlen oder im Falle von Media-Fibrose kann sich oberhalb der
Elastica interna ein ,,subendotheliales Fibrinoid” entwickeln, das sich beziglich der Zusam-
mensetzung vom ,,Media-Fibrinoid” unterscheidet.

NCCNEAOBAHMNE ®UBPUHOWAHOIO HEKPO3A COCYAUCTOW CTEHKW
MNPV 3KCMNEPUMEHTA/IbHOW 3/TOKAYECTBEHHOW TMMNEPTOHUN

T. KEPEHbW, X. MENNWNHEK, W. XIOTTHEP, 4. TOPAL, u
E. KOHbAP

ABTOpbI BbI3bIBa/IM Ha GebIX Kpbicax ABYCTOPOHHUM CAAB/IMBAHMEM MOYEK PE3VHOBOW
MaHXeTKoli no JSlepuHuy—Iopaly 310KaYeCTBEHHYH TMMNEPTOHMIO. B CBSI3W € 3TUM OHU Uccre-
[oBann BO3HWKHOBEHME U (POPMbI NPOSBAEHUS PUOPUHOMAHOIO HeKpo3a Manbix cocyfoB. OHu
YyCTaHOBW/MN, YTO

1 B fene BO3HMKHOBEHMS (MOpUHOMAA CPefHei 060/104KM MaslbIX MYCKYNSIPHbIX CO-
CY[I0B OCHOBHOE 3HaueHWe MMeeT MPOrpeccupyroLnii HEKPO3 MbILLEYHbIX K/ETOK;

2. 3NaCTUYeCKUe 3M1EMEHTbI COCYAMCTOW CTEHKU 3HAYUTENbHO BUAOU3MEHSOT KapTUHY
nposiBneHns (MobpMHOMAHOrO Hekposa. B manbix cocyaax, obnagatolimx YCTOMUYMBOW 3n1acTu-
YeCKOWM MepenoHKOM MAn B cnyyae ¢mbposa cpefHein CoCcyaucTon 060/104KN, Haf BHYTPEHHeN
3N1aCTMYECKOM MNEepenoHKON MOXeT BO3HMKATb «Cy63HAOTeNManbHbIA (UOpUHOMA», KOTOPbIA
Mo CBOEMY COCTaBy OT/IMYaeTCs OT «(MBPUHOMAA CPefiHE 060M0UKI».

Dr. Tibor Kerényi

Dr. Harry Jellinek

Dr. Istvdn Huattner Budapest IX., Ulli Gt 93., Hungary
Dr. Gyula Goracz

Dr. Eva KonyAr
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FIBRINOID NECROSIS OF THE VASCULAR WALL
INDUCED BY NORADRENALINE

H. Jellinek, |I. Huttner, T. Kerényi, Gy. Gabor and G. Pogatsa

(Received 9 September, 1965)

The fibrinoid necrosis of the vascular wall induced by noradrenaline infusion in
the small blood vessels of the dog’s heart has been studied. The first change visible by
light microscopy is a necrosis of the muscle cells of the media, which together with the
rapidly progressing imbibition with plasma results in the formation of a typical fibri-
noid. The process was the same as that observed in response to painting with acid and
in malignant hypertension. The form of appearance was influenced exclusively by the
intensity of the intervention and by the structure of the vascular wall.

Changes of the heart and small blood vessels in phaeochromocytoma have
been described by Szakacs and Cannon [9], Talbot et al. [10], Kline [4] and
others. Similar changes have been reported to follow the administration of
high doses of noradrenaline for the treatment of shock by Szakacs and Cannon
[9], Mond and Mack [5]. The noradrenaline-induced cardiac and vascular
changes have been reproduced experimentally by Szakacs and Cannon [9],
Pugh et al. [7], as well as Samson [8].

Since the vascular changes described by the above authors resemble
those found by us in fibrinoid vascular wall necroses induced by various
methods [2, 3], a study has now been made of the noradrenaline-induced
process leading to fibrinoid necrosis.

Under chloralose anaesthesia 36 dogs of either sex, weighing 6 to 12 Kg, were given in
doses of 300, 450 and 700 pg/Kg body weight respectively of noradrenaline in 200 ml physiolo-
gical NaCl solution in a drip infusion administered in 45 minutes. Before, during and after
the infusion we determined the heart rate and measured the blood pressure directly in the
femoral artery. The ECG was recorded before, at 5-minute intervals during and once daily
after the infusion. During the infusion blood pressure rose from the initial 160 to 180 mm Hg
to 260 to 280 mm Hg. The heart rate varied within wide limits, from 60 to 280. The ECG mostly
showed repolarisation disturbance and extrasystolic arrhythmia. The clinical aspects of the
experiments have described by Pogatsa and Gabor [61

The animals were killed 48 hours, as well as 2 and 8 weeks after the experiment. The
organs were fixed in formalin and Carnoy, embedded in paraffin, stained with haematoxylin-
eosin, Azan, Mallory’s phosphotungstic acid haematoxylin, Endes’trichome and Weigert’s
dye. In addition, the PAS and Feulgen reactions, polarisation optical and fluorescence micro-
scopic methods were carried out.

Vascular changes were most marked in the heart; slight vascular changes
occurred in the kidneys, intestines and pancreas.

In response to noradrenaline treatment, changes developed simultaneous-
ly in the heart muscle and its small blood vessels. Depending on the dose of the
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drug, necroses of the fibres appeared scattered or in smaller groups in the
muscle of both ventricles.

In the heart of animals killed at 48 hours after infusion, the intramural
small arteries exhibited changes, in the right ventricle in the first place,
depending in severity on the dose of noradrenaline.

The first changes visible under the light microscopie were swelling,
vacuolisation, then necrosis of the muscle cells of the media, found mostly at
the junction of media and adventitia. The necrosed muscle cells stained a
flame-red with Azan (Fig. 1.), were PAS positive (Fig. 2), bound phosphotungstic
acid haematoxylin more firmly than the intact muscle cells, on staining acri-
dine orange 1:10 000 pH 6, they were easy to recognize by their intense
greenish-yellow fluorescence, and in polarised light their birefringence was
stronger than that of intact muscle. After a small dose of noradrenaline only a
few muscle cells showed necrosis and few blood vessels were affected. Although
the individual variations were considerable, higher noradrenaline doses
usually caused changes in more blood vessels, in which the muscle cell necrosis
extended to single segments of the vascular wall, or involved a whole circular
section of the media (Figs. 3, 4). At the same time the vascular wall increased
in diameter, stained homogeneously with haematoxylin-eosin, Azan and PAS,
showing the characteristic pattern of fibrinoid necrosis (Fig. 5). For a while the
plasma imbibed in it could be separated from the necrosed muscle cells by
Mallory’s phosphotungstic acid haematoxylin (Fig. 6). In the initial stage of
muscle cell necrosis there was an increase of birefringence, as we have described
it in connection with fibrinoid necrosis (7, 8); this increase soon ceased, indicat-
ing a total disintegration of muscle cells.

In the dogs treated with 700 /xg/Kg body weight of noradrenaline, beside
the above changes the necrosis extended to the adventitia and the perivascular
areas (Fig. 7), where filaments of fibrin were demonstrable by polarisation.
For their demonstration we did not use W eigert’s or Endes’ trichrome dyes as
they stained the necrosed muscle cells, too. The vascular changes localised to
the media or extending to the environment were often followed by perivascular
cellular infiltration (Fig. 8).

In the heart of the animals sacrificed 2 weeks after treatment the necrosis
was less extensive than after 48 hours; at sites initial fibrosis, and around the
damaged blood vessels cellular infiltration and an accumulation of fibres were
visible. In the dogs killed 4 to 8 weeks after treatment there was no necrosis in
the heart muscle, only an occasional fibrosis, and fibrous, hyaline transformation
in some blood vessels.
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Fig. 5. Typical, homogeneous fibrinoid necrosis in vascular
wall, 48 hours after noradrenaline infusion. (Azan)

Fig. 7. Grave vascular wall lesion with excessive plasma imbibi-
tion. 48 hours after the infusion of 700 g/Kg body weight of
noradrenaline. (Haematoxylin-eosin)

Fig. 6. In the fibrinoid necrosis staining a homogeneous red
with Azan, phosphotungstic acid haematoxylin still reveals nec-
rosed muscle cells. 48 hours after noradrenaline infusion.

Fig. 8. Perivascular cellular reaction in the environment of a
slightly lesioned blood vessel. Dog killed 48 hours after noradre-
naline infusion. (Haematoxylin-eosin)
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Fig. 1. Necrosed muscle cells in the outer part of the media
of a myocardial arteriole, 48 hours after the infusion of nor-
adrenaline (Azan)

Fig. 3. A group of necrotic muscle cells in the vascular wall,
48 hours after noradrenaline infusion (PAS reaction)

Fig. 2. Isolated muscle cell necroses 48 hours after noradre-
naline infusion. PAS reaction

Fig. 4. Necrotic and homogeneous parts of media, 48 hours
after noradrenaline infusion (PAS reaction)
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Discussion

Fibrinoid necrosis of the small blood vessels of the heart was seen to
occur exclusively in the cases exhibiting a marked rise of blood pressure.
Vascular changes were more frequent in the right than in the left ventricle.
Similar observations have been made by Goracz and Konyar [1] in white
rats with malignant experimental hypertension. It is thought therefore that a
rise of blood pressure must have an important role in the pathogenesis of the
fibrinoid necrosis developing in response to noradrenaline. However, tachy-
cardia, hypoxia, and the direct toxic action of noradrenaline may also be re-
sponsible for the muscle cell necrosis and plasma imbibition.

Like in the cases of fibrinoid necrosis of the vascular wall induced by
painting with acid and by nephrogenic malignant hypertension [2, 3], in the
present cases, too, a muscle cell necrosis in the vascular wall was the first
change leading to fibrinoid necrosis. The intensive invasion with plasma,
which finally led to the homogeneous vascular wall fibrinoid, ensued only
later. In the early stage the necrosed muscle cells could still be distinguished by
phosphotungstic acid haematoxylin even in the fibrinoid which appeared to be
homogeneous by other methods of staining. Thus, the typical fibrinoid necrosis
of the media is due to the combined effect of necrosed muscle cells, the plasma
elements entering the vascular wall, and the rapid development of plasma
imbibition. In the blood vessels, seriously damaged by painting with acid, in
nephrogenic malignant hypertension, and in the present experiments alike, the
inflowing plasma imbibed the environment of the blood vessel and fibrin was
precipitated in it.

The differences from the fibrinoid vascular Avail necroses in experimental
nephrogenic malignant hypertension [3], i.e. the early disappearance of the
birefringence of the necrosed muscle cells, the rapid imbibition vvith plasma
indicative of a serious impairment of permeability, and the absence of subendo-
thelial fibrinoid over the internal elastic membrane of the small blood vessels,
beside the different features of this membrane, might be explained by a more
acute, faster development of the process. We found subendothelial fibrinoid
also in the larger uterine arteries running near the site of painting with acid
[2]. Although painting Avith acid, just like the infusion of noradrenaline,
represents an acute effect, the appearance of subendothelial fibrinoid may be
explained by an increased resistance of the lamina elastica of the large uterine
vessels.

Thus, fibrinoid necrosis is an acute form of damage to the small blood
vessels of the muscular type, that develops in essentially the same way in
response to the widest variety of acute interventions. Composition, site of
appearance, and extent, of the fibrinoid are determined by the intensity of
the intervention and by the structure of the vascular wall.

Acknowledgement : We are indebted to Mr. S. Kiss for the photographs.
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UBER DIE ENTWICKLUNG DER MIT NORADRENALIN HERBEIGEFUHRTEN
FIBRINOIDEN GEFASSWANDNEKROSE

h. jellinek, l. hattner, t. kerényi, gy. Gabor und g. pogatsa

In den KleingefdRen von Hundeherzen wurde die Entwicklung der nach Noradrenalin
Infusion entstehender fibrinoiden GefdaRwandnekrose untersucht. Das erste, mit Lichtmikro-
skop wahrnehmbare Zeichen der zu Fibrinoidnekrose fuhrenden GefdBwandschadigung war die
Nekrose der Muskelzellen der Media, die mit der gleichzeitig beobachteten, rasch progredieren-
den Plasmaimbibation zusammen die Entwicklung des typischen Fibrinoids resultierte.
Anhand des Entwicklungsprozesses konnte festgestellt werden, dal die erwdhnten Verédnde-
rungen mit den, in den vorangehenden Experimenten beobachteten, durch S&urepinselung und
maligner Hypertonie herbeigefiihrten fibrinoiden GefdBverdnderungen dbereinstimmen. Die
Erscheinungsform beeinfluRten lediglich die Intensitdt der Einwirkung und die Struktur der
GefaBwand.

BO3HMKHOBEHUE ®UBPUHOMAHOINO HEKPO3A COCYAVCTOW CTEHKW,
BbISBBAHHOIMO HOPAAPEHAJ/IMHOM

X. MENNUHEK, U. XIOTTHEP, T. KEPEHbW, 4. FABOP u r. MOrAYA

ABTOPLI UCC/IEAOBAIM B MasbIX COCYAjax CepAua cobak BO3HUKHOBEHVe (GUBPUHOMAHOIO
HeKpo3a COCYAVCTO CTEHKM, BOSHWKAIOLIETO BC/IEA 3a B/MBaHMEM HopaapeHavHa. [lepsbiM
MPU3HAKOM MPUBOASILLEFO K (MGPUHOMAHOMY HEKPO3Y MOpaXeHMst COCYAVICTON CTEHKM, BUAU-
MbIM M0/, MMKDOCKOMOM, 6b1710 OTMMPaHMe MbILLEYHbIX KIETOK CPeaHeid cocyamcToit 060M104KM,
KOTOpOE BMECTE C BbICTPO MPOrpeccpyOLLM NPONUTLIBAHMEM N/1a3MOli MPUBEO K TUMMYHOMY
(OUBPUHONZHOMY M3MEHEHWIO. BO3HVMKHOBEHVE 3TOFO WM3MEHEHUSI COOTBETCTBOBASI0 BO3HMKHO-
BEHMIO (DMOPMHOMAHBIX COCYANCTbIX M3MEHEHWIA MPY CMasbIBaHN KICIOTaM 1 MpU - 3/10Kave-
CTBEHHOW [WMepToHMU. dopMa MPOSIB/IEHNA 3aBHCeNa OT CUMbl BO3AEIACTBUS WM OT CTPYKTYpbI
COCYAWCTOM CTEHKM.

Dr. Harry Jerrinek
Dr. Istvdn Hattner Budapest IX., t H6i Gt 93., Hungary
Dr. Tibor Kerényi

Dr. Gy0rgy Gabor

Budapest Vili., Szentkiralyi u 4., Hungar
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UBER DIE WIRKUNG
DER BLEIPHOSPHATBEHANDLUNG
AUF DIE NIERENEPITHELZELLEN
VON ALBINORATTEN

.). Halo, B. Szende und A. Bajtai
(Eingegangen am 14. Oktober, 1965)

Die auf Wirkung chronischer Bleiphosphatbehandlung in den Nieren von Albino-
ratten frih entstehenden zytologischen Veranderungen wurden untersucht. Die wichtig-
sten dieser Verdnderungen waren EinschluBkoérper in den Zellkernen des Nierenepithels.
Diese EinschluRkoérper waren im allgemeinen rund, eosinophil bzw. pyroninophil, von
konzentrischer Struktur, ihre GroRe Ubertraf die der Nukleolen, sie wiesen schwache
PAS-Positivitat und Feulgen-Negativitdt auf. Der Kern einzelner tubularer Zellen war
vergrofert, von unregelméaBiger Form und chromatinreich.

AuBer dem gestdrten Nukleinsdurestoffwechsel war auch das Plasma der tubu-
laren Epithelzellen geschadigt. Die Schadigung fihrte zur Karyolyse; die Substanz der
aufgeldosten Zellen gelangte in das Lumen der Tubuli. In einigen Féllen traten die
EinschluBkdrperchen vom Kern in toto aus und gelangten vorerst in das Plasma,
sodann in das Lumen der Tubuli.

Anstelle der massenhaften Zerstdrung der Epithelzellen entstanden Hohlrdume,
deren Wand lediglich die Basalmembran der Tubuli auskleidete. Falls zwischen einigen
dieser llohlrdume infolge des Membranzerfalls eine Kommunikation entstand, kam es
zur Zystenbildung in der Nierenrinde.

Einleitung

Auf Wirkung von chronischer Bleivergiftung entstehen Nierenadenome.
Im Zusammenhang mit diesen kdénnen wir den in den Nierenepithelzellen
entstandenen EinschluBkdrpern eine Bedeutung beimessen. Blackman [5]
gab 1936 bekannt, dafl Bleisalzzufuhr bei Menschen und Versuchstieren in den
Epithelzellen der Nierentubuli eosinophile, Desoxyribonukleinsdure nicht
enthaltende Kerneinschlisse verursacht. Bei den Versuchstieren (Ratten,
Mdusen, Meerschweinchen) erschienen diese Kerneinschliisse bereits nach
9waéchiger Bleikarbonat-Behandlung. Uber &hnliche Beobachtungen bcrichte-
ten spéter auch Finner und Calvery [10], Fairhall und Mitler [9], sowie
Wachstein [21].

Zollinger der in seiner 1953 erschienenen grundlegenden Arbeit sowohl
die tumorregende Wirkung des Bleiphosphats analysierte, als auch uber die
erwédhnten intranukledren Gebilde eingehend berichtete, betrachtete diese
Kdrperchen im Einklang mit Tonz [19] der das Material von Zollinger
1957 nachprifte — als pathologisch vergroRerte Nukleolen. Da diese Zell-
einschlisse auch hinsichtlich der Nierenadenome von Bedeutung sind, hielten
wir ihre Untersuchung fir wichtig,.
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Mit der Histologie der Kerneinschlisse haben sich Wolman [22],
Bracken und Mitarb. [6] sowie Landing und Nakai [14] eingehend befalt.
Aus ihren Mitteilungen geht hervor, dal die Einschliisse Ribonukleoproteide,
Lipoproteine und groBRe Mengen einer SH-Gruppe enthaltenden Substanz — an-
nehmbar Zystein — enthalten.

Die von Porte und Batzenschlager [17], Beaver [4] sowie Kilham
und Mitarb. [13] durchgefiuhrten elektronenmikroskopischen Untersuchungen
ergaben, dalR die Kerneinschliisse Uber eine Konzentrizitdt und von den
Nucleolen abweichende Struktur verfigen.

Laut Kitham und Mitarb. [13] kénnen die Einschliisse vom Kern aus-
treten, in das Plasma, ja sogar in das Lumen der Tubuli gelangen. Dieses Ver-
halten der Einschlisse geht mit Zellzerfall und -Zerstérung einher.

Gueft und Molnar [11] fanden anl&Blich der elektronenmikroskopischen
Untersuchung der Leber von mit Bleiazetat behandelten Albinoratten, daR
die charakteristische Schichtung der Einschlisse auch in den Leberzellen in
Erscheinung tritt; auferdem konnten sie auch die Schadigung der Mitochon-
drien nachweisen.

Muatter und Ramin [15] stellten 1963 fest, dal die erwdhnten intra-
nukledren Gebilde teils im Zellkern entstehen, teils infolge Plasmaabschnirung
in die Kernsubstanz gelangen.

Dallenbach [8] konnte 1964 in den intranukledren Einschlissen mit
radioaktivem Bleiisotop Blei nachweisen, worauf er zur Feststellung gelangte,
daB sich um das im Laufe der Bleivergiftung im Kern abgelagerten Blei Ribo-
nukleinsdure anhduft, was zur Stdrung des Ribonukleinsdurestoffwechsels
fihrt. Die von Matter und Stocker [16] mit 3H-Zytidin und 3H-1-Phenyl-
alanin durchgefiihrten autoradiographischen Untersuchungen ergaben, daR
die Kerneinschlusse im EiweiB — bzw. Ribonukleinsdurestoffwechsel nicht
aktiv teilnehmen.

Eigene Untersuchungen

Versuchsmaterial und Methodik

Die Untersuchungen wurden an 100(80 Versuchstiere und 20 Kontrolliere), durchschnitt-
lich 160 g wiegenden, mit Standard-Di&t gefutterten weiblichen Albinoratten durchgefihrt.
Den Versuchstieren wurden mit der von Zottinger [23] empfohlenen Methode wdchentlich
einmal unter die Rickenhaut 20 mg Bleiphosphat (in 1mlphysiologischer NaCl-L&sung suspen-
diert)injiziert. Da am Ende des 10. Behandlungsmonats bei der Mehrzahl der Tiere Gewichtsab-
nahme festzustellen war, wurde die Bleiphosphatbehandlung (20 mg) weiterhin nur 2 wéchent-
lich vorgenommen. Vom 12. Behandlungsmonat an nahmen die Tiere wieder zu, worauf die
urspringliche Behandlungsweise zur Anwendung kam. Wa&hrend der 18monatigen Behand-
lungsperiode erhielten die Tiere insgesamt 65 Bleiphosphat-Injektionen. Diejenigen Tiere, die
bis zum Ende des Experiments am Leben blieben, erhielten eine Gesamtmenge von 1300 mg
Bleiphosphat. Das letzte Versuchstier ging am Ende des 19. Monats ein. Die ersten beiden
Ratten wurden am Ende des 3. Monats getdtet, die Ubrigen Tiere gingen vom 180. Tag des
Experiments spontan ein, bzw. wurden im Interesse der besseren Fixierungsmadglichkeit der
Organe vor dem Tode dekapitiert. Die Organe der Tiere wurden im allgemeinen in Formalin,
einige Nierenteilchen auBerdem in Carnoy-Lésung fixiert. Die auf diese Weise angefertigten
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Schnitte wurden demnach mit Hamatoxylin-Fosin geférbt, sodann im Falle eines positiven
histologischen Befundes mit Methylgrin-Pyronin, Feulgen. PAS. Best-Karmin, Mallory, No-
velli, Elastica-van Gieson, Toluidinblau oder Olrot gefarbt, sowie nach Gomori mit Silber
impregniert.

Ergebnisse

In den Organen der an chronischer Bleivergiftung leidenden Tieren waren
zahlreiche Verédnderungen zu beobachten. Hier sei lediglich Uber die zvtolo-
gischen Nierenverdnderungen berichtet, die Ubrigen Befunde werden an einer
anderen Stelle bekanntgegeben [3]. Unter den zytologischen Abweichungen
fielen in erster Linie die intranukledren Gebilde auf (Abb. 1), die zuweilen
bereits in den Nieren der am Ende des 3. Monats getdteten Tiere nachzuweisen
waren (Abb. 2). Die EinschluRkdérper kamen vornehmlich in den Zellkernen
der proximalen und distalen gewundenen Kandlchen vor, sie waren aber auch
in den Zellkernen der Henlesehen Schleifen zu erkennen. Die Kerne der erw &hn-
ten Zellen waren vergrdBert, das Chromatin lag teils der Kernmembran ange-
lagert, teils umgab es die intranukledren Einschliisse (Abb. 3- 4).

AuBRer dem EinschluRkdrper trat in zahlreichen Fé&llen auch ein Nuklcolus
in Erscheinung; dieser war manchmal von normaler Gr6fe und Fé&rbung,
manchmal dagegen vergrdofRert. Diese Erscheinung konnte zuweilen auch in
kerneinschluBfreien Zellen beobachtet werden. In diesem Zusammenhang sei
auf die Meinung mehrerer hingewiesen, nach der die Kerneinschlisse patho-
logisch vergroRerten Nukleolen entsprechen, die nicht mehr imstande sind,
ihren Ribonukleinsduregehalt in das Plasma zu entleeren.

W éahrend die Farbungseigenschaften der Kerneinschlisse denen der
Nukleolen &hnlich sind beide sind ndmlich im allgemeinen acidophil las-
sen sich bezilglich der F&rbungintensitdt gewisse Abweichungen erkennen. Die
Kerneinschlisse farben sich oft wesentlich blasser als die Nukleolen, auBerdem
hdngt die F&rbung der Einschlisse auch von ihrer GréRRe ab: kleinere Einschlus-
se farben sich stirker, groBere dagegen blasser, zuweilen finden sich jedoch
auch groBe Einschllsse, die eine intensive Fadrbung aufweisen. Die gréBeren
Einschlisse haben manchmal eine konzentrische Struktur (Abb. 5). Vereinzelt
lieRen sich mehrere Einschlisse enthaltende Zellkerne beobachten.

Bezlglich der chemischen Struktur der Einschlisse konnte mit Hdm atoxy-
lin-Eosin- und Methylgrin-Pyronin Féarbung ihr Ribonukleinsduregehalt nach-
gewiesen werden. Die PAS-Positivitdt der Einschliisse war mit dem des Zell-
plasmas identisch, Best-Karmin- und Fettfarbung fielen jedoch negativ aus.
Mit dem Novellischen Verfahren farbten sich die Kerneinschliisse, den Mitochon-
drion &hnlich, lebhaft rot. Toluidinblau fihrte eine blaBblaue F&rbung des
Plasmas und der Kerneinschlisse herbei, Métachromasie war nicht nachzu-
weisen. Mit dem Malloryschon Verfahren lieBen sich die Einschlisse rot farben,
mit van Gieson dagegen blalRgelb. Nach Wachstein [21] sind die auf Wirkung
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Abb. 1. Intranukledre Einschliisse in den tubularen Epithelzellen (Hamatoxylin-Eosin-Féarbung
400 X)

Abb. 2. Intranukledrer EinschluBkdrper in der Frihphase des Experiments; an der anderen
Seite zwei Nierenkandlchen mit intakten Epithelzellen (Hadmatoxylin-Eosin-F&rbung, 800 X)
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466. 3. Intranukleédre EinschluRkdrper und Chromatinscholle enthaltende Nierenepithelzelle
und Epithelzellen ohne Einschlisse (Hadmatoxylin-Eosin-Féarbung, 1200 x)

466. 4. In der Niere mehrere charakteristische Zelleinschliisse (Hdmatoxylin-Eosin-Farbung
800 X)
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Abb. 5. In den tubuldren Epithelzellen Einschlisse von konzentrischer Struktur
(Hamatoxylin-Eosin-Farbung, 400 X)

Abb. 7. Links, auf Wirkung von Bleiphosphatbehandlung degenerierte Nierentubuli; rechts,
Kontrollpraparat. (Hamatoxylin-Eosin-Farbung, 100 X)
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Abb. 6. Oben séaurefeste Zelleneinschliisse mit Ziehl-Neelsen-Farbung, unten Zelleinschliisse
mit Farbung nach Mallory (800 X)
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von Blei und Wismut entstandenen Kerneinschliisse sdurefest. Diese Beobach-
tung kdnnen wir bezlglich der Bleisalze bestdtigen (Abb. 6). Auf Grund der
Feu/gen-Reaktion enthalten die EinschluBkdrper keine Desoxyribonuklein-
sdure. Sowohl die Feulgen-Reaktion, als auch die Methylgriin-Pyronin Farbung
wiesen daraufhin, dafl die Chromatinsubstanz der Epithelzellkerne der Nieren-
tubuli aufgclockert war.

In unserem Material lieBen sich auch andere Nukleinsdurestoffwechsel-
stdrungen beobachten. In einigen Tubuli waren zerstreut vergréfRerte Kerne
von unregelmdfRiger Form vorzufinden, deren Chromatingehalt das Mehr-
fache der Norm ausmachte. Einige dieser Zellen enthielten auch Kernein-
schlisse.

Zufolge dieser Befunde ergab sich die Frage, wie sich das weitere Schick-
sal der intranukledre Gebilde enthaltenden Zellen gestaltet. Nach Kendrey
[12] kénnen die bei Thioazetamidvergiftung in der Leber zustandegekommenen
groBen Nukleolen vom Kern in toto austreten, ja sogar das Plasma verlassen
und in die Gef&dRlumina geraten. Auch wir beobachteten in einigen Féllen, daR
die Kerneinschlisse die Kernmembran durchdringen und in das Plasma ge-
langen; vereinzelt waren auch extrazelluldr, im Lumen der Tubuli Gebilde zu
beobachten, die aller Wahrscheinlichkeit nach Kerneinschliisse waren.

Obwohl der angefiihrte Prozefl auch in unserem Material zu beobachten
war, verschwinden die durch Bleivergiftung herbeigefiihrten intranukledren
Gebilde — unseres Erachtens — ublicherweise nicht auf diesem Weg. Im
allgemeinen kommt es vorerst zur Auflésung der Zellen, worauf der Kernein-
schlul die Kernsubstanz um sich herum aufspreizt, was einen Plasma-bzw.
Zellzerfall zur Folge hat.

In manchen Fé&llen beginnt der Plasmazerfall bereits vor der Karyolyse.
Dieser ProzeR verlduft folgendermaBen: Die Plasmafdrbung nimmt ab, die
Plasmastruktur wird schaumig, zuweilen kommt es zur Vakuolenbildung;
einige Plasmateilchen kdnnen in das Lumen der Tubuli gelangen, weshalb
stellenweise fast bloRgelegte, groBe Einschlisse enthaltende Kerne erscheinen.
Infolge der Anh&ufung des Ribonukleinsduregehalts der Zellen im Kernein-
schlufR verliert das Plasma eine bedeutende Menge seines Ribonukleinsdurege-
halts, was zur Schadigung bzw. zum Zerfall der Plasmastruktur fihrt.

Das durch den angefiihrten Mechanismus herbeigefuhrte Bild des Zell-
untergangs war in unserem Material recht oft zu beobachten. Die Substanz der
zerstorten Zellen gelangt in Form einer, zumeist azidophilen, vorerst kérnigen,
sodann homogenen Masse in die Tubuluslichtungen.

Anstelle der zahlreichen zerfallenen tubuldren Epithelzellen bleiben
Hohlrdume zuriick, deren Wand lediglich die Basalmembran der Tubuli
auskleidet (Abb. 7). Infolge des Membranzerfalls kommunizieren diese Hohl-
rdume allmdhlich miteinander, worauf stets groRer werdende Hohlen ent-
stehen. Auf diese Weise treten in der Niere vorerst mikroskopische, sodann
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makroskopische Zysten in Erscheinung. Uber unsere Untersuchungen beziig-
lich der Zystenentwicklung, der Tubulusepithelregeneration und der Tumorer-
zeugung wollen wir in einer anderen Mitteilung berichten.

Besprechung

Die primére Bleiwirkung betrifft aller Wahrscheinlichkeit nach den
Nukleinsdurestoffwechsel. Wie darauf die vornehmlich in der Pflanzenwelt
durchgefiihrten Untersuchungen hinweisen, (bt das Blei auf die Mitose eine
Kolchicin-dhnliche Wirkung aus. Nach Anistrom [1] istdas Blei ein in der frihen
Prophase wirkendes Mitosegift, das seine Wirkung durch eine Blockierung der
SH-Gruppen ausibt. Venner und Zimmer [20] nahmen an, dall die Schwer-
metalle unmittelbar die Desoxyribonukleinsdure des Zellkerns schdadigen.
Buchner und Mitarb. [7] vertraten die Ansicht, dafl die primdre Schéddigung
der Karzinogene das Protoplasma betrifft. Die elektronenmikroskopischen
Untersuchungen von TotoviO [18] ergaben, daB wiéhrend die Schidigungen
des Zytoplasmas bereits nach |I-2wdchiger Behandlung in Erscheinung treten,
die charakteristischen Kerneinschlusse sich nur in der 5.-6. Versuchswoche
zeigen.

Anhand unserer Ergebnisse konnte festgestellt werden, daB auf Wirkung
chronischer Bleiphosphatbehandlung in den Nierenepithelzellen der Albino-
ratten intranukledre Einschlisse entstehen, die laut ihren F&rbungseigen-
schaften hauptsdchlich Ribonukleinsdure enthalten; im Zustandekommen
dieser Einschliusse ist annehmbar auch der Umstand von Bedeutung, dall die
Entleerung der nukledren Ribonukleinsdure in das Plasma gestort wird. Wir
schliefen uns der Meinung von Angevine und Mitarb. [2] an, nach der die in
chronischer Bleivergiftung entstehenden intranukledren Gebilde eine spezi-
fische Antwort des Zellkerns bedeuten. Infolge des gestdérten Nukleinsdure-
stoffwechsels kommt es in der Mehrzahl der Fé&lle zum Zellzerfall; die Vergif-
tung Uberleben annehmbar nur die in der Initialphase des Experiments beob-
achteten, bizarr geformten, monstrésen Kerne, die im Laufe der Progression
des Prozesses unter Umstdnden den Ausgangspunkt der Zellproliferation
bilden kénnen.

Die von einigen Verfassern beobachteten Zeichen, nach denen einzelne
intranukledre Einschlisse infolge Plasmaabschnirung Zustandekommen wir-
den, waren in unserem M aterial nicht zu beobachten.
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EFFECT OF CHRONIC LEAD PHOSPHATE TREATMENT ON THE EPITHELIAL
CELLS IN THE KIDNEY OF WHITE RATS

J. BALO, B. SZENDE and A. BAJTAI

Cytologic changes in the kidney of white rats due to chronic treatment with lead phos-
phate have been examined. Most characteristic among the early changes was the appearance of
inclusion bodies in the nuclei of renal epithelial cells. These bodies were, as a rule, round, larger
than the nucleoli, and many of them showed a concentric structure. They were eosinophile,
weakly PAS-positive, and Feulgen-negative. The nucleus of some tubular cells was supernormal
in size, irregular in shape and rich in chromatin.

Disorder in the metabolism of nucleic acids was accompanied by cytoplasmic degenera-
tion in the tubular epithelial cells. The last phase of cellular damage was cytolysis. The sub-
stance of the dissolved cells emptied into the lumen of the tubules. It was observed in certain
instances that the whole body of the inclusion emerged from the nucleus, passed into the
cytoplasm and thence to the tubules.

Large-scale destruction of epithelial cells leads to the formation of cavities whose wall
consists of the basal membrane of the tubules only. Several such cavities may intercommuni-
cate and give thus rise to smaller or larger cysts in the renal cortex.

JEVCTBUE XPOHWYECKOW JAUN ®OCHOPHOKMCIONO CBUHLA HA
SMUTENUANBHBIE KNETKW MOYEK ¥ KPbIC-A/IbBMHOCOB

M. BANO, 6. CEHAE u A. BANTAM

ABTOpPbl M3yYanu UUTOMOTUYECKME W3MEHEHWSs, BO3HMKAMOLLME MOf BMSHUEM XPOHU-
YecKOI aun hocthOPHOKMCIONo CBMHLA B MOYKax GenblxX KpbIC, HabMoaatoLLmecs yxxe B paH-
Hell cTagun onbiTa. M3 3TUX M3MeHeHUIn Hambonee XxapaKTepHble BHYTPUSIAEPHbIE BKIOUEHUS,
KOTOpble HabnoaloTcsl B igpax KAeTOK MOYeHHOro anuTenns. 3TU BKIIHOYEHUSI UMEHOT 00bIYHO
Kpyrnytw ¢opMy, OHW Gofblie AApbIIeK, YacTo UMEHOT KOHLEHTPUUECKYH CTPYKTYpY, OHU
303VHO(U/bHbIE UAN MUPOHUHOMUIIBHBIE, AAOT MOMOXKMTENbHYO peakuuio Ha MALL 1 oTpu-
LaTenbHylo peakuuto denbl eHa. AAP0 HEKOTOPbIX TY6YNSPHbIX KNETOK 60MbLUe NMPUBBLIYHOTO,
HenpaBW/bHOM (POPMbI 1M 6orato XpomMaTUMHOM.

Hapsagy ¢ paccTpoiicTBOM 06MeHa HYK/IEMHOBOW KMCIO0Tbl U Niasma K/eTOK KaHallb-
LieBOr0 3MUTENUst MpeTeprneBaeT fereHepaTUBHbIE M3MeHeHUs. [lopaXeHWe KIeTOK MPUBOAUT
B KOHEYHOM UTOre K MX pacTBOPEHMIO. BellecTBO pacTBOPMBLUMXCS K/IETOK OMOPOXHSETCS B
MPOCBET KaHasbLeB. MOXHO HabnogaTb, UTO SiAepHble BKIIOYEHUS LEMKOM BbIXOAAT W©3
Anpa B NnasMy W 3aTeM MOMajalT B MPOCBET KaHasblia.

Bcnen 3a rubenbko 60MbLIOTO KOMMYECTBA 3NUTENMaNbHbIX KIETOK BO3HMKAOT TaKue
MosIoCT, CTEHKU KOTOPbIX 06pasytoTcsi 6asanbHO NepenoHKoM KaHa/bLeB. HecKonbKo TakKux
nosiocTelA MOryT co06LLaTbLCA MeXay co60i M Takum 06pa3oM B KOPKOBOM BELLIECTBE MOYEK BO3-
HUKalOT 60/blUME WM MeHbLUME KWUCTbI.

Dr. Jozsef Balo
Dr. Béla Szende Budapest Vili., Ull6i at 26., Hungary
Dr. Attila Bajta
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INNERVATION OF LYMPH VESSELS

J. Vajda

(Received 11 November, 1965)

Innervation of lymph vessels and lymph capillaries in the mesentery of dogs and
cats has been studied with the Gros-Schultze silver staining technique. The adventitia
of larger (valvular) lymph vessels is supplied by a very fine nervous plexus which, being
derived from large calibered myelinated fibres, can be identified as of sensory function.
Smaller unmyelinated fibres of undoubtedly efferent autonomic function supply the
muscular coat with a circular terminal plexus of particular density in the wall of the
sinusoid enlargements corresponding to the region of the valves. The true lymph capil-
laries are lacking in any efferent nerve supply, but they are regularly in close attachment
to specific kinds of sensory nerve endings.

The innervation of lymph vessels has recently again come into the focus
of interest, mainly with respect to the possible influence on lymph flow of the
nervous system. New information has been added to the classical findings of
Tonkoff (1899) concerning the innervation of lymph nodes, and of Dogiel
(1897) and Kytmanov (1901) on that of lymph vessels by the recent observa-
tions of Gettlert et al. (1955), Kubik and Szabos (1955), Rusznyak etal. (1957),
WoLODiIKO (1961), Melnikova (1964) and Borisov (1964). Most of these data
concern larger lymph trunks, which appear to have nervous plexus arranged
in several layers. Little is known ofthe innervation of lymph capillaries and the
immediate postcapillary vessels.

Lawrentjew (1925) was the first to call attention to the close connexion
between Pacinian bodies and lymphatics of the mesentery. Although an
occasional close contact between Pacinian corpuscles and arteries as well as
lymph vessels has recently been mentioned by Kubik and Szabsé (1955) and
been observed in the course of the present investigations, the findings do not
warrant any direct functional connection as there are many Pacinian bodies
and other kinds of encapsulated endings at such parts of the mesentery which
is lacking in both kinds of vessels.

Having studied for some years the functional anatomy of mesenterial
lymphatics (Vajda and Teémbsl, 1964; Vajda and Tomecsik, 1965), it seemed
worth while to extend these investigations to their nerve supply, an account of
which is presented below.
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Materials and methods

Pieces of the mesentery of cats and dogs — preferably of lean animals — were excised
after fixation in neutral formol, impregnated with silver according to Gros-Schultze and
mounted in loto.

Observations

Larger lymph vessels. Nerve fibres that are seen to establish direct relations
to lymph vessels having some muscular coating and valves, are either large
myelinated fibres, or finer unmyelinated ones. The large fibres are running
simply and unattached to any specific structure, whereas the unmyelinated
ones reach the large lymph vessels by way of their supplying arterioles, the
vasa vasorum lymphaticorum (Figs. 1 and 2). The myelinated fibres are losing
their myelin sheath on reaching the lymph vessel and encircle it with spiral
branches. The smaller branches appear to be embedded into a common
Schwann sheath and are forming a loose plexus on the outer surface of the
vessel (Fig. 3). The finer meshes of this plexus cannot be distinguished from
the so called vegetative ground plexus (Fig. 4). The unmyelinated fibre strands
having reached the lymph vessels distribute chiefly in the region of the valves
and immediately centred. They penetrate into the layer between the muscular
cells (Figs. 5 and 6), where their course is chiefly circular or rather parallel
with the attachment ofthe valve. The number of terminal fibres and the density
of the meshes decreases in central direction of the intervalvular segments. It is
interesting to note (Figs. 7 and 8) that nerve fibres running longitudinally to
the vessel have a straight, and those running transversally a rather tortuous,
course. This might be in connection with the widening of the vessels in trans-
versal direction during increased lymph production or stasis.

Lymph capillaries. Nerve elements can be observed also along the lympha-
tic capdiaries especially in the postcapillary region, indicated by invaginations
of the narrower distal portion into the wider central one. These invaginations
have been described by Vajda and Tomcsik (1965) as characteristic for the
transition zone between true lymph capillaries and vessels with true valves.
Incomplete valves having but a single cup occur in this region, too. Nerve
fibres can be observed in the neighbourhood of both invaginations and single
cup valves (Fig. 9), where the first smooth muscle cells are to be found. There
is no plexiform innervation around the true lymph capillaries (Fig. 10 and 11).
Lacking in muscle cells or other contractile elements like perivascular cells,
and having no true basement membrane, the lack of any efferent innervation
could be expected. Strangely it is just this part of the mesenterial lymphatics
which has particularly intricate relations with nerve endings.

Specific nerve terminals. Two kinds of obviously sensory endings can
be distinguished, free and encapsulated ones. Unmyelinated fibres are
giving rise to free terminals, whereas myelinated ones are ending in encapsuléat-
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ed terminations. All of these endings are strictly related to lymph capillaries
whether they are in direct contact with the capillary wall (Figs. 12 and 16) or
in their close neighbourhood (Figs. 13, 14 and 15). ) Whether encapsulated or

Fig. I- Myelinated fibre on lymph vessel and unmyelinated fibres accompanying the vasa
vasorum lymphaticorum

Fig. 2. Unmyelinated fibres accompanying the vasa vasorum lymphaticorum

free, the terminal part of the nerve fibre forms one or sometimes two loose
tangels. Inside this the nerve fibre generally breaks up into three to four
terminal branches, which after a more or less parallel course are wound up
into ball-shaped or ovoid formations. At the endturns, loop formations are
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Fig. 3. Adventitial plexus on lymph vessel

Fig. 4. Several thin nerve fibres embedded into a single Schwann cell strand

frequent. The encapsulated endings do not differ significantly with respect to
the terminal course of the nerve fibre, hut have less branches and are surround-
ed by a single layer of connective tissue cells.
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Fig. 5. Fibre plexus near the valve

Fig. 6. Circular fibres at the valve

Fig. 7. Plexus of the portion adjacent to the valve
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Fig. 8. Twisted fibres running transversally to the lymph vessel

Fig. 9. Myelinated and unmyelinated fibres near invagination and interflow

Fig. 10. Unmyelinated fibre following lymph capillary

Acta Morphologica Academiae Scientiarum Hungaricae 1 X 1966



242 P. PECAY

tract to the reticular layer of the median eminence, and it accumulates in the
stratum palissadicum (especially in its B zone), in the form of large globules
and coarse granules. Appearance of large globules in the peripheral part of the
stratum palissadicum, and the absence of neurosecretion from the stratum
reticulare allow the inference that the median eminence of water-loaded birds
becomes a depot without outlet towards the portal vessels. Seen under the
microscope, the median eminence of pigeons looks much the same whether they
have been loaded with water or treated with ACTH (Péczely [25]).

It is probable that in birds water loading reduces the activity of both the
neurohypophysis and the median eminence. This would mean that the aldehyde
fuchsin-positive neurosecretion which finds access to the portal veins of the
adenohypophysis via the median eminence acts as CRF. This would then
confirm the results of earlier experiments in which ACTH treatment was
applied (Péczely [25]).

A comparison of the respective effects of dehydration and hydration
allows to conclude to a correlation between the aldehyde fuchsin-positive neu-
rosecretory substance and the hypothalamic secretion of CRF in the domestic
pigeon. The existence of a normofunctional stimulatory mechanism has to be
postulated which would act via the adenohypophyseal portal vessels of the
median eminence, as proved by the sensitivity to ACTH of the neurosecretion
contained in the median eminence as also by its accumulation under the effect
of hydration. On the other hand, the observed effect of dehydration admits of
the conclusion that — in the aphysiological condition provoked by intense
osmotic stress  the large amount of Gomori-positive neurosecretion discharged
by the pars nervosa, too, may induce a release of ACTH. This theory needs
further confirmation.

The fact that the interrenal tissue of the adrenal gland of birds does not
react uniformly to exogenous stimuli makes it probable that it consists of two
layers: a peripheral part which secretes aldosterone, and a deeper one which
produces glucocorticoids (Kondics [13 to 16]). NaCl treatment of water depri-
vation evokes a uniform response from the entire neurosecretory system,
whereas the reaction of the interrenal tissue is not uniform. NaCl treatment is
followed by atrophy of the peripheral part and by a moderate hypertrophy of
the deeper layer. Water deprivation induces hypertrophy in both layers.
Hypothalamic CRF and adenohypophyseal ACTH are responsible only for the
hypertrophy of the deeper interrenal cells, whereas the activity of the peripher-
al part must be regulated by some other factor. Further investigations will
have to shed light on this factor.
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Fig. 11. Unmyelinated fibre following lymph capillary

Fig. 12. Ending on lymph capillary
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Fig. 13. Partly encapsulated ending near lymph capillary

Fig. 14. Endings formed by paired, unmyelinated fibres

Discussion

The innervation of the larger- (valvular)-lymph vessels is shown some-
what diagrammatically in Fig. 17. Large myelinated fibres contribute only to
the outer adventitial plexus of vessels (Fig. 17) [2]. The terminal branches of
this plexus may be arranged inside a single Schwann cell in the same manner
as in the so-called vegetative ground plexus, i.e. several preterminal nerve
fibre are embedded into the same Schwann cell cytoplasmic stand. As practically
all large myelinated fibres in the vegetative nerves can safely be considered
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Fig. 15. Encapsulated ending of a myelinated fibre

Fig. 16. Endings of paired encapsulated myelinated fibres

to originate from the spinal ganglia and having entered the vegetative nerves
through the white communicating rami, the large myelinated fibres of the
mesentery obviously belong to primary sensory neurons. The adventitial
plexus of the lymph vessels however fine — is clearly derived from such
large myelinated fibres, so that there can be no doubt of their sensory nature.
The smaller unmyelinated fibres that reach the lymph vessel together with the
vasa vasorum and that penetrate into the muscle layer of the lymphatic, are
obviously afferent and of vegetative nature. Their strong concentration at
the sites of the sinusoid enlargements corresponding to the attachment of the
valves and their decrease in more central regions of the intervalvar segment
where there are less muscle cells, are also suggestive of the motor function of
this plexus. Direct observation of the movement of lymphatic under the
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Fig. 17. Semidiagrammatic illustration of the innervation of a large lymph vessel

1) Plexus composed of unmyelinated fibres
2) Adventitial plexus

dissecting microscope also shows the predominantly contractile activity of the
wall of the sinusoid enlargements. Under normal conditions the frequency of
contractions at these sites is about 2 -4/min. If on ligating the two vessels
neighbouring the lymphatic under observation the supply of fluid increases,
the frequency of contractions increases to 10 12/min. One might speculate,
whether the unusually dense sensory plexus in the adventitia of the lymph
vessel, or the numerous sensory endings in the close neighbourhood ofthe lymph
capillaries, could serve as receptor of a specific reflex for the adjustment of
lymph transport to requirements.

REFERENCES

1. Bellinazo,P.,,Monteverde, H.: (1954) Influence du systeme nerveux sympathique
sur la circulation dela lymphe. Minerva Chir. 62, 376. — 1. bopucos, A. B.: (1961) O
HepBax /IMMMaTUYECKMX COCY0B. Te3. 0K/, HayUH. KOH(. Mopdon. BoeT. Cnbupn. MpkyTcK. —
3. Brettschneider, H.: (1959) Electronmikroskopische Untersuchungen an marklosen
vegetativen Nervenfasern. Anat. Anz. 106 —107, Erg. H. 166. — 4. Bution, A., Stiefel, E.:
(1955) Uber die efferente Innervation der glatten Musculatur. Acta Neuroveg. (Wien) 12,
375. — 5. Dogiet, A.: (1897) Die Nerven der LymphgefaRe. Arch. mikr. Anat. 49, 791. — 6.
Fotdi, M., Rusznyak, |., Szabs, Gy.: (1953) A nyirokkeringés idegi szab&lyozésdnak kérdése.

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



INNERVATION GF LYWMPH VBSH.S 207

Orv. Hetil. 94, 739. 7. Gettert, A.,, Nagy, S., Lippay, J., Poberai, M.: (1955) Adatok a
nyirokerek beidegzéséhez. Congress of Hungarian Pathologists. Debrecen. — 8. Horstmann,
E.: (1959) Beobachtungen zur Motorik der LymphgefdBe. Zusammenfassung. Pfligers Arch,
ges. Physiol. 269, 511. — 9. Jabonero, V.: (1948) Etudes sur le systéme neurovégétatif périphé-
rique. Acta Anat. 6, 14 and 376. — 10. Kantner, M.: (1957) Neue morphologische Ergebnisse

Uber die peripherischen Nervenausbreitungen und ihre Deutung. Acta Anat., 31, 397. 11.
Knoche, H.: (1945) Untersuchungen von vegetativen Nerven-Fasern. Z. Zellforsch. 40,
162. — 12. Knoche, H.: (1958) Beitrag zum Bau der vegetativen Endformation. Z. mikr.

anat. Forsch. 64, 110. 13. Kubik, |., Szabs, J. (1955) Die Innervation der LymphgefaRe in
Mesenterium. Acta morph. Acad. Sei. hung. 1, 25. — 14. Kytmanov, K. A.: (1901) Uber die
Nervendigungen in den LymphgefdBen der S&dugetiere. Anat. Anz. 19,369. - 15. Lawrentjew,
A. P.: (1925—26) Zur Topographie der Vater-Paccini Kérperchen im Mesenterium des Dinn-
und Dickdarmes der Katze. Anat. Anz. 60, 81. — 16. Lawrentjew. A. P.: (1927) Zur Lehre
von der Innervation des LymphgefiaRsystems. 1l. Mitteilung. Uber die Nerven der Lymphge-
faRe in der Bauchhdhle. Anat. Anz. 63, 268. — 17. K. B. MenbHukoBa : (1964) VIHHepBa-
LA TMMGaTUYeCKMX COCy0B BPUKEAKN TOHKON KMLLKK. ApX. AHaT. [1UCToN. 1 OM6pMos. 46.6,
85. 18. MILOCHIN, A. A.: (1960) Uber die afferente Innervation der peripherischen vegetativen
Neuronen. Mikr. anat. Forsch. 66, 483. — 19. Morrison, A. R., Ilaber, R. E.: (1964) A Quan-
titativ Study of the Distribution of Vagal Nerve Endings in the Myenteric Plexus of the
Ruminant Stomach. .1. comp. Neurol. 122/3, 297. — 20. Ms11endorf, W.: (1957) Handbuch
der mikroskopischen Anatomie des Menschen. IV. Bd. Nervensystem. Springer Verlag, Berlin.

21. Netemans, F. A.,, Dogterum, J.: (1955) Structure and Function of the Peripheral
Autonomie Nervous System. Acta Neuroveg. (Wien), Suppl. 6, 101. — 22. Pease, D. C., Quit-
tiam, T. A.: (1957) Electron Microscopy of the Pacinian Corpuscle. J. Biophys. Biochem., 31,
331. —23. Puttinger, B.D.,, Florev, H. W.. (1935) Some Observations on the Structure and
Functions of Lymphatics, their Behaviour in Local Oedema. Brit. J. exp. Path. 16, 49. 24.
Ross, J. G.: (1958) On the Presence of Centripetal Fibres in the Superior Mesenteric Nerves of
the Rabbit. .1. anat. 92/2, 189. 25. Sokotlow, A.: (1899) Zur Frage Uber die Endigungen der
Nerven in den Vater-Pacini-schen Kérperchen. Anat. Anz. 16, 452. - 26.Stohr, Ph.jr.: (1948)
Mikroskopische Studien zur Innervation des Magen-Darm-Kanales. Z. Zellforsch. 34, 91. — 27.
Steiir, Pii.jr.: (1955) Zusammenfassende Ergebnisse tiber die Endigungsweise des vegetativen
Nervensystems. | Il. Acta Neuroveg. (Wien) 10, 21. — 28. Takasiii, M., Sakai, S., Usizima,
IL: (1955) On the Terminal Neural Apparatus Detectable in the Retroperitoneum of Man a
Complex Pattern of Pacinian Corpuscle. Anat. Rec., 122, 17. — 29. Thiet, W.: (1957) Morpho-
logische Ergebnisse an einzelnen markhaltigen Nervenfasern und ihre funktionelle Bedeutung.
Acta Anat. (Basel) 31, 156. — 30. Tonkoff, W.: (1899) Zur Kentniss der Nerven der Lymph-
driisen. Anat. Anz. 16, 456. 3l.Vajda,J., Tombo1, T.: (1965) Beitrage zum mesenterialen
Lymphkreislauf. Acta morph. Acad. Sei. hung. XII1/4., 349. — 32. Vajda, J., Tomesik, M.
(1965) Ujabb vizsgalatok a mesenterium nyirokerein. In press. 33. Wrete, M.: (1959) The
Anatomy of the Sympathetic Trunks in Man.J. Anat. 93, 448. — 34. Wolodiko, T.: (1961)
Zur Innervation des Ductus thoracicus der Katze. Anat. Anz. 109, 201. — 35. Zhsdanov, D.
A.. (1934 —35) Uber einige hystophysiologische Eigentimlichkeiten der Wand der Lymphge-
faBe. Anat. Anz. 79,431. — 36. Y amamomoto, T.: (1960) Electron Microscopic Investigation on
the Relationship between the Smooth Muscle Cell of the Proc. Vermiformis and the Auto-
nomic Peripheral Nerves. Acta Neuroveg. (Wien) 21, 406.

UBER DIE INNERVATION DER LYMPHGEFASSE
J. vajda

Die mesenterialen LymphgefaRe und -kapillaren von Hunden und Katzen wurden mit
dem Silberimpregnationsverfahren nach Gros-Schultze untersucht. Die Adventitia der
groReren (Klappen enthaltenden) Lymphgefdle versorgt ein sehr feines Nervengeflacht,
welches hinsichtlich dessen, dal es aus einem grofen, markhaltigen Nervenfaser entspringt
wahrscheinlich sensorisch funktioniert. Die Muskulatur der GefalRe innervieren die feinen,
marklosen Nervenfasern, die zweifellos eine autonome efferente Funktion erfiillen. Diese
letzterwéahnten Nerven bilden ein zirkuldres Geflecht, welches bei den Sinusoiderweiterun-
gen die der Lokalisation der Klappen entsprechen — besonders dicht ist. Bei den echten
Lymphkapillaren fehlt die efferente Innervation, diese sind jedoch in der Regel mit irgendeiner
spezialer sensorischer Nervenendigung in enger Verbindung.
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MHHEPBALUWMA NTMM®ATNYECKINX COCYAOB
. BANOA

ABTOp McCnefoBan NMMQATUYECKME COCYAbl M IMMMATUYecKue Kanunnapbl 6pbbKeiiku
CKo6aK 1 KoLLeK npy nomowum Metoga Mpoca—LLyfble ¢ nponuTbiBaHWeM cepe6poM. AfBEH-
TMUMs 6onee KpynHbIX (06/1afatoLimMx KianaHoMm) NUMGaTUUecKnx COCY/[l0B OCYLLECTBSIETCS
0YeHb TOHKWM HEpPBHbIM CM/IETEHMEM, KOTOPOE, BBUALY TOFO, YTO OHO MPOMCXOAMT OT KPYMHbIX
HEPBHbIX BOMIOKOH C MWENIMHOBbLIM Bflara/inuleM — BEPOSITHO SIBMISIETCSI CEH30PHbIM. MeHbLume,
6e3MVe/IHOBbIE HEpPBHble BO/IOKHA, 6E3YC/IOBHO BbIMOHSAIOWME ABTOHOMHYIO 3((epeHTHYHO
(hYHKUMIO, MHHEPBUPYIOT MbILLIEUHBIV MOKPOB COCYA0B. ocnefHne HepBbl 06Pa3ytoT KpPyroBoe
crnneteHne. Cr/eTeHne O0COGEHHO TYCTOE Y CUHYCOUAHbIX PacLUMPEHWUid, COOTBETCTBYHOLLIMX
PAacronoXeHUo KnanaHoB. B WUCTUHHBLIX NUMQATUYECKMX Kanuansapax oTCyTcTBYeT adide-
PEHTHas! MHHepBaLUWs,HO OHW 06bIYHO CBS3aHbl C OKOHYaHMEM KaKoro-Hubyab creuuansHoro
UYBCTBUTE/ILHOTO HepBa.

Dr. Janos Vajda: Budapest IX., Tizolté u. 58., Hungary
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RECENSIO

J. R aekallio:

Die Altersbestimmung mechanisch bedingter Hautwunden mit
enzym-histochemischen Methoden

1965. Verlag Max Schmidt-Rémhild, Libeck

The monograph, covering 120 pages and accompanied by 28 black and white photomi-
crographs and 2 tables, discusses the examination of cutaneous lesions by enzymatic-histoche-
mical methods, and offers a detailed survey of the possibilities of distinguishing vital from
postmortal injuries.

To fix the time of injuries and to ascertain their vital or postmortal origin is a prominent
task of medico-legal activity, and current methods are often too rough for providing reliable
findings in that respect.

Raekallio has elaborated an enzymatic-histochemical procedure which allows to
approach the problem early and thus with better prospects of success. Observations made in
animals are compared with results obtained on human material with a view to establishing the
criteria to be applied in medico-legal work.

The first part of the work deals with the phases of wound healing, the current methods
of differentiating vital from postmortal injuries, and the techniques of examination — the
pertaining literary data are briefly reviewed. Before going into details, a comprehensive
review is presented of the enzyme-histochemical principles, in order to initiate morphologists
who are not conversant with such methods.

The second part of the book contains a summary of the author’s investigations into the
behaviour of non-specific alkaline phosphatase, adenosine triphosphatase, beta glycuronidase,
glucose-i-phosphatase, cytochrome oxidase, and succinodehydrogenase. Before evaluating and
analysing the results, a detailed methodological information is offered. This chapter is highly
instructive, as it discusses the usual methodological errors, and shows the way of avoiding
them (e. g. selection of suitable substrates, pH optimum concentration of the reaction mixture,
etc.).

) It is suggested that the injury is postmortal or has been inflicted within an hour if both
positive and negative enzymatic reactions are absent, whereas the presence of both reactions
proves the intravital nature of the injury. The method is moreover suitable for the analysis
of chronological factors. Compared with the controls, the activity of ATPase and non-specific
esterase shows, for instance, a considerable decrease within an hour, but increases markedly
after 4 and 6 hours. The monograph contains no information as to whether differences of
activity are determined by quantitative liistochemical measurements or a comparison of
sections, but the reliability of the results has been verified by numerous control experiments.

The description of each enzymatic reaction contains numerous literary references, and
in each chapter a detailed bibliography is given.

The concluding part of the work gives a summary of the results and their condensation
in the form of tables, to prove that the procedure makes it possible to distinguish between vital
and postmortal injuries even in the cases of one-hour survival, i. e. much earlier than with
other routine methods.

The monograph is a good example of up-todate morphological analysis which may offer
promising possibilités for the advance of medico-legal research.

E. Somogyi
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Zentralblatt far allgemeine
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Anatomie
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Das ,,Zentralblatt* bringt Wissenswertes aus dem Gebiete der allgemeinen
Pathologie und der pathologischen Anatomie, ohne Rucksicht, ob dasselbe
augenblicklich gerade Gegenstand lebhafter Erdrterung ist, und bildet auf
diese Weise ein Organ, das ein Bild der wissenschaftlichen Forschung bietet.
Es gehdrt zu den altesten Fachblattern dieses Sachgebietes, hat langst Aner-
kennung in aller Welt gefunden und ist zum festen Bestandteil der meisten
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Uber Untersuchungs-und Farbungsmethoden, Instrumente und Uber die das
Gebiet der allgemeinen Pathologie und pathologischen Anatomie betreffenden
Vortrage und Verhandlungen auf Versammlungen und Kongressen.

Vom ,Zentralblatt fir allgemeine Pathologie und pathologische Anatomie*
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ZUR BIOLOGIE DES SEXUALGEWEBES

II. IN-VITHO-ZUCHTUNG DES SEXUALGEWEBES VON HUHNEREMBRYONEN

J. Jordanov, M. Anastassova-Kristeva, A. |. Hadjioloff

und A. Boyadjieva-Mjchailova

(Eingegangen am 23. September, 1965)

Das Verhalten des weiblichen Sexualgewebes (Geschlechts- und Satellitzellen,
Keimepithel) von Hihnerembryonen wurde in Gewebekultur untersucht. Es wurde
eine Methodik angewandt, die das Fibroblastenwachstum inhibiert, das epithelartige
Wachstum der Eierstockgewebe fordert und eine gute vitale Beobachtung unter dem
Phasenkontrastmikroskop gestattet. Die Untersuchungen bestdtigten das epithelartige
Wachstum der Satellitzellen und des Keimepithels. Diese Elemente des Eierstocks
zeigen in Kulturen manche typischen Eigenschaften, die sie vom banalen Epithel
unterscheiden und dazu veraidassen, sie der Gruppe der sogenannten Coelodermal-
gewebe (Chiopin) zuzuordnen. Das Schicksal der echten Geschlechtszellen in der
Kultur ist je nach den Bedingungen, unter die sie bei der Explantation geraten,
verschieden. Es wird einwandfrei festgestellt, daB die Geschlechtszellen in vitro durch
mitotische Teilung proliferieren kénnen. Dies ist der Fall, wenn die Geschlechtszellen
in den Frihstadien der Differentiation sind (Ovogonien), und wenn sie die Mdglichkeit
haben, unter einer Schutzmembran zu wachsen, die von den Satellitzellen gebildet
wird. Fehlt eine dieser Bedingungen, dann degenerieren die Geschlechtszellen, evtl,
nach kirzerem oder lingerem Uberleben. Die Satellit- und die Geschlechtszellen zeigen
auch manche gemeinsamen Eigenschaften in ihrem Verhalten in Gewebekultur:
Proliferation in Form von Strdngen und Membranen, Wachstum auch hei beschranktem
Sauerstoffzutritt, Bildung von Symplasten. Diese Tatsachen sprechen zugunsten ihrer
morphofunktionellen, wahrscheinlich auch genetischen Einheit und rechtfertigen die
Auffassung, dal sie zwei Elemente eines einheitlichen Grundgewebes, des Sexualgewe-
bes sind.

Die ersten Untersuchungen lber das Wachstum der Gonadengewebe in
vitro datieren aus der Zeit der Einfihrung der Gewebeziuchtungstechnik. Die
ersten Versuche in dieser Richtung fiithrte 1913 Maccabruni (zit. Olivo, 1934)
aus. In jener Zeit sind Untersuchungen auch von anderen Autoren verdffent-
licht worden,* doch gelten heute nocli die 1938 von Muratori ausgespro-
chenen Worte, daB man zu keinen definitiven Resultaten gelangt sei.

Je nach dem in vitro beobachteten Wachstum der Gonadengewebe lassen
sich die von den verschiedenen Autoren dargelegten Angaben in sechs Gruppen
einteilen (Tabelle 1). Wenn man von der ersten Gruppe absieht, in der nur eine
Bindegewebeproliferation, eventuell von Makrophagenmigration begleitet, fest-
gestellt wird, beschreiben alle anderen Autoren auch ein epithelartiges W achs-
tum in Form von Strdngen und Membranen. Die einzelnen Forscher weisen auf

* Die vorliegende Arbeit betrifft das histotypische Wachstum der Gonaden und bat
nicht unmittelbar mit den Untersuchungen des sogenannten organotypischen Wachstums
in Gewebekulturen zu tun, die mit den recht prédzisen Untersuchungen von Martinovitch
(1938) ihren Anfang nahmen.
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das Vorherrschen des einen der beiden Wachstumstype hin, meist des binde-
gewebigen Wachstumstyps. Was den anderen Wachstumstyp betrifft, so halt
die groBere Zahl der Autoren ihn fiir das Wachstum eines banalen, unspezifi-
schen Epithels, wenn sie auch auf manche morphologisch-physiologische Eigen-
timlichkeiten desselben hinweisen. Am besten sind letztere in den Arbeiten von
Michailow (1937) und Kolesniicowa (1940) beschrieben. Diese Autoren fan-
den, dall die epithelartige Formationen der Gonaden in vitro von den Satellit-
zellen (Sertolischen und Follikularzellen) herrihren und ordnen diese, entspre-
chend den Angaben und der Auffassung ihres Lehrers Chiopin, den Coeloder-
malgeweben zu, zu denen auch die Mesothelien gehdren.

Am wenigsten gekldrt und bis heute umstritten ist die Frage des Verhal-
tens der echten Geschlechtszellen (Gonoblasten und Gonozyten) in vitro. W &h-
rend manche Autoren, wie aus Tabelle | ersichtlich, eine Degeneration dieser
Elemente feststellen, beschreibt eine kleinere Gruppe von Autoren eine aktive
Migration und sogar progressive Erscheinungen der Geschlechtszellen, wie
z. B. mitotische AKktivitat, die Bildung vielkerniger Symplasten oder eine
gewisse Differenzierung. Nur zwei Forscher, Muratori und Smith (1958)
beobachteten eine Proliferation der Geschlechtszellen in vitro. Die Versuche
des erstgenannten sind jedoch von recht kurzer Dauer, wéhrend die Beschrei-
bung des zweiten Autors nicht systematisch genug und nicht Uberzeugend ist.
Sie erwdhnen nicht, dal epithelartige Membranen auch von den Satellitzellen
sowie vom Keimepithel herrihren kdnnen, was bereits mehrfach von anderen
Forschern festgestellt worden ist. Einen besonderen Platz nehmen die Unter-
suchungen von Champy und Morita (1928) und Mendelsohn (1937) ein, die
das Keimepithel als indifferentes Ausgangsstadium der Geschlechtszellen auf-
fassen und daher die epithelartigen Membranen fur eine Derivation der undif-
ferenzierten Geschlechtszellen halten. Chiopin (1946) hdalt eine Proliferation
der Geschlechtszellen in vitro fur wenig wahrscheinlich.

W ir haben uns daher die Aufgabe gestellt, die Herkunft und das Ver-
halten der in vitro epithelartig wachsenden Eierstockgewebe vom Huhn zu
verfolgen, da, wie aus Tabelle | ersichtlich, die meisten widersprechenden
Angaben hieruber vorliegen.

Material and Methodik

Benutzt wurde Material von Eierstdcken 7—21 Tage alter Hihnerembryonen. Meist
haben wir Fragmente von der Eierstockrinde 12 bis 16 Tage alter Embryonen gezichtet;
wie aus friheren Untersuchungen (Hadjioloff und Kristeva, 1962) bekannt, ist die Anzahl
der Ovogonien an diesen Tagen bedeutend grdfer, und die Ovogonien, mit den kinftigen
Satellitzellen vermischt, bilden runde oder ovale Nester im Cortex des Organs; zudem ist
die Differenzierung der Ovogonien, die sich speziell durch den meiotischen Vorgang des
Zellkerns ausdriuckt, wie schon d’HoLLANDER (zit. Muratori und Battaglia) festgestellt
hat, entweder noch nicht eingetreten, oder sie hat kaum begonnen; dies kdénnte fir die
eventuelle Proliferation der Geschlechtszellen in vitro giinstig sein. In manchen Féllen wurde
das Organ vorher eine halbe Stunde bei 38 °C mit 0,25 bis 0,5% Trypsinlésung (Trypsin

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966
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Beobachteter Wachstumstyp

Wachstum von Fibroblasten
(oder Epithelzellen, die sich in
Fibroblasten verwandeln).

Wachstum von Fibroblasten
und banalem Epithel; Dege-
neration der Gonoblasten
evtl, nach kurzem Uberleben
oder gewisser Differenzierung.

Wachstum von Fibroblasten
und spezifischen zur Coelo-
dermal Gruppe gehdérenden
Epithel; Degeneration, evtl, ge-
wisses Uberleben der Ge-
schlechtszellen.

Wachstum von Fibroblasten
und Epithel; aktive Migration
der Geschlechtszellen, evtl, von
progressiven Erscheinungen
begleitet: Mitosen, Differen-
zierung, Bildung von Sympla-
sten.

W achstum von Fibroblasten
und Germinativepithel (im
Sinne undifferenzierter Ge-
schlechtszellen).

W achstum von Fibroblasten
und Geschlechtszellen in Form
von epithelialen Strdngen und
Membranen.

Tabelle |

Untcrsuchiingsobjekt

Eierstock von menschl. Embryo-
nen

Follikelepithel vom Eierstock
einer Frau

Hoden von Sdugetieren

Eierstock einer Frau

Eierstock von 4 Hmonatigen
menschl. Embryonen und
einer Frau

Gonaden von 8 - 19tagigen
Huhnerembryonen.
Eierstécke von neugeborenen
Nagetieren und von menschl.
Embryonen
Eierstocke von 10
Hihnerembryonen
Hoden und Eierstocke von
kleinen Ratten

12tagigen

Hoden von 1 30 Tage alten
Kaninchen

Eierstécke von 1 bis 26tagigen
und erwachsenen Kaninchen

Gonaden von 3”7tdgigen
Ilihnerembryonen

Hoden von Hihnerembryonen,
Kicken und Héhnen

Hoden von erwachsenen
weiBen Ratten

Hoden von jugendlichen Kanin-
chen, Eierstocke von erwachse-
nen Kaninchen, Hoden von
Héhnen u. a.

Hoden von erwachsenen
Kaninchen

Eierstocke von 5—21tdg. Hih-
nerembryonen und Kicken
Eierstocke von 11 17tag.
1lluhnerembryonen

Hoden von 16—17tdg. Huhner-
embryonen und Hé&hnen

213
Autor
Maccabruni, 1913.
zit. Olivo

Mjassojedoff 1923

Esaki, 1925.
zit. Muratori
Olivo, 1934.

Wolff und Zondek
1925.

Fano und Garofo-
linU 1928.
Ulesko-Stroganova,
1935.

Galgano4 1938

Dux, 1939.

Michailow, 1937.

Kolesnikoiva, 1940.

Dantschakoff’
1932.
(Terme/. 1933.

Chruscov und
Diomidova, 1937.

Chanipy und
Morita, 1928.

Mendelsohn, 1937.

Muratori, 1937.
Battaglia, 1958.

Smith, 1958
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»Difco«) behandelt, was die Erhaltung kleinster Rindezellenkomplexe, wie auch Zellsuspen-
sionen ermdglichte. AuBer den bekannten Zichtungsmethoden in hadngenden Tropfen nach
Maximow, in Carrelschen Flaschen und auf Deckglésern in flissigem Medium auf dem Boden
von Petrischalen, haben wir noch folgende angewandt:

I. Verfahren. Eine Modifikation der Maximow-Methode. Das Deckglas, auf dem 4
bis 5 Gewebestickchen in dinner Huhnerplasmaschicht explantiert sind, wird, mit den
Explantaten nach unten, direkt auf einen flussigen N&hrboden in der Exkavation des Objekt-
tragers gelegt (Abb. 1. oben). Alle 3—4 Tage wird das Deckglas in einen anderen hohlge-
schliffenen Objekttrager mit frischer N&hrlésung Ubertragen. Die Explantate werden von
der Bodenseite des Objekttragers aus beobachtet. Vor dem Ubertragen der Kultur kann
man sie bei starkeren VergroRerungen untersuchen. Zu diesem Zweck wirft man das Deckglas

Abb. I. Oben: — I. Verfahren. Hohlgeschliffener Objekttrager (d), Deckglas mit den Explantal
ten (b) und Glimmerplattchen (a), Nahrboden (c). Unten: — Il. Verfahren. Kammer au-
Objekttrager (a) und Deckglas (b). Pasteurpipette (c) zur Einfihrung des N&hrbodens

mit einer Ruckbewegung auf die Glimmerplattchen (Lage wie beim Maximow-Verfahren)
wonach man die Kultur von der Glimmerseite aus steril und ohne Gefahr raschen Eintrocknens
beobachten kann.

Dieses Verfahren schafft fir das Fibroblastenwachstum unginstige mechanisch-physi-
kalische Bedingungen: dinnes Koagulum, Oberflachenkontakt. Der begrenzte Sauerstoff-
zutritt an die Explantate hat sich gerade fir die epithelartige Proliferation glinstig erwiesen.

I1. Verfahren. Eine Modifikation der mykologischen Zichtungskammer von Grigorow
(1955). Die Kammer besteht aus einem Deckglas (24 X 30 mm) und einem Objekttrager.
Die Gewebestickchen werden vorher auf das Deckglas gelegt, auf dem eine diinne Plasma-
schicht ausgestrichen ist. Auf den Objekttrdger werden 4 (3 mm hohe) Paraffintropfen auf-
getragen, auf die man das Deckglas (mit den Explantaten nach unten) auflegt. Der schmale
Zwischenraum zwischen den beiden Gl&sern wird mit Paraffin ausgefugt. Mit einer Pasteur-
pipette wird die N&hrlésung durch ein in die Paraffinfuge eingestochenes Loch in die Kammer
eingefihrt (Abb. 1. unten). Das Wechseln der Nahrlosung geschieht alle 2—3 Tage. Die ideale
Beobachtung im Phasenkontrast, die dieses Verfahren darbietet, ist sehr wertvoll; die
Geschlechtszellen, wie auch andere Autoren (Muratori, Battaglia, Smith) hervorheben,
zeigen bei Phasenkontrast charakteristische Merkmale, die sie von anderen Zellarten unter-
scheidet.

Als Néahrboden verwenden wir: 20% Kalbs- oder Huhnerserum, 25% proteinhaltiges
Dotterdialysat ColD und das Gbrige — proteinfreies Dotterdialysat CelD (die Dialysate nach
Jordanov, 1960, gewonnen) mit keinem oder kleinem (1—2%) Embryonalextraktzusatz.
AuBerdem wurden der N&hrlésung Penicillin (200 E/ml) und Streptomycin (200 y/ml) zu-
gesetzt.

Viele Kulturen wurden fixiert, gefarbt und als Totalprdparat beobachtet. Zum Fixieren
verwendeten wir Carnoy, Serra (mit 4%igem Formol), 10% neutrales Formol u. a. Gefarbt
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wurde mit Hdmatoxylin nach Bdhmer, Carazzi, Meyer, manchmal mit Sudan IIl kombiniert;
angewandt wurden auch die Farbung nach Pappenheim, die Methylgrin-Pyronin-Methode
nach Unna-Pappenheim u. a.

Ergebnisse

Unsere Beobachtungen an Eierstockexplantaten, diein Plasmakoagulum
nach den klassischen Methoden gemacht wurden, bestdtigten die Ergebnisse
der Autoren, die sich derselben Methoden bedienten. Dem Fibroblastenwachs-
turn in der Tiefe des Koagulums folgt vom 2 3. Tag nach der Explantation
eine Proliferation epithelartiger Strdnge und Membranen,und zwar hauptséch-
lich auf der Oberflache des Koagulums und des Deckglases (Glimmer). Da die
Kultur ein Gemisch von beiden Elementen darstellt, ist die Beobachtung jedes
Elements fur sich nicht einfach. Mit der Vergréoferung und Verdichtung der
W achstumszone in den ndachstfolgenden Tagen wird die Beobachtung dadurch
erschwert, dal manche morphologische Unterschiede zwischen den beiden
Gewebearten immer mehr verblassen. Bei der Zichtung kleiner Zellkomplexe,
die durch Trypsinisieren erhalten worden sind, lassen sich die epithelartig
wachsenden Gewebe leichter von den Fibroblasten differenzieren. Immerhin
stellt die Kultur auch liier ein Gemisch dar. Noch schwieriger ist es, das Schick-
sal der Geschlechtszellen — Ovogonien und Ovozyten - nach den klassischen
Zichtungsmethoden zu verfolgen.

Etwas andere Resultate und Beobachtungsbedingungen erh&lt man nach
den von uns angewandten Verfahren | und 11 bei geringem Luftzutritt. Das
typische epithelartige Wachstum beginnt in diesem Fall schon am Tag nach
der Explantation, wéahrend das Fibroblastenwachstum stark inhibiert ist. In
den ersten Tagen bilden sich multiple Proliferationen in Form von Strdngen
und Membranen. Im Ablauf einer Woche erreicht die Kultur ihre maximale
GroBe von 6—7 mm Durchmesser. Sie ist immer noch dinn genug, um eine
gute vitale Beobachtung bei Phasenkontrast zu bieten.

Im grofen und ganzen haben wir die typischen Eigenschaften des epi-
thelartigen Gonadenwachstums beobachtet. Die Proliferation beginnt mit
Strdngen von ziemlich breiten, flachen, langlich-dreieckigen oder rhomboidalen
Zellen, die mit ihren R&ndern engen Kontakt unterhalten. Die Zellkerne sind
ovoid, mit einem oder zwei runden, stabformigen oder hieroglyphendhnlichen
Nukleolen. Die Mitochondrien sind im Zytoplasma verstreut. Die Zellstrdnge
anastomosieren, indem sie kleine leere ovale Felder »Fenster« begrenzen.
Mit dem fortschreitenden Wachstum verwandeln sich die dem Explantat pro-
ximalen Bezirke der Wachstumszone im allgemeinen in eine ganze Membran,
wéhrend der periphere Rand die beschriebene Strangstruktur beibehdlt (Abb.
2). Auch in unserem Fall waren der Zellpolymorphismus, die Lockerung der
peripheren Zone und in den spateren Tagen auch die hdufige Trennung von
Zellinseln sowie die Bildung vielkerniger Symplasten charakteristische Er-
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scheinungen. In den ersten Tagen des Wachstums ist die Art der Fettein-
schlisse in der Kultur sehr typisch. Die Zellstrdnge erscheinen unter dem
Mikroskop als wirden sie von feinen, starker lichtbrechenden Kdrnchen
besprengt sein, die an dem einen oder an beiden Polenden des Zellkerns liegen.
Vereinzelte, sehr groRe, neben dem Zellkern liegende Fettropfen lassen sich
schon in den ersten Tagen der Zichtung entdecken. Sie h&dngen, wie Champy
und Morita, Spdter auch Michaitow bemerken, mit einer Phagozytose von
degenerierenden Geschlechtszellen im Explantat zusammen.

Abb. 2. Sechstdgige Kultur von Eierstockcortex eines 17tdgigen Hihnerembryos (nach dem
I. Verfahren). Carnoy, Pappenheim-Féarbung. Vergr. 30 X

Die in vitro epithelartig wachsenden Eierstockgewebe zeigen eine Nei-
gung zur Verflissigung des Plasmakoagulums. Bei den beiden von uns ange-
wandten Verfahren mit dinner Koagulumschicht ist diese Erscheinung selten
zu beobachten.

In bezug auf die Frage, welche Gewebselemente des Eierstocks ein epithel-
artiges Wachstum in vitro zeigen, so decken sich unsere Untersuchungsangaben
ebenfalls mit den Ergebnissen von Michaitow und Kolesnikowa. Mit Hilfe
unserer Verfahren war es maéglich, durch vitale Beobachtung im Phasenkontrast
die Anfangsproliferation der Strdnge und Membranen zu verfolgen und uns
davon zu Uberzeugen, dall sie auf Kosten des sogenannten Keimepithels und
der Satellitzellen geschieht. Besonders deutliche Bilder zeigten die Kulturen
von 14tdgigen Eierstdocken. In jenen Stellen des explantierten Fragments, in
denen das Keimepithel erhalten geblieben ist, sieht man bereits am zweiten
Tag nach der Explantation eine Verflachung und Verldngerung seiner Zellen,
was von Mitose- und Migrationserscheinungen begleitet ist. Wenn das Keim-
epithel infolge Ausschneidens des Fragments zerstort ist, kann man schon nach
24 Stunden in den unmittelbar an dem Explantatrand liegenden Nestern von
Geschlechts- und Satellitzellen beobachten, wie die kleineren Satellitzellen aus
den Nestern stromartig proliferieren und Strdnge bilden, die sich am néchsten
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‘Jag zu einer Membran vereinigen. Wadahrend dieses Zeitraums zeigen die Ge-
schlechtszellen keine wesentlichen Verdnderungen. Noch besser 1aBt sich dies
bei Explantaten beobachten, die durch starke Zerkleinerung oder Trypsini-
sierung der Fragmente gewonnen worden sind. Man kann in der Kultur dann
Komplexe kleinerer, schwécher phasenpositiver Satellitzellen und gr6Rerer,
stark phasenpositiver Geschlechtszellen sehen. Am néchsten Tag der Zlchtung
proliferieren die ersteren in Form typischer Strdnge, wéhrend die zweiten auf
ihrem Platz bleiben.

Abb. 3. Kultur vom stark zerkleinerten Eierstockcortex eines 19tdgigen Hiuhnerembryos sofort
nach der Explantation. Man sieht vereinzelt isolierte Geschlechtszellen"un(l Komplexe anderer
Eierstockzellarten. Phasenkontrast. Vergr. 360 X

Besondere Beachtung wurde von uns dem Verhalten der Geschlechtszellen
in vitro entgegengebracht. Der Vorzug unserer Verfahren besteht darin, daf
es maglich ist, die Geschlechtszellen bei der Phasenkontrastmikroskopie sicher
zu identifizieren, abgesehen davon, daR es andererseits mdoglich ist, ein und die-
selben Zellen in verschiedenen Zeitrdumen nach der Explantation zu verfolgen.
Abbildungen 3 und 4 zeigen Aufnahmen von Geschlechtszellen im Phasen-
kontrast. AulRer dem groRen blasenartigen Kern, dessen Chromatin je nach dem
meiotischen Stadium verschieden strukturiert ist, fallen das starke phasen-
positive, fast homogene Ektoplasma der Zelle und das eigentimliche paranuk-
ledre Gebilde, der sog. Corpus Balbiani, auf. Dieser besteht aus einer stark
phasenpositiven Mitochondrienanhdufung um ein helleres Feld, die Zentro-
sphére, die ein oder zwei Kdrner, Zentriolen, enth&lt. Mit Hilfe unseres zweiten
Verfahrens war eine gute Beobachtung sowohl isolierter als auch in Gruppen an-
gesammelter Zellen mdéglich. Es hat sich erwiesen,daR nicht nur das Trypsinisie-
ren, sondern auch das blofRe Zerkleinern des Cortex die Trennung einzelner Zel-
len herbeifiihrt. Das zeigt, daR die Geschlechtszellen in den Nestern sehr schwach
miteinander vereint sind und daR sie durch bloRe mechanische Einwirkung
gelost werden kdnnen (Abb. 3). Eine andere Eigenschaft der Geschlechtszellen
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ist, dall sie ein hdheres spezifisches Gewicht haben als die anderen Zellen, so
daB sie hei Einfuhrung der Zellsuspension in die Kammer als erste auf das
untenliegende Glas fallen. Diese Eigenschaften der Geschlechtszellen kénnte
man zu ihrer Isolierung von den anderen Zellen ausnutzen.

Bei mehrstindiger Beobachtung isolierter Geschlechtszellen stellten wir
die von Muratori, Battaglia und Smith beschriebenen Erscheinungen fest:
Hervorspringen pseudopodiendhnlicher Fortsdtze; turbinen- oder wellenartige
Bewegungen des Ektoplasmas in Uhrzeigerrichtung (von Muratori »Zirkus-
bewegungen« genannt); langsame Formverdnderung des Zellkerns. In Uber-

Abb. 4. Geschlechtszelle aus der Kultur in Abb. 5. Phasenkontrast. Vergr. 800 X (nachver-
groBert)

einstimmung mit Muratori und Battaglia haben auch wir uns davon uber-
zeugt, daB diese Bewegungen Uberhaupt nichts mit einer Verschiebung der
Zellen selbst, d. h. mit einer echten Amdboidbewegung, gemein haben, wie dies
D antsciiakoff annimt. Unsere Untersuchungen haben ergeben, daB alle obenbe-
schriebenen Erscheinungen in der Kultur auch bei Zimmertemperatur auf-
treten k6nnen. Bei Zimmertemperatur haben wir auch die Bildung vielkerniger
Symplasten beobachtet, die andere Autoren beschrieben haben. Bereits 1—2
Stunden nach der Explantation sind zwei oder mehr Kerne sowie ein doppelter
oder in Form einer komplizierteren Anhdufung erscheinender Balbianische
Korper feststellbar.

Das weitere Schicksal der Geschlechtszellen in der Kultur. Je nach den
Bedingungen, unter die die Geschlechtszellen bei der Explantation geraten und
je nach ihrem Entwicklungsstadium konnten wir mehrere Arten von Erschei-
nungen feststellen.

Ein groBer Teil der Geschlechtszellen degeneriert und stirbt ab. Das
bezieht sich vor allem auf die bei der Zerkleinerung oder Trypsinisierung des
Eierstocks im Explantat im einzelnen oder in kleineren Komplexen isolierten
Geschlechtszellen. Die obenerwdhnten Bewegungen des Ektoplasmas der Zellen
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oder der von ihnen gebildeten Symplasten hdren auf, im Zytoplasma erscheinen
Vakuolen und Lipide, die Zellkerne erfahren Pyknose und Karyorrhexis, und
die Zellen desintegrieren nach 24—28 Stunden. In den kleinen Komplexen von
Geschlechts- und Satellitzellen erfolgt dieser Zerfall auf dem Hintergrund der
von den rasch proliferierenden Satellitzellen gebildeten Strdnge und Mem-
branen. Manche der untergehenden Geschlechtszellen werden, wie bereits er-
wéhnt, von den Satellitzellen phagozytiert. In anderen Fé&llen — und das
bezieht sich auf die Geschlechtszellen von der freien Oberflache der Eierstoek-

Abb. 5. Sechzehntdgige Kultur vom Eierstock eines 17tdgigen Hihnerembryos. Am Rande
des Mutterstiicks haben sich Primordialfollikel differenziert (zweikerniger Ovozyt). Carnoy,
Héamatoxylin nach Béhmer. Vergr. 800 X

fragmente werden diese Zellen einzeln oder in Gruppen und Scharen von den
wachsenden epithelartigen Membranen mitgeschleppt und kénnen sich in die
W achstumszone begeben, wo sie ihre runde Form mehr oder weniger beibehal-
ten und nur einige Tage lebend bleiben. Im Innern des Fragments beobachtet
man ebenfalls den Untergang von Geschlechtszellen infolge beschrankter Er-
ndhrung.

Ganz andere Bilder zeigt der der Wachstumszone angrenzende periphere
Teil des Fragments. Hier kdnnen die Nester von Geschlechts- und Satellitzellen
ohne Regressionserscheinungen erhalten bleiben, und die Geschlechtszellen
kénnen in den folgenden Tagen spétere meiotische Phasen zeigen, wobei es
sogar zur Bildung echter Primordialfollikel kommen kann (Abb. 5). H&ufiger
ist aber im peripheren Teil des Fragments eine andere Erscheinung zu beob-
achten. Si»' tritt auf, wenn die Satellitzellen die Mdoglichkeit haben, rasch auf
der Oberflache ties Koagulums zu proliferieren und die Geschlechtszellen in
unmittelbarem Kontakt mit dem Deckglas bleiben. In diesem Fall beginnen
vom dritten und vierten ldge an auch di«; Geschlechtszellen zu proliferieren.
Es bilden sich zwei Ubereinander liegende Schichten in der Wachstumszone.
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Unter dem Mikroskop, vom Deckglas aus gesehen, sieht man in der ersten
Brennpunktebene die Geschlechtszellen und in der zweiten die Satellitzellen.
Man kdnnte annehmen, dafl die in dieser Weise lagernden Satellitzellen den
Geschlechtszellen eine Art Schutz gewdéhrleisten und den Stoffwechsel zwischen
ihnen und dem Medium vermitteln.

Die Proliferation der in die Meiosis eingetretenen Geschlechtszellen in
Kulturen von dlteren Eierstdcken (nach dem 16—17. Bebritungstag) scheint
nur in einer einfachen zweidimensionalen Ausbreitung der Geschlechtszellen

Abb. 6. Dreitdgige Kultur vom Eierstock eines 19tdgigen Hihnerembryos. Oben: — Membran
von degenerierenden Geschlechtszellen in meiotischen Phasen. Unten: Satellitzellmembran
in einer anderen Brennpunktebene. Carnoy, Pappenheim-Féarbung. Yergr. 360 X

unter den Membranen der Satellitzellen zu bestehen. In diesen Fallen sind
M itosen nicht feststellbar, die Zellen leben eine gewisse Zeit weiter (Abb. 6).
Eine echte Proliferation durch mitotische Teilungen erfolgt in Kulturen von
jingeren Eierstécken (bis zum 14—15. Bebriitungstag), bei welcher sich die
Geschlechtszellen vor oder im Fruhstadium der Meiosis (Typ a- und Typ b-
Stadium nach d’Hollander, zit. Muratori) befinden. H&ufig stellt diese Proli-
feration ein Gemisch von Geschlechts- und Satellitzellen dar, mit Ubergangs-
formen zwischen den einen und den anderen, was an einen Dedifferenzierungs-
prozel der Geschlechtszellen denken I4Rt. Im allgemeinen besteht die Prolife-
ration aber nur aus sich mitotisch teilenden Geschlechtszellen, die unter ge-
wissen Bedingungen (Serum von legenden Hennen in der N&dhrlésung) zum Teil
auch meiotischen Verwandlungen unterworfen werden kénnen. In diesen Féllen
bilden sie Gruppen und Strédnge, die spater zu ganzen Membranen konfluieren
(Abb. 7. u. 8). Die Zellen haben eine gerundet polygonale Form, sie sind pflaster-
steinartig angeordnet und bleiben meist in engem Kontakt miteinander. Im
Phasenkontrast erscheinen sie durch das stark phasenpositive Zytoplasma und
die halbmondférmige Mitochondrienanhdufung voneinander abgegrenzt. In den
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mit Héadmatoxylin gefdrbten Postfixationsprdparaten sind die Zellgrenzen
schwach ausgedriickt, das Zytoplasma der Zellen ist in h6herem oder minderem
Grade basophiler (Pyroninophiler) als das der anderen Zellen, der Kern zeigt
ein netzartiges Chromatin, mit einer bis drei nahe am Zentrum gelegenen

Ibb. 7. Neuntdgige Kultur vom Eierstock eines 14tdgigen Huhnerembryos (nach deni I.

Verfahren). Die dunklere Zone oben: Membran von Ovogenien mit einigen Mitosen. Die hellere

Zone unten: Membran von Satellitzellen in einer anderen Brennpunktebene. Carnoy, Hédma-
toxylin nach Carazzi. Vergr. 360 X (nachvergréBert)

elbb. 8. Neuntdgige Kultur vom Eierstock eines 14tdgigen Hihnerembryos (nach dem I

Verfahren). Die Nahrlosung enthalt Serum von legender Henne. Die Geschlechtszellenmembran

besteht aus Ovogonien und Ovozyten in verschiedenen Phasen der frihen Meiose. Serra,
Hamatoxylin nach Meyer, Vergr. 800 X

groReren Chromatinmassen (Typ »a« und Typ >x nach d Hollander (Abb. 7),
oder auch verschiedene Bilder der frihen Prophase der Meiose (Abb. 8).
Manchmal kommen die Grenzen zwischen den einzelnen Zellen einer Gruppe
Uberhaupt nicht zum Vorschein, die Gruppe als ganzes ist scharf Umrissen, und
es handelt sich offensichtlich um eine Bildung symplastischer Natur.
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In den darauffolgenden Tagen schreitet die Proliferation der Geschlechts-
zellen durch mitotische Teilungen weiter fort. Um die Mitte der zweiten Woche
erreicht die Wachstumszone der Geschlechtszellen ihre MaximalgroRe. Der
Durchmesser dieser Zone erreicht eine Lange von 2/3 des Durchmessers der
W achstumszone der Satellitzellen. Gegen Ende der zweiten Woche sind die
Lipide und die Vakuolen im Zytoplasma vermehrt, die Geschlechtszellen kén-
nen voneinander dissoziieren, wobei die Verbindung zwischen ihnen durch
dunne Fortsdtze aufrechterhalten bleibt. Auf diese Weise werden sie den
Fibroblasten sehr ahnlich, wie dies mit den Satellitzellen der Fall ist.

Diskussion

In bezug auf das liistotypisehe Wachstum der Gonaden in vitro sind in
der Literatur drei Grundfragen ungekldrt: 1. Stellt das beobachtete epithel-
artige Wachstum der Gonadengewebe etwas Spezifisches dar, wodurch es sich
vom Wachstum des banalen Epithels unterscheidet? 2. Welche Gewebsele-
mente der Gonaden zeigen ein derartiges Wachstum? 3. Ist eine Proliferation
der echten Geschlechtszellen (Gonoblasten) mdglich und in welcher Weise
verlduft sie?

Unsere Untersuchungen bestdtigen in bezug auf den Eierstock von Hih-
nerembryonen die Angaben anderer Autoren (Wermel, Ulesko-Stroganowa,
2iv, Michailow, Kolesnikowa, ChruSCOW und Diomidova, Dux usw.), dal
die epithelartigen Strdnge und Membranen, die man in vitro beobachtet, von
den Satellitzellen und dem sogenannten Keimepithel des Eierstocks herrihren.
In Ubereinstimmung mit Michailow und Kolesnikowa haben auch wir spezi-
fische Eigenschaften dieser Gewebebestandteile des Eierstocks beobachtet,
durch die sie sich vom banalen Epithel unterscheiden. Demnach sind sie der
Gruppe der CHLOPiNschen Coelodermalgewebe zuzuordnen, zu der auch die
M esothelien gehdren. Dies entspricht der Auffassung vom Ursprung der Satel-
litzellen und des Keimepithels vom Coelommesothel der Urogenitalfalte. Ubri-
gens verraten diese Gewebe manche Eigenschaften, die sie einerseits dem
W achstum der Epithelien und andererseits den vom Mesenchym herrihrenden
Geweben annédhern. So sind die Zellen bestrebt, in engem Kontakt untereinan-
der zu bleiben, indem sie Str&nge und Membranen bilden; sie besitzen auch die
Féhigkeit, das Plasmakoagulum zu verflissigen; andererseits zeigen sie einen
erheblichen Polymorphismus, mit Neigung zur Dissoziation und zum Ubergang
der gebildeten Membranen in lockere Strukturen, eine Bildung von Symplasten,
sowie eine gewisse phagozytdre Féahigkeit. Damit lieBe sich auch erkléren,
warum manche der dlteren Autoren (Maccabruni, Mjassojedoff, Essaki,
O1livo), die wahrscheinlich nicht den epithelartigen vom Fibroblastenwachs-
tumstyp unterschieden haben, nur den letzteren an Gonadekulturen beschrei-
ben. Dasselbe gilt auch fir einige neuere Forscher (Muratori, Smith), die
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ebenfalls nichts vom epithelartigen Wachstum der Satellitzellen und des Keim-
epithels erwédhnen. Sogar aus manchen von diesen Autoren gezeigten Bildern
geht klar hervor, daB dieser Wachstumstyp zu Unrecht als Fibroblastenwachs-
tum qualifiziert worden ist.

Wiir stellten noch eine Besonderheit der Satellitzellen und des Keimepi-
thels in vitro fest, ndmlich ihre Fahigkeit, auch bei beschrdnktem Sauerstoff-
zutritt in Kulturen intensiv zu proliferieren, was sie ebenfalls von den Fibro-
blasten unterscheidet.

Wir haben die von Muratori, Battaglia und Smith beschriebenen
eigenartigen Bewegungen des Ektoplasmas der Geschlechtszellen in vitro beob-
achtet. Bemerkenswert ist, da wir diese Erscheinungen auch bei Zimmertem-
peratur feststellen konnten. Unseres Erachtens sind sie eher als Ausdruck einer
Reaktion der Geschlechtszellen auf die unmittelbare Einwirkung der unge-
wdhnlichen Bedingungen des neuen Milieus aufzufassen. Wir stellten auch eine
andere Besonderheit der Geschlechtszellen fest, ndmlich ihr hdheres spezifi-
sches Gewicht im Vergleich mit den Ubrigen Zellarten des Eierstocks sowie ihr
verh&ltnisméRig spateres Anhaften an das Glas nach der Explantation.

Unsere Angaben sprechen weiterhin dafir, dal das Schicksal der Ge-
schlechtszellen in der Kultur, je nach ihrem Entwicklungsstadium und den
Bedingungen, unter die sie bei der Explantation geraten, verschieden ist. Das
erklart die widersprechenden SchluRfolgerungen der verschiedenen Autoren
zu dieser Frage. Voraussetzungen fir eine echte, durch mitotische Teilungen
erfolgende Proliferation der Geschlechtszellen in vitro sind: 1. daB sich diese
bei der Explantation nicht im fortgeschrittenen Stadium der Meiosis befinden,
d. h. am besten von Eierstécken bis zum 14 15. Bebritungstag genommen
werden; 2. daB sie in keinem unmittelbaren Kontakt mit der N&hrldsung
stehen, sondern Uberdeckt von einer von den proliferierenden Satellitzellen
gebildeten Membran wachsen. Fehlt eine dieser Bedingungen, so sind die Ge-
schlechtszellen zu Degeneration und Untergang verurteilt, oder sie kdnnen
gunstigstenfalls nur noch einige Tage uberleben. Dies war der Fall bei den
Beobachtungen von Fano und Garofolini,Ulesko-Stroganova, Ziv, Mj-
chailow, Kolesnikowa, Battaglia. Andererseits haben Muratori und
Smith, die zweifellos eine Proliferation der Geschlechtszellen in Kulturen festge-
stellt haben, nicht anzugeben vermocht, unter welchen Bedingungen diese Proli-
feration zustandekommt. Die »Migration« einzelner Geschlechtszellen oder
Gruppen von Geschlechtszellen in den erstenTagen in die Wachstumszone fihren
wir, ebenso wie andere Autoren (Ulesko-Stroganowa, Mjchailow, Kolesni-
kowa, Battaglia)darauf zurick, daB diese Zellen von der wachsenden Schicht
der Satellitzellen mitgeschleppt werden. Hierzu trdgt u. a. die recht schwache
»Verkittung« der einzelnen Geschlechtszellen im Explantat bei. Selbst Mura-
tori, der sich der Mikrokinematographie bediente, konnte sich nicht einmal
davon uberzeugen, daB die Pseudopodien und die Zirkusbewegungen des Ekto-
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plasmas der Geschlechtszellen mit einer Verschiebung, d. h. mit einer echten
Amdboidbewegung der Geschlechtszellen Zusammenhé&ngen. Unsere langdauern-
den Beobachtungen veranlassen uns eine derartige Bewegung kategorisch in
Abrede zu stellen. Unseres Erachtens kann von einer Migration der Geschlechts-
zellen nur dann gesprochen werden, wenn sie unter den obenerwé&hnten beiden
Bedingungen durch Mitose proliferieren. Demnach erscheint die von Dan-
tschakoff als Argument zugunsten der Theorie von der Wanderung der Ge-
schlechtszellen im Embryo vorgebrachte Bildving von Pseudopodien seitens
dieser Zellen nicht stichhaltig genug.

Die von uns festgestellte Abhdngigkeit des Wachstums der Geschlechts-
zellen vom Wachstum der Satellitzellen demonstriert die morphophysiolo-
gisclie Einheit der beiden Gewebselemente auch unter Explantationsbedin-
gungen. Unseres Erachtens kénnte man aber, wenn man den Charakter des
W achstums der beiden Elemente in vitro vergleicht, auch an ihre genetische
Einheit denken. Dem Verhalten der Satellitzellen und der Geschlechtszellen
in vitro sind folgende Eigenschaften gemein: sie wachsen als epithelartige
Strdnge und Membranen und neigen zu Lockerung in der Peripherie, indem sie
unter unginstigen Ern&dhrungsbedingungen ein fibroblastdhnliches Aussehen
annehmen kdnnen; sie proliferieren in der Gewebekultur auch bei beschrénk-
tem Sauerstoffzutritt; sie bilden Symplasten. In manchen Fé&llen beobachtet
man auch Ubergangsformen zwischen den beiden Elementen. Letzteres bedarf
noch des Beweises durch grindlichere Untersuchungen und Anwendung einer
geeigneten Methodik.

Im Gegensatz zu Mjchailow (S. 198) mdchten wir sagen: es scheint, daR
das von uns beschriebene Tatsachenmaterial und die daraus gezogenen Schlisse
eher gegen eine »Keimbahn« sprechen. Sie sprechen ebenso auch zugunsten der
von Hadjjoloff (1931/32, 1962) verteidigten Auffassung von der einheitlichen
Natur der Satellit- und der Geschlechtszellen und ihrer Zugehdrigkeit zu
einem Grundgewebe — dem Sexualgewebe.

Die dargelegten Untersuchungen bilden den von uns zu bearbeitenden Teil eines
kollektiven Themas mit der Abteilung fir Morphologie des Instituts fiir Experimentelle
Medizin der Ungarischen Akademie der Wissenschaften und des Instituts fir Histologie
der Medizinischen Universitdit Budapest (Direktor: Prof. Dr. 1. To6r6).

Den technischen Assistentinen R. Kuseva, A. Christova und A. Stojanova danken
wir an dieser Stelle fir die uns geleistete wertvolle Hilfe.
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A CONTRIBUTION TO THE BIOLOGY OF THE SEX TISSUE

Il. In-vitro cultivation of the sex tissue of chick embryos

J. JORDANOV, M. ANASTASSOVA-KRISTEVA, A |. HADJIOLOFF AND A. BOYADJIEVA-MICHAILOVA

The behaviour of the female sex tissues (sexual cells, satellite cells, germinal epithelium)

of chicken embryos has been studied in tissue cultures. A method inhibiting the growth
of fibroblasts, promoting the epithelioid growth of ovarian tissue and allowing good vital
inspection under the phase microscope has been elaborated. The experiments have

demonstrated the epithelioid growth of the satellite cells and the germinal epithelium. These
elements of the ovary reveal in tissue cultures certain typical properties which distinguish
them from common epithelium and justify their being classified under the head of coelodermal
tissues (Chiopin). The fate of the true sexual cells in the culture depends on the conditions
of explantation. It has been found that sexual cells are capable of mitotic proliferation in vitro.
It happens at the early stages of differentiation (oogonium) when the sexual cells can grow
under a protective membrane composed of satellite cells. The sexual cells degenerate after
a shorter or longer survival if these requirements are not satisfied. The behaviour of satellite
and sexual cells shows certain similarities in tissue cultures, such as proliferation in the
form of strings and membranes, growth under anoxic conditions, formation of symplasms.
These observations argue for their morphologico-functional and probably also genetic identity,
and justify the concept that they are two elements of a common ground substance, namely
the sex tissue.
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BUOIOrNA MOJIOBON TKAHW

1l. BblpawyBaHue MoMoBoi TKaHW 3apofblllieii  UbINAsT

M. AOPAAHOB, M. AHACTACCOBA-KPUCTEBA, A. .
XALXMONOD n A BOAANEBA-MUXANIOBA

ABTOpbI UCCMeoBaIN B Ky/NbTypax TKaHeil MoBefileHNe YXEHCKOM MosioBoli TKaHU (noso-
Bble KNETKW, KIeTKU-CAaTeNNTbl, 3apofbllleBblii 3NUTENNiA) 3apoAbllleli LbINAST MEeTOAMKONA,
3a/iepXxatoLein poct pubpobnacToB, CMOCOOGCTBYHOLWIEN 3NUTENOMAHOMY POCTY SIMHHUKOBOWA
TKaHW 1 06ecrneymBaloLLeil BO3MOXHOCTb XOPOLLUEro MpPUXU3HEHHOro HabnofeHUst nog aso-
KOHTPaCTHbIM MUKPOCKOMOM. Pe3ynbTaTbl 3KCNEPUMEHTOB MOATBEPXKAANT 3NUTENOUAHBIA POCT
KNeTOK-CaTe/ININTOB U 3apOAbILLIEBOrO ANUTENUs. ITU 3/1EMEHTbI AMYHWKOB MOKa3bIBalT B Ky/lb-
Typax HEeCKO/IbKO TUMWYHbLIX CBOWMCTB, KOTOPble OT/IMYAKT MX OT 06bIYHOIO 3MNWUTENMSA U MO3BO-
NAT NPUYUCAUTL UX K TPYNNY TaK Ha3. LenofepMasibHbIX TKaHel (Xnonuw). B 3aBUcUMOCTM
0T TOro, B KaKu1e YC/I0BUSI UCTMHHbIE MOJ0BbIe KNETKM MOMajarT Npu sKCnaHTaumm, nx cyabba
B Ky/IbTypax pasnyHa. ABTOPbI YCTaHaBMBAOT, YTO MPOnndepaLnsi NoioBbIX KETOK in vitro
MOXXET MPOM30ATU NyTEM MUTOTUYECKOrO AeneHns. DTO HabnogaeTcsl B paHHen chase audie-
peHLuMaLmnmn nonoBbIX KAeTOK (OBOFOHWIA), a Takxe, ec/iv OHU MMET BO3MOXHOCTb pacTu noj,
3alWMTHOM 060/104KOI, 06pasylolleinca M3 KneTok-caTennutoB. [lpu OTCYTCTBMM OfHOW W3
YyKa3aHHbIX MPearnocbIsIoK NosoBble KIETKW, Mocne 60/1ee UM MeHee NMPOAO/IKUTENILHOIO CPOKa,
nepepoxpatTcs. CaTeNMTbl 1 MOMOBble KMETKM MOKAa3bIBAOT B TKAHEBbLIX KY/bTypax U HEKo-
TOpble 06LLye 0CO6EHHOCTI MOBEAEHNSA: OHW pa3pacTaloT B BUfE Tshkeld 1 060/104eK, pa3BMBatoTCs
TaKXXe Mpy orpaHUuYeHMn NPUTOKA KWUC/IOPOAa M 06pa3oBbIBAOT CUMMACTbI. JTW (haKTbl FOBO-
pAT 3a TO, YTO B MOP(OhYHKLMOHANIBHOM W, BEPOSITHO, TaKXXe B FeHETUYECKOM OTHOLLEHUSIX
MX MOXHO paccMaTpuMBaTb KaK €fUHCTBO, KaK 3/1EMEHTbl €UHO/ OCHOBHOW TKaHW: MOJOBOM
TKaHW.

j. JOKDANOV

M. Anastassova-Kristeva Sofia, Bulgarische Akademie der
A. |I. Hadjioloff W issenschaften, Inst. f. Morphologie,
A. BoyadjiEVA-MicHAiLovA Bulgarien
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EFFECT OF THIRST AND WATER LOAD
ON THE HYPOTHALAMIC REGULATION
OF THE ADRENAL IN THE PIGEON
(COLUMRA LIVIA DOMESTICA L)

P. PECZELY

(Received 1 July, 1965)

Domestic pigeons were deprived of water for 4 and 8 days, others were subjected
to a water load, and the effect of these treatments on the neurosecretory system and
also the reaction of the interrenal tissue of the suprarenal gland have been studied.
Hydration and dehydration affected the preoptic division of the supraoptic nucleus
in the first line. Neither thirsting nor the water load elicited a significant reaction from
the entopeduncular nucleus, nor did the external zone of the median eminence respond
to thirsting. Water loading induced accumulation of aldehyde fuchsin-positive matter
in the stratum palissadicum. The neurohypophysis filled with secretion on hydration
and was drained on dehydration.

It seems that the suprarenal gland is regulated by the hypothalamus via the
median eminence and, in aphysiological conditions, also via the neurohypophysis.
W ater loading stops the drainage of the neurohypophysis, reduces or arrests the portal
activity of the median eminence and induces atrophy of the interrenal tissue of the
adrenal. Thirsting does not influence the portal function of the median eminence so
that the resulting adrenal hypertrophy may be due to the large amount of neuro-
secretory substance discharged hy the pars nervosa. It is, therefore, assumed that the
aldehyde fuchsin-positive neurohormone of birds acts as CRF.

The organism of mammals presumably contains an ACTH-releasing
substance of hypothalamic origin. This substance is probably lysine vasopres-
sin in the rat (De Wied [30, 31]) anti arginine vasopressin in the dog (Kwaan
and Bartelstone [18]). Other authors claim that the ACTH-releasing factor is
not a neurohormone of the vasopressin type but a structurally similar polypep-
tide (Saffran et al. [28]; Guillemin et al. [9]). The corticotrophin-releasing
factor (CRF) is presumably synthetized in the neurosecretory cells of the
hypothalamus and stored in the neurohypophysis. This seems to be borne out
hy the experiments of Rumsfeld and Porter [27] in which ACTH release was
induced hy bovine posterior pituitary extract, a phenomenon attributed by
them to the presence of arginine vasopressin.

W hile the principal object of experiments in vitro was to study the role of
neurohypophyseal extracts in the release of corticotropliin, surgical manipula-
tions were carried out in order to elucidate the role of the median eminence-
adenohypophysis system. McCann and Haberland [3], after extirpating the
median eminence in rats, found that the acutely stimulated adenohypophysis
was incapable of releasing the accumulated ACTH. Kovacs et al. [17] observed
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that extirpation of the hypophyseal stalk reduced the activity of the pituitary-
adrenocortical apparatus in the rats. The diabetes insipidus brought about by
the intervention subsided a few weeks later. This must have been due to a
reduction of adrenocortical activity. It has been claimed by Peters [24] that
the anterior pituitary of the rat inhibits vasopressin secretion, a phenomenon
ascribed by him to ACTH.

The results of Endroczi and Lissak [6] point to the role of neural factors
in the release of ACTH. They have shown that stimulation of the supraoptic
and paraventricular nuclei does not significantly change the level of corticoids
in adrenal venous blood.

Hypothalamic CRF has also been studied in amphibians. JORGENSEN
and Larsen [10] found that lysine vasopressin and — physiologically — argi-
nine vasotocin released ACTH in the toad, Bufo bufo. In birds, no CRF has
been demonstrated and itis only indirectly that the existence ofa hypothalam-
ic ACTH-releasing factor can be inferred to. Legait [19] decreased the activ-
ity of the neurosecretory cells in the domestic fowl by chronic ACTH treat-
ment. PECZELY [25] induced accumulation of neurosecretion in the stratum
palissadicum of the external zone of the median eminence by treating pigeons
with ACTH. Kawashima et al. [11] deprived crown sparrows of water and
observed neurosecretion from the anterior part of the median eminence, a
phenomenon they suggested was interconnected with the hypertrophy of the
interrenal substance of the adrenal.

The present experiments were designed to study the effect of hyperos-
mosis and hyposmosis on the neurosecretory system and the suprarenal gland,
in the hope that the results might provide information on the ACTH-releasing
effect of the birds’ neurohormones.

Material and method

Forty pigeons of both sexes were divided into four groups. Members of Group | served
as controls, those of Group Il were deprived of water during four, those of Group 11l during
eight days, while members of Group IV were loaded with water through a gastric tube for
ten days. The animals were illuminated during 11 hours daily. After decapitation, the brain
of the birds was fixed in Bouin’s fluid, embedded in paraffin, and 5fi thick sections were stained
with Gomori’s paraldehyde-fuchsin combined with a short haematoxylin contrast staining.

The nuclear volume of the neurosecretory cells was determined with the aid of the

Fischer-Inke nomogram, using the formula% LB2and 2500-fold magnification by projection:

200 nuclei were measured in each division. The frequency distribution of the logarithm ol
the nuclear volumes was established for all the five divisions in respect of Groups | to IV.
We determined the arithmetic mean of the frequency distributions (M) and the standard
deviation (a); in order to analyse the empirical density function of the frequency distributions,
we determined the relative frequency of the cases over the range M d: ° so as *° be able to
compare the empirical density functions with the density function of the normal distribution
of the corresponding standard deviation. Student’s “t” test was applied for establishing
statistical significance of the differences between the arithmetic means in all groups and in
respect of all the five divisions. In the present case, n = 2000. p = 0.05. and the difference
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was significant if (> 1.96. Beyond this, because of possible errors inherent in the methods,
only those statistically significant cases were regarded as biologically evaluable in which
(mt m,,) > 0.05.

Results

Each morphologically and topographically well distinguishable division
has been evaluated separately (Péczely [25]). The nomenclature of the divi-
sions was borrowed from Arai [1]| as also from Farneu and Oksche [7].

Supraoptic nucleus, preoptic division

Group I. The neurosecretory cells of small and medium size, situated
along the wall of the preoptic recess and the ventrolateral surface of the hypo-
thalamus, showed different functional states. The perikaryon usually contained

Fig. 1. Preoptic division of the supraoptic nucleus in untreated pigeon. Aldehyde fuchsin,
X 2960

granular secretion and Nisei’s bodies were observed along the cell membrane.
Other cells contained colloidal globules. Occasional transport of secretion could
be observed, and there were pearl string structures on the processes (Fig. 1 and
Diagram 1).

Group Il. The neurosecretory cells of the division were found to have
increased, and there was usually a thick zone of NissFs bodies around the cell
membrane. Delicately granular secretion often formed a cape-like structure.
Some cells contained colloidal globules or vacuoles. Nuclear volume was
increased (Fig. 3 and Diagram 1).

Group Ill. The neurosecretory cells were considerably enlarged. There
were less Nissl’s bodies than in Group Il. The perikaryon was filled with fine
powderlike secretion. Nearly all cells were vacuolated. Only a few colloidal
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Diagram 1. Preoptic division of supraoptic nucleus
= 4-day dehydration; — -—--—--—-— 8-day dehydration;

controls; - =
= hydration

Fig. 2. Preoptic division of the supraoptic nucleus in hydrated pigeon. Aldehyde fuchsin, X 2960

Fig. 3. Preoptic division of the supraoptic nucleus in pigeon after 4 days of thirsting. Alde-
hyde fuchsin, X 2960
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Fig. 4. Preoptic division of the supraoptic nucleus in pigeon after 8 days of thirsting. Aide-
hyde fuchsin, X 2960

globules were observed. The nuclei were eccentric and conspicuously swollen
(Fig. 4 and Diagram 1).

Group IV. The cytoplasmic mass was strikingly small. It contained some
coarsely granular secretion next to the nucleus. As a rule, no basophilic mar-
ginal zone was seen. Both the nucleus and the nucleolus were small (Fig. 2 and
Diagram 1).

Lateral division

Group |. The division consisted of elongated cells containing a consider-
able amount of granular secretion and occasional colloidal globules. A thin
basophilic marginal zone was observed in most cases (Diagram 2).

404
304
20-
70-1
18
Diagram 2. Lateral division of supraoptic nucleus
------------ = controls: — - — = 4-day dehydration; — ---—---= 8-day dehydration:

................. — hydration
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Group Il. The volume of the cytoplasm was not significantly different
from that of the controls. Delicately granular secretion was seen around the
nucleus. Most of the colloidal globules had disappeared. Nissl’s bodies formed
a thin marginal zone. Nuclei were slightly eccentric, and they were somewhat
smaller than in Group | (Diagram 2).

Group Il1l. The neurosecretory cells considerably increased; there was a
broad basophilic marginal zone beneath the membrane. The number of vacuo-
lated cells was less than in the preoptic division. Some cells contained colloidal
globules. The nuclei were eccentric, their volume was increased (Diagram 2).

Group IV. The cytoplasmic mass was smaller than in the controls. There
were few cells with an extremely narrow basophilic marginal zone. No cell pro-
cesses were seen. Nuclear volume was smaller than in the controls (Diagram 2).

Medial division

Group I. The cells contained delicately granular secretion. Hardly any
colloidal globules were observed. The processes of some neurosecretory cells,
together with their secretion, were clearly visible (Diagram 3).

Group Il. The neurosecretory cells seemed to be less active than those
of the preoptic division. They were somewhat swollen and contained a larger
volume of secretion. Marginal granulation was fairly pronounced without a
change in nuclear volume (Diagram 3).

Group Ill. The neurosecretory cells were slightly swollen. There was in
most cases a thin basophilic marginal granulation beneath the cell membrane.
A cape-like structure of fine granules was seen in nearly all cells. Nuclei were
slightly eccentric, their volume was increased (Diagram 3).

%
5

40-
30-
20-

70-

18 19 20 27 22 23 24 25 logp3

Diagram 3. Medial division of supraoptic nucleus
= controls; — - — = 4-day dehydration; — - - — = 8-day dehydration;
................ = hydration
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Group 1V. Elongated cells containing a conspicuously small mass of
cytoplasm were encountered. The nucleus often protruded from the cytoplasm.
Occasionally marginal granulation was found. A small amount of coarse, alde-
hyde fuchsin-positive granules occurred next to the nuclei. Degenerating cells
with pyknotic nuclei were also to be seen. Nuclear volume was smaller than in
the controls (Diagram 3).

Entopeduncular nucleus

The cells failed to respond to water loading or to 4-day thirsting, but grew
in size after 8 days ofdehydration, and the amountofbasophilic matter increased
accordingly in them (Diagram 4).

o
50i
40-
30-

201

re 19

Diagram 4. Entopeduncular nucleus
- controls; — - — = 4-day dehydration; — - - — = 8-day dehydration;
...................... hydration

Paraventricular nucleus

The two cell complexes of this nucleus, namely the periventricular and
diffuse parts, behaved identically.

Group I. The cytoplasmic volume of the neurosecretory cells was fairly
small. The cytoplasm contained some granular secretion and, occasionally, a
few colloidal globules. Marginal granulation was not pronounced (Diagram 5).

Group Il. The neurosecretory cells were somewhat enlarged, and they
contained correspondingly more secretion. The marginal zone of Nisei’s bodies
was fairly marked in some cells. Nuclear volume was slightly decreased
(Diagram 5).
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%
50-
Diagram 5. Paraventricular nucleus
= controls; — - 4-day dehydration; — - - — = 8-day dehydration;
------ — hydration
Group Ill. The cells were swollen; they contained a broad basophilic

marginal zone; there was a cape-like structure in the perikaryon. Some cells
were vacuolated. The nuclei were eccentric, enlarged (Diagram 5).

Group 1V. The cytoplasmic mass was so much decreased that, in some
cases, it formed hut a narrow band around the nucleus. The secretion consisted
of coarse granules and, occasionally, of colloidal globules. No cape-like forma-
tion was observed. The amount of basophilic matter was much less than in the
controls. There were some degenerated cells. Nuclear volume was decreased
(Diagram 5).

Statistical-mathematical evaluation

As can be seen from Table Il, standard deviation was not significant
(between 0.08 and 0.12).

In the preoptic division of the supraoptic nucleus, nuclear volume in
Group IV (animals loaded with water) was significantly inferior to that in

Group | (controls), whereas nuclear volume in Groups Il and Il (thirsting
for 4 and 8days respectively) was significantly larger than in the controls (M*—
—M2>0.05).

In the lateral division, nuclear volume was significantly less in Group IV
than in Group | (Mx—M2 > 0.05). Group Il was not significantly different from
the control group, while nuclear volume in Group Il was significantly larger
than in Group I (Mt—M2 > 0.05).

In the medial division, nuclear volume in Groups Il and IV was not signif-
icantly different from the controls, but that in Group Ill was significantly
higher than in Group I (Mx—M2>0.05).
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In the paraventricular nucleus, nuclear volume in Group IV was signifi-
cantly inferior to that in Group I (M, M2>0.05). The difference between
Group Il and the controls was biologically negligible, whereas nuclear volume
in Group 11l was significantly larger.

In the entopeduncular nucleus, neither thirsting nor water loading result-
ed in significant differences (Tables I, II, IIl).

Table |

Values of “M”

Supraoptic nucleus Paraventricular  Entopeduncular

I A . I nucleus nucleus
Preoptic division Lateral division Medial division

| 2.28 2.30 2.26 2.21 2.29
1l 2.35 2.28 2.26 2.17 2.30
111 2.42 241 2.35 2.33 2.29
v 2.15 2.23 2.23 2.15 2.30
| Controls; Il = 4-day dehydration; I11 8-day dehydration; IV Hydration
Table 11

Values of "o™

Supraoptic nucleus Paraventricular  Entopeduncular
- " - nucleus nucleus
Preoptic division Lateral division Medial division
| 0.10 0.09 0.10 0.09 0.11
" 0.12 0.09 0.11 0.08 0.08
in 0.11 0.10 0.10 0.10 0.11
v 0.12 0.11 0.12 0.10 0.12
| Controls: Il - 4-day dehydration; I11 8-day dehydration; IV Hydration

Table 11l

Values of "i"
(significance of differences between controls and the other groups)

Suprao] tic nucleus Paraventricular  Entopeduncular
IR . nucleus
Preoptic division Lateral division Medial division
1- 11 19.6 *7.1 *0 *15.0 *0
1-111 42.3 36.8 28.3 40.4 *11.5
1 1V 36.3 22.1 *8.13 -20.2 *2.8
I =Controls; 1l 4-day dehydration; 111 8-day dehydration; 1V — Hydration.

— = significantly less; * - no evaluable difference; no sign = significantly more.
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Median eminence

Group /.The fibrous layer of the internal zone was well visible and showed
the stringlike arrangement of Herring’s bodies. Fibres, containing globules
of secretion, were seen to run to the external zone at some points. The reticular
layer of the external zone formed a plexiform and looped system of fibres and
contained numerous coarse globules and fine granules of secretion. The internal
(@) and external (B) zones of the stratum palissadicum were filled with neuro-
secretion. Typical, radially running fibres carried the secretion (Fig. 5).

Fig. 5. Median eminence of untreated pigeon. 1: Stratum fibrosum — Herring’s bodies. 2:
Stratum reticulare. 3: Stratum palissadicum. Aldehyde fuchsin, X 640

Fig. 6. Median eminence of hydrated pigeon. 1 = Stratum fibrosum — Herring’s bodies. 2 =
Stratum reticulare (draining). 3 = Stratum palissadicum (accumulation of secretion). Aldehyde
fuchsin, X 640

Groups Il and Il1l. There was hardly any difference between the two
dehydrated groups as regards secretion contained in the median eminence. The
fibrous layer of the internal zone contained few globules of secretion in trans-
port. They were much smaller than those observed in the controls. No Herring’s
bodies could be seen. Fibres running towards the external zone carried a fair
number of neurosecretory granules different in size. The reticular layer of the
external zone contained more globules and grains of neurosecretion than in the
controls. The size of the granules of secretion grew smaller towards the stratum
palissadicum. In contrast to the members of Group IV (hydrated birds), the
entire width (and so also the upper-inner part) of the reticular layer contained
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secretion. Like in the controls, the stratum palissadicum was filled with fine
powderlike neurosecretion. Bundle-like inflow of coarse globules of secretion
from the reticular layer was seen at some points (Fig. 71.

Group 1V. The fibrous layer of the internal zone was characterized by
the presence of extremely large Herring’s bodies, whereas no transport of deli-
cately granular secretion was seen on the fibres. The fibres running towards
the reticular layer of the external zone contained a little granular secretion.
The amount of secretion contained in this zone (especially in its in ner part) was

Fig. 7. Median eminence of pigeon after 8days of thirsting. | Stratum fibrosum (disappearance
of Herring’s bodies). 2 = Stratum reticulare (as in untreated controls). 3 - Stratum palissa-
dicum (as in untreated controls). Aldehyde fuchsin, X 640

considerably smaller than in the controls. Fibres in contact with the stratum
palissadicum contained coarse globules of secretion. The fibres of this layer
carried considerably larger and more numerous globules of secretion than in
the control group. The globules were found to have accumulated in some cases
exclusively at the bottom of zone a and in zone B. The globules of secretion in
the stratum palissadicum were much coarser than the corresponding globules
of the controls (Fig. 6).

Neurohypophysis

Group |. This organ was rich in secretion in most cases (Fig. 8). Large
globules of secretion were observed on the pericapillary fibres.
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Group Il. A considerable loss of neurosecretory substance was observed.
The pars nervosa seemed to be hypertrophic (Fig. 10).
Group Ill. The posterior lobe was almost completely drained, and it

was only at a few points that very fine granules of secretion could be seen at

Fig. 8. Neurohypophysis of untreated pigeon. Aldehyde fuchsin, X 103

Fig. 9. Neurohypophysis of hydrated pigeon. Aldehyde fuchsin, X 108

the terminal portion of the axons. The neurohypophyseal tissue was markedly
hypertrophic (Fig. 11).

Group 1V. Water loading caused a narrowing of the neurohypophysis.
It contained more secretion than that of the controls; large areas filled with
neurosecretion were observed (Fig. 9).
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Fig. 10. Neurohypophysis of pigeon after 4 days of thirsting. Aldehyde fuchsin, X 108

Fig. 11. Neurohypophysis of pigeon after 8 days of thirsting. Aldehyde fuchsin. 108

Discussion

It is known (Kawashima et al. [11]; Kondics [14]) that water depri-
vation induces a hypertrophy of the interrenal tissue in the suprarenal gland
of birds. Kondics has moreover shown that the deeper interrenal cell bundles
become atrophic in the first [dace. He regards them as corresponding to the
zona fasciculate in mammals.

Dehydration induced by thirsting or treatment with NaC.l causes hyper-
trophy of the neurosecretory cells in birds; the neurohypophysis is drained,
while the amount of secretion contained in the median eminence undergoes no
essential change (Oksche et al. [21 23]). Osmotic stress affects, thus, only the
neurosecretion contained in the posterior lobe, a phenomenon shown by the
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experiments of Kobayasni et al. [12] in which dehydration promoted acid-
phosphatase activity (a reliable sign of neurosecretion) in the pars nervosa and
failed to influence it in the median eminence.

In contrast to these findings, Kawashima et al. [11] demonstrated the
osmotic sensitivity of the anterior part of the median eminence in the white
crowned sparrow, and suggested that the neurosecretion released therefrom
acts as CRF which would explain the hypertrophy of the interrenal part of the
suprarenal gland. In our present experiments no such phenomenon was ob-
served, and the findings supported the obvious hypothesis that osmotic stress
induces a liberation of aldehyde fuchsin-positive matter from the neurohypo-
physis but has no such influence on the external zone of the median eminence.

As regards the internal zone, the disappearance of Herring’s bodies from
the supraoptico-hypophyseal tract is a noteworthy phenomenon, one that
must have been due to increased transport and drainage of secretion through
the pars nervosa. In birds deprived of water for 4 and 8 days, the inner part
of the reticular layer contained more secretion than in the control animals.
Oksche et al. [23] observed the same phenomenon in the quail. Mobilization
of neurosecretion was due presumably to that the inner part of the reticular
layer, usually poor in secretion, was passively filled simultaneously with the
onset of the general transport of secretion. This process did not affect the portal
function of the median eminence.

A considerable quantity of neurohormone was released from the pars
nervosa under the effect of thirsting. Provided there exists a CRF of the vaso-
pressin-arginine vasotocin type in birds, only the ACTH-releasing action of
the substance excreted by the neurohypophysis can be responsible for the
hypertrophy of the interrenal tissue ofthe adrenal gland. By making the neuro-
hormones originating in the pars nervosa to pass from the blood to the pars
distalis, JORGENSEN et al. [10] achieved increased ACTH liberation in frogs.
It being known that neurohypophyseal extracts act as CRF in mammals
(Rumsfetd and Porter [27]; Porter and Jones [26]), it is safe to assume
that neurosecretion liberated from the pars nervosa by intensive osmotic stress
may induce a release of ACTH in vivo. How does the neurohormone of the pars
nervosa gain access to the adenohypophysis? Does its concentration suffice
for producing the necessary effect after having reached the intravascular
department or does it reach the ACTH-producing cells of the anterior pituitary
in a direct way? The latter alternative is improbable because — in contra-
distinction to mammals (Danier and Priciiard [4]; Duvernoy and Korit-
ke [5]) no short portal vessels have so far been detected in birds (Vitums
et al. [32]). There seems to be no direct vascular communication between the
neurohypophysis and the adenohypophysis in birds; the respective vessels
supplying the anterior and the posterior lobe have separate and independent
courses.
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Hypertrophy of the interrenal tissue caused hy thirsting may, on the
other hand, he regarded as a stress which does not postulate direct communica-
tion between the Gomori-positive neurosecretory system of the hypothalamus
on the one side and the adenohypophyseal -interrenal system onthe other. This
theory seems to he disproved by the atrophy of the interrenal adrenal tissue
induced hy hydration; both hydration and dehydration mean a stress for
mammals.

The reaction of the neurosecretory cells to water deprivation depends on
the duration of thirsting. Four-day thirsting elicited a significant increase in
the activity of the preoptic division of the supraoptic nucleus, while there was
no change in the activity of the medial division and the paraventricular
nucleus. It was likewise mainly the preoptic division of the supraoptic nucleus
which became hypertrophic after eight days of thirsting, but there was, in addi-
tion, a marked increase in the activity of the lateral and medial divisions and
the paraventricular nucleus. These findings confirm the statement (Oicsche
et al. [21, 23]; Kawashima et al. [11]) that it is in the first line the medial area
of the supraoptic nucleus (i.e. the preoptic and the medial division) which
reacts to osmotic stimulation.

While in birds water loading induces a hypertrophy of the interrenal tis-
sue of the adrenal (that of the deeper cell bundles in particular) (Kondics [16])
in mammals, it is the zona fasciculate of the adrenal cortex which becomes
hypertrophic (Nagareda and Gaunt [20]; Baisset et al. [2].) Hypertrophy
induced in mammals is presumably due to the stress effect of water loading
which mobilizes ACTH and reduces the activity of the neurosecretory appara-
tus. W ater loading means, therefore, a stress for the mammal, while this stress
is insignificant in birds or, else, hydration means no stress for them. Atrophy
of the interrenal tissue and reduced neurosecretory activity in pigeons loaded
with water substantiate the assumption that neurosecretory substance acts
as CRF.

The hypothalamic neurosecretory cells react fairly uniformly to water
loading. Their microscopic inspection shows decrease in, and reduced transport
of, secretion. The preoptic division is particularly sensitive to exogenous
influences.

The entopeduncular nucleus does not react significantly either to hydra-
tion or to dehydration. By being independent of exogenous influences, this
group of neurosecretory cells is sharply different from other such groups. The
present findings are in this respect in harmony with earlier ones (Péczely [25];
Farner and Oicsche [7]; Uemura and Kobayashi [29]).

Secretion accumulates in the neurohypophysis of the pigeon loaded with
water, so that neurosecretory draining is stopped or reduced to a minimum.
The flow of secretion becomes slower, and large Herring’s bodies are deposited
along the supraoptico-hypophyseal tract. Secretion ceases to flow from the
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DIE WIRKUNG VON WASSERENTZUG UND WASSERBELASTUNG
AUF DIE HYPOTHALAMISCHE STEUERUNG DER NEBENNIEREN
DER HAUSTAUBE (COLUMBA LIVIA DOMESTICA)

P. PECZELY

Die Wirkung von 4- und von 8tadtigem Wasserentzug bzw. von W asserbelastung auf
das neurosekretorische System der Haustaube wurde im Hinblick auf die interrenale Gewcbs-
reaktion der Nebenniere untersucht. Es lie sich feststellen, daB nach Dehydratation und nach
W asserbelastung in erster Linie der préoptische Abschnitt des Nucleus supraopticus reagiert.
In der Antwortreaktion auf Wasserbelastung offenbart sich die funktionelle Verschiedenheit
der anderen Abschnitte in geringerem Grade. Der Nucleus entopeduncularis zeigt weder
nach Dehydratation, noch auf Wasserbelastung eine signifikante Anderung. Die AuBenzone
der Eminentia medialis reagiert nicht auf Wasserentzug. Im Stratum palissadicum erzeugt
die Wasserbelastung die Akkumulation einer aldehydfuchsinpositiven Substanz. Nach Dehy-
dratation entleert sich die Neurohypophyse, wéahrend sie sich nach Wasserbelastung mit
Sekret fullt.

Auf Grund dieser Ergebnisse kann angenommen werden, daR die hypothalamische
Steuerung der Nebennieren durch Vermittlung der Eminentia medialisund bei aphysiologischen
Verhé&ltnissen auch durch die Neurohypophyse erfolgt. Nach Hydratation hdrt die Entleerung
der Neurohypophyse auf, die Funktion der Eminentia medialis portalis vermindert sich
oder wird eingestellt und das interrenale Gewebe der Nebennieren atrophiert. Wasserentzug
bt keine Wirkung auf die Funktion der Eminentia medialis portalis aus, deshalb ist es wahr-
scheinlich, daB die Hypertrophie der Nebennieren durch eine aus der Pars nervosa in bedeuten-
der Menge entleerte neurosekretorische Substanz bedingt ist. Dies 148t die Annahme zu, daR
das Goémori-positive neurosekretorische Neurohormon der Vogel iber »Corticotropliine-
Releasing Factor« Eigenschaft verfugt.

OENCTBUE XXAXAbl 1 BOAHOM HAMPY3KW HA TMMNOTATAMUYECKYHO
PErYNALNIO HALMOYEYHWVKOB Y AOMALLUHEFO IO/IYEA (COLUMBA LIVIA)

n. NEUENN

ABTOp vccnefoBan AecTBYE XaxAbl B TedeHUe 4 v 8 fHeli U BOAHON Harpysku Ha
HelipOCEKPETOPHYHO CUCTEMY AOMALLIHETO Foy6s U CBA3b MeXAy 3TUM [eACTBUEM U peaKumeli
MeXNOoYevHOW TKaHN Haanoue4yHUKoB. OH yCTaHOBU/, YTO MOA BAUSIHWEM 06€3BOXMBAHUSA WM
BOJHOI Hapy3Ku pearumpoBasa B MNepBYyl 04epedb NpeonTuuyeckass obnacte nucleus praeop-
ticus. B OTBETHO peakUMUM Ha BOAHYK Harpysky (yHKLMOHa/IbHOE pasinyume OCTasIbHbIX
Yy4acTKOB MposiBNisieTcs B MeHbluUeit cteneHn. Nucleus entopeduncularis He nokasbiBaeT fOCTO-
BEPHOIr0 W3MEHEHWsl, HU Mocne 06e3BOXMBAHWSA, HU MOCMe ruapaTauuy. BHeLIHsA 30Ha cpeg-
Hero BO3BbILLUEHMS TUMoTaslamyca He pearvpyeT Ha »axgy. lMocne npobbl ¢ BOAOK B nanucag-
HOM CflI0e HaKOM/SAETCS anbAernahyKCUH-NON0XKNTENIbHOE BellecTBO. [locne Xaxabl Helpo-
runou3 OMOpPOXHSETCS, a Mocae ruapaTaumy OH HamosHSIETCS BblAeNeHNEM.

MonyyeHHble pe3ynbTaThbl YKas3blBalOT Ha BO3MOXHOCTb TOro, YTO rUMnoTariaMU4YecKoe
perynvmpoBaHmMe HaAno4Ye4YHUKOB OCYLLLECTBASIETCA MOCPEACTBO.M CPELHEro BO3BbILLEHMS, a B
He(hM3NONOrMYECKNX YC/IOBUAX TaKXe MOCPEACTBOM Heliporvnocgmsa. [Mocne rugpartauun
OMOPOXHEHWE Helporunogusa NpekpallaeTcs. YMeHbLUAETCA WM MpeKpaLLaeTcs Takxke nop-
TanbHaa ¢yHKUMA eminentia mediana runotanamyca v MeXnoyeyHas TKaHb HaAMOYeYHVKOB
aTpogmpyeTcs. XKaxia He BAMSET Ha MopTanbHyl (yHKUMIO eminentia mediana runoTtana-
Myca W, cnefoBaTe/lbHO, OTBETCTBEHHbIM 32 BO3HWKHOBEHME TUMNEepTPOPUMN HAANOYEHHNKOB
ABNSIETCA, NPEANONOXNUTENIbHO, HeliPOCEKPETOPHOE BELLECTBO, BblAeNsieMoe B 6OMbLLIOM KO-
YecTBE M3 pars nervosa. Ha OCHOBaHMM CKa3aHHOro MOXHO Mpegnonaratb, 4To foMopu-noso-
XXUTENbHbIN HENPOCEKPETOPHbIA HEAPOropmMoH NTUL, 06n1agaeT cBolcTBOM (hakTopa Cortico-
trophin Releasing Factor (CRF).

Péter PECZELY, Budapest, VIII. Puskin u. 3., Hungary
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STEROIDAL INFLLENCE ON ADRENOMEDLLLARY
CATECHOL HORMONES OF THE PIGEON

D. Chaudhuki, |l. Ghosh and A. Ghosh

(Received October 5, 1965)

The endocrine interrelationship of adrenal medulla of pigeon to some steroidal
preparations have been studied. Two corticoids, namely cortisone acetate and desoxy-
corticosteronc acetate, and sex steroids — i.e. stilbestrol, stilbestrol plus testosterone
propionate, testosterone propionate alone, and estradiol dipropionate have been used
to observe alterations in the cytochemically demonstrable catechol hormones in this
avian species. The glucocorticoid and the combined sex steroid treatment (stilbestrol
with testosterone) produce a differential action on the medullary catechol hormone
in the pigeon. Cortisone produces noradrenalin depletion while the combined sex steroid
therapy elevates noradrenalin content accompanied by an overall medullary hyper-
trophy (about -j- 30%). Stilbestrol treatment alone also shows some chromaffin hyper-
trophy (about 15%) associated with noradrenalin increase. Testosterone reveals a
decrease in the noradrenalin content. Estradiol and desoxycorticosterone remain
completely ineffective in producing perceptible alterations in medullary hormonal
concentration. In general, steroidal therapy in pigeons does not bring out any significant
change in the total catechol amine concentration as revealed by chromate-dichromate
reaction.

The role of corticoid in méthylation of medullary catechol hormones, association
of noradrenalin release with the pressor homeostasis as well as the part played by the
sex steroids in producing artificial avian pheochromocytoma have been pointed out
and briefly discussed.

The action of medullary hormone is at least partially controlled by the
action of cortical steroids  this has been a subject of research for some time.
Cleghorn et al. [1] reported that after adrenalectomy, dog has been found to
be less sensitive to the pressor effect of adrenalin. This has also been confirmed
in cases of infused noradrenalin [9]. Levine (cited by Vogt [17]) has demon-
strated that the vasoconstrictor effect of noradrenalin is only maintained in
the presence of cortisone and allied compounds. According to Vogt [17] cortical
hormone appears to permit the response of different tissues to the stimulating
action of medullary amines. Storage-release mechanisms of adrenalin and norad-
renalin arc directly controlled by cortical hormones (cortisone and hydrocorti-
sone) was first established by Roffi [12]. As far as our knowledge goes these
observations provide the first direct evidence of the influence of cortical hor-
mones on chromaffin cells. Finding of similar nature with extra-adrenal chro-
maffin tissue of the rat has also been shown by Lempinen [6, 7].

Besides corticoids another steroid capable of producing changes in the
medullary hormonal milieu is the estrogenic hormone [8]. This author has
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shown that after administration of estrogenic substances or growth hormone,
a chromaffin hyperplasia, sometimes pheochromocytoma is resulted. Based on
rather scanty data our previous observation [10] also reports that estrogen
causes a loss of noradrenalin content in the pigeon adrenal medulla.

Thus, from previous paragraphs it appears that certain glucocorticoids
as well as ovarian steroids may effectively bring out changes in the amine-
hormonal concentration of the adrenal medulla. In view ofthis, we thought that
it might be of interest to see the action of other steroids (as well as these) on
the concentration of avian medullary hormones.

The present report describes the effect of cortisone acetate, desoxycorti-
costerone acetate, diethylstilbcstrol, diethylstilbestrol plus testosterone propio-
nate and estradiol dipropionate on the cytochemically demonstrable catechol-
amines of the domestic pigeon.

Material and methods

Adult male pigeons average body weight 250—300 gm were divided into six experimental
groups. Details of the experimental schedule are given in Table I. After termination of
respective experiment both control and treated groups were sacrificed by cervical dislocation
and their adrenal glands were taken out immediately and plunged into appropriate fixatives
for cytological and cytochemical studies. For total catechol amines, adrenals were treated
with a mixture of 5% potassium dichromate and 5% potassium chromate (10 : 1) solutions
for 24 hours and subsequently transferred to 10% formalin for 24 hours. To detect noradrenalin
the glands were fixed in saturated solution of potassium iodate for 24 hours and in turn these
were immersed in 10% formalin for a day. Followed by these treatments sections were prepared

Table 1

Experimental schedule

Expe-

riment Group Treatment
| Cortisone (12)* 5 mg of cortisone acetate (“Cortogen” Schering, N. J.) in sterile
water injected intramuscularly daily for 15 days
Control (12) None
il DCA (6) Weekly injection of 5 mg of desoxycorticosterone acetate (“Per-
corten” Ciba) in oil given for 64 days
Control (6) None
in Stilbestrol (6) 45 mg of diethylstilbestrol pellets (“Stikap” May and Baker) im-
planted at the neck region. Kept for 45 days
[\ Stilbestrol and From the second day after the stilbestrol implantation a weekly
Testosterone (6) injection of 5 mg of testosterone propionate (“Oreton” Schering
N. J.) was given for 45 days
Control for
Il and IV (6} None
\ Testosterone (6) Weekly injection of 5 mg of testosterone propionate (“Perandren”
Ciba) in oil was given. Total period of treatment was 45 days
Control (6) None
\ Estradiol (6) 5 mg of estradiol dipropionate (“Ovocyclin” Ciba) in oil injected

Control (6)

weekly for 36 days
None

* Numericals in parenthesis indicate the number of pigeons used.
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after a 30 minute embedding in paraffin at 56 °C (Hiltarp and Hokfelt’s [5] technique as
modified by Falck and Ililtaiip [2]; Ghosh and Ghosh [4J). Hematoxylin and eosin and
Heidenhain’s azan technique were used as routine cytological procedure.

Results

It has been observed that cortisone treatment provokes a marked loss
in the body weight of the pigeon (P 0.005). A loss of appetite and low intake
of food is also noticed in the corticoid group. The testoid and the synthetic
estrogen (Group IV) elicits an increase in the glandular weight (P <[ 0.001)
while body weights of the treated pigeons remain practically unchanged.
Aggressiveness, restlessness and occasional mounting become prominent fea-
tures of this hormonal administration. The food intake of these birds, however,
remains normal. High rate of mortality also characterizes this group of treat-
ment. In all other cases of steroidal treatment no significant change in body
weight, gland weight and behaviour could be noted.

Control

Histological. The microscopic examination of the histological preparation
reveals that the pigeon adrenal is made up of an outer connective tissue capsule
and an inner glandular parenchyma composed of intermingled masses of corti-
cal and medullary tissues. Medullary strands are of irregular size and shape,
consisting of randomly oriented cells with oval nuclei (Fig. 1). The detailed
histological description of this tissue has been presented by Sinha et al. [13].

Histochemical. Dichromate reaction for total catecholamines: The whole
medullary patch gives yellowish brown coloration (Fig. 3). Granular nature
of variable stainability can be noted under higher magnification.

lodate reaction for noradrenalin: About 55 65% of medullary cells
(Fig. 5) showing brownish yellow colour, indicate the presence of noradrena-
lin [3].

Treated

Histological. The cortisone treatment has altered the normal histological
characteristic of adrenomedullary cells. The cortical region appears highly
shrunken and nuclear orientation especially of the cortex becomes almost
disorganized. Stainability of both medullary and cortical cells increased to a
considerable extent. Simultaneous with the atrophic changes in the cortical
strands, a somewhat compensatory hypertrophy of the medullary tissue is
also noticed.

An overall medullary hypertrophy is possibly the most remarkable histo-
logical feature of the stilbestrol plus testosterone treated group. This treatment
also causes an increase in cellular stainability similar to our observations on
cortisone group (Fig. 2). DCA and stilbestrol alone also induces chromaffin
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Fig. 1. Adrenal medulla of the control pigeon. Heidenhain’s azan, x 400
Fig. 2. Stilbestrol plus testosterone treated birds showing medullary hypertrophy. Heidenhain’s
azan, X 400
Fig. 3. Adrenal medulla of the pigeon showing chromate-dichromate reaction. < 100
Fig. 4. Hypertrophied medullary tissue of the cortisone-treated pigeons. Note an increase in
the total catechol amine concentration, x 100

Fig. 5. lodate positive noradrenalin containing cells in the control pigeons, x 60
Fig. 6. Hypertrophied iodate positive medullary tissue of the stilbestrol plus testosterone
treated pigeons. Staining intensity of the iodate reaction has also been greatly increased, x 60
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hypertrophy to some extent. Other steroids practically remain ineffective in
producing histologic changes.

Histochemical. Histochemical findings on chromate-dichromate and iodate
reactions of the control and treated groups are summarized in Table II. A
perusal of the table reveals that cortisone shows a loss of noradrenalin with an
increase in total catechol amine reaction (Fig. 4). Concentration of iodate posi-
tive material is greatly increased in stilbestrol plus testosterone treated group
(Fig. 6), and to some extent in stilhestrol treatment. But testosterone injection
only gives a faint iodate positive reaction in large number of medullary cells.
W ith the other steroidal treatment the cytochemieal pattern of the medulla
practically remains unaltered.

Discussion

It is evident from the present investigation that the glucocorticoid and
sex steroids have different action on the medullary catechol hormone con-
centration in the pigeon. Thus, the cortisone is responsible for the depletion of
noradrenalin while the combined administration of stilbestrol plus testosterone
elevates medullary noradrenalin content as well as induces chromaffin hyper-
trophy (Table 11).

To explain the cortisone induced depletion of noradrenalin, two alterna-
tives may he suggested. Firstly, the depletion may be due to the release of
noradrenalin associated with a concomitant rise of adrenalin and secondly, a
conversion of noradrenalin to adrenalin by méthylation mechanism (cf. Wright
and Chester Jones [18] and Lempinen [6]) may be held responsible for the
noradrenalin loss. Release of noradrenalin may be well explained if we assume
that the cortisone is capable of producing hypertension in the pigeon. It may
be worth mentioning here that the cortisone-induced hypertension has already
been recorded in another avian species (Gallus) by Stamler in 1954 (vide
Sturkie and Ringer [14]). In view of this it is quite possible that this high
rate of noradrenalin secretion in the pigeon becomes indispensable for the main-
tenance of homeostasis during glucocorticoid-induced hypertension. It may
be mentioned here that the mineralocorticoid used in the present experiment
fails to cause any change in the hormone content of the hypertrophied adrenal
medulla. An overall increase of noradrenalin becomes the resultant of the com-
bined sex hormone (stilbestrol plus testosterone) therapy. This is evidenced
from the relative staining intensity of chromate-dichromate and iodate reac-
tions of the control and the hormone recipients (Table Il). It is known that
pheochromocytoma can be induced in experimental rats by prolonged adminis-
tration of estrogenic hormones [8] and it is also reported that noradrenalin
becomes predominantly secretory hormone of the adrenal medulla in case of
human pheochromocytoma [15]. It seems, therefore, that the increase in norad-
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Table 11

Body and adrenal weights, percentage of iodate and dichromate positive areas and staining intensity of Hillarp and Hokfelt's reaction in
controls and steroid treated pigeons

Body weight (gm) ) % of total % oflodate  Staining intensity
Group Treatment Days of treatment Mean + SE Adrenﬂear\qv?ggtE (M3 medullary (1 positive (average) 2)
Initial Final - area D Cpgi lodate
I Cortisone (12) 15 289.09 16.40 263.27 + 21.33 21.32 + 0.96 40 50 45 0.5
None (12) — 251.64 L 6.56 2585 + 7.60 20.25 + 3.87 35 45 4 2
Il DCA (6) 64 256 + 6.21 261 + 4.30 21.28 + 2.12 45 65 4 2
None (6) — 267.0 -~ 19.3 270 + 15.22 22.86 dz 1.79 35 60 4 2
111 Stilbestrol (6) 45 2384 + 8.93 247.20 12.54 . 38 67 4 25
None (6) - 266.25 + 15.5 303.75 + 21.38 33 60 4 2
1Y Stilbestrol -f- Testosterone (6) 45 281.66 6.03 301.66 + 19.2 32.88 + 2.82 45 75 4 4
None (6) - 266.25 + 15.5 303.75 + 21.38 17.93 -j- 2.64 30 50 4 2
V Testosterone (6) 45 316.7 + 9.23 318.3 7.22 264 + 32 33 80 4 15
None (6) - 292 16.63 283.3 + 1161 31 % 6.63 38 60 4 2
VI Estradiol (6) 36 226.6 + 235 298.3 ¢=22.4 . 40 65 4 2
None (6) 266.25 + 155 303.75 + 21.38 36 63 4 2

1) Visual estimation; 2) Estimated visually and arbitrarily graded on a scale of 0—5 [11]
* Not recorded.

0S¢

HSOH9 'V pue HSOHO I ‘19NHANVHD 'd



STERODAL INALUENCE ON ADRENOVEDULLARY CATECHIL. HORMONES 251

renalin concentration is possibly associated with the chromaffin hypertrophy
leading to pheochromocytoma. This relationship between the high rate of
noradrenalin synthesis and chromaffin hypertrophy holds good in case of
pigeons, chronically treated with stilhestrol. When the latter was used in com-
bination with testosterone, the concentration of noradrenalin appears to be
higher as compared to the pigeons treated with synthetic estrogen alone. It is
quite possible that this augmentation of non-methylated hormone of the adre-
nal medulla in pigeons is due to a synergistic action of the testoid and stil-
bestrol. The synergistic action of testicular hormone and estrogen is pretty
well known in the endocrinological literature [16]. But when natural estrogen
(estradiol) was used in the pigeon in place of synthetic one, the medullary
noradrenalin content did not increase. This result is difficult to explain. Possibly
a more prolonged treatment with estradiol would have caused a higher mobili-
zation of noradrenalin in the pigeon adrenal medulla.
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DIE WIRKUNG VON STEROIDEN AUF DIE KATECHOLHORMONE DES NEBEN-
NIERENMARKS DER TAUBE

D. CHAUDHURI, I. GHOSH und A. GOSH

Die endokrinen Zusammenhédnge zwischen dem Nebennierenmark der Taube und
einigen Steroidprdparaten wurden untersucht. Zwei Kortikosteroide, namentlich Cortison-
azetat und Desoxykortikosteronazetat, ferner die Sexualsteroide Stilbdstroi, Stilbdstrol +
-f- Testosteronpropionat, Testosteronpropionat allein sowie Estradiolpropionat wurden verab-
reicht und beobachtet, welche Verdnderungen sich unter ihrer Wirkung in den Katechol-
hormonen dieser Vogelart nachweisen lassen. Die Glukokortikoid- und die kombinierte Sexual-
steroidbehandlung (Stilbdstrol -J- Testosteron) Gbten auf das medullare Katecholhormon der
Taube eine unterschiedliche Wirkung aus. Cortison bewirkt eine Noradrenalinabnahme,
wdéahrend die kombinierte Sexualsteroidbehandlung bei gleichzeitiger allgemeiner Hyper-
trophie (etwa -F~30%) des Nebennierenmarks die Noradrenalinkonzentration erhoht. Stil-
bostrolbehandlung allein erzeugt ebenfalls eine geringe Hypertrophie der chromaffinen Zellen
(etwa -f- 15%) bei paralleler Zunahme des Noradrenalingehaltes. Testosteron bewirkt eine
Abnahme des Noradrenalingehaltes. Estradiol und Desoxykortikosteron erwiesen sich als
vollkommen wirkungslos und riefen keinerlei nachweisbaren Verdnderungen in der Hormon-
konzentration des Nebennierenmarks hervor. Wie aus der Chromat-Dichromat-Reaktion her-
vorgeht, ruft die Steroidbehandlung bei der Taube im allgemeinen keine signifikanten Ver-
d&nderungen in der Katecholaminkonzentration hervor.

Die Rolle der Kortikoide in der Methylierung der medullaren Katecholhormone, der
Zusammenhang zwischen Noradrenalinfreisetzung und Pressor-Homeostase, ferner die Rolle
der Sexualsteroide in der Erzeugung kinstlicher Phdochromozytome bei Vogeln werden
kurz erortert.

OEVCTBUE CTEPOMAOB HA AAPEHOMELYNNAPHBIE KATEXOJ/ITOPMOHBI
ronys

O. XAYOXYPWU, N. TOW wn A. TOWw

ABTOpbl MCCNeAoBa/IN JeliCTBUE HEKOTOPbIX CTEPOMAHbLIX MpenapaToB Ha 3HAOKPUHO-
NIOTMYecKMe YC/MOBUSI MO3rOBOFO BeLLECTBA HAAMOYeUYHWMKOB ronybeidi. [lBa KopTukoupga, a
WMEHHO, KOpPTU30HaUETaT W [e30KCMKOPTMKOCTepOHaLeTaT, W TMOMoBble CTepouabl: CTW/b-
GecTpon, cTWUNLGECTPON + MPOMNMOHAT TECTOCTEPOHA, MPOMUOHAT TeCcTOCTepOHa, a TaKxe
AUNPONMOHAT TeCcTOCTepOHA MPUMEHS/IUCL B LIENSIX BbISIBMIEHUSI U3MEHEHWIA KaTexX0/roOpMOHOB,
onpefensieMblX LUTOXMMUYECKUMUN METOfaMM UCCNeA0BaHUA y 3TUX BUAOB NTUU. [aya ravko-
KOPTUKOUAO0B WM KOMGUHALMW MOMOBbIX CTEpOMAOB (CTUMLOGECTPON + TEeCTOCTEPOH) BbI3bl-
BaeT B KOHLIEHTpaLMn MeAyNnsipHbIX KaTexon-ropMOHOB Fofly6eil OTK/IOHSIIOLLMECS U3MEHEHNS.
KOpTV30H BbI3bIBaeT YMeHbLLUEHNE KOMMYECTBA HOpafpeHasivHa, B TO BpeMs Kak KOMGMHMpPO-
BaHHOe BBefjeHWe MOJ0BbIX CTEPOMOB MOBbILLAET KOHLEHTPALMIO ero, npy obLein runepTpodum
MO3roBoro BellecTBa (0kono + 30%). [aya OAHOro TO/bKO CTUILGECTPONa Takxke NpUBOAUT
K HEKOTOPOW runepTpodun xpoMadguHoBbIX KNeToK (0Koo +15%), conpoBOXAaemol MOBbI-
LLEHUEM COfepXaHuUsi HopagpeHa/IMHa. TeCcTOCTEPOH BbI3bIBAET YMeHbLUEHVE KOHLEHTpauum
HopaZipeHanuHa. 3CcTpaguon U Ae30KCMKOPTUKOCTEPOH 0Ka3asiCh COBepPLUEHHO 6e33ththeKTUB-
HbIMW U He BbI3B/IM BbISIB/ISIEMbIX W3MEHEHWIA KOHLIEHTpauMM FOPMOHOB MO3rOBOr0 BeLLeCTBa
HafiNoYe4yHMKOB. B 06LLeM, Ha OCHOBaHMM peakuUMM XpOMaT-AMXpoOMaT, Y rony6s fadya crepou-
[0OB He BbI3bIBAET [AOCTOBEPHOr0 M3MEHEHMUS] KOHLEHTpauuu 06LUX KaTexonamuHOB.

O6cyxaaeTca ponb KOPTUKOWMAOB B METWIMPOBAHWUM MeAy/sAPHbLIX KaTexo/ropMOHOB,
CBSI3b MeXJY O0CBOGOXAEHWEM HOpajpeHasMHa W MPeccoOpHbIM TFOMeOcTa3oM, a TaKXe pofib
NnosoBbIX CTEPOMAOB B Pa3BUTUM UCKYCCTBEHHbIX (PEOXPOMOLUTOM Yy rosyo6s.

Dipti Chaudhuri
Ira Ghosh Calcutta, 35 Ballygunge Circular Road, India
Asok Ghosh
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EFFECT ON GEINEA PIGS OF INTRATRACHEALLY
ADMINISTERED ZIEHL NEELSEN POSITIVE
POLLENS

(DAT\ CONCERNING THE AETIOLOGICAL CORRELATION BETWEEN POLLEN
GRANULOMATA AND SARCOIDOSIS)*

J. T. Ketemen and L. Mandi

(Received November 25, 1965)

The pollen of two varieties of reed-mace (Typka latifolia and angustifolia)
has been introduced into the trachea of guinea pigs. The pollens were partly intact,
partly crushed, and partly administered as their lipid extracts. This treatment failed
to induce an epithelioid cell reaction, and all that was observed after eight months
consisted in aspecific foreign body giant cell granulation. The supposition that like
pine pollen — other pollens containing Ziehl-- Neelsen positive components may induce
sarcoidosis-like epithelioid cell granuloma has, thus, not been borne out by the
experiments. While the presence of pollen constituents was demonstrated in the lungs
and regional lymph nodes, their fat contents and positive Ziehl -Neelsen staining
gradually disappeared from the fifth month on. The lipid extract of pollen seemed
to he biologically more active than the pollen itself. Pretreatment with DOCA promoted
the connective-tissue reaction without changing its cjuality.

Cummings etal. [2,3] have shown that the majority of patients with sar-
coidosis had had their birth place or domicile in the pine-wood belts of the
United States. In their search of possible pathogens they discovered that cer-
tain constituents of the loblolly pine pollen took the Ziehl -Neelsen stain like
M. tuberculosis. The intracutaneous injection of pine-pollen extract suspended
in paraffin oil induced epithelioid-cell granulomata in the test animals. By the
administration of pine pollen or its lipid extract, Vogel and Thrash [12],
further Lindner et al. [8] succeeded in evoking local and sometimes even
systemic epithelioid cell reactions.

Relying on such evidence, Cummings [1, 2, 3] advanced the theory that
sarcoidosis was due to an acid-fast constituent of pine pollen. Since this cannot
apply to conditions in Hungary where there are no pine forests, while the num-
ber of patients with sarcoidosis is quite considerable [9], it seemed justified to
examine the biological effect of the pollen of certain plants widespread in
Hungary. There was one among them, the cattail (reed-mace), both varieties of
which (Typlin latifolia and angustifolia) were found to have Ziehl Neelsen-posi-
tive pollen. The geographical distribution of these plants may have an aetiolog-

* Part of this study has been submitted to the Third International Sarcoidosis Con-
ference. Stockholm, 1963.

Acta Morphologica Academiae Scientiarum Hungaricae 14. /9%



254 J. T KEBVEN ad L MANDI

ical significance since they grow all over the country in stagnant or slowly
flowing waters, salt lakes, in the ditches of rice fields and in reedy marshes,
sometimes separately, sometimes together. Apart from its aetiological aspects,
the study was hoped to help in preparing an experimental model of sarcoidosis.

Material and method

After mixing equal amounts of the pollens of Typha lalifolia and angustifolia (Fig. 1)
and suspending them in physiological saline, the mixture was homogenized for 30 minutes.
Since part of the pollens remained intact in Potter’s homogenizer, it was possible to study
the effect of crushed and unimpaired pollens simultaneously. The lipid extract of pollen was

Fig. 1. Pooled pollens of Typha latifolia and angustifolia. Section embedded in paraffin and
stained according to Ziehl—Neelsen. Marked positive reaction in the outer layer (red, but black
in the picture), less marked in the inner layers. x 120

employed in a separate series of experiments. To obtain the extract, the pollens were homo-
genized for one half hour in a mixture of alcohol, ether and chloroform, and then extracted
during four days in the same mixture. The extract was filtered and evaporated in a water
bath. The viscous residuum was suspended in physiological saline and then administered
intratracheally. With a view to preventing secondary infection, 20,000 units/ml of penicillin
were given with both the pollen suspension and the pollen extract.

Twenty guinea pigs of both sexes, with body weights between 300 and 500 g, were
divided in four groups, with five members per group. After being ether anaesthesized, 0.3 ml
of pollen suspension or extract was sprayed into the trachea through a plastic tube mounted
on a syringe. Two of the groups received, prior to the treatment with pollen, 0.4 mg of DOCA
daily intramuscularly for eight days, in order to promote the connective-tissue reaction. The
administration of pollen was repeated a month later. The animals were bled to death in ether
anaesthesia between the first and fifth days, on the 46th, 76th, 150th and 240th day. After
removing the lungs together with the paratrachéal and broncho-pulmonary lymph nodes,
they were fixed in a neutral 10 per cent formalin solution of room temperature, and the
bronchial tree was likewise filled with formalin. On the average, five pulmonary areas and
the lymph nodes of at least three different regions were examined partly for fats and partly
in paraffin-embedded 5// thick sections after staining haematoxvlin-eosin and Ziehl Neelsen’s
dye. The periodic-acid Schiff and Gomori’s acid phosphatase reactions were also performed
in a few instances [6]. Lipids were demonstrated in formalin-fixed frozen sections by means
of Sudan black B, alcoholic-acetonic Sudan II1—I1V solution, oil-red O dissolved in isopropyl
alcohol, and by means of Nile blue sulfate. Fifteen animals served as controls. Three were
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killed without treatment; four were anaesthetized with ether and allowed to survive for a
few weeks; eight received physiological saline without pollen but otherwise under the same
experimental conditions as the test animals: four of these last eight were pretreated with
DOCA.

Results

The lungs of the control animals showed slight interstitial chronic inflam-
mation with infiltration consisting of a few lymphocytes, plasma cells, occasional
eosinophils and in one case of foreign-body giant cells. The amount of
interstitial connective tissue was slightly increased and enlarged perivascular
and peribronchial nodes of lymphoid cells were present. These changes are oi

Fig. 2. Pollen lipid extract in the pulmonary vessels and alveoli of a guinea pig which died of
shock one day after the intervention. Formol-fixed frozen section. Sudan Ill1—IV-haemalum
stain. X 70

unknown aetiology but appear so frequently under physiological conditions
that they belong to the normal microscopic picture of the guinea-pig lung [11].
All control animals revealed the same microscopic picture.

Pollens, parts of them and also their extract had passed into the lungs
and were demonstrable there by fat stains (Fig. 2). Foreign body giant cells
formed around the pollen particles on the very first day, while around intact
pollens somewhat later. Part of the lipid extract was demonstrated in the pul-
monary capillaries and venules of those two test animals which had died of
shock one or two days after the injection. Beside giant cells, infiltration with
histiocytes with foamy cytoplasm, accumulation of plasma cells and eosino-
phils were observed. These changes were well distinguishable from the basic
ones, and increased up to the fifth month (Figs. 3, 4). The pollens, their parti-
cles and extracts were demonstrated by means of fat stains or according to
Ziehl -Neelsen, while the intensity of staining was gradually decreasing. The
granulation showed acid-phosphatase activity; the cytoplasm of the macro-
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Fig. 3. Conditions at 240 days. Histiocytic granulation in lungs with lymphocytes, plasmacytes
and eosinophils. Haematoxylin-eosin. x 120

Fig. 4. Conditions at 240 days. Granulation as in Fig. 3; foreign body giant cell on the left side.
Haematoxylin-eosin. Xx 120

Fig. 5. Fine globules of pollen lipid extract in the marginal and intermediary sinuses of lymph
node, indicated by arrows. Ziehl—Neelsen stain. x 100
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phages and giant cells contained partly homogeneous and partly slightly gran-
ular PAS-positive substance which often formed a ring around the phagocyted
lipid globules. The fatty substances of the pollens ceased to take the stain,
were split and carried off between the fifth and eighth months. Granulation
ceased to progress but remained more or less stationary during that period.
Considerable infiltration with eosinophils was observed in some cases; and
these were interspersed with histiocytes with a large pale, sometimes foamy
cytoplasma, containing large weakly stained nuclei. The pattern was similar
to that seen in cases of human histiocytosis X. No epithelioid cell reaction was
registered during the eight-month period of observation (Table I).

Table 1

Chronic  «specific Foreign-body type Epithelioid cell

inflammation inflummution granuloma
Pollen suspension + +
Pollen + DOCA + + o+
Pollen lipid extract + + o+ —
Pollen extract -f DOCA + + + + —
Controls + _

The lipid extract of pollen that had found access to the lungs was de-
monstrable in the marginal and intermediary sinuses of the mediastinal lymph
nodes in the very first days, hut there was no cell reaction around them. The
subsequent microscopic picture of the regional lymph nodes showed the fea-
tures of chronic sinal catarrh, with a moderate accumulation of eosinophils in
some cases, irrespective of whether or not lipid extract was present.

The granular reaction was most pronounced in animals which had been
treated with the lipid extract and pretreated with DOCA. The lipid extract
caused a stronger reaction than crushed pollen, and the latter a more active one
than unimpaired pollen. The connective-tissue reaction was decidedly promoted
but not qualitatively changed by pretreatment with DOCA.

Discussion

Animal experiments have so far been concerned with the effect of pine
pollen only, and the results were contradictory. Cummings et al. [2] provoked
local epithelioid cell reaction by injecting guinea pigs intracutaneously with
pollen suspended in paraffin oil. Linaner et al. [8] injected a benzene extract
of pollen into the veins or spleen of rats, rabbits and guinea pigs, and observed
as a result epithelioid cell reaction in the liver, spleen, lungs and peribronchial
lymph nodes. The chloroform-methanolic extract of pollen produced no granu-
lomata in their experiments. Eight months after injection of pine pollen, the
biologically active substances have been broken down to molecular size, lost
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their acid fastness and were carried to other organs. Hagerstrand and Linell
[7] , Briegel [4] and in some experiments — Cummings [3] failed to elicit
epithelioid cell granulation by treating the animals with pollen or its lipid
extract. It follows that sarcoidosis is not induced by pine pollen or its Ziehl —
Neelsen positive constituent. Apart from the results of these experiments,
another argument against this theory is the fact that although Cummings
demonstrated a geographical connection between pine-woods and sarcoidosis
in the U. S. A. and Wallgren [13] in Sweden, there are other countries, such
as Switzerland [10], West Berlin [5] and Hungary [9] where no such inter-
connection exists. On the other hand, it has been shown that, under adequate
experimental conditions, pine pollen and its extracts may produce epithelioid
cell granuloma not merely where they are injected hut in remote organs as well.
This phenomenon has been ascribed by Cummings and Hudgins [1] to the
vegetable-wax and pimelic-acid contents of the pollen and by Lindner et al.
[8] to long-chain fatty acids and to an octadecanol-type alcohol, the latter
presumably forming an ester bound with some waxlike vegetable substance.
A polysaccharide-like component was also demonstrated in the benzene extract
applied by Lindner et al. [8].

The present experiments have, thus, failed to substantiate the theory that
sarcoidosis in Hungary might he due to the Ziehl —Neelsen positive pollen of
reed mace. An aspecific chronic granulation of foreign-body character hut no
epithelioid cell granuloma developed in the guinea pigs during the eight months
of the present experiments. Nor are acid-phosphatase activity and the forma-
tion of PAS-positive material specific phenomena. The occasional massive
accumulation of eosinophils may be indicative of an allergenic component. The
microscopic picture suggestive of histiocytosis X, as seen in some cases, points
to the possibility that certain fatty substances those spread by pollens,
among others — may promote the development of aspecific granulative pro-
cesses. Such substances presumably disintegrate and are absorbed; it is there-
fore impossible to demonstrate them locally after some time, whereas the granu-
lation induced by them persists for long.

It is, of course, possible, that epithelioid cell granulomata can be induced
by the Ziehl—Neelsen positive pollen of some other plants in some other species
and under other experimental conditions, so that not only pine pollen might
elicit the reaction in question. Further researches are necessary to elucidate
the problem.
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DIE WIRKUNG VON INTRATRACHEAL VERABREICHTEN ZIEHL- NEELSEN-
POSITIVEN POLLEN AUF MEERSCHWEINCHEN

J. T. KELEMEN und L. MANDI

Nach intratrachealer Verabreichung des Zieiil—NEELSEN-positiven Stoff enthaltenden
Pollens der Typha latifolia und T. angustifolia ferner des angegriffenen Pollens und des
chloroform-dther-alkoholischen Fettextraktes des Blitenstaubes lieR sich am Meerschweinchen
in der acht Monate wéhrenden Beobachtungsperiode keine epitheloidzellige Granulation
nachweisen. Lediglich eine aspezifische Granulationsreaktion vom Fremdkdrperchentyp
wurde beobachtet. Somit fand die Annahme, daR &hnlich dem Pollen von Koniferen auch
andere, gleichfalls Ziehne NEELSEN-positive Stoffe enthaltende Pollen eine der Sarkoidose
&dhnliche epitheloidzellige Granulation hervorrufen kénnen, keine Bestatigung. In den Lungen
und den regiondren Lymphknoten konnten die Pollensubstanzrn nachgewiesen werden, doch
biRten sie nach dem funften Monat ihre Fett- und Ziehe —NEELSEN-Positivitdt allmé&hlich
ein. Uber die héchste biologische Aktivitat verfiigte der Fettextrakt. DOCA-Vorbehand-
lung forderte zwar die Bindegewebsreaktion, doch ohne eine qualitative Veranderung der-
selben zu bewirken.

OEVNCTBUE VHTPATPAXEANIbHOMO BBEAEHWSA MOPCKMM CBVHKAM
MbiNbLibl, COAEPXALLEA LINNb-HUNbCEH-MOMOXWUTE/bHBIE BELLIECTBA

WM. T. KENEMEH v /1. MAHAW

B TeyeHve 8 MecsALEB MOC/E UHTPATPaxXeaslbHOro BBEAEHUSI MOPCKMM CBMHKaM MblibLibl
paspyLLEHHON MbUiblbl Y CANPTO-3MPHO-XM0POOPMHOIO  XMPOBOMO 3KCTPaKTa MblibUbl
LUMPOKOMIMCTHOIO 1 y3konucTHoro porosa (Typha latifolia, T. angustifolia) cogepxateii
Linnb  HunbCeH-MONOXMUTENbHOE BELLECTBO, aBTOPbl He HAGMI0AAIN Y YKUBOTHBIX 3NWUTeNono-
KNETOYHOM FpaHynsaummn, a Nnllb HeCreUMgMYecKylo peakumio Tuna rpaHynsuym, Bbl3BaHHON
VHOPOAHbIM TenomM. CrigfoBaTe/ibHO, MPEAro/IOKeHe, COMMIacHO KOTOPOMY, MOAOGHO MbuibLe
XBOWHbIX [iepeBbeB, MbUibLa APYrUX pacTeHuid, Takke cogepxawas L wb--HiabceH-nonoxm-
Te/lbHble COCTABHbIE YaCTW, MOXET BbI3BaTb ArLUTENOUAO-KIETOUHYIO IPaHyNALMIO, HaroMUHalo-
L0 CapKomMAaO3, He HaLWIo MOATBePXKAeHWA. TMblibLeBble BeLLecTBa ObUM BbISB/EHbI B /IENKMX
N B PerMoHapHbIX TMM(aTUYeCKVX Y3nax, OfHaKo, OHW, HauYMHas ¢ NATOro Mecsua, MocTereHHo
yTpaumBann cso Linnb- HunbceH-NonoxutenbHoOCTb. HanbonbLueli 61M010rnyeckoli akTtume-
HOCTbIO 0618211 XXMPOBble BbITSXXKU MbuibUbl. MNpeaBaputenbHas gada JOKA cnocobeTso-
Ba/la COEAVHUTENbHOTKAHHOW peakumn, HO He BbI3Basla ee KaueCTBEHHOMO W3MeHEHUs.

Dr. J. Tibor Ketemen Debrecen, Kdrbonctani Intézet, Hungary
Dr. ljaszl6 Mandi Debrecen, Thc. Klinika, Hungary
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PHOSPHATASE ACTIVITY IN THE INITIAL PHASE
OF HEALING OF SKIN WOUNDS

HISTOCHEMICAL COMPARISON BETWEEN THE METAL-SALT AND AZO-DYE
METHODS*

J. Raekallio and A. Jaaskelainen

(Received January 26, 1966)

Phosphatase activity was investigated histochemically in healing rat skin wounds,
comparing the metal-salt and azo-dye methods. The metal-salt technique for acid phos-
phatase showed more extracellular staining and higher contrast of the final precipitate
during the whole experimental period of 1to 128 hours. The Gomori-method for alkaline
phosphatase exhibited a more intense reaction during the initial increase in enzyme
activity of the wound periphery from five to eight hours post-operatively. The azo-dye
technique revealed more clearly the decrease in activity of alkaline phosphatase in the
vicinity of the wound edge.

The activity of phosphatases has previously [9, 10] been demonstrated
histochemically in the earliest phase of wound healing, by using the azo-dye
methods. Some experiments have recently suggested that the metal-salt and
azo-dye methods do not demonstrate activity of identical enzymes [13]. The
metal-salt methods for phosphatases have not yet been applied to the investi-
gation of the initial phase of wound healing. It seemed therefore interesting
to compare histochemically the results of the azo-dye methods with those of
the metal-salt techniques.

Material and methods

24 healthy, male, four-month-old albino rats of approx. 200 g weight were used. Circular
wounds, 5 mm in diameter, were cut in a shaved dorsal area. The skin inside the circle was
excised, and the wounds were neither sutured nor dressed. The animals were decapitated at
intervals of 1, 2, 3, 4, 5, 6, 7, 8, 16, 32, 64 and 128 hours. Squares of skin containing the wounds
were removed immediately and frozen with solid carbon dioxide.

Sections were cut in a cryostat at 16 i and fixed for 5 minutes at -j-4 °C in neutral 10
per cent formalin. Alkaline phosphatase activity was visualized a) by the method of GomoRI
[5] as described by Burstone [2], and, in alternate sections, by the azo-dye method of Grogg
and Pearse [6], as presented by Pearse [8]. Acid phosphatase activity was demonstrated
c) by the method of Gomori [5], as described by Burstone [2|, and, additionally, d) by the
azo-dye method of Grogg and Pearse [7], according to Pearse [8].The sections were incubated
as follows: at -}-37 °C for 1 hour (method a) or for 2 hours (method c), or at room temperature
for 40 minutes (the azo-dye methods b and d). Fast violet B and Fast garnet GBC were used
as diazonium salts for the methods b and d, respectively. Control sections were incubated with-
out the substrate.

*This work was supported by grants from the Sigrid Juselius Foundation and from the
Finnish Medical Council.
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Results

The sites of alkaline phosphatase activity stained dark brown and
those of acid phosphatase reddish-brown by the azo-dye methods. Phospha-
tase activity appeared as a black stain in the Gomori-type preparations.

In the intact skin none of the epidermal strata nor the hairs showed any
alkaline phosphatase activity by the azo-dye methods. A distinct reaction was

Fig. 1. Alkaline phosphatase activity in a Fig. 2. Alkaline phosphatase activity in
5-hour wound (Metal-salt method, X 100) 5-hour wound (Azo-dye method, X 103)

observed in the papilla and in the proximal part of the external connective
tissue sheath of the growing hair follicles. The capillaries and some fibroblasts of
the dermis likewise took the stain. The metal-salt method, too, revealed a slight
to moderate activity in these cutaneous appendages. In contrast to the azo-dye
technique, the stratum Malpighii of the epidermis, especially the granular layer,
was stained by the metal-salt method for alkaline phosphatase.

The intact epidermis, especially the granular layer, abounded in acid
phosphatase which was demonstrable by both of the methods. Moderate acid
phosphatase activity was revealed in the root sheaths and an intense one in
the keratogenous zone ofthe hair. Dermal fibroblasts showed a varying reaction.
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Four to eight hours after injury, two zones could be seen around the
wound (Figs. 1 and 2). In the immediate vicinity of the wound edge, a central
or superficial zone, 200 to 500 u in depth, showed decreasing enzyme activity
in the connective tissue cells. This was better demonstrable by the azo-dye
method for alkaline phosphatase (Fig. 2), whereas there was little diminution
in the Gomori reaction for the enzyme (Fig. 1). Neither of the two methods for
acid phosphatase revealed any decrease in activity of the central wound zone

Fig. 3. Alkaline phosphatase activity in a  Fig. 4 Alkaline phosphatase activity in a
32-hour wound (Metal-salt method, X 100) 32-hour wound (Azo-dye method, X 100)

Surrounding the central area, a 100 to 300 fi deep peripheral zone exhibit-
ed an increased enzyme activity. This intensification appeared four to eight
hours post-operatively. Acid phosphatase activity, demonstrable by both of
the methods, increased four hours after wounding and reached a maximum
after 16 hours. It remained strong during the rest of the experimental period
(Figs. 5 and 6). The first increase took place in and around the local fibroblasts
of the peripheral zone. In the same region of 8-hour wounds, active granulo-
cytes appeared also. After 16 hours, they were superseded by mononuclear
cells. The immigrating cells showed an intense acid phosphatase activity by
both of the methods. There was also an extracellular activity which appeared
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stronger by the Gomori method (Figs. 5 and 6). This extracellular reaction, for
the most part, contributed to the somewhat stronger staining, typical of the
Gomori preparations.

Alkaline phosphatase activity, demonstrable by both the metal-salt and
azo-dye methods, increased in the peripheral zone five to eight hours post-
operatively (Figs. 1 and 2), reaching a maximum after 16 hours. It remained
strong during the rest of the experimental period (Figs. 4 and 5). The distribu-

Fig. 5. Acid phosphatase activity in a 32-hour Fig. 6. Acid phosphatase activity in a 32-
wound (Metal-salt method, X 100) hour wound (Azo-dye method, X 100)

tion of this enzyme in the cells of the wound periphery was very similar to that
of acid phosphatase. The difference between the two methods in the results for
alkaline phosphatase was more visible especially during the initial increase in
activity of the wound periphery, i.e. five to eight hours postoperatively. The
Gomori preparations showed an intense intracellular and extracellular activity
in the peripheral zone, whereas the azo-dye method revealed a moderate
intracellular activation only in the local fibroblasts and in the immigrating
granulocytes (Figs. 1 and 2). Later on, simultaneously with the increasing infil-
tration ofthe peripheral wound zone by active leukocytes, the difference became
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slighter (Figs. 3 and 4).But also then, the black colour, indicating acid phospha-
tase activity by the Gomori technique, was more striking than the reddish-
brown precipitate by the azo-dye method.

Discussion

The biological interpretation of the appearance in skin wounds of phos-
phatases and several otherenzymes has been previously discussed in detail [9,12].

Concerning the main differences of phosphatase activity demonstrated
by the metal-salt and azo-dye methods, more extracellular staining and higher
contrast of the final precipitate characterized the Gomori technique for acid
phosphatase. The metal-salt method for alkaline phosphatase showed in the
peripheral zone a more intense staining than the azo-dye technique, especially
in 5- to 8-hour wounds. On the other hand, the azo-dye method revealed better
the decrease in activity which is characteristic of most enzymes in the central,
necrobiotic wound zone [11, 12].

The differences in the results could be due to shortcomings of the methods
or to the possibility that the metal-salt and azo-dye techniques do not demon-
strate identical enzymes.

The main disadvantages of the metal-salt methods consist of false posi-
tive reactions and of false localization, due to diffusion artifacts and to adsorp-
tion on certain tissue elements [4]. On the other hand, the azo-dye methods are
also far from perfect. They often are based upon certain compromises, and all
the optimal requirements for the substrate, diazonium salt, and final pigment
are seldom fullfilled.

Phospliomonoesterase activity is not specific for the alcohol radical of the
substrate, since phosphatases hydrolyze a variety of organic phosphate esters
[3]. The differences in localization, using various phosphate esters, have some-
times been interpreted as an expression of a specific phospliomonoesterase [13].
However, differences in histochemical staining reactions do not usually provide
a sound basis for distinguishing specific and individual enzymes [1]. Only isola-
tion and biochemical characterization of the enzyme(s) will finally clarify
the problem.
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DIE AKTIVITAT DER PHOSPHATASEN
WAHREND DER ALLERFRUHESTEN HEILUNGSPHASE DER HAUTWUNDEN

Vergleichende histochemische Untersuchung tber die Metallsalz- und Azofarbstoff-Methoden

J. RAEKALLIO und A JAASKELAINEN

Phosphatasen-Aktivitat der heilenden Wunde wurde am Rattenmaterial histochemisch
Untersucht, indem man die Resultate der Metallsalzmethoden mit denen der Azofarbstoff-
Methoden verglich. W ahrend der ganzen Reobachtungsdauer von 1 bis 128 Stunden wurdej
mit der Metallsalzmethode fiir saure Phosphatase eine auffélligere extrazelluldre Farbung und
ein mehr kontrastreiches Endprodukt der Reaktion erreicht. Mit der Metallsalzmethode fir
alkalische Phosphatase konnte man eine stdrkere Reaktion in der &uReren Wundzone erkennen.]
insbesondere 5bis 8 Stunden nach der Verletzung. Andererseits zeigte die Azofarbstoff-Methode
auffélliger die Abnahme der AKktivitat der alkalischen Phosphatase in der unmittelbaren Né&he
der Wundflache.

AKTVBHOCTb ®OC®ATA3bl BO BPEMSA MEPBOWN ®A3bl 3AXUVBEHUSA
KO>XHOW PAHbI

CpaBHI/ITeI'IbeIVI rMCTONOrMYECKNIA aHaNn3 METOA0B WUCCnegoBaHNUA BBEAEHUEM conem
MeTa/I/10B U aSOKpaCVITEI'IEI‘/‘l

. paekannuo un a. ieckeneiiHeH

ABTOpbl UCCMefOBa/IN TUCTOXMMUYECKUMM METOAaMU Ha Kpbicax aKTUBHOCTb docda-
Tasbl BO BPeMsi 3aXKMBJ/IEHUSI paHbl, MPU CPaBHEHWUM Pe3y/bTaToOB WCCEA0BaHUSI C MOMOLLbIO
COMei MeTa/I/IOB UM a3oKpacuTesneid. B TeueHme Bcero BpemeHn HabnogeHuns (1—128 yvacos)
MeTOAOM WCCNefoBaHWUsA KWCNoi octaTasbl BBeAeHWEM COMeli MeTas/IoB aBTOPbl Moyyanu
60nee sipKoe BHEK/IETOUHOe OKpallMBaHWe U 60/ee KOHTPACTHbIN KOHEYHbI NPOAYKT peakLumu.
Mpn unccnepoBaHUM LWeNoYHON docdaTtasbl BBeLeHWEM COMeil MeTanioB 6blna nosnydeHa 6oneé
WHTEHCMBHAs peaKLusi BO BHeLLHeli 30He paHbl, B YaCTHOCTM B TeyeHMe 5—8 uacoB nocsne Ha-
HeceHMsi paHbl. C Apyroii CTOPOHbI, MeTOA BBEAEHWUSI a30KpacuUTeNeil BbISIBASN B Hemnocpes-
CTBEHHOM COCEfICTBE PaHEBOV MOBEPXHOCTY 60/1ee BbIPAXEHHOE YMEHbLLEHWE aKTUBHOCTY LLIEI0Y-
HOW (pocchaTasbl.

Department of Forensic Medicine,
University of Turku, Turku 3, Finland
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SOME METABOLIC CHANGES DURING
THE CHICK’S ONTOGENESIS

A PRELIMINARY REPORT
St. Krompecher, M. B. Laszlo6 and P. Ladanyi
(Received January 26, 1966)

According to earlier investigations there seems to be a correlation between
the intensity of oxybiotic metabolism and the content of tissue mucopolysaccha-
rides (hexosamines). Experimental [1, 3, 9], pathological [4, 5] and phylogenet-
ical [6, 7] observations demonstrate that tissues with high metabolic activity
show a significantly high cytochrome oxidase activity whereas their mucopo-
lysaccharide content is relatively slight. On the other hand, bradytrophic
tissues (umbilical cord, cartilage, vitreous body, tissues of primitive animals,
etc.) beside a slight (or no) cytochrome oxidase activity have sometimes an
extremely high mucopolysaccharide content [5].

Mainly on the analogy of our phylogenetical observations [6, 7] we have
investigated the correlation between cytochrome oxidase activity and tissular
hexosamine content during ontogenesis in the chick. Hexosamine was deter-
mined according to Boas [2] and cytochrome oxidase according to Pearl
et al. [8].

Heart, liver, kidney, muscle and brain tissues were studied; in each of
them 3 or 4 determinations were made for cytochrome oxidase and 5 for hexos-
amine. In order to characterize the various developmental stages, the means
of the five kinds of tissue are shown in Fig. 1.

Cytochrome oxidase activity was increasing from the 11-day old embry-
onic to the grown-up stage. At the same time the hexosamine level decreased.
Accordingly, embryonic metabolism is characterized by a high mucopoly-
saccharide content and low cytochrome oxidase activity, whereas postem-
bryonic metabolism is characterized by high cytochrome oxidase activity and
low mucopolysaccharide (hexosamine) content.

In this manner the metabolic conditions of embryonic life are similar to
those of the primitive animal having an undeveloped cardiovascular system.
Thus, this type of metabolism (mucopolysaccharide-type metabolism), charac-
terized by a low cytochrome oxidase activity and a high mucopolysaccharide*

*The material of this paper has been presented at the VII. International Embryolo”;ical
Conference, London 1965.
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content, must be more ancient not only phylogenetically but also ontoge-
netically.

Detailed investigations, including lactic acid determinations and a study
of metabolic conditions immediately after birth, are in progress.
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EFFECT OF A SINGLE NEONATAL
GLUCOCORTICOID DOSE ON THE LYMPHATIC
AND ENDOCRINE ORGANS AND ON THE
TRANSPLANTATION IMMUNITY OF RATS

J. Fachet, M. Palkovits and G. Petranyi Jr.

(Received February 28, 1966)

A single dose of glucocorticoid, administered to rats 24 hours after delivery may
induce fatal cachexia.

Homologous skin grafts, applied to 13-day old animals which had received a
single injection of hydrocortisone 24 hours after birth, survived considerably longer and
their reaction was much weaker than in the untreated controls, while there was no dif-
ference between tests and controls in the rejections of heterologous skin grafts.

The number of small lymphocytes in the spleen and lymph nodes was found to
have decreased 8 as also 40 days after treatment with hydrocortisone. The megakaryo-
cyte count was conspicuously high in the spleen. The number of PAS-positive granules
was reduced in the liver, while that of the Kupffer cells was excessively high. A decreased
number of small lymphocytes and an increased number of reticular cells were registered
in the thymus.

By repeating the experiment of Schilesinger and Mark [1] it lias been
shown that an adequate single dose of glucocorticoid, injected into rats in the
first 24 hours of extrauterine life, led to fatal cachexia [2,28] in most cases, and
that the growth of the surviving animals as also the weight of their thymus and
spleen were inferior to those of the littermate controls even several weeks after
the intervention. The number of small lymphocytes in their blood was greatly
reduced [2]. These symptoms were conspicuously similar to those seen after
neonatal thymectomy [3—8]. The present experiments had the purpose to
establish whether a single neonatal glucocorticoid injection would induce the
changes observable in the lymphatic and endocrine organs of neonatal thymec-
tomized rats [9, 10], further a reduction oftransplantation immunity (i.e. dimin-
ished reaction to heterografts and homografts) indicative of thymic damage.

Material and method

Newborn rats of the Wistar strain were treated intraperitoneally with 1 mg of hydro-
cortisone acetate (Richter, Budapest) or subcutaneously with 0.25 mg of dexamethazone
(Oradexon, Organon), and the control animals with similar doses of 0.9 per cent physiological
saline, both groups at the 24th hour of extrauterine life. The organs of animals that had died
with cachexia were discarded. Eighteen surviving animals were decapitated on the 8th and
seven on the 40th day after the injection, and a corresponding number of the controls was
likewise sacrificed. The endocrine and lymphatic organs were fixed in 4 per cent formalin,
embedded in paraffin, and 6 fi thick sections were made and stained with haematoxylin-eosin,
Kernechtrot, cresyl violet and Schiffs periodic acid (PAS).
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A second group received 1 mg hydrocortisone 24 hours after birth; 12 days later, hetero-
logous (from 5-month old mice of the CBA strain) and homologous (from 2-week old rats of
the R strain) skin grafts were applied to 6 glucocorticoid-treated and 6 NaCl-treated animals
by the pinch-graft method [11] in order to observe the survival time of the grafts and the inten-
sity of their rejection.

Results

Animals injected with a single dose of hydrocortisone 24 hours after birth
lagged in growth; their fur coat developed slower and was scarce and ruffled;
their skin was thinner and the amount of subcutaneous fatty tissue was subnor-
mal. Many of them had haemorrhagic diarrhoea. About 20 to 30 per cent died
with cachexia within 8 days. Changes induced by hydrocortisone (B, E), dexa-
methazone (C, F) and NaCl (A, D) are illustrated in Figs. 1 to 4.

Flydrocortisone induced moderate hyperthyroidism (Fig. 1/B), further
pronounced hypofunction of the adrenal’s zona fasciculata which was thinned,
richer in cells, more compact and exhibited shrunken nuclei (Fig. 1/E). On the
other hand, the zona fasciculata of animals injected with dexamethazone
(Fig. 1/F) was wide, the cytoplasm was foamy and the nuclei were enlarged.
No essential changes were noted in the zona glomerulosa.

Both glucocorticoid-treated groups exhibited the usual loosening of the
cortical and medullary structure of the thymus, a reduction in the number of
small lymphocytes, further an increase in the number of reticular cells and
connective-tissue elements (Fig. 2/B, E and C, F). In the spleen of glucocorti-
coid-treated animals (Fig. 3/B, C) the number of Malpighian corpuscles and
small lymphocytes diminished while that of megakaryocytes increased (Fig.
3/B). In the lymph nodes loosening of the structure, decrease in the number of
small mature lymphocytes and accumulation of reticular cells were registered
(Fig. 3/E, F). In the liver the number of PAS-positive granules was decreased
(Fig. 4/B, C) and that of Kupffer cells considerably increased (Fig. 4/E, F).

The reaction to heterologous skin grafts was similar in the hydrocortisone-
treated animals and the NaCl-treated controls, with homologous grafts rejec-
tion began on the 15th day in the controls, and on the 21st day in the test
animals. The control animals had completely rejected the skin graft by the
21st day (Table 1).

Discussion

The present experiments have confirmed the claim of Schilesinger and
Mark [1] that a single glucocorticoid injection administered 24 hours after
birth induces fatal cachexia, a phenomenon observed by Szeberényi [12] and
also by us [2,28]. The symptoms are conspicuously similar to those of the wast-
ing syndrome caused by neonatal thymectomy [3 to 10]. The two syndromes
have many common features, e.g. retardation of growth: early death; consid-
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Fig. 1. Effect of neonatal glucocorticoid injection on the thyroid (A, B, C) (Kernechtrot stain,
X 150), further on the zona fasciculata (D, E, F) (haematoxylin-eosin X 600)
Control, treated with NaCl after birth (A, D)

Animal treated with hydrocortisone after birth (B, E)

Animal treated with dexamethazone after birth (C, F)



Fig. 2. Effect of neonatal glucocorticoid injection on the cortex (A, 15 C) and medulla (1), E,
F) of the thymus. Haematoxylin-eosin, X 375.
Control, treated with CaCl after birth (A, D)
Animal, treated with hydrocortisone after birth (15, E)
Test animal, treated with dexamethazone after birth (C, F)









F'ig. 4. Effect of neonatal glucocorticoid injection on the spleen (A, B, C) (haematoxylin-eosin,
X 375) further on lymph node (D, E, F) (haematoxylin-eosin X 600)
Control, treated with NaCl after birth (A, D)
Animal treated with hydrocortisone after birth (B, E)
Animal treated with dexamethazone after birth (C, F)



'Fig. 4. Effect of neonatal glucocorticoid injection on the liver. Schiff’s periodic reaction (A,B,C).
37S. Kernechtrot stain (1), E, F), X 600
Control, treated with NaCl after birth (A, 1))
Animal, treated with hydrocortisone after birth (B, E)
Animal treated with dexamethazone after birth ((". F)
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Table 1

Effect on homologous and heterologous skin grafts of a single hydrocortisone injection, administered
to rats 24 hrs after birth

Beginning of graft rejection on day
Number
Group of 12th 15th 18th 20th
animals
homol.  heter.  homol.  heter. homol. heter.  homol. heter.

0.9% NaCl

intrap®ritoneally 6 *0/6 6/6 4/6 6/6 6/6 0 0 0
1 mg hydrocortisone

intraper toneally 6 0/6 6/6 0/6 6/6 0/6 0 5/6 0

*  number of animals showing first signs of rejection per total number of animals with
skin graf.
0 = complete rejection

erable decrease in the number of small lymphocytes in blood, spleen ami lymph
nodes; increased number of reticular cells in lymphatic organs and liver; de-
creased amount of PAS-positive matter in the liver [2, 9, 10]. In newborn rats
glucocorticoid treatment gave rise to marked thymic and splenic involution [2]
with a loosening of the structure and a loss of small lymphocytes. Although no
thymic deficiency in the hydrocortisone-treated animals could be reckoned with
at the time of the examination of transplantation immunity, the rejection of
homografts was considerably delayed, a sign of probable thymic damage [4, 13].

The blood of patients suffering from chronic lymphatic leukaemia con-
tains, according to Metcalf [14, 15], a lymphocytosis-stimulating factor (LSF)
which is demonstrable in the thymus as well; glucocorticoids reduce the activity
of this factor or that of some other humoral substance of the thymus [16 19].
Of course, neither the fact that glucocorticoids induce atrophy of the thymus
and other lymphatic organs [20, 21] nor their catabolic action in other tissues
should be disregarded. It is noteworthy that, while even large doses of glucocor-
ticoids induce but transient lymphocytopenia in the adult animal, their admin-
istration to newly born animals gives rise to pronounced lymphocytopenia
which often leads to fatal cachexia [1, 2, 21, 28].

The hyperplasia of RES-elcments following neonatal glucocorticoid
injection may have simply been a sign ofrepeated infections; yet, reports accord-
ing to which RES hyperplasia is accompanied by increased elimination of
corticoids from the blood should not be disregarded [23 25].

The results of the present experiments suggest that the fact that stress in
the first extrauterine days does not cause hypercorticalism [26, 27] may be of
biological significance: thymic and lymphatic activity cannot, thus, be impaired
by the high blood level of glucocorticoids before the organism’s immunological
defence mechanism lias fully developed.
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DIE WIRKUNG EINER EINMALIGEN GLUKOKORTIKOIDINJEKTION
IM NEUGEBORENENALTER AUF EINZELNE LYMPHATISCHE UND ENDOKRINE
ORGANE

J. FACHET, M. PALKOVITS und G. PETRANYI

In Bestatigung friherer experimenteller Ergebnisse wurde der Nachweis erbracht, daf
eine einmalige, 24 Stunden nach der Geburt verabreichte Glukokortikoidinjektion, in Abhan-
gigkeit von der Dosis, eine fatale Kachexie verursachen kann.

Infolge einer 24 Stunden nach der Geburt verabreichten einmaligen Hydrokortison-
injektion wurde das am 12. Tage Uberpflanzte homologe Hauttransplantat mit bedeutender
Retardation abgebaut und die Reaktion war maRiger als bei den Kontrollen. Der Abbau hete-
rologer Transplantate zeigte gegentiber den Kontrollen keinen Unterschied.

Acht bzw. vierzig Tage nach der Glukokortikoidverabreichung verminderte sich in der
Milz und in den Lymphknoten die Zahl der Klein-Lymphozyten. In der Milz wurde die be-
deutende Vermehrung der Megakaryozyten beobachtet. In der Leber verminderte sich die Zahl
der PAS-positiven Kdrnchen, wéahrend die Zahl der Kupfferschen Zellen erheblich zunahm.
Im Thymus lieR sich die Abnahme der Zahl der Klein-Lymphozyten und die Vermehrung der
Retikulumzellen feststellen.

JENCTBUE PA30BOW UHBEKLUW TUKOKOPTUKOWAOB B MEPUOJ,
HOBOPOX/JEHHOCTW/ HA OTAE/IbHbIE NMM®ATUUYECKUE
SHAOKPWHHBIE OPFAHbl U HA TPAHCIU/IAHTALMOHHBIA UMMYHUTET

M. ®AXET, M. TTAZIKOBWNY u T. METPAHbU

B noaTBep>KaeHUU CBOUX MPEXHUX 3KCNEPUMEHTaNIbHbIX Pe3y/IbTaToOB aBTOPbl BbISABUMU,
UTO OfJHOKpaTHas MHBEKUUSA TNTIMKOKOPTUKOWUIO0B, BBeAeHHas 4epe3 24 yaca Nocne poxaeHUs,
B 3aBMCMOCTU OT I'IpVIMEHFIeMOI\/JI [03bl, MOXET BblI3BaTb KaXeKCUK CO CMEPTE/IbHbIM MCXOAO0M.
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Mocne oAHOKPATHOM MHBEKLMM TMAPOKOPTU30HA, BBEAEHHON Yepe3 CyTKW Moc/ie PoX-
[EHUS, OTTOPXKEHWE rOMOJIOTMYHOTO KOXHOI0 TpaHCMIaHTaTa, MepecaKeHHoro Ha 12-bii
[ieHb 0CNe POX/AEHMS, NMPOM3OLLIO C 3HAYUTE/IbHLIM 3aMefl/IeHNeM, U peakuus 6blna MeHbLLel,
YEM Y KOHTPO/IbHbIX XXUBOTHbIX. B T0 K& BpeMsi OTTOPXKeHWe reTeposiorMyHoro TpaHcniaHTaTa,
MO CPaBHEHWIO C KOHTPOMSMU, He MOKa3ano OTK/IOHEHWS.

BoceMb WM COPOK AHel noc/ie BBeAeHNS FMMKOKOPTUKOUIOB B CeNe3eHKe U B IMMQaTH-
YECKMX Y3M1ax YnUCIo MasbiX IMMAQOLMTOB YMeHbLUMMIOCh. B ceneseHke Ha6noanock 3Hauu-
TeNbHOE HapacTaHWe 4ucria MerakapouuToB. B meueHW MoHW3Unocb Konudectso MACK-nosno-
UTENbHbIX 3ePHBbILLEK, a KoNMuecTBo KynngepoBCKMX KNeTOK MOBbICUIOCL. B 306HOI Xenese
Ha6/1104aN10Cb YMeHbLLIEHVE YUCIa Ma/IbIX TMMAOLMTOB U PA3MHOXKEHWE PETUKYSPHBLIX KNETOK.

Dr. J. Fachet j Budapest, MTA Kisérleti Orv. Kut. Int. Kor-
Dr. M. Paitkovits J élettani oszt.,, Hungary

Dr. G. Petranyi MTA Orvosradiolégiai Kutaté Csoport, Buda-
pest, Hungary
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ELECTRON MICROSCOPIC STUDY
OF GUINEA-PIG THYMUS

I. Tors and |. O1an

(Received April 12. 1966)

The electron-microscopic structure of the epithelial cells contained in the thymic
medulla of four to five-day old guinea pigs has been studied. The main object of the
study was to elucidate the structural foundation of thymic function. The presence of
secretion and secretory cysts makes it obvious that the epithelial cells of the thymus
have the character of glandular cells. This is borne out by the endoplasmic reticulum,
the well-developed Golgi area and the appearance of “Nebenkern” structures in certain
epithelial cells. Apart from the usual desmosomes and zonulae occludentes, the cells are
interconnected by labyrinthine, spiked and rivet-like formations. The differentiation of
epithelial cells manifests itself through the beginning of secretory activity and the
appearance of tonofibrils which, in conjunction with a gradual interlacement of the
epithelial cells, leads to the development of Hassall’s corpuscles. The existence of an
interrelation between epithelial cells and thymocytes is indicated by the phenomena of
peripolesis and emperipolesis, the phagocytosis of thymocytes by epithelial cells, and
the protoplasmic bridges connecting epithelial cells. These are presumably the structural
expressions of the development of thymocytic immunological competence based on
information received from epithelial cells.

Light microscopic investigations into thymic structure have left the
question open as to whether the thymus should be regarded as a lymph organ
or rather as a hormonal gland. Although Mirtrer [24, 25] and others [2, 21, 23,
29, 34, 35] have demonstrated the immunological competence of the organ,
they have failed to explain the mechanism of thymic function. The present
observations were based on the theory that the cells of the epithelial reticulum
constitute the specific cellular elements of the thymus and that their closer
examination might lead to a better understanding of thymic function.

Material and method

The thymus gland of 4 to 5 day-old guinea pigs was used. The vessels of the animals
were perfused via the heart with about 1000 ml of 5 per cent glutaric aldehyde, then the re-
moved thymic fragments were fixed in the same solution for 2 hours. The fixing fluid was washed
with Millonig buffer at 4 °C for 16 to 20 hrs. J1 second fixing was performed in osmium tetroxide
with 1 per cent buffer for 2 hrs. Ethanol was used for dehydration and araldite for embedding.
Semi-thin sections were stained with potassium permanganate, ultra-thin sections were con-
trast-stained with methanolic uranylacetate and lead citrate solution. The electron-microscope
was of the Jem 6C-type.
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Results

Epithelial cell junctions are of different kinds in the thymus. The
cells are frequently interconnected by simple desmosomes; the connection may
assume the form of zonula occludens. An intricate labyrinthine interlacement
of the cell surfaces (Fig. 1) can often be observed which results in an irregular,
serrated junction of the contiguous cells. It also happens that several long
processes intrude themselves between the epithelial cells at various points
and in different planes (Figs. 2, 3, 5, 6, 7, 10), forming what might be called
a riveted junction. Still another form is marked by protoplasmic processes,
which, arising like spikes from the cell, are hooked into the body of the neigh-
bouring cell, forming thus a zipper-like structure.

The epithelial network of the thymus consists of brighter and darker
cells. The dark colour of the latter is due to an abundance of ribosomes ar-
ranged in rosettes. Some epithelial cells contain much smaller and more densely
packed ribosomes. There is furthermore a considerable difference between epi-
thelial cells asregards density and size of the endoplasmic reticulum: there are
sporadic cells containing a straight elongated lamellar system (Fig. 3) and
others containing distended reticular vesicles (Fig. 2) whence the thin reticular
tubules have disappeared. Some cells contain minute (Figs. 4, 8), others very-
large mitochondria (Fig. 2), while still others include hardly any. The Golgi
apparatus is well-developed (Figs. 1, 2, 3, 8, 12); some are vacuolated, others
granulated, with larger or smaller lysosomes in their vicinity (Figs. 1, 12).
Epithelial cells rich in endoplasmic reticulum of coarse surface were also
observed. The reticulum in these cells was arranged as in plasmacytes (Fig. 6);
they include large homogeneous globules, the analogues of secretion droplets
(Figs. 1,2, 3, 5,6, 7,8, 11). The same cell may contain empty vacuoles and also
vacuoles filled with a homogeneous substance (Fig. 5). Cytoreticular formations
(Fig. 7) with a concentric structure and many ribosomes are characteristic
figures. These so-called “Nebenkerns” contain in the centre a secretory vesicle,
the first indication of secretory activity. The concentric structure in question
is surrounded by mitochondria. The secretory vacuoles were scattered in some
epithelial cells (Fig. 3), while in others they formed a clustered vacuolar system
(Figs. 1, 4, 8, 10). Clustered vacuoles may deform the nucleus (Fig. 4). Giant
nuclei of bizarre shape were repeatedly observed; their deformation was due
to intracellular secretory cysts, among others. On internal surface of the large
secretory vacuoles microvillis were rendering the surface uneven. Many micro-
scopic pictures show, consequently, the cross section oflong intravacuolar micro-
villi (Fig. 8). Certain vacuoles appeared to be provided with a well developed
distinct and independent wall separated from the cytoplasm by a membrane-
like ring of delicate fibrils (Fig. 8). That the wall was not a separate entity
follows from the fact that it was seen to fuse at some points with the cyto-
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Fig. 1. Medullary detail. 1 The cells are interlocked and form a tortuous line. 2 Another

form of spiked interdigitation. 3  Two granulocytes. 4 Contiguous cells separated by

microvilli. 5 Formation of fibres. 6 Secretion. 7 Remnants of phagocyted thymocytes

(lysosomes). 8 Electron-dense and 9 microbodies of different sizes. 10 Mitochondriuin.
1 Nucleolus. 12 Golgi apparatus. 13 Rivet-like junction of cells

Fig. 2. Boundary between three cells. 1 Rivet-like cell junction. 2 Protoplasmic bridge
between neighbouring cells. 3 Droplets of secretion. 4 Cross section of endoplasmic
reticulum. 5 = Distended and fused endoplasmic reticulum. 6 Golgi area. 7 -Mitochondriuin
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Fig. 3. Group of epithelial cells in the medulla. 1 == Dark cell. 2 Bright cell. 3 Droplet
of secretion. 4 = Widely extending process of epithelial cell. 5= Cytocentre. 6 = Golgi
apparatus with surrounding area. 7 = endoplasmic reticulum. 8 = Growing striated muscle

Fig. 4. 1 -- Vesicles distended to cysts deforming the nucleus of epithelial cells. 2 - Cyto-
centre. 3 Granulocyte. 4 = Electron-dense body; cells connected by rivet-like structures
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Fig. 5. Secretion in binuclear epithelial cell. 1 Droplet of secretion. 2 = Emptied secretion.
3 Intercellular protoplasmic bridges. 4 Thymocyte. 5 Microbodies. 6 Rivet-like
cell junction. 7 Nucleolus. 8 — Mitocbondrium

Fig. 6. Coarse endoplasmic reticulum and droplets of secretion in the epithelial cell. 1 = Drop-
let. 2 Mitochondrium. 3 Reticulum
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Fig. 7. Formation of “Nebenkern” and secretion. 1 = Droplet surrounded by concentrically

arranged endoplasmic reticulum, the latter surrounded by mitochondria. 2 = Droplet sur-

rounded”~by ribosomal densification. 3 —Emptied secretion. 4 = Dense bodies. 5 = Desmo-
some

Fig. 8. Secretory cyst with well circumscribed wall and microvilli. 1 = Lumen. 2 = Microvilli.
3 = Rivet-like cell junction. 4 = Droplet. 5= Mitochondrium. 6 = Golgi area. 7 = Cross
section of endoplasmic reticulum. 8 = Nucleus of thymocyte

plasm of the epithelial cells. Although glycogen was not invariably present in
the cytoplasm of epithelial cells, patches consisting of glycogen granules were
repeatedly observed; these granules were larger than ribosomes and densely

packed.
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As regards the epithelial elements of the medulla, they are characterized
by the presence of fibrils which especially in Hassall’s corpuscles are arranged
in bundles (Figs. 2, 9, 10, 12, 13, 15). Epithelial cells changing into Hassall’s

Fig. 9. Young Hassall’s corpuscle. Aggregation of three epithelial cells among intact epithelial

cells; they form the nucleus of the developing Hassall’s corpuscle. The growth of fibrils is

advanced; there is degeneration in the centre, while the nucleoli are still active. 1 = Nucleus
of epithelial cell. 2 = Nucleolus. 3 Degeneration. 4 = Growth of fibril

bodies are, therefore, rich in fibrils. Perinuclear fibrils tend to form networks;
the nearer the cells are to being converted in Hassall’s corpuscles, the coarser
their structure and the more readily they assume a reticular arrangement
(Figs. 10, 11). Many epithelial cells and thymocytes contained cytocentres,
sometimes even two of them in which case they were arranged at right angles.
The cytocentres of epithelial cells were usually lying next to the Golgi appa-
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Fig. 10. Secretory cyst in the cortex of Hassall’s corpuscle. 1= Cyst. 2 = Secretion. 3 =
Cross section of concentrically stratified cell. 4 = Degenerated nucleus of Hassall’s corpuscle

Fig. 11. Epithelial cell including phagocyted thymocyte surrounded by neutrophilic granulo-

cytes. 1= Remnant of phagocyted thymocyte. 2 = Droplet of secretion. 3 = Neutrophilic

granulocyte. 4 = Interlocking of cell surfaces. 5 = Intercellular gap with microvilli. 6 =
Remnant of digested thymocyte. 7 = Nucleolus. 8 = Degenerated cellular residuum
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ratus. Numerous epithelial cells contained phagocyted thymocytes in various
stages of digestion (Fig. 1, 11). The first to he digested and disappear is the
cytoplasm of the phagocyted thymocyte; the nucleus, undergoing pyknosis,

Fig. 12. Massive involvement of granulocytes in cellular breakdown in Hassall’s corpuscle.

1 = Neutrophilic granulocytes. 2 Plate-like structure of elongated, degenerated epithelia

processes. 3 Phagocyted cell with cellular fragments. 4 Cellular debris occupying the

place of disintegrated cell. 5 = Epithelial cell developing tonofibrils. 6 = Golgi area. 7 =
Lysosome

persists longer. F.ven the swollen nucleolus was found in some instances. The
medulla of the thymus often contained leucocytes and granulocytes, their
neutrophilic (Fig. 12), eosinophilic (Fig. 14) and basophilic (Fig. 13) forms.
Hassall’s bodies were particularly rich in basophilic granulocytes and mast
cells (Fig. 15).
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Fig. 13. 1 = Young basophilic granulocyte. 2 = Tonofibrils

Fig. 14. Eosinophilic granulocyte wedged-in between thymocytes. Note characteristic granular
structure

Fig. 15. Mast cell wedged-in between thymocytes. 1 Nucleus of mast cell. 2 = High-power
magnification of granule of mast cell, showing the characteristic structure
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Discussion

The thymus of the guinea pig has a highly intricate structure, and its
analysis hy means of the electron microscope offers new information on thymic
function. There are numerous data concerning the ultrastructure of the thymus
[2, 7, 8, 11, 27, 34] and Kiug [19] has even analysed the morphogenesis of
thymic lymphocytes. The thymus of the mouse [11, 13, 20, 45], the golden
hamster [44] and, in certain respects, that of the guinea pig [20], rat and rabbit
[16, 17] has been examined in more detail under the electron microscope. The
reticular epithelium and the thymocytes form a dynamic unity, and it is neces-
sary to study their cooperation in order to understand the mechanism of thymic
function. The epithelial network is constantly moving [41, 42], a movement
especially marked in the medullary substance where HassalPs corpuscles are
formed. Movement is slower in the cortex where the meshes of the network are
widened hy the greater number of thymocytes and the mitoses occurring there.
Some of the epithelial cells of the reticulum are dark, others bright [14, 22].
Both kinds were encountered in the guinea-pig thymus, and both types — being
interconnected by desmosomes — seemed to be epithelial cells (Fig. 3); the
bright cells appeared to be more diffuse, the darker ones more compact. The
latter were richer in ribosomes and endothelial reticula, and usually more
structured. This was confirmed by microcinematographic studies of the pure
culture of guinea-pig thymic epithelium [43]. The phenomenon that, with
advancing age of the epithelial cells, their coherence and consequently -
the formation of desmosomes and fibres become more pronounced, was likewise
observed in such studies. The epithelial cells composing Hassall’s bodies are
thus more advanced in age [43]. The intricate, labyrinthine interlocking of the
cell borders is due to the agglutination and movement of the epithelial cells.
This arrangement does not serve the purpose of a closer cohesion of the cells
but by means of larger contacting surfaces that of intercellular metabo-
lism. Hassall’s corpuscles evidently arise from the aggregation of epithelial
cells. The development of desmosomes becomes more and more intensive; they
form several short segments in some, and a continuous longer segment in other
cases. The multiplication of fibres, the digestion of phagocyted thymocytes and
the cellular degeneration in Hassall’s corpuscles are other noteworthy phenom-
ena. Fig. 9 shows a montage and presents a young Hassall corpuscle. The
nucleolus of the epithelial cells displays a distinct nucleolonema, a structural
arrangement pointing to nucleolar function. The area of Hassall’s bodies re-
veals rich fibrillarity and an opulence of desmosomes; the topographic arrange-
ment of the fibrils is adjusted to that of the desmosomes. Lysosomes are fre-
quently present in the thymus. /1 great portion in the centre of aged Hassall
bodies is occupied by degenerating cells many of which contain thymocytes
destroyed in digestive vacuoles (Figs. 1, 11, 12). The degenerated nuclear part
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of the corpuscle is often surrounded by epithelial membranes rich in fibres and
arranged in flat concentric layers (Figs. 10, 12). Some cysts in Hassall’s cor-
puscles have a compact wall, their cells contain endoplasmic reticulum and
fibres. The cysts are filled with granular substance (Figs. 8, 10). It follows from
this structure that epithelial secretion of PAS-positive matter may take place
in Hassall’s corpuscles. It is noteworthy that granulocytes are involved in the
development of Hassall’s corpuscles [18], often contain mast cells with large
lamellated granules (Fig. 15). Also many nests of neutrophilic, eosinophilic
(Fig. 14) and basophilic (Fig. 13) granulocytes are to be found (Fig. 12). The
presence of these cells in Hassall’s bodies is correlated with the formation of
waste products of cellular degeneration as also with the production of substan-
ces involved in thymic function. The marginal portion of Hassall’s corpuscles
contains epithelial cells which bend towards each other like onion leaves; they
may be said to constitute the capsule of Hassall’s corpuscles, while degenerating
cells in the interior present a highly variable picture. Cells of Hassall’s corpus-
cles are doomed to degenerate; the dissolution of the marginal epithelial cells
leads to central cytolysis, so that — by the liberation of PAS-positive matter
a “necrohormone” is produced. This concept is supported by the frequent pres-
ence of cysts in the eccentric cells of Hassall’s corpuscles, the cysts contain an
electron-dense substance, and their microvilli point to a process of absorption
occurring there. Cysts of this description have been observed also in epithelial
cells outside Hassall’s bodies. It is in the “Nebenkern”-like structures of the
pancreatic cells that the process of secretion starts, and the secreted substance
appears to be correlated with the endoplasmic reticulum in the form of homo-
geneous electron-dense droplets. The formation of these droplets is preceded by
a targetlike furling of the membranes of the endoplasmic reticulum, and it is in
their centre that, surrounded by mitochondria, the electron-dense globules
appear. They may inundate the body of the cells and then be drained one by
one. Droplet formation is more frequent in younger, that of cysts in older,
epithelial cells. The secretory or digestive activity of the cysts is indicated by
the presence of microvilli and pinocytotic vesicles on the inner surface [14].
The vesicles may reach the size of the nucleus, and several large vesicles may
even be lodged in some cells. The amorphous substance in the cysts represents
PAS-positive matter. A similar process has been observed in tissue cultures
where droplets were coalescing into cysts, and small cysts fused to form larger
ones. Secretion-like inclusion bodies were found by W eakley et al. [44] in 13-day
old golden hamster embryos, where the abundance of endoplasmic reticulum
pointed to protein synthesis. Epithelial cells may change there into lymphoid
cells, a finding confirmed by Tanaka [33].

Contiguous cells may be connected by protoplasmic bridges (Figs. 2, 5)
through which the exchange of ribosomes and macromolecules and so perhaps
intercellular transmission of information becomes possible. Schoenberg et al.
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[30] observed such bridges in lymph nodes and the spleen; the bridges connect-
ed macrophages with antibody-forming cells so that ribosomes may have thus
passed from the macrophages to the lymph cells and contributed there to pro-
tein synthesis. Such bridges were observed by Weakley et al. [44] in the thy-
mus between epithelial cells and thymocytes. A similar purpose may be served
by the process in which thymocytes are engulfed by epithelial cells, remain
there one or two hours to emerge and pass once more into the epithelial cells, a
process that is sometimes repeated several times. The epithelial cell forms
a digestive vacuole around the thymocyte, whether it is alive or dead; the
thymocyte sometimes escapes but is more often destroyed. Microcinemato-
graphic studies have shown that a close relationship and symbiosis may be
formed between thymocytes and epithelial cells: the former may adhere to
and move or advance with the latter (peripolesis); besides, thymocytes may
penetrate into the epithelial cells (emperipolesis). This process may represent
the most important phase in the conversion of lymphocytes to thymocytes,
i.,e. to immunologically competent cells [9]. Similar phenomena have been
observed in rabbit thymus cultures by Sharp [31]. Dead thymocytes have
frequently been found in the epithelial cells of Hassal’s corpuscles; first, the
cytoplasm of the thymocyte is digested, then its nucleus becomes pycnotic and
disintegrates. Some cysts seem to have developed from the vacuoles digesting
thymocytes [15]. The origin of Hassall’s corpuscles is connected with the rela-
tionship between epithelial cells and thymocytes. The former engulf and digest
the latter or their fragments. They form, according to Siegler [32], PAS-posi-
tive lipochrome and turn into foamy cells, and it is from the enlarged epithelial
cells that Hassall’s corpuscles develop. Granules will appear in some epithelial
cells, and they are then joined by other epithelial cells likewise undergoing
granulation so that a concentric aggregation of such cells is taking place.
Liquefaction of the innermost cell gives rise to an empty cyst. A process of
digestion is, thus, occurring in Hassall’s corpuscles.

The observed structural characteristics have confirmed the concept that
thymic function is at least partly — governed by a substance secreted by
the thymus itself. According to the latest theory, thymocytes arising in and
passing through the thymus receive in this gland information which they carry
to the lymphoid tissues, to serve there as the ancestors of cell generations
capable of producing immune substances [2, 10, 12, 21, 22, 25, 28, 34, 35]. The
mechanism of this potential change occurring in the thymus requires further
investigations. It can be taken as proved that thymocytes arise from epithelial
cells in the embryo [1], a process which subsequently presumably continues
after the birth [19, 34] and constitutes a genetic difference between thymocytes
and lymphocytes. These cells are the ancestors of generations of thymocytes
which — carried by the circulation to other regions of the organism are able
to assert their immunological competence. This theory gives some information
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about the cellular-regulatoric role of the thymus in the immune-biological
differentiation ofthe lymphatic organs. Lymphocytes that have to pass through
the thymus in order to receive immunological competence are presumably
exposed there to some humoral influence. Such influence becomes possibly
operative when the cells come into contact with the substance produced by the
thymus. This substance may be the PAS-positive matter originating from the
epithelial cells, and the “necrohormone” arising in connection with the break-
down of Hassall’s corpuscles. It is conceivable that the nucleoproteins, arising
at the phagocytosis and digestion of thymocytes, are involved in these pro-
cesses, or that — in connection with endocytosis — important factors gain
access to the thymocytes. It seems in any case evident that the clue to thymic
function lies in the symbiosis of epithelial cells and thymocytes, and that epi-
thelial cells play an essential role in this respect. Although the efforts to de-
monstrate the existence of a protoplasmic bridge between epithelial cells and
thymocytes have remained unsuccessful, bridges of this kind have been found
between epithelial cells, a phenomenon pointing to an interaction between the
cells of the epithelial reticulum. The activity of epithelial cells in connection
with the immunological potency of the thymocytes thus, consists not merely in
nutrition hut in evocation and completion as well.

It is hoped that further electron-microscopic studies will afford more
detailed insight into thymic structure and establish a harmony between func-
tion and structure.
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ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNG DER THYMUSDRUSE
VON MEERSCHWEINCHEN

I. TORO und I. OLAH

Mit elektronenmikroskopischen Untersuchungen wurde die Mikrostruktur der Epithel-
zellen der Thymusdrise von 4 5tadgigen Meerschweinchen analysiert, unter besonderer Be-
ricksichtigung der strukturellen Grundlagen der Thymusfunktion. Das Auftreten von Sekret-
tropfchen und Sekretionszysten sprechen unzweifelhaft dafiur, daB die Epithelzellen des
Thymus einen Drisenzellcharakter haben. Auch das endoplasmatische Kerngeriist einzelner
Epithelzellen, ihr gut entwickelter Golgi-Apparat sowie das Erscheinen der Nebenkernstruk-
turen weist in diese Richtung. Die Zellen werden aufRer den Giblichen Desmosomen, den Zonulae
occludens durch labyrinthartige, dornige und nagelartige Fortsdtze miteinander verbunden.
Die Differenzierung der Epithelzellen manifestiert sich in der Sekretabsonderung, aber auch
im Auftreten vonTonofibrillen, was zugleich durch die stufenweise Verbindung der Epithelzellen
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zur Bildung der HASSALschen Kdrperchen fuhrt. Die wechselseitigen Beziehungen der Epithel-
zellen und der Thymozyten offenbart sich im Phdnomen der Peri- und Emperiopolese, in der
Verdauung der Thymozyten in den Epithelzellen oder in der Bildung von Plasmabricken
zwischen den Epithelzellen. Vermutlich sind dies strukturelle Manifestationen der immun-
biologischen Kompetenz der Thymozyten, die auf Grund der wahrend der Zellfunktion ver-
mittelten Informationen entsteht.

3NEKTPOHHOMWKPOCKOMNYECKOE WCCNEAOBAHUE 30BHOW YKEJE3bI
MOPCKOW CBUHKW

N. TEPE u N. ONNAX

ABTOpbI MCCMEAOBA/IN MOJ, 3MIEKTPOHHBIM MMKPOCKOMOM MWKPOCTPYKTYPY 3nuTenvasib-
HbIX KJ/1IETOK MO3rOBOrO BelleCTBa 306HOI >enesbl, C 0C06bIM BHUMaHWEM Ha CTPYKTYPHble
OCHOBbI (DyHKUMW 306HO >Kene3bl. o 1x yCTaHOB/EHWSIM MOSIB/IEHNE Kamnenb CeKpeTa W Cek-
PETOPHbIX KUCT He OCTaB/ISET HUKAKUX COMHEHWI B TOM, YTO anNUTeNMasibHble K/IETKM 300HOM
)Kenesbl HOCAT ENesUCTbI xapakTep. Ha 3To yKasbiBaeT 3HAOMNNa3MaTUYeCKUIA OCTOB SiApa U
XOPOLLO pasBUTbIA apean MoNbMKN OTAEMbHBLIX ANMUTENNAIbHBLIX KIETOK, & TAKXKe MOsIB/EHMe
«MUKPOHYKJ1eapHbIX» CTPYKTYpP. CoeAnHEHVe KIeTOK 06ecneymBatoT, KpoMe 00bIYHbIX [JeCMOCOM
n zonulae occludens, nabupuUHTONOLO6HbIE, OCTUCTbIE U TBO3AMKOBUAHBLIE OTPOCTKW. Aude-
peHLMaUmMIo annTeNmnabHbIX KNEeTOK MOKasbIBaeT, KPOME BblAe/leHNs CeKpeTa, MOsiB/IeHWe TOHO-
thmbpunn, B pesy/bTaTe Yero, OLHOBPEMEHHO C MOCTEMeHHbIM CrasHWEM 3NWUTeNMaIbHbIX Kre-
TOK 06pasytoTcst Tenbla Maccans. BsammHasn CBSizb MeXAY anUTeNanbHbIMU KIETKaMU U TUMO-
LMTamn CKasbIBAETCA B SIBMIEHWWM Mepu- U 3MMepuononesa B MepeBapvBaHAN TUMOLMTOB B
aNUTeNVabHbIX KETKax 1 B 06pa3oBaHnm NiasMaTuyecKnx MOCTUKOB MEXAY anuUTevabHbIMK
KneTKamu. 310, NPeAnonoXUTeNbHO, CTPYKTypa/ibHble MaHu(ecTauyn pasBuTus UMMYHOOMO-
JIOTNYECKOM KOMMETEHLMM TMMOLIMTOB Ha OCHOBE MH(hOpPMALMiA, NepefaBaeMblx BO Bpe3M (yHK-
LMK 3NnTeNa/IbHbIX KIIETOK.

Dr. Imre Tors 1
ore "Budapest, IX. Tizolté u. 58., Hungary.
Dr. Imre Oran j
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International Conference on Gerontology

Academic Press, Budapest 1965; 939 pages

The volume under review, edited by A. Balazs, contains almost the whole material
treated at the gerontological conference held in Budapest from October 25 to 27, 1962. After
an opening plenary session, the conference continued its work in two separate sections; the
volume presents the papers in their chronological sequence.

The plenary session started with an opening address by L. Haranghy, the then president
of the Hungarian Gerontological Society. The world-wide increase in the proportion of aged
individuals invests gerontology with a particular importance. While the average life span in
Hungary was 24.2 years between 1837 and 1846, it had increased to 65.1 for males and 69.4
for females by 1960, so that 13.8 per cent of the population were older than 60 years. General
prolongation of life raises biological, medical and socio-political problems which can be solved
only by a close cooperation of state, society and the experts of several branches of science
(biology, medicine, demography, social policy). The opening address paid homage to the
Hungarian pioneers of gerontology (Koranyi, Entz, Verebély, Nékam) and discussed in
detail the present multifarious research work of Hungarian investigators which extends to all
biological, theoretical and practical problems of this branch of science.

It was likewise at the plenary session that F. Verzar gave a paper on the tasks of ex-
perimental gerontology, and that Gorev and Chebotarev (Kiev), presented an account of
the chief trends of present research carried out in the Soviet Union.

The subsequent papers to be found in the volume are divided into three main categories:
(1) biological foundations of gerontology; (2) present problems of geriatrics; (3) social and
medical questions connected with gerontology.

In each category numerous clinical and experimental data have been presented. While
a number of authors discussed senile changes of the connective tissues and hones, others made
comparative analyses concerning the botanical and zoological aspects of senescence.

Geriatrics covers nearly the entire field of medicine so that physicians concerned with
the clinical study and treatment of old age and its manifestations have to deal with special
diagnostic, surgical and therapeutic problems. The volume under consideration offers a wide
survey of geriatric problems encountered in the different spheres of medical science.

The increase in the number of old persons justifies a careful study of the social aspects
of old age; studies of this kind require a close collaboration between specialists of medicine,
sociology and economy.

The number of papers given at the conference totalled 179 of which 134 are reprinted
in the volume, while 45 are referred to in the index only. Lectures held in the Hungarian and
English languages are presented in English, the others (Russian, German, French) in the origi-
nal. It isregrettable that no English summary has been added to non-English texts (to Russian
texts in particular).

The volume, of exemplary execution, presents a true picture ofinternational gerontolog-
ical research work and of the pertaining investigations performed in Hungary.

G. Goracz
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J. Botér
The Automatic Nervous System

Publishing House ofthe Hungarian Academy of Sciences, Budapest 1966. 442 pages, 207 figures
Preface by F. de Castro

In the introduction, the author points out that research is an activity in which the
investigator’s technical skill, his possibilities as well as the scientific attitude governing his
work are of prime importance. Advanced technical facilities make it possible for the modern
researcher not only to explore new fields but also to confirm or correct the results of earlier
investigators. The former static attitude has been replaced by the more realistic dynamic
approach which means that, in evaluating information regarding any examined part of the
nervous system, its stage of development, functional condition, the age of the entire organism,
the pathogenic or lethal factors have to be taken into account and that, above all, the examined
organism has to be known in all its details. By presenting his experimental results, the author
wished to demonstrate the truth of these statements and to facilitate the work of investigators
engaged in the study of the morphology, physiology and pathology of the autonomic nervous
system.

Y The introductory part describes the theories concerning the vegetative nervous system,
divides them into four categories and names their chief representatives.

The first part of the work deals with technical problems. The author analyses the ex-
perimental material and surveys the microtechnical procedures, gold impregnation, vital
methylene-blue staining, the various methods of silver impregnation and other histochemical
techniques as also the role which microscopic inspection and adequate documentation play in
the forming of final conclusions by the investigator. In connection with silver impregnation a
separate chapter is devoted to the preparation of sections, fixation and the possible sources of
error. The chapter (like all other parts of the work) finishes with a concise summary.

The richly illustrated experimental material consists of three main parts.

(1) The definition of preganglionic nerve fibres

(a) in the preganglia (innervation of the adrenal medulla in dogs of different ages, and
its alterations under the effect of fever, starvation, anoxia and avitaminosis; study of the adre-
nal medulla of healthy young and old persons and of human autopsy material),

(6) in automatic ganglia:

(a0) coeliac ganglion in healthy dogs and in dogs with avitaminosis;

(bb) tracheal ganglion in young and old dogs.

(2) Autonomic nerve cells of the coeliac ganglion

(a) in healthy young persons;

(b) in individuals of advanced age.

Separate chapters deal with the various kinds of cells (sympathicoblasts, immature and
young cells of the sympathetic nervous system, dividing cells, their changes, degeneration,
and the problem of pigment accumulation).

(3) The definition of postganglionic nerve fibres

(a) in the myocardium of newly born, young, adult and old dogs;

(6) in the smooth muscle of young, adult, and old dogs, further in those of young per-
sons who had died of various diseases.

A bibliography containing papers of 650 authors and teams and an index covering eight
pages completes the monographs.

Especial credit is due to the publishers for the careful execution of the book.

E. Somogyi
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RELATOR

E. Kerpel-Fronius
(Department of Paediatrics, University Medical School, Pécs)

ORIGIN AND CLINICAL SIGNIFICANCE OF SOME
COMMON DISTURBANCES IN BODY FLUID
HOMEOSTASIS

I. Basic Principles of the Regulation of Body Fluid Homeostasis

Acute changes in any parameter of body fluid composition or volume
initiate two lines of defence processes aiming at the mitigation of the changes,
and then at the final restoration of the initial equilibrium. The peculiar struc-
ture of the fluid compartments induces an immediate reduction of the initial
changes. Well-known examples of such phenomena are the mitigation of acute
hyper- orhyponatraemia by shifts of water between the fluid compartments [1]
or the buffering of invading acids. These processes, though sometimes of vital
importance, attenuate the immediate shock at the price of new labile and
pathologic equilibria. The mechanisms definitively restoring normal conditions
are more complicated. They fulfil the criteria for servo systems consisting of
information centres that respond to “error signals” of the constants to be
regulated. The centres relay the information through a chain of neurohormonal
command to the effector organ, the kidneys. The correction of the “error”
is fed back to the information centres.

The signal for the hypophyseo-hypothalamic osmoregulatory centre is an
“error”, i.e. a deviation of only a few mEq in the concentration of plasma so-
dium. This information, analyzed by the osmoreceptors, mobilizes the “agent”,
the antidiuretic hormone (ADH) acting on the renal tubules. This system
adjusting water excretion to extracelullar plasma Na concentration is coupled
by the identity ofthe error signal with the thirstcentre, with the system regulat-
ing water intake.

The feedback system regulating extracellular fluid volume is actuated by
an error signal which seems to be a circulatory effect of altered body fluid
volume. The chain of command is the renin-angiotensin-aldosterone system
regulating sodium excretion [2]. The interplay of the two systems regulating
sodium concentration and total body sodium guarantees the constancy of
volume and composition.

The first line of defence against acid or alkali excesses are the chemical
buffers, while the second line is respiratory compensation, a servo mechanism
actuated by the “error” ofthe pH of blood. The final correction of disturbances
of acid-base equilibria depends on the kidneys. The excretion of acids, however,
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is a slow process. Yoshimura [3] found that within 24 hours following admin-
istration of an acid load, only 1/4 of the H-ion excess was eliminated by the
kidneys. This observation stresses the importance of the immediately acting
defence mechanisms: the precisely but slowly working renal mechanism could
not guarantee survival in the case of immediate shock due to the liberation of
acids in such amounts as occurs for instance in diabetic acidosis.

Il. Disturbances in body fluid homeostasis

Disturbances in body fluid homeostasis arise because of 1. overburdening
of the normal defence mechanisms, and 2. functional or anatomical lesions of
any link of the regulatory chain. In the frame of these introductory remarks
we shall briefly discuss dehydration, hyper- and hyponatraemia, and potas-
sium deficiency.

1. Dehydration

“1000 parts of cholera serum contain but 860 parts of water”, with this
sentence in O’'Shaughnessy’s [4] letter to the Lancet in 1831 begins the his-
tory of dehydration. The basis of our modern concepts was laid down 100 years
later by Gamble [5] who stressed the leading importance of negative sodium

%

cardiac blood venous inulin
output pressure 02sat. clearance

Fig. 1. Shock and renal insufficiency in dehydration. Values in per cent of the normal

balance in the origin of dehydration. Sodium losses accompanied by propor-
tional losses of water lead to the exhaustion of the interstitial fluid reservoir
and in turn to oligaemic shock, the clinically decisive event in dehydration.
The haemodynamic changes in clinical [6] as well as in experimental cases
[7] of salt depletion correspond to those found in traumatic shock.
Fig. 1 presenting our observations in a dehydrated infant, shows the
considerable decrease in cardiac output accompanied by stagnant anoxia and
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Iow renal clearances. The clinical picture at this stage is alarming; the hippo-
cratic face, the frequent pulse-rate, the small heart, the cold, cyanotic extrem-
ities, the semicomatous state and the acidotic breathing indicate an emer-
gency case of exceptional severity.

Sinus 02
satur
%
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Clrcu/affon 70" 20 30 40" 50" 60"

«=individual case of dehydration

Fig. 2. Diagram of circulation times plotted against cerebral venous oxygen saturations

The central patho-physiologic change is haemoconeentration and oligae-
mia due to the decrease of plasma volume by 30—40 per cent. This, in turn,
leads to the described haemodynamic changes, to extrarenal uraemia, while the
stagnant anoxia of the hrain is responsible for the cerebral symptoms.

The effect of rehydration is mostly spectacular. However, in exceptional
cases renal function does not improve. This is due to anatomical changes
superimposed on long standing renal ischaemia.

The origin ofsalt losses. The loss of isotonic digestive secretions containing
Na, Cl, HC03 and K leads to dehydration. Many details of this mechanism,
however, have not yet been clarified. Gamb1e stressed the importance of the
shortening of the intestinal transit time due to increased peristalsis inhibiting
the reabsorption of intestinal secretions. These isotonic fluids are secreted in
daily amounts of 8 L in the upper parts of the gastrointestinal tract, and they
are reabsorbed in the lower parts. Any inhibition of reabsorption must cause
electrolyte losses. This most valuable didactic conception falls short of explain-
ing daily faecal losses reaching 17 L in severe cases of cholera [8], and the
guestion of heavy losses of bicarbonate and potassium is also left open. Accord-
ing to tracer studies on the movement of water and ions between intestinal
lumen and blood, the bowels would receive about 50 L of isotonic fluid in 24
hours [9]. An enteral loss of 17 L/24hwould thus indicate a 35 per cent impair-
ment of the efficiency of the reahsorptive mechanism of the gut. The inhibition
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of reabsorption is thought to be caused by damage to an assumed “sodium
pump”.

An alternative hypothesis was advanced by Greeinough[10]wlio assumed
the entrance of a large quantity of fluid into the gut due to the hypersecretion
of pancreatic juice. The fluid and electrolyte losses were supposed to be the
result of a combination of hypersecretion and defective absorption.

Be as it may, the important practical point is that Na losses amounting
to 12—16 mEqg/kg, equivalent to a loss of 800—100 ml/kg of e.c. fluid invariably
lead to severe oligaemic shock. Losses of this extent may occur in the extreme
forms of diarrhoea within 24 hours, while renal or gastric losses proceed for
days until negative balances reach critical levels.

To the type of dehydration secondary to sodium depletion described
above, Kerpel-Fronius in 1935 contrasted the water depletion type which is due
to shortage of water without any significant loss of electrolytes from the body.
The main patho-physiologic changes exhibited during thirsting may be summa-
rized in the so-called “dehydration reaction”.

Dehydration reaction

Inadequate intake of water
Y .
extracellular dehydration

outpouring of aldosterone decreased Na-

A filtration
intensive thrist <— hypernatraemia
outpouring of ADH
decreased insensible distribution of H20
perspiration oliguTia loss between extracellular and

intracellular compartment

Hypernatraemia may be considered the most important life prolonging
defence mechanism of the thirsting organism. It induces maximal renal and
extrarenal water economy, and by an osmotic shift of water from the cells,
plasma volume may be preserved in the face of large losses of water. In this type
of water depletion excruciating thirst, dryness of the mucous membranes,
nervous irritability and hyperthermia are the main clinical signs, wdiile hypo-
volaemic shock and extrarenal azotaemia are late events.

2. Hyper- and hyponatraemia

a. Hypernatraemia

The common feature in practically all cases of hypernatraemia is cellular
dehydration due to the osmotic shift of water from the cells to the extracellular
compartment.
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Extracellular fluid volume is, however, variable. It may be decreased:
“hypernatraemia with global dehydration”, or increased: “hypertonic expan-
sion of the extracellular fluid” [11].

Hypernatraemia with global dehydration corresponding to “water de-
pletion” develops when water is not available or when water intake in week or
unconscious patients does not cover obligatory expenditures. Special forms may
arise in cerebrally damaged individuals because of a higher setting of the cere-
bral osmoreceptors, or consequent to a damaged thirst centre. Furthermore
hypernatraemia with global dehydration may develop in patients with diar-
rhoea, when the loss of water exceeds that of the salt. The hypertonic expansion
of extracellular fluid is mostly a iatrogenic damage referable to the administra-
tion of too much salt.

An impressive clinical feature of most cases are cerebral symptoms, rest-
lessness, twitches, convulsions. Residuals such as mental retardation have been
described in infants suffering from long-standing, unrecognized hypernatrae-
mia. Opinions on the mechanisms involved are divided. The discussed possi-
bilities are osmotic damage of the brain cells, cellular dehydration, cellular
acidosis, and “haemorrhagic encephalopathy” [12]. In acute animal experi-
ments as well as in autopsy specimens of 5 newborn victims of an accidental
salt poisoning [13], haemorrhagic encephalopathy was a constant finding.
Gross anatomical lesions are, however, infrequent in patients who as a result of
disease become hypertonic slowly. The rate of the induction of hypertonicity
thus seems to be important in the origin of the haemorrhages.

b. Hyponatraemia

The two main forms of hyponatraemia are the “natriopenic” and the
“dilution” type. The first is practically identical with the salt depletion form
of dehydration, while in dilution hyponatraemia cerebral symptoms due to
water intoxication dominate the clinical picture. Water intoxication is practi-
cally always iatrogenic. It arises when salt depleted patients are treated with
hypotonic solutions, when excessive amounts of water are “pushed” into
individuals postoperatively. It is also seen in anuric patients [14, 15] and in
oedematous individuals undergoing forced diuretic procedures. During the last
years a peculiar clinical entity described under the heading of “hyponatraemia
due to inappropriate secretion of antidiuretic hormone'” has called the atten-
tion of many workers [16,17]. The salient features of this syndrome, associated
with bronchogenic carcinoma, intracranial disease, meningitis and tuberculosis
are a hypertonic urine containing significant amounts of sodium in spite of
hyponatraemia, and the absence of dehydration and azotacmia.
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Potassium depletion

The surprising frequency of secondary potassium depletion in a great
variety of diseases is too well known to go into details in this brief summary.
We thus intend only to stress a few practical points. 1atrogenic factors [18]
certainly play an important part in many cases of potassium depletion. As
examples we cite the overzealous administration of bicarbonate in diarrlioeal
and in diabetic acidosis or in cetonaemic vomiting of children. The chronic
iatrogenic forms result from the abuse of laxatives, the use and abuse of diuret-
ics, from abuse of bicarbonate in chronic vomiting.

Attention is actually focussed on cases of chronic renal wasting of potas-
sium due in a number of cases to primary or secondary aldosteronism.

Clinically, the salient features of potassium depletion are related to the
three types of muscle in the body, and to kidney function; damage to the
skeletal muscles causes an alarming weakness, even muscular paresis. Paresis
of the smooth muscles leads to abdominal distension, constipation, to intestinal
paralysis. Involvement of the heart muscle is manifested by hypotension, ECG
abnormalities, cardiac arrest being the greatest danger in this condition. The
leading manifestations of the nephropathy of potassium depletion [19] are
hyposthenuria and polyuria. Since in chronic cases the clinical picture is not
always easy to interpret, such patients are often transferred to the neurologist,
to the gastroenterologist or to the nephrologist before the discovery of lowplasma
potassium clarifies the situation.

Long-standing potassium deficiency results in anatomical lesions of the
myocardium and the kidneys. A frequent finding is secondary pyelonephritis
[20]. Since renal biopsies may clarify obscure cases of hypopotassaemia and
may establish nephropathy of pyelonephritis, this is the field of electrolyte
disorders in which collaboration of the clinician with the pathologist is of the
greatest practical importance.
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RENAL CHANGES AND JUXTAGLOMERULAR COMPLEX IN
DISTURBANCES OF SALT AND WATER METABOLISM

The primary function of the kidney is to maintain the fluid and electro-
lyte household, i.e. homeostasis. As the interaction of internal environment and
renal function is reciprocal, the disturbances of salt and water metabolism may
have the kidney as their place of origin and also the organ they affect. In the
present paper we shall not discuss the full range of these functional disorders
hut limit our inquiries to their most important forms and the morphological
changes they involve.

In regulating the water balance, a function which actually can hardly be
differentiated from the metabolic disorders of the dissolved electrolytes, the
kidney is playing a fundamental part. While physiologists are well aware of the
factors determining the quantity and concentration of urine, comparatively
little is known about the morphological changes and their sites within the
nephron. Obviously none of the early theories which regarded the nephron as a
straight tube, was able to explain the processes of dilution and concentration.
The countercurrent theory of concentration, which has by now gained general
acceptance, has taken into account the morphological fact that Henle’s loops
and the vasa recta traverse the pyramids in a hairpin form. Evidence in favour
of the countercurrent principle is also furnished by morphological examination.
So the contrast, visible under the electron microscope, between the poor
ultrastructure in the thin descending and the highly differentiated structure
in the thick ascending limbs of Henle’s loop seems to confirm the assumption
that active Na secretion in the ascending limb is an essential feature of the
mechanism. Models taking into account the vasa recta have recently replaced
the concept of the purely tubular pattern. Our observations by the use of a
trichrome dye have shown that the substance inside the vasa recta stains
differently in each medullar zone. The darkest staining was obtained, as a sign
of highest plasma protein concentration, in the apical portion of the papilla;
the diluted contents of the much wider vessels of the external medullary zone
hardly took the stain. All this agrees well with the biologically established
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fact that a much greater amount of dilute fluid is streaming across the efferent
medullary vessels and that in the vasa recta plasma protein concentration
increases as the degree of osmolarity in Henle’s loops and interstices increases
towards the pyramidal tip.

Tests by Ginetsinsky et al. exemplify the difficulties that arise from a
wrong interpretation of the morphological conditions. They have namely
claimed that the process of concentration was accompanied by apocrine
hyaluronidase secretion in the collecting tubules and this would depolymerize
the interstitial mucopolysaccharides and make the interstices, the reabsorbing
tubules and the vasa recta permeable to water and Na. But the pictures they
offered for supporting their hypothesis showed a different situation. What
appeared to them as collecting tubules in the state of concentration flattened
under the supposed effect of apocrine secretion, was on closer inspection clearly
identifiable as aflat endotheloid lining of epithelium in the thin descending limb
of Henle’s loops.

Tests by my associate I. bevenyi, to demonstrate the site of the
concentrating process in ADH-treated rats, have shown the most intense
activity to occur in the collecting channels where the number of mitoses in
the treated animals increased to 79.1, as compared to an average of 1.5 in the
controls.

Hydropic degeneration of epithelial cells in the proximal tubules, the
morphological equivalent to tubular disturbances of water metabolism, may be
induced by concentrated parenteral doses of hypertonic sugar or other solu-
tions. A11en claimed the kind of degeneration which he termed osmotic nephro-
sis, to he a process in which the high osmotic pressure of tubular fluid makes
water from the intertubular capillaries enter the epithelial cells. Nephrosis,
however, is a misnomer for this usually reversible process. Kief and Engel-
bart Used solutions at various concentrations and, subjecting the epithelial
cells in various points of time to electron microscopic examination, found
membranes from the brush border microvilli to demarcate pinocytotic vacuoles
which migrate from the lumen across the cytoplasm towards the cell base. They
moreover succeeded in demonstrating the dissolved substance itself inside the
vacuoles, furnishing evidence that acid phosphatase has a part in this apparent-
ly transccllular, yet essentially extracytoplasmatic transport. Although the
alteration was found to he reversible, yet, under conditions of excessive trans-
port, the cells are liable to degenerative changes, if not to necrosis. This hy-
dropic swelling should strictly be differentiated from the vacuolar degeneration,
although there is much confusion in the literature regarding this point. Relying
on the evidence of a large postmortem- and biopsy material, | can assert with
confidence that the two kinds of alteration in their pronounced forms never
present themselves at the same time and that vacuolar nephropathy is a histo-
logical sign of K depletion.
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Of the disturbances of salt metabolism we shall now discuss those which
involve substances which are secreted by the kidney and which lead to mor-
phological changes. Anomalies due to a shortage or superabundance of Na and
Cl make the morphological picture appear extremely meagre because the epi-
thelial cells of the renal tubuli afford in this respect a high degree of compen-
sation.

In the older literature there is frequent reference to renal changes fol-
lowing hypochloraemia. Buchner et al. had claimed that the occurrence of
tubular epithelial necrosis and calcification was due to loss of chlorine. Kerpeli-
Fronius in 1936 was the first to show that it was not the hypochloraemia but
the simultaneous dehydration that really matters. Examinations by Gomori
and Sarmai pointed at dehydration, a drop of the filtration pressure. Morpho-
logically, Gemsri and Romhanyi observed stasis in the renal cortex and the
occurrence of alkaline phosphatase which they proved, in connection with the
calcifying process, to emerge from the brush border and to liberate calcium from
the organic phosphates in the filtrate.

Long known and much studied are the renal changes associated with K
depletion. Characteristic of it in humans is the appearance of few, relatively
large and sharply demarcated vacuoles in the epithelium of the proximal
tubules, while in rabbits and rats experimental K depletion induces changes
mainly in the medulla. The epithelium of the collecting tubules present PAS
positive droplets, nuclear pyknosis, mitoses and the appearance of multinucleated
cells. The epithelial proliferation leads to partial obstruction and the tubules
in the internal medulla dilate. Under K shortage of brief duration, the acid
phosphatase and esterase activity in the epithelium of the collecting tubules
has been found to increase. The changes depend on the duration rather than the
intensity ofthe K depletion and are usually reversible in their clinical as well as
experimental forms, although in some grave chronic cases streaky scarring has
also been observed.

Of the disturbances of calcium metabolism, hypercalcaemia is the most
frequent type to affect the kidney. The process, properly termed nephrocalci-
nosis, is characterized by tricalcium phosphate deposits in the tubules, but
mainly in the interstilium. A classical example is seen in Recklinghausen’s
osteodystrophy. Here the parathormone superabundance inhibits tubular
phosphate reabsorption and leads to hypercalcaemia, whereby Ca is mobilized
from the skeleton and keeps the blood and urine Ca levels high. According to
electron microscopic evidence, the Ca deposits are not in the normal tissue
elements but always in those of deranged ultrastructure. Nephrocalcinosis
following hypercalcaemia had been observed in infants suffering from iatro-
genic D hypervitaminosis and plasmacellular pneumonia, and in adults in
association with plasmocytoma, osteoclastic tumour metastasis and often with
Boeck’s sarcoidosis. The development of nephrocalcinosis is hard to account
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for in connection with bronchial carcinoma, when it does not form bone
métastasés. Ca deposits in the kidney have been observed also in cases of
adrenal cortical insufficiency, thyreotoxicosis, furthermore poliomyelitis and
other paralytic diseases of the spinal cord. Similar alterations associate with
Burnett’s alkalosis syndrome in patients with ulcers who are treated with alkali
and a Ca-abundant milk diet. Less frequent is the condition described by
Christensen and known as D-vitamin resistent primary rickets with anincreased
phosphate and Ca excretion owing to the diminished capacity of the tubules to
reabsorb phosphate. In idiopathic liypercalcinuria (Lightwood, Albright), the
kidney is unable to produce acid urine and the calcium salts precipitate in the
medulla. Rathbun observed nephrocalcinosis with congenital alkaline phospha-
tase deficiency. Na urate, the end product of purine metabolism in the human
organism may also precipitate in the kidney, if uric acid formation is increased,
as with the uric acid infarcts of newborns, or in adults during the last phase of
pneumonia or under radiologic treatment of leukaemia. Gout is a further
condition associated with uric acid overproduction, i.e. a state of uricaciduria
in which rhomboid and needle crystals ofurate first precipitate in tbc medullary
tubules destroying their epithelium, later infiltrate the interstitiuin where they
may cause a variety of disturbances, ranging from reactive inflammation and
scarring to renal fibrosis.

A similar mechanism can be operative when calcium oxalate crystals
are formed in the kidney. The extreme endogenous form of this process, oxalo-
sis, develops independently of the diet; in this condition first hyperoxaluria
occurs, later with rosette or flabellate crystals are deposited in the kidney and
the bones. Inflammation, scars and renal atrophy have all been reported in
connection with oxalosis. A further condition is ethylene glycol poisoning; this
compound is oxidized in the organism into oxaloacetic acid and thus forms a Ca
oxalate precipitate in the kidney. A feature of ethylene glycol poisoning is a
vacuolar degeneration of the tubular epithelium, closely resembling the vacuo-
lar nephropathy characteristic of K depletion.

Brief mention should be made of the lesions due to disturbances of amino
acid metabolism. These are familial for the most part and present themselves
with disorders of the tubular reabsorption of certain amino acids, owing to the
absence or shortage of one or more enzymes. The most complex form, known as
the Debré de Toni —Fanconi syndrome, consists of infantile glycosuria and
hypophosphataemic rickets, associated with dwarfism. Cray and Darmady
have shown the syndrome to be characterized morphologically by the swan-
neck-lesion, presenting a shorter and imperfect development of the proximal
tubule, with a very thin initial portion and flattened endotheloid lining, and a
dilated distal portion. Some authors called attention to the lack of phosphatase
in the underdeveloped tubules. Others distinguished the syndrome from
cystinosis in which hexagonal cystine crystals precipitate in the interstitium
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without giving rise to an inflammatory reaction. Increased excretion of other
amino acids may also occur in familial cystinuria, the principal symptom of
which is the development of cystine calculi in the urinary system.

Next, | will deal with the juxtaglomerular (JG) complex, meaning the
entity of structural elements which are constantly present in the vascular pole
of the glomeruli. Functionally, the complex is closely related to the activity
of the kidney as an osmotic and volume regulator, although the mode of inter-
action between the several components is still far from being fully elucidated.
This part of my report is based on the results achieved in our Institute in
the last 6 years.

Included as belonging to the JG complex are the pre- and post-glomeru-
lar arterioles, and the wedge-shaped area they enclose which contains the
group of small cells called Goormaghtigh’s organ, notv commonly called lacis
furthermore the vascular pole of the distal convoluted tubule, the macula
densa, called so because it presents a denser agglomeration of epithelial cells
with dark nuclei. The mostly studied elements of the complex are the smooth
muscle cells in the wall of the afferent arteriole; these are in a state of epi-
theloid transformation and present a higher or lower number of vividly stain-
ing granules in the cytoplasm. The granular cells identifiable in the kidneys
of many vertebrates have been regarded since Goormaghtigh as the organ’s
endocrine elements and the general view today is that they release renin, the
substance that accounts for the blood pressure increasing function of the
kidney. We used our own trichrome stain for demonstrating the granules and
availed ourselves of the Hartroft and Hartroft index to determine their quan-
tity. However, the index only gives a semiquantitative value for the cell group
frequency and the intensity of granulation, which it expresses in percentage of
the number of examined glomeruli. In our experiments we examined an
average of 900 glomeruli per rat. Indices computed on the basis of 100 to 200
glomeruli are not reliable.

The joint occurrence of granules, myofibrils and various transitory forms
has furnished electron microscopic evidence for the smooth muscle origin of the
studied cells. The formation of granules, according to these findings, is a real
secretory process, with the Golgi region and the endoplasmic reticulum involved
in it.

In most animals granular cells appear only after birth. In albino rats
they appear during the second week of extrauterine life and attain the charac-
teristic value for a full-grown animal by the end of the second month. When
grafts void of JGC were taken from the renal cortex of rat embryos and trans-
planted under homologous conditions into the subcutis, we observed the for-
mation of numerous granulated cells, while all other tissue elements perished.
Our conclusion was that in the cells of preglomerular arterioles the potential
capacity to form granules must be present during embryonal life and that
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this capacity must manifest itself later even under the abnormal condi-
tions of a graft. Asto phylogenesis, the view was long maintained that JG cells
are absent from the renal arterioles of salt-water fish (with the implied negation
of these cells being responsible for renin production), until Bohle in 1964
demonstrated JG cells, located in glomerular and even in non-glomerular
kidneys of various salt-water species. Examinations with our trichrome stain
combined with chromium acid and periodic acid preoxidation, revealed fine
granular cells in the renal artery wall of the salt-water fish Pleuronectes flesus
and of fresh-water carp.

More detailed inquires into the histochemistry of JGC, after Harada’s pi-
oneer work which comprised many errors, were mainly conducted by my asso-
ciate Sz. Gomba, who claims that the granules consist of protein and carbo-
hydrate components and contain no lipoid. The carbohydrate component is
made up of neutral glycoprotein. The protein component abounds in tyrosine,
tryptophane and histidine. Adrenaline, noradrenaline and serotonine were
unidentifiable histochemically in the granules. The JG cells in rats and mice
present a moderate acid phosphatase activity but, in distinction to the smooth
muscle cells of other arterioles, they are void of ATPase. Hess and Pearse
found the granular cells to abound in mitochondrial G-1-PD and the macula
densa in G-6-PD. The parallel course of the two enzyme activities seemed to
confirm the view concerning the functional unity of JGC and macula densa.
Freezing the kidney tissue before fixation to below 10 C, with subse-
quent thawing, renders the granulesunidentifiable by staining, probably because
the treatment destroys the lipoprotein membranes. Thus care is needed when
estimating the histochcmical reactions of freezing and thawing kidney tissue;
Gomba and other authors devoted separate studies to the vital staining prop-
erties of the granules. The selective colour reactions of the granules to neutral
red, cresyl blue, Nile blue sulphate, and acridine orange seem to be attributable
to the physical binding of these dyes.

The specific fluorescence of granules observed by Edelmain and Hart-
roft in sections treated with fluorescein-labelled antirenin serum allows the
inference that those granules correspond to renin or its precursor. It remains to
be cleared whether renin is present in the renal cortex independently of the
granules. In our experiments pressor activity, this generally accepted
indicator of renin was practically identical in the granule-free kidneys of rat
embryos, the kidneys of full-grown rats and in JGC rich mouse kidney extracts.
These findings apparently contradict the existence of a direct proportion be-
tween the JGC count and the degree of pressor activity. A possible alternative
would be that non-granulated types of kidney tissue also contain renin or some
other kind of pressor substance. The presence of isorenin — a substance of
similar effect — Teas demonstrated by Werlte in the salivary gland and by
Gould in the vascular walls of mice.
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Accepting the ,]JGC, as the source of renin, the exact site of production
still remains doubtful. Hartroft et al.,, Tobian et al. and many other authors
including ourselves, claim renin to be a product of the modified muscle cells.
Bing et al. regard the macula densa as the primary site of renin formation,
assigning to the granular cells the function only of taking up, storing and
discharging the substance into the blood current. In our experiments, on the
other hand, there was no macula densa to perform any function, and granulated
cells still made their appearance in the transplanted kidney tissue, although
there was no enzyme reaction and extensive destruction presented itself in the
tubules — all this seeming to indicate that the JG cells are the primary site of
granule production. Examinations by Gomba have placed beyond doubt the
pressor activity, i.e. the renin producing function, of such transplantétes.

Much disputed in connection with the JG complex is also the stimulus
that releases the secretory function. There is a view, supported mainly by
Dunihue, also by Hartroft, that inproportion as the serum Na or mineralo-
corticoid level falls — e.g. as a result of adrenalectomy — so do the granules
multiply, and vice versa as these levels rise, so do the granules decrease in
number. This chemical theory contrasts with Tobian’s experimental results
which indicate, in agreement with ours, that the granule count varies inversely
with blood pressure in the afferent arterioles. If this assumption of a mechanical
stimulus proves true, then it would be proper to describe the JG cells as struc-
tures corresponding to baroreceptors — or stretch receptors, as Tobian called
them — located in the renal vessel walls.

W hen repeating our experiments on larger material, we were unable to
confirm the finding that destruction of the anterior hypothalamus would
increase the granule count. Neither did we notice any change in the granula-
tion index under the effect of drugs affecting the sympathetic and parasym -
pathetic nerves or the smooth vessel musculature. Nevertheless the possibility
can not be excluded that the nervous system exerst some influence on the JGC
function. This, at least, seems to appear from the electron microscopic studies
of Barajas who described a rich network of medullary unmyelinated fibres
among the lacis cells, in close contact with the ordinary and the granular
smooth muscle cells. These assumptions do not necessarily exclude one another
and might perhaps be brought to a common denominator, the consideration
being that rises in the Na and mineralocorticoid levels alike involve an expan-
sion of the intravascular space and thus result in degranulation, owing to a
stretching of the arterioles. According to Tobian, the extra-and intracellular
Na gradients in the muscular layer of the renal arterioles would in final
analysis condition the secretion of renin.

The question whether an increased granule count really involved an
increased secretion had been long disputed because with other glands the situ-
ation was just the opposite. The finding that higher granule production went

icta Morphologica Academiae Scienliarum Hungaricae 14. 1966



314 ABSTRACTS

together with intensified secretory activity was not a surprise for the investi-
gators, including ourselves, considering that modified muscle cells, and not
gland cells differentiated to perform a secretory function, were the object they
had studied. Gross, too, established a parallelism between the amount of renin
the kidney contains and the amount it secretes.

More important than all this is to discover the way how renin works
within the organism. Produced in the JG complex, renin acts as an enzyme,
turning the plasma angiotensinogen into active angiotensin, the most effi-
cient pressor substance known. The remarkable thing is that angiotensin in the
kidney decomposes thousand times as fast as in other organs orin plasma. Thus
renin and the destroying agent of its product — angiotensinase — are not only
presenttogetherinthe kidney, but are present atthe highestconcentration. Many
authors ascribe a role to the renin-angiotensin system mainly in blood pressure
regulation and in the development of hypertension. Following the experiments
by Davis and associates, furthermore by Genest and his team, the renin-
activated angiotensin has been held to be the trophormone of the zona glo-
merulosa and thus to act as a regulator of aldosterone production and, through
it, also of Na metabolism. If this is the case, there must he a correlation be-
tween the functions of the JGC and the zona glomerulosa, and of course also
between their structures.

Questions of interdependence between the zona glomerulosa and aldoste-
rone production do not concern us here in detail. Neither shall I discuss the role
that the JGC system is assumed to play in the development of hypertension. I'n
the light of recent results it seems more and more likely that renin acts on blood
pressure not primarily but in some indirect way. Nevertheless, an analysis of
some cases we shall discuss in a separate paper, seems to indicate that a patho-
logic constriction of the renal artery may sometimes induce JGC hyperactiv-
ity, leading through increased aldosterone production to grave forms of elec-
trolyte disorder and hypertension (secondary aldosteronism).

It adds to the difficulty of discovering the action mechanism, that renin
from the JG complex and the angiotensin activated by it, exert effects which
vary from one species to the other and differ even in normotensive and hyper-
tensive human subjects. Hartroft’s antirenin serum administered to Na-
deficient dogs inhibited the previously increased tubular Na reabsorption with-
out affecting diuresis, K excretion and serum electrolyte concentration. Ac-
cording to Fasciolo, under physiological conditions renin acts solely on the
kidney but in emergency states such as renal ischaemia the greatly in-
creased renin production is likely to influence the entire organism.

Considering Bartter’s hypothesis in relation to the connection of hyper-
volaemia and aldosterone secretion; furthermore Tobian’s and our group’s
conceptions concerning the connection between the stretching of the arteriolar
wall and the granulation of JG cells, we may outline the following hypothesis.
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If the stretch at the receptor site is diminished, the granulation of JG cells
increases, more renin is produced and more angiotensin is activated. As a result
more aldosterone is produced by the zona glomerulosa, which leads to sodium
retention and an increase of plasma volume. The increased plasma volume
exerts an increased stretch upon the arteriolar wall, consequently the granula-
tion of JG cells diminishes and the process outlined above takes place inversely.

Leyssac’s examinations of the kidney in vivo combined with micro-
puncture tests showed that angiotensin exerts an influence on sodium and water
metabolism by diminishing tubular sodium reabsorption. According to Thu-
rau’s important experiments there is an inverse relation between sodium con-
tent of the macula densa region and the GFR; this mechanism would regulate
the RBF, GFR and tubular sodium load, respectively.

Thus, the JG cells may be considered chemoreceptors or stretch-recep-
tors, but at the same time secretory elements, and by the production of renin

they play an important role in the regulation of sodium and water metab-
olism.

K. Kovacs

(First Department of Medicine, University Medical School, Szeged)

THE ROLE OF THE ADRENAL CORTEX IN THE
REGULATION OF FLUID AND ELECTROLYTE BALANCE*

The adrenal cortex has a decisive role in the maintenance ofelectrolyte and
water balance. Although the homeostasis is influenced by glycocorticoids, their
importance is secondary as compared to that of aldosterone. The site of action
ofaldosterone is the renal tubule, where it causes sodium retention and enhances
the excretion of potassium. The regulation of aldosterone secretion is a m atter
of dispute. It has been suggested that the pituitary, hypothalamus, eventually
the pineal body are involved in the control of adrenal aldosterone production.
Data concerning the problem of regulation are, however, contradictory. Great
importance is being attached to the kidneys in the regulation of aldosterone
secretion. Receptors in the kidney, susceptible to changes in the pressure and
ionic composition of the blood, enhance the production of renin in case of
hyponatraemia or hypovolaemia. Renin stimulates the formation of angio-
tensin which in turn leads to augmented production of aldosterone.

Diseases of the adrenal cortex are generally associated with disturbances
of electrolyte and water metabolism. Sodium depletion and hyperpotassacmia
are well-known symptoms in Addison’s disease. lIsolated hypoaldosteronism is
characterized by significant alterations in electrolyte and water metabolism.
Enzyme defects in the adrenal cortex giv e rise to salt losing syndrome. Cushing’s

* Paper will be published later.

Acta IMorphologira Aradéiniae Scientiarum Hungarirae 14. 1966



316 ABSTRACTS

syndrome is often accompanied by disturbances in salt and fluid equilibrium.
The most pronounced defects in water and electrolyte metabolism are usually
observed in primary and secondary hyperaldosteronism. Primary hyperaldo-
steronism or Conn’ssyndrome is a pathological entity, while secondary aldostero-
nism may accompany a variety of diseases: cardiac failure, hepatic cirrhosis, the
nephrotic syndrome, etc. Pathological aspects of hyperaldosteronism have
been discussed.

D. Bara

(Institute of Pathology, University Medical School, Szeged)

HISTOPHYSIOLOGY OF THE ANTIDIURETIC CENTRES*

It has long been known that the supraoptico-neurohypophysial apparatus
plays a decisive role in the maintenance of water balance. The antidiuretic
hormone was first thought to he secreted by the pituicytes of the pars nervosa
hypophyseos, the activity of the latter being regulated by the supraoptic
nucleus (Ransojn et ah, 1938 39). Subsequent morphological investigations
carried out after the revival of the neurosecretion principle (Scharrer, 1928;
Bargmann, 1949) made it clearthat the neurohypophysial hormones were pro-
duced in the ganglion cells of the supraoptic and paraventricular nuclei, gained
access to the posterior pituitary by means of the azoplasmic stream and were
stored there, whereas the presumable function of the pituicytes was to pass the
hormones into the circulation. These discoveries threw a new light on the
existing notions regarding the neurohypophysis and the pathogenesis of
diabetes insipidus, and encouraged investigations concerning the so-called
hypophysiotropic substances.

In accordance with its secretory and storing functions, the anterior
hypothalamo-neurohypophysial system responds to lesions with special
histological reactions, is provided with a particular blood supply and has a
special enzymatic pattern. While both SH and S—S groups are demonstrable
in the protein ofthe ganglion cells, only S—S groups have been observed in the
neurophypophysis; tagged thioamino acids were found to be incorporated in the
central part of the system.

It was suggested at the 1951 Pathological Congress that the histologi-
cally demonstrable neurosecretion might represent glycolipoprotein (Bach-
rach et ah), anotion arrived at by Scribbler (1951) as well. After the chemical
structure of the so-called neurohypophysial hormones had been elucidated
(DuVigneaud et ah, 1953) it was found by several investigators that carbo-
hydrates and lipids were not permanent components and that the protein
fraction was decisive so that the secretion of the supraoptico-neurohypophysial

* Paper will be published later.
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system represented the hormones themselves and not only some hormone-
carrying substance (Stoper, 1955; Howe, Pearse, 1956). The results of recent
investigations allow a combination of the two concepts: it seems that the
proteinaceous secretion of the ganglion cells is first bound to carbohydrates
and lipids which then become detached (Bara, B. Szabo).

The neurones of the supraoptic and paraventricular nuclei are particu-
larly suitable for histophysiological investigations: one is dealing with well-
circumscribed magnocellular nuclei whose activity is indicated by secretion;
the neurones respond to adequate stimulation (dehydration) intensively, while
their other activities — save the secretion of oxytocin — seem to he negligible.
Information regarding the functional condition of the neurones is supplied not
only by the classical methods (Gomori’s chrome-alum haematoxylin and alde-
hvde-fuchsin staining) but also by the histochemical demonstration of SH and
S—S groups (i.e. the sulphur-containing amino acids of the proteins), further
by other indications ofprotein synthesis (interproportion of cellular components,
amount of BNA) as well as by enzymatic-histochemical and electron-micro-
scopic observations.

By following the various phases of dehydration and rehydration in white
rats, the functional cycle of the neurones has been drawn up. Findings made
in this connection may serve as a guide to further histological conclusions
concerning the functioning of other — non-neurosecretory — ganglion cells.

Finally, some recent results concerning the role of the epiphysio-epitha-
lamic system in the maintenance of salt and water balance is discussed.

J. Balé

(First Institute of Pathology and Experimental Cancer Research,
University Medical School, Budapest)

Consequences of the Disturbed Acid-Base Balance

Disorders of the acid-base balance may give rise to various morbid changes in the human
organism. On the basis of his studies of ammonia poisoning in humans and experimental animals
Fazekas established that ammonium hydroxide, despite its alkaline nature, is apt to induce
severe acidosis and lipaemia. Examinations at that time in the forensic and pathologic insti-
tutes of Szeged have shown that ammonium acidosis destroys the clastic fibres of the arte-
ries and mobilizes fat.

Haldane stated ammonium chloride to lead to a similar state but subsequent studies
have made it evident that the mechanism of severe acidosis is different. Postacidification of
the blood has shown that a destruction of red cells by ammonia is responsible for the
acidosis. Tests by Fazekas in 1939 demonstrated that adrenal hypertrophy is one of the var-
ious consequences of acidosis.

A few recently discovered facts are quoted, referring to disorders of the acid-base
balance.
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J. Sugar
(Research Institute of Oncopathology, Budapest)

Changes in Water Content and in Solid Concentration of Cells Measured by
Interference Microscopy and Microcinematography

The refractive indices of various biological material such as cell cytoplasm can be
measured with high degree of accuracy. From such a refractive index measurement cyto-
plasmic solid concentration and water content may be determined. The total dry mass of
most cells is accounted for by the protein components. By the effect of cytotoxic agents(traga-
canth, mustard derivatives, Yincaleucoblastine) the dry mass may be altered withont any
perceivable change in the solid concentration.

Changes of cellular solid concentration were followed by colour interference micro-
scopic cinematography in tissue culture (HeLa cells). It has been established that Yincaleuco-
blastine induces an increase in the solid concentration.

K. Jobst, M. Kellermayer

(Institute of Pathology, University Medical School, Pécs)

The Effect of Electrolytes on Dry Weight and Microstructure
of Cell Nuclei

Resting cell nuclei show double refraction after treatment with trypsin or salts. In the
present experiments, the effect of different salt concentrations has been studied on the dry
content, nucleic acid and protein content of the thymic lymphocytes isolated in sucrose. The
dry content was determined by interference microscopy, while the amount of nucleic acid and
proteins was established by the cytophotometric method, after staining with gallocyanin-
chrome alum and fast green, respectively. Changes in cell microstructure were followed by
polarization microscopy, using anisotropic toluidine blue staining.

In a medium with low ionic concentration, development of nuclear anisotropy runs
parallel with the increase in surface, while dry weight and total protein decrease and nucleic
acid content do not alter significantly. Nuclear anisotropy is assumed to be due to changes in
the linkage between protein and nucleic acid.

F. Tompa, F. Palos, T. Somkauti

(Szamuelly Tuberculosis Sanatorium, Budapest)

Fluid, Electrolyte, and Protein Balance in 200 Cases of Major
Thoracic Surgery

The paper has dealt with some practical aspects of controlling fluid and electrolyte
household in patients undergoing major thoracic surgery. Experience concerning treatment of
impaired balance and measures applied in the department are discussed. Emphasis is layed
upon the special problems arising at pulmonary surgery. Disturbances of protein household,
common when treating tuberculotic cavities by the open method, are also discussed.

L. Kiraly, Gy. Goréacz

(Department of Pathology, P4l Heim Children’s Hospital, Budapest)

Pathological Aspects of Electrolyte Therapy

A survey of post-mortem findings and histologic studies in infants and children display-
ing electrolyte disturbances suggests that it is the general condition rather than the basic
disease which determines the severity and course of the process. The organic changes develop-
ing during electrolyte therapy are discussed.
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A. Haraszti, L. Torok

(Department of Pathology, County Hospital, Eger)

Potassium Content of the Liver in Acute Circulatory Failure
and Secondary Shock

Potassium content of the liver has been studied in necropsy material. In most cases,
shock was accompanied by diminished potassium contents in the liver. Histological examination
revealed in most of the potassium-depleted livers signs of structural lesions variable both in form
and extension. The histological finding was in more or less satisfactory correlation with the a-
inount of potassium found in the liver. No correlation, however, could he demonstrated between
hepatic and serum potassium. Determination of hepatic potassium content appears to be a
valuable method supplementing the routine histological study.

A. Sardy

(Central Research Institute for Physics, Budapest)

Activation Analysis: a Sensitive, Rapid, and Reliable Method for the
Study of Salt Metabolism

Activation analysis is growing continuously in importance as a method suitable for the
study of mineral exchange in biological materials, thus of the electrolyte household of the
human organism. Principally, the method is based on the exposure of the sample to radiation
capable of inducing a nuclear reaction (usually neutron radiation); from the activity thus
induced, the original constituents of the sample can be established. The main advantage of
the method lies in its sensitivity which exceeds by several orders of magnitude that of any
other method (10~9to 10~129g). The method is equally reliable in the case of very low concen-
trations, since contamination of the reagents does not interfere with the results. It is suitable
for the study of quite small amounts of material such as needle biopsy samples. Matrix
elements (carbon, hydrogen, oxygen, nitrogen) are not activated. In addition, the method is
simple, there is often no destruction of the biological material, the procedure is rapid and
can easily be automatized which always means reduction of costs. In contrast to the isotope
methods, it is suitable for studying conditions of equilibrium, and as the material is activated
after it has been removed from the organism, no radiation injury occurs. Sources of activating
radiation may be not only reactors, but also neutron generators and other accelerator devices.

Sodium can he estimated with quick neutrons in 30 sec. With slow neutrons, the sensi-
tivity of the method is at the 3 ~g level; which can be determined together with 0.5 /<g of
potassium in an aliquot of 1 //1, separated without any destruction from a sample of 10 (/.
The sensitivity of the method with regard to sodium, potassium and phoshorus attains
10-10, 10-9, and 10~10 g, respectively. Calcium and magnesium can be determined in
quantities amounting to a few //g, within 20 min. Chlorine, sulphur and iodine can be estimated
in amounts of 10-9, 10-6 and 10~9 g, respectively. The method of activation analysis allows
the quantitative determination of some further biologically important elements.

K. Lapis, |. Benedeczky, G. Szilagyi

(Section of Pathology, Postgraduate Medical School. Budapest)

Ultrastructure and Function of the Various Cells of Human
Parathyroid Adenoma

The electron-microscopic identification of cell types seen in the parathyroid under the
light microscope is still problematic and the correlation between functional activity and mor-
phological picture is not fully elucidated either in the normal gland or in parathyroid adenoma.

The morphology of mixed-cell adenomas has been studied under the light and the elec-
tron microscope. It was possible to identify under the electron microscope the main, oxi-
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philic and the so-called transitional water-clear cells, while attempts to recognize typical
water-clear cells under the electron microscope have failed.

Clinically confirmed extreme hyperfunction (serum Ca 14 to 16 mg per 100 ml) of the
examined adenomas was accompanied by the predominance of bright cells which showed
signs of secretory activity (numerous secretory granules, abundant endoplasmic reticulum
of coarse surface, presence of Golgi apparatus). It seems, therefore, that earlier notions regard-
ing the inactivity of these cells (R 6th, 1962) have to be corrected. It is suggested that the dark
cells containing many secretory granules should be regarded as glandular storage cells, rarely
present in mixed-cell adenomas.

Aranka Laszlé, Edit Kocsardi, D. Bara

(Institute of Pathology, University Medical School, Szeged)

The Feed-Back Regulation of Antidiuretic Hormone

Most authors believe that the blood ADH level does not affect the secretion and release
of ADH. It is known, on the other hand, that the effect of ADH is more pronounced if the
hormone is injected into the ventricle orintranasally than following parenteral administration.
Thus, nervous structures seem to be involved in its action. According to the classical and often
cited observations of Biggart, resistance to hormonal treatment in diabetes insipidus develops
when the lesion destroying the supraoptico-hypophyseal tract has reached the tuberal hypo-
thalamic nuclei.

In the present study it has been investigated whether electrolytic lesions in the middle,
posterior or lateral area of the hypothalamus interfere with the inhibition of water diuresis
by posterior pituitary extract in hydrated albino rats. According to preliminary observations,
such lesions do not impair the neurosecretory function of the hypothalamus. The observed
antidiuretic response was normal in most animals. Thus, Biggart’s hypothesis has not been
confirmed by the present experiments.

J. Skaliczki, D. Bara

(Institute of Pathology, University Medical School, Szeged)

Enzym and Histochemistry of the Anterior Hypothalamus
and the Pituitary

Phosphatase, succinic dehydrogenase and diaphorase activity has been examined in
the magnocellular nuclei of the anterior hypothalamus and the pituitary gland of white
rats. The ganglion cells of the supraoptic and paraventricular nuclei showed pronounced acid
phosphatase and DPNH-diaphorase, further less marked succinic dehydrogenase and TPNH-
diaphorase activity. Only the capillary network gave a positive reaction with alkaline
phosphatase, the reaction of the ganglion cells was negative. But for succinic dehydro-
genase, enzymatic activity was considerably less pronounced in the neurohypophysis than in
cerebral nuclei. DPNH- and TPNH-diaphorase reaction appeared to be more intensive in the
cells of the intermediate lobe than in those of the adenohypophysis. Acid-phosphatase and
TPNH-diaphorase activity was notably increased in the anterior hypothalamic nuclei of
animals made antidiuretically hyperactive by dehydration. On the other hand, the activity
of succinic dehydrogenase and DPNH-diaphorase showed no perceptible increase, and did even
decrease in certain cases.
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Sara Koritsanszky

(Institute of Histology and Embryology, University Medical School, Budapest)

Number and Arrangement of Gomori-Positive Glia Cells and their
Relations to Secretory and Non-Secretory Nerve Cells
in Invertebrates

The central nervous system of both the vertebrates and the invertebrates contains
numerous Gomori-positive glia cells. While age-conditioned changes in the glia cells of rats
were described in an earlier communication, the present experiments had the purpose to
compare the system of glia cells in different species of the genus Lumbricus and also the rela-
tions of these cells to secretory and non-secretory nerve cells. Gomori-positive glia cells were
found in characteristic arrangement; they were encountered around both secretory and motor
neurones, especially around the cytoplasm and the axon. The number of Gomori-positive glia
cells varied according to species: it was high in some, moderate in other species, while no such
cells were found in a third category. Topographical differences are presumably due to differ-
ences in metabolism, while species differences may have oecological reasons.

P. Lantos, D. Bara

(Institute of Pathology, University Medical School, Szeged)

Rare Tumours in the Hypothalamo-Hypophysial System

The results of two postmortem examinations are described.

1. Highly placed choristoma of the hypophysial stalk was encountered as an accidental
finding at the autopsy of a 62-year old female. The neurosecretory fibres of the supraoptico-
hypophysial tract were swollen in certain parts of the choristoma, and the stalk showed
moderate storage of secretion. No diabetes insipidus had developed because part of the fibres
of the tract had been able to pass between the tumour cells into the neurohypophysis, and the
area of the median eminentia also remained intact. There were no signs pointing to disorders
of adenohypophysial activity.

2. Postmortem examination of a female, aged 40, revealed — in connection with a
moderate degree of Recklinghausen’s disease — a neurofibroma which occupied the greatest
part of the adenohypophysis and a dedifferentiated spongioblastoma which had destroyed
the entire hypothalamus. The patient had had amenorrhoea six, and diabetes insipidus
four, months prior to death. The diabetes had improved in the terminal phase.

G. Goréacz, P. Baranyai

(Department of Pathology, P&l Heim Children’s Hospital, Budapest)

Electrolytes in Experimental Myocardial Necrosis

The necrosis-inhibitory effect of certain electrolytes has been studied in rats subjected
to treatment inducing myocardial necrosis. Histological and biochemical studies were performed
to establish whether the loss of ions was the initial process of muscular necrosis or else a secon-
dary phenomenon accompanying the disintegration of tissues.
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Maria Keller, D. Tanka

(Department of Pathology, National Institute for Rheumatology and Balneology, Budapest)

Enzyme Activity in the Parenchymal Organs of the Rat Kept on
Hypo- and Hyperpotassaemic Diets

The connection between electrolyte household and the various enzymatic systems has
so far received poor attention.

The present study has been devoted to the changes evoked by hypo- and hyperpotassae-
mic conditions in the activity of enzymes in the parenchymal organs; for this purpose experi-
ments were performed in rats. Hyper- and hypopotassaemic conditions were induced by
appropriate diets. Observations were carried out between the first and fifteenth days after
starting the diet. Changes in the morphology of the parenchymal organs were followed by the
usual methods; enzyme activity in these organs was detected by biochemical and histochemical
techniques.

The oxido-reductase system showed considerable impairment as early as 24 hours
after starting both the hypo- and hyperpotassaemic diets; the latter appeared more effective
in this respect. Hydrolase activity showed less marked changes.

The initial depression was followed in some of the organs by an increase of enzyme activ-
ity. For instance, in hypopotassaemic conditions acid phosphatase in liver and kidney, and
succino-dehydrogenase in cardiac muscle showed increased activity on the 6th to 8th days.
In the spleen, carboxyl esterase activity increased, and large amounts of haemosiderin pigment
could be found, indicating enhanced destruction of erythrocytes.

Regeneration capacity after an initial rise seemed to diminish in the subsequent period
of observation and a further deterioration of the enzymatic pattern of the various organs
could be observed.

l. Toré

(Institute of Histology and Embryology, University Medical School, Budapest)

Nuclei and Mitochondria of Thymus Cells

Electron microscopic examination revealed peculiar phenomena on the nuclear mito-
chondrial and cell membranes of the rat and guinea pig thymus. The mitochondrial changes
are suggested to be connected with immunobiologie changes at birth, the formation of nuclear
vacuoles with nucleic acid synthesis accompanying thymocyte production, and the presence
of cytoplasmic bridges with information transfer.

B. Bukulya, I. Okrés, I. Toré

(Department of Morphology, Institute of Experimental Medicine, Hungarian
Academy of Sciences, Budapest)

Submicroscopic  Structure of the Thymus in 18 to 21-Day-
Old Rat Embryos

In addition to variously matured thymocytes, the subcapsular zone of the thymus
of 18 to 21-day-old rat embryos contains many “undifferentiated” ovoid epithelial cells, with
comparatively few cytoplasmic ribosomes, smooth-surfaced endoplasmic reticulum, and
cristate mitochondria. Their ovoid nucleus is poor in chromatin, which is evenly distributed
and granular.

The cortex consists mainly of thymic “units” composed of a central reticular cell and
thymocytes surronding it. The most characteristic “units” were encountered near the
cortico-medullary boundary in 18-day embryos. In older embryos, different interposing cell
types shatter the “unit”.

Apart from a limited number of thymocytes, the medulla contains three types of
reticular cells readily distinguishable against their background.

It is suggested that thymocytes derive from “undifferentiated” epithelial cells in the
subcapsular zone and probably continue to mature in the thymic “units” of the cortex.
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The medulla contains, apart from a limited number of thymocytes, three kinds of well
distinguishable reticular cells. The long processes of the dark cells often form networks or are
arranged around vessels.

It is suggested that thymocytes derive from undifferentiated epithelial cells in the
subcapsular zone and undergo a process of ripening in the thymic units of the cortex.

E. Bacsy, I. Okros, D. Szabd, G. Rappay

(Department of Morphology, Institute of Experimental Medicine, Hungarian Academy of
Sciences, Budapest)

Ultrastructural Changes in the Rat Thymus Following Exposure
to X-Rays

By means of electron microscopy, rats exposed to a sublethal dose of x-rays have
been studied 4, 24, 96, 168, and 264 hours after irradiation for changes in the thymus and
the localization of acid phosphatase activity.

While most of the mature thymocytes were destroyed within a day, many reticular
cells remained intact. The degenerated cells were phagocytosed, and this process was accom-
panied by increasing acid phosphatase activity. Regeneration was indicated by the increase
in the number of cell divisions. In the cytoplasm of some reticular cells comparatively large
vesicles were seen, mostly some time after irradiation, which were apparently unrelated
to endocytotic activity.

P. Miiller

(Institute of Pathology, Friedrich Schiller University, Jena)

Pathogenesis of Hepatic Eclampsia

On the basis of post-mortem findings in numerous cases of perinatal maternal death
and of the results of animal experiments, some new points are raised in connection with the
pathogenesis of toxaemic liver injury. The condition is ascribed to embolization of thrombo-
plastic substances (amniotic fluid, retroplacental haematoma) across an uteroportal by-pass
circulation.

1. David

(Institute of Pathology, Humboldt University, Berlin)

Changes in Kupffer’s Cells Due to Actinomycin

Actinomycin interferes with RNA synthesis by combining with guanine and so counter-
acting the effect of RNA-polymerase. This property of actinomycin has repeatedly been de-
monstrated in numerous kinds of cells (including liver cells) both in vivo and in vitro.

Mice and rats were treated intraperitoneally with 0.5 to 1fig of actinomycin C (Sanamy-
cin, BAYER) or actinomycin D (Cosmegen, MERCK), and killed 3 to 48 hours later.

Apart from the repeatedly described changes in the parenchymal cells, changes of
kupffer’s cells dominated the picture in numerous cases. These cells were diffusely swollen,
markedly enlarged and contained large vacuoles. The nuclei displayed bizarre shapes and were
pushed towards the periphery. Most organelles were destroyed. The appearance of cytolysomes,
sometimes larger than the nuclei, was observed. They contained homogeneous osmiophilic
matter as well as filiform and crystalloid structures separated from the surrounding vacuolar
cytoplasm by a simple membrane. The cytolysomes were presumably phagocyted cells.

The swelling of Kupffer’s cells obstructed the sinusoids partially or entirely at numerous
points and so induced a decrease of blood supply and hypoxia in the adjacent parenchymal
cells. This phenomenon may be of considerable significance when the effects of actinomycin
are examined in vivo and also when hepatic injury is observed following treatment with the
antibiotic.

8 Acta Morphologien Acadeiniae Scientiariim Uungaricae 14. /986



324 ABSTRACTS

B. Szende, J. Juhasz, G. Kendrey

(First Institute of Pathology and Experimental Cancer Research,
University Medical School, Budapest)

Effect of Chronic Isoniazid Treatment on the Liver of White Rats

There exist several reports on experimental and clinical observations on hepatic injury
caused by isonicotinic acid hydrazide (INH). Therefore, the effect of chronic INH treatment
on the parenchymatous organs of white rats has been studied. Seventy animals of both sexes,
kept on a standard diet, were treated with oral doses of 100 mg/kg daily. The rats died between
the 70th and the 700th day of treatment. Microscopic examination revealed the following alter-
ations 1. Fatty degeneration of various degrees. 2. Focal hepatic necrosis and consequential
cellular reaction. 3. Variations in the size of liver cell nuclei and increase of the number of
multinuclear hepatic cells.

These phenomena were encountered in the majority of the animals; the changes
became more frequent and severe towards the end of the experiment.

In four animals, died in the last phase of the experiment, there were tumours
originating from the cells of the hepatic parenchyma. The morphological features of the tumours
are described.

G. Kendrey, J. Juhasz, B. Szende

(First Institute of Pathology and Experimental Cancer Research,
University Medical School, Budapest)

Ultrastructural Changes in the Rat Liver Following Isoniazid (INH)
Treatment

White rats of both sexes, kept on a standard synthetic diet, were treated orally with
100 mg/kg of INH daily for nearly two years. The ultrastructural phenomena observed in the
liver cells and the hepatocellular tumours during the later phase of the treatment are reported.

Changes were most pronounced in the endoplasmic reticulum and the mitochondria.
The rough surfaced endoplasmic reticulum was disorganized in most liver cells; many cisterns
were distended, and partial degranulation of the membranes could be observed. Vesicular
transformation of this system along with the disappearance of ribosomes was frequent. The
membranes of the smooth surfaced endoplasmic reticulum forming vesicles and tubules were
accumulated in larger and smaller foci; the glycogen had disapperaed. The mitochondria
showed signs of regressive changes; abnormal enlargement with decrease of the density of
the matrix and loss of the cristate were prominent alterations. Large numbers of osmophilic
granules were matrices frequently observed in Golgi apparatus.

Giant mitochondria of varying shapes with serious degenerativ changes were frequently
seen in the hepatocellular tumours. Most tumour cells included an extreme accumulation
of smooth membranes which correspond the cytoplasmic acidophilic areas seen under the light
microscope. These membranes showed a concentric or lamellar arrangement in some cells. In
other tumour cells well developed rough surfaced endoplasmic reticulum and large numbers
of free ribosomes could be demonstrated.

I. Bartok, V. Totovic

(Institute of Pathology,University Medical School, Szeged, and Institute of Pathology, Medical
University, Marburg)

Autopliagous Vacuoles (Cytolysomes) in the Liver Cells
Following Partial Hepatectomy

A considerable accumulation of autophagous vacuoles (cytolysomes) has been observed
in the hepatic parenchyma of rats 1 to 3 hours after partial (2/3) hepatectomy. The vacuoles
were situated between the hyperplastic Golgi complexes and the bile canaliculi. Some of them,
bounded by unit membrane, contained different cytoplasmic components or their remnants.
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Some autophagous vacuoles contained a double cavity: in the vacuole, hounded by the unit
membrane and containing a homogeneous matrix, there was a second cavity surrounded by
concentric annular membranes. This inner cavity contained sequestered but still recognizable
cytoplasmic fragments.

The formation of autophagous vacuoles is discussed on the evidence of many transitory
forms. It is suggested that, since partial hepatectomy intensifies the activity of the liver, the
accumulation of autophagous vacuoles is due to an increased physiological turnover of the
cell components. The accumulation of autophagous vacuoles does not, therefore, necessarily
mean a predominance of catabolic processes in the hepatic cells: it may even he due to an in-
creased anabolic activity.

G. Varga, L. Varga, I. Piukovich, F. Szontagh

(Institute of Pathology, Second Department of Medicine, and Department of Obstetrics and
Gynaecology, University Medical School, Szeged)

Hepatic Activity in Rats Treated with Gestagen

Rats with body weights between ISO and 2S0 g, kept on a standard diet, were treated
orally with gestagen preparations over six to ten days and then examined for the concentra-
tion of serum proteins, protein-bound hexose, hexosamine and neuraminic acid. Glutamic-
pyruvic transaminase activity of the serum and that of liver tissue were determined in some
cases. The biochemical examinations were supplemented by a histological study of the liver.
The possibility of hepatic damage by the gestagen, a controversial subject, is discussed.

Marta Balazs

(Department of Anatomy, Postgraduate Medical School, Budapest)

Extrahepatie and Intrahcpatic Occlusion of the Biliary Tract

Hepatic lesions induced by the administration of a-naphthyl [isothiocyanate show
much resemblance to human biliary cirrhosis.

The successive stages of intrahcpatic biliary occlusion induced by the said drug have
been studied in rats and compared with the findings in extrahepatie biliary occlusion induced
by the ligation of the bile duct. Rats with body weights between 150 and 180 g were divided
in four groups. The first, received acute, the second subacute, the third chronic oral treatment
with a-naphthyl isothiocyanate, while in the fourth group the common duct of the animals
was ligated. Acute poisoning caused swelling, vacuolation and then necrosis of the cells of the
interlobular ducts. The changes reached a peak on the third day. Subacute and chronic treat-
ment caused proliferation and fibrosis of the biliary ducts. The picture after ligation was differ-
ent from that observed in the acute and subacute stage of poisoning, whereas ligation and
chronic poisoning gave rise to identical results.

P. Oszwald, L. Fényad, Anna Skodnicz

(Tétényi Hospital, Budapest)

Hepatotoxic Action of Flnothanc

The fact that recent studies on the hepatotoxic effect of fluothane have presented
contradictory descriptions of the clinical and anatomical picture, justified to investigate
the problem on a large material.

Phe results of microscopical inspections and post mortem findings made in the course
of ten years, have been surveyed. The surgical and anaesthetic records, the postoperative
observations and laboratory studies of the last five years have been subjected to a detailed
scrutiny, and particular attention was paid to commonly known hepatotoxic factors. Results
were compared with data from the period 1956 1960 when the currently employed methods
of anaesthesia were not yet in use.
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P. Kapp

(Department of Pathology, University Veterinary School, Budapest)

Development and Sequelae of Acute Infectious Hepatitis in the Dog

Dogs have been infected with hepatitis virus, and development of the disease was
followed by biopsy. Changes of the sinusoid walls and increasing capillary permeability, the
first hepatic changes, were promptly followed by those of the parenchyma such as vacuolation,
acidophilic necrosis, decrease of glycogen and ribo-nucleoprotein content of the cells, etc.
Inflammatory infiltration of the periportal spaces was usually moderate and occurred in the
terminal phase only. Nuclear inclusions, characteristic of canine infectious hepatitis, were
observed first in Kupffer’s cells, then in the endothelial cells of the sinusoids, and terminally
in the parenchyma. Similar but slighter changes were observed in the animals surviving the
infection.

Acute changes developing in the course of infectious hepatitis were found not to lead to
cirrhosis. Some of the surviving animals developed chronic cholecystitis and subacute or
chronic interstitial nephritis.

F. Szarvas, Eva Horvath, F. Bilirzki

(First Department of Medicine, and Institute of Pathology, University Medical School, Szeged)

Effect of Experimental Hepatic Cirrhosis on Leydig Cell
Hyperplasia Following Subtotal Orcliidectomy in the Rat

It has been shown earlier that, after subtotal orchidectomy, in the testicular remnant
nodular hyperplasia of the Leydig cells takes place which in a few months leads to the forma-
tion of adenomas. The phenomenon has been attributed to increased pituitary ICSH-activity.
The present experiments have shown that the reactivity to exogenous ICSH-like preparations
decreases in rats with liver cirrhosis induced by thioacetamide. Steroid-3/Lol-dehydrogenase
activity in the testicle did not increase to such an extent as in the control animals, and the
growth of the accessory glands also remained behind that of the controls. Subtotal orchidec-
tomy failed to elicit nodular Leydig cell hyperplasia in the cirrhotic rats, although local admin-
istration of thioacetamide had caused no direct testicular injury. It is suggested that, as a
consequence of the metabolic disturbance accompanying hepatic lesions, the reactivity of
Leydig’s cells to endogenous ICSH is also decreased.

G. Varga, Eva Horvath, Irma Korom, Zsuzsa Korpassy

(Institute of Pathology, University Medical School, Szeged)

Effect of Continued Regenerative Stimulation on the hepato-
carcinogenesis

Posthepatectoiny serum (PHS) provokes regenerative phenomena in the liver of healthy
rats. Its effect has been studied in the early stage of hepatocarcinogenesis. Young adult male
rats were fed dimethylamino-azobenzene (butter yellow) and another group of test animals
received, in addition, PHS every third day. Untreated and PHS-treated animals served as
controls. The experiments were continued for four months.

Combined PHS and butter-yellow treatment provoked more pronounced lesions than
butter yellow alone. While precancerous symptoms were less striking after treatment with
butter yellow alone, combined treatment with butter yellow and PHS was frequently followed
by a complete breakdown of the hepatic structure, diffuse oval-cell hyperplasia, pronounced
basophilia and even malignancy (hepatoma). Continuously applied regenerative stimuli
seem to promote hepatocarcinogenesis.
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L. P. Szab6, A. Haraszti, Klara Kis
(Department of Pathology, County Hospital, Eger)

Lipofusein Contents of the Liver of Aged Individuals

The liver of 401 autopsied patients who had lived more than 60 years has been studied
for lipofuscin content. Lipofuscin content was increased in 80 per cent of the examined livers
(against 61 per cent in the liver of younger individuals). Low liver weight is not necessarily
associated with an increase in lipofuscin contents. Patients who had died of malignant tumours
showed the same ratio of normal and increased hepatic lipofuscin as old persons. Acute cardiac
failure did not affect the lipofuscin level, while chronic insufficiency was accompanied by in-
creased lipofuscin concentration.

P. Eudes, S. Goinhu, G. Krasznai

(Institute of Pathology, University Medical School, Debrecen)

Behaviour of the Juxtaglomerular Apparatus in Keual
Hypertension, Primary and Secondary Aldosteronism

Four - clinically grave — cases of hypertension were accompanied by secondary
aldosteronism, while certain branches of the renal artery (unilaterally or bilaterally) were
stenosed. The juxtaglomerular apparatus showed extreme hyperplasia in the ischaemic areas
of the renal cortex, while no juxtaglomerular granular cells were seen in the cortical areas
with patent arteries wdiere hypertensive vascular and parenchymal changes were evident.
On the other hand, granular cells were absent from the renal cortex in two cases of primary
aldosteronism.

The granular and agranular forms of the epitheloid smooth-muscle cells of preglomerular
arterioles and their functional significance are discussed.

J. Siméarszky, P. Endes, Margit B. Soltész, G. Damla

(Institute of Pathology, University Medical School, Debrecen)

Behaviour of the Juxtaglomerular Apparatus in Shock Induced by
Duodenal Ligation

Increase in the number of juxtaglomerular granular cells (JGC) was found in the kidney
of patients who had died of renal failure subsequent to shock. It has been attempted to create
in the rat a condition similar to human renal failure following upon shock by ligating the
duodenum. In such cases the loss of water leads to dehydration and consecutive peripheral
circulation failure.

The JGC was observed 24, 36 and 48 hours after ligation at the duodeno-jejunal bound-
ary, and also one and two weeks after a similar ligation for 36 hrs. The Na, K and NPN levels,
as well as blood pressure were determined two weeks after duodenal ligation for 36 hrs. In
contradiction to clinical observations, the JGC index was found to have decreased at 24 and
48 hrs; it became more or less normal one and two weeks after the release of the ligature.
Serum Na and K underwent no essential change; NPJN increased 36 hrs after the ligation,
and blood pressure decreased.

S. Gomba, Margit B. Soltész, V. Szokoly
(Institute of Pathology, University Medical School, Debrecen)
Illistoeheinieal Study of the Phosphatases in the Juxtaglomerular
Apparatus
The juxtaglomerular granular cells in the kidney of mice and rats contain acid phos-

phatase which is presumably localized in the secretory granules. There is, in the rat, an inter-
stitial alkaline-phosphatase positive band between the macula densa and the Goormaghtigh
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cells; the band is connected with the outer surface of both the afferent and efferent arterioles
and often reaches into the interstitial space around the Goormaghtigh cells. The ATP-ase
activity registered there is not due to aspecific ATP splitting by the alkaline phosphatase, and
it extends to the lateral membranes of the macula densa cells. No such phenomenon has been
observed in mice and humans. Human macula-densa cells show strong acid-phosphatase
activity. No glucose-6-phosphatase activity has been encountered in the juxtaglomerular cells
of mice and rats. Human organs have not been tested for this enzyme.

L. Szlcs, G. Krasziiai

(Institute of Pathology, University Medical School, Debrecen)

Juxtaglomerular Apparatus and Adrenal Gland in Rats Treated with
Homogenized Homologous Muscle and Heterologous Renal Tissue

Administration of exogenous renin affects the juxtaglomerular granular cells (JGC) and
blood pressure. Renin, presumably a product of the JGC, may be regarded as the trophic
hormone of the zona glomerulosa. Earlier investigations have shown the JGC to be involved in
the so-called autonomous regulation of renal blood circulation, whereas certain metabolites of
the striated muscles are responsible for the isoaemic autoregulation of muscle.

It has been studied whether the administration of exogenous mouse kidney rich in
granular cells would affect the JGC-index of the rat, and whether this index was affected by
treatment with homogenized muscle tissue rich in vasoactive substances. Changes in the
adrenocortical cell nuclei have also been determined, and the results have been compared with
the changes occurring in the JGC-index.

J. Stolarczyk
(Department of Pathology, Medical Academy, Gdansk)

Micropuncture Studies of the Effect of Lymphatic Occlusion
on Renal Function in Rats

Acute experiments were performed to study the effect of lymphatic occlusion on renal
function. Urine was collected bilaterally, the right kidney served as a control. Lymphatic
occlusion produced a marked increase in urine flow with an increased osmolality but GFR was
not altered. There was an elevation in total medullary solutes, a moderate rise in intratubular
pressure, normal tubular fluid osmolality, and normal proximal insulin ratios but significantly
lower inulin ratios in the distal tubule. Thus, the restricted lymph flow increased medullary and
urine osmolality. It is concluded that changes in lymph flow could play a role in determining
medullary osmolality and in the regulation of the concentrating mechanism.

D. J. Davies

(Department of Pathology, University of Liverpool)

The Effect of Ethylene-Imine on the Kidney

Ethylene-imine (formerly called vinylamine) is a volatile organic liquid which has the
specific property of destroying the renal medulla when administered in doses of about 0.05
ml/kg.

‘ A description is given of the lesions seen in the kidney and the urinary tract of rats and
rabbits following administration of nephrotoxic doses of this substance. The effects on urinary
volume and concentrating capacity are also described.

Ethylene-imine produces lesions which are quite strictly localized to the inner part of the
medulla, the renal pyramid, and do not affect the intermediate zone except for occasional
prolongations along the bundles of vasa recta. Lesions are also seen in the walls of the pelvis
and in the bladder.
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The functional effect of ethylene-imine is to produce a type of nephrogenic diabetes
insipidus.

The probable mode of action of this substance is discussed particularly in relation to the
newer concepts of the physiology of the renal medulla.

J. Justus

(Institute of Pathology, Medical Academy, Dresden)

Osmotic Nephrosis in Familial Juvenile Nephrophthisis

The morphological changes in familial juvenile nephrophthisis are described in connec-
tion with three cases occurring in siblings. One child died from meningo-encephalitis, so it was
possible to observe the early stage of the renal disease. A feature observed in all the three cases
was osmotic nephrosis. Hydropic swelling of the tubular epithelium was probably due to hyper-
hydration by infusions, whereby the basic disease might have been as a significant disposing
jactor.

B. Szende, L. Urai, K. Gyenge

(First Institute of Anatomy and Experimental Cancer Research; Second Department of
Medicine, University Medical School, Budapest)

Juvenile Hypertension Pointing to Conn’s Syndrome

Although primary hyperaldosteronism was recognized by Conn as far back as 1956,
only a single case has so far been described in Hungary (Giraz et al.).

The 21-year old male patient had had hypertension for five years. The condition had been
attributed to chronic nephropathy, and it was possible only the day before death to determine
the blood Na and K levels. The results pointed to Conn’s syndrome.

Death was caused by ventricular haemorrhage; both the brain and the kidney showed
signs of hypertensive vascular disease. The cortex of the left adrenal contained a tumour
bright yellow in colour and 1.5 cm in diameter, a hormone-producing adenoma originating
partly from the zona glomerulosa and partly from the zona fasciculata. The heart muscle
revealed lesions characteristic of electrolyte-steroid cardiopathy. Histological changes in the
hypothalamus pointed to chronic inflammation.

The history, the histochemical and postmortem findings made it safe to assume that
the case was one of Conn’s syndrome.

Eva Horvath, P. Lantos, K. Kovacs

(Institute of Pathology, and First Department of Medicine, University Medical School, Szeged)

Histochemical Aspects of Experimentally Induced Zona Glomerulosa
Necrosis

The intravenous administration of 5 mg hexadimethrine bromide (Polybrene, ABBOTT)
to rats induces total necrosis in the zona glomerulosa and a considerable decrease in the pro-
duction of aldosterone. Histochemical analysis revealed a considerable diminution of steroid-
3,3/i-ol-dehydrogenase activity over the entire area of the zona glomerulosa one hour after the
administration of hexadimethrine and there was no sign of activity after two hours. In the
zona fasciculata and the zona reticularis remained normal activity. The activity of succinic
dehydrogenase ceased after 24 hours oidy. The two inner zones showed no change in this respect.

Although in some cases focal necrosis has been observed also in the zona fasciculata and
the zona reticularis, such necroses have no toxic character: both histological and histochemical
examination revealed their ischemic nature. In the infarct no enzyme activity was
demonstrable but their disappearance was slower than in the zona glomerulosa.

Postnecrotic regeneration was rapid. Development of a histochemically normal new zona
glomerulosa took two-three weeks.
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L. Kovéacs, Edit Baumgartner

(Medico-Radiological Research Group of the Hungarian Academy of Sciences; Departmen
of Roentgenology, University Medical School, Budapest)

Histological and Functional Changes in the Adrenal Cortex Caused
by Supralethal Doses of lonizing Radiation

White rats have been exposed to 1300 R total body irradiation and examined 1, 3, 4, 48
and 72 hours after exposure.

The adrenal cortex was poor in lipids at one and three hours, and only the zona glo-
merulosa contained fats. The organ became once more rich in lipids at 24 hours. Their amount
diminished and was chiefly demonstrable in the zona glomerulosa at 48 hrs. After 72 hrs., it
was only the zona glomerulosa which still contained a modest amount of lipids. The cortex was
congested and the cells were swollen.

As to the blood corticosterone level and corticosterone and aldosterone synthesis
in vitro, the hormone secretion had two phases; a first one immediately after the irradiation,
and a second 48 hrs. later. Both phases were more mark ed ii. tl e case ol corticosterone.

Edit Beregi, H. v. Mayersbach

(Department of Pathology, Semmelweis Hospital, Budapest and Institute of Histology,
University Medical School, Nijmegen)

Immune-Fluorescence Study of Experimental Glomerulonephritis

Cases of Masugi nephritis and pilocarpine nephritis have been studied with Coons’immune-
fluorescence method. The glomerular binding of nephrotoxic serum was observed at 10, 30,
60, 90 and 120 minutes, 24 hours, 6, 8, 12, 16 and 20 days, further after 3 1/2 months. Glomer-
ular changes occurring in pilocarpine nephritis were estimated after 8, 12, 16 and 20 days by
means of immune-fluorescence. The morphological studies were supplemented by simultaneous
immune-electrophoretic examinations.

Klara Németh, A. Bajtai

(First Institute of Pathology and Experimental Cancer Research, University Medical Schoo
Budapest)

Mannitol Nephrosis

Mannitol, an osmotic diuretic, is extensively used for the treatment of postoperative
anuria, and has proved beneficial in certain chronic nephropathies. It is, on the other hand, not
commonly known that the compound induces hydropic degeneration in the kidney.

Three cases have been observed in which patients, treated with different doses of
mannitol following cardiac surgery, developed hydropic degeneration. The severity of the
damage was proportional to the dosage.

Experiments were made in Wistar rats of both sexes. The findings corresponded to the
clinical observations.

K. Bella, P. Rutkai

(Department of Pathology, Postgraduate Medical School, Budapest)

Mannitol Nephrosis

In recent years mannitol has been adopted for the prevention of postoperative oliguria.
Many recent reports omit to point to the fact that osmotic diuresis can only be induced by the
drug as long as no organic damage had developed. Few papers only call attention to the fact
that mannitol may cause osmotic nephrosis. Treatment with mannitol may give rise to a grave
hydropic degeneration of the proximal convoluted tubules in the same manner as do other
hypertonic sugar solutions.
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I* Kinkul

(Department of Pathology, Postgraduate Medical School, Budapest)

Pancreatic-Renal Syndrome or Electrolytic Nephropathy?

Symptoms of renal failure may dominate the clinical picture in cases of both acute
haemorrhagic and chronic pancreatitis. The condition is usually termed pancreatic-renal
syndrome in the clinical reports. Clinical and pathological data allow the conclusion that differ-
ent factors may give rise to the syndrome. Shock, toxic metabolites and disturbances of the
electrolyte household may be responsible for the renal injury.

The kidneys have been subjected to a study in 15 cases of pancreatitis. Degenerative
tubular lesions were found to predominate. In a case associated with renal failure, hypochlor-
aernic calcium nephrosis was revealed.

It is suggested in harmony with literary data that it is useless to differentiate the syn-
drome at issue: it is not one of uniform pathogenesis but a non-specific complication of the
primary disease so that other conditions, too, may produce complications revealing the same
anatomical and histopathological features.

G. Kelényi

(Institute of Pathology, University Medical School, Pécs)

Comparison of the Arid Thiazole Fluorescent Microscopic and Congo Reb
Anisotropic Staining* with Special Regard to their Specificity for Amyloid

The fluorescence microscopic staining effects of the acid thiazole fluorochromes,
primuline and thioflavine S on secondary and senile amyloidosis have been studied. These
methods seem to visualize the same tissue structures as the Congo red anisotropic staining.
Quantitative analysis of the dichroism of the structures stained anisotropically by Congo
red (renal glomerular amyloid, senile plaques, Alzheimer fibrils) showed that, although the
rate of absorption of the linear polarized light by these structures is different, their maximal
dichroism occurs at the same wavelength (at about 540 in//). In electron micrographs of
choroid cells with rings on Biondi the presence of fibrils of about 240—280 A thickness was
observed (thickness of amyloid fibrils is about 100 A). Based on the present findings and
literature data the specificity for amyloid of the acid thiazole fluorescent microscopic and
Congo red anisotropic methods is discussed.

G. Dedk, G. Romhéanyi

(Institute of Pathology, University Medical School. Pécs)

Thermal Shrinkage of Collagen Fibres

Up to now direct methods have only been available for the estimation of the thermal
shrinkage (Ts) of collagen fibres. Changes in the anisotropic staining of fibres induced by
heat (i.e. their conversion from stenocollagen to porocollagen) offer possibility of studying
the Ts in their natural environment.

The thermostability of collagen fibres has been studied in skin samples from 60 subjects
of various ages. Thermostability was found to increase until puberty when a heat of 62 C
has to be applied for 10 minutes in order to obtain porocollagen transformation. This value
remained constant after puberty.

The method is suitable for the study of local thermal effects applied in vivo or in vitro,
and furthermore it allows to observe the effect on thermostability of different salts at various
concentrations. Potassium thiocyanate, potassium iodide and carbamide tend to loosen,
sodium chloride and potassium chloride to stabilize the micellar structure of collagen.
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G. Dashev
(ISUL-Clinic of Endocrinology, Department of Pathology, Sofia)

Histochemical and Immunohistochemical Studies of the Nodular
Forms of Endemic Goitre

The morphologic peculiarities of the nodular forms of endemic goitre have been studied
by histochemical and immunohistochemical methods. Substantial morphological alterations
were observed. A considerable percentage of the glands exhibited fibrosis and destruction
accompanied by an autoimmune reaction.

A. Hecht

(Institute of Pathology, Humboldt University, Berlin)

Enzymatic Histochemistry of Necrosis

In connection with enzyme histochemical examinations concerned with the problem of
necrosis, two questions are of a major pathologic importance, viz.

1. Is it possible to establish disturbances of cell metabolism by means of enzyme histo-
chemical methods before structural changes would present themselves?

2. Is it possible to locate the primary point of attack of a pathogenic agent on the basis
ofenzyme histochemical changes?

Genetically different necroses of the heart muscle and liver have been studied, such as
experimental heart infarction and disseminated necroses elicited by cardiotoxic substances,
and in the liver central necroses and necroses induced by papain.

The experiments showed that the enzymatic changes do not invariably precede the
morphological ones but coincide with them, and that the ferment-histochemical findings are
practically of the same character in genetically different necroses. Thus, they offer little in-
formation about the primary point of attack. There is no specific ferment-histochemical sign
referring to a particular type of necrosis.

W. Zschiesche

(Institute of Microbiology and Experimental Therapy, Jena)

Experiments to Influence Induced Amyloidosis in Mice

The object of earlier studies was to observe activity changes of the RES in the course
of experimental amyloidosis. The present experiments had the purpose to test the effect of
various factors (BCG, antibiotics, cytostatics, splenectomy) on the development of amyloi-
dosis. Inhibition was most pronounced under the influence of BCG. Probable pathogenic inter-
relations between experimental amyloidosis and RES activity are discussed.

W. Kihne

(Institute of Pathology, Friedrich Schiller University, Jena)

Forms and Causes of Pulmonary Emphysema

The collective term emphysema covers a wide variety of morphologically, pathogene-
tically and functionally different changes in the lungs, with distension of the intrapulmonary
air spaces beyond the terminal bronchiole, as the one and only common feature. This purely
descriptive anatomic definition is unsatisfactory, as a different pathologic value attaches to
each form of emphysema. Therefore the problems of pathogenesis and the functional structures
of a few clinically important forms of emphysema are discussed, with particular stress on the

little known centro-acinous type.
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S. Elias

(Research Institute for Normal and Pathologie Embryology, Roumanian Academy of Sciences,
Timisoara)

Growth of the Chicken Embryo in Early Stages

Since length and weight of the chicken embryo in the early periods of development do
not characterize growth in an unambiguous and statistically reliable manner, it is suggested
to accept the surface of the embryo’s projection as a characteristic measure of development.
The practicability of the proposed data to establish growth dimensions has been proved
statistically on both normal and treated samples.

H. Timmel

(Institute of Pathology, Medical University, Halle)

Cytomegalic Inclusions

The cytomegalic inclusions in the nucleus and the cytoplasm differ not only in local-
ization but also in size, structure and staining reaction. From their study by light and electron
microscopy it has been concluded that the change in the nucleus probably corresponds to the
virus formation centre (viroplasm) or an inclusion body in the strict sense. The cytoplas-
mic inclusions are clusters of mature virious collections at the cell surface.

1. J. Reiss

(Institute of Pathology, Medical University, Halle)

Pathologic Anatomy of Listeriosis

The clinical pattern and the morphological findings in cases of listeriosis are widely
varying. On the basis of several cases the important changes in listeriosis of adults (meningo-
encephalitis, malignant hepatitis) are discussed. The congenital form of the disease presents
itself almost invariably as a septic granulomatosis, with the development of characteristic
granulomas in all organs. The route of infection and the placentar changes are of especial
importance.

A. Schwartz

(Department of Pathologic Anatomy, Plzen)
Allergic Lymphadenitis

Despite the important part played by the tissue in immunity processes, lymph node
affections of allergic origin are rarely observed. The cause of allergic lymphadenitis often
remains obscure, sometimes, however, it can be brought into relation with the administration
of some drug.

Seven cases of histologically confirmed allergic lymphadenitis are reported. The condi-
tion was induced in two cases by mephenytoin, in one by sulphamethopyridazine treatment, in
one case it developed after administration of anthrax serum. Of the remaining three patients,
who had not been subjected to drug or serum treatment, one suffered from polyarteritis, one
from uterine carcinoma, and in one every effort failed to detect a pathogenic factor.

Histologic examination of the enlarged lymph nodes revealed a blurring of the usual
structure. The node consisted mainly of proliferating reticular, eosinophilic and plasma cells.
The allergic reaction presenting itself after hydantoin treatment, could hardly be distinguished
from lymphogranulomatosis or other types of malignant reticulosis. Important in such cases
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is to know the history and the kind of drug. Discontinuation of the drug will be followed by a
quick regression of the lymphadenitis.

Administration of hydantoin drugs to patients suffering from epilepsy combined with
some other disease of allergic character, requires utmost precaution lest their allergic condition
exacerbate in the course of treatment.

L. Jézsa, G. Lusztig

(Department of Pathology, County Hospital, Kecskemét)

Mucopolysaccharide Contents of Organs in Experimental
Cholesterol Sclerosis

It lias been shown earlier that, in cholesterol sclerosis the amount of hyaluronic acid,
heparin-heparitin and chondroitin sulphate B increases in the aortic wall in the first three
months of cholesterol treatment, to decrease gradually thereafter.

The present experiments have shown that in the

1. liver the amount of heparin and chondroitin sulphate increased in the first three
months, but dropped below the normal level by the end of the fifth month;

2. kidneys and myocardium the concentration of chondroitin sulphate increased over the
5 months period of observation, while that of heparin and hyaluronic acid did not respond to
treatment;

3. lungs and spleen the level of chondroitin sulphate increased, that of heparin decreased;

4. skin there was no connection between the mucopolysaccharide contents and the
degree of cholesterol sclerosis.

O. Szlcs, L. Kovéacs

(Department of Pathology, State Railways Hospital, and Research Group for Medical
Radiology of the Hungarian Academy of Sciences, Budapest)

Determination of the Sulphate Groups of Acid Mucopolysaccharides

To the current methods for the demonstration of acid mucopolysaccharides (Hale-PAS,
alcian blue, methylene-blue extinction, metachromasia, digestion, blockade) two new proce-
dures have been added for the elective demonstration of sulphate groups: Takouchi’s acri-
flavine method and Stempien’s sodium-rhodanate method.

W hite rats were given 355 sodium sulphate, killed after 24 hrs, and their costal, laryngeal
and auricular cartilages were worked up. Results yielded by the histochemical methods have
been compared with microautoradiographic findings.

Conclusions have been drawn as to the specificity of the above mentioned two methods
of assay.

J. Sebok, J. Juhasz

(First Institute of Pathology and Experimental Cancer Research, University Medical School,
Budapest)

Mesenteric Xanthomatosis

Mesenteric xanthomatosis, a focal storage of lipoid at the root of the mesentery, often
presents a tumour-like appearance. Its gross and microscopic features are described on the
evidence of 12 cases. The condition must be differentiated from retroperitoneal xanthogranulo-
matosis, mesenteric xanthofibrogranuloma, Whipple’s disease, Weber—Christian’s non-sup-
purative nodular panniculitis.

The composition of the mesenteric fatty tissue has been analyzed chemically in normal
subjects and in cases of mesenteric xanthomatosis. Differences were pronounced in the compo-
sition of cholesterol lipids.

It is suggested that mesenteric xanthomatosis is partly due to lymphatic congestion
and partly to quantitative and qualitative changes in cholesterol esters.
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Z. Csap6

(Institute of Pathology, University Medical School, Szeged)

Eosinophilic Infiltration of the Stomach

In three cases biopsy revealed eosinophilic infiltration in the stomach. Two were sub-
mucosal, the third connected with a chronic peptic ulcer was diffuse. The first and second
were characterized by a proliferation of connective tissue fibres, eosinophilic infiltration and
a sharp delimitation from the muscular layer and the submucosal connective tissue. The third
case showed marked eosinophilic infiltration which separated the individual muscle fibres.

The two forms of the condition must be different as to pathogenesis, and different
aetiologieal factors may be at work even within the diffuse form. Most frequently, there is
some allergic process in the background. The condition is not exceptional and certainly benign.

Magda Frank

(Department of Pathology, .John’s Hospital, Budapest)

Actiology and Differential Diagnosis of Necrotizing and
Pseudomembranous Enterocolitis

Four hacteriologically authenticated cases of necrotizing enteritis are presented. In the
first case the condition has developed postoperatively in a male patient of middle age, the
second in an aged female, the third in an aged female patient who had moreover Addison’s
disease and diabetes, the fourth in a male patient of advanced age who had bronchiectasis and
emphysema. Pseudomembranous enterocolitis was diagnosed in 6 aged patients who were
simultaneously suffering from sclerosis, necrotizing granulomatosis on pulmonary tuber-
culosis. In the case of an aged female ulcerative enteritis developed after the patient’s
pulmonary tuberculosis had healed and proved to be amyloidosis of the small bowel.

The problems of differential diagnosis have been discussed.

L. Kovacs, Gy. Janossy

(Medico-Radiological Research Group of the Hungarian Academy of Sciences, Budapest)

Morphological and Functional Changes in the Small Intestine Caused
by Supralcthal Doses of lonizing Irradiation

Morphological changes in the small intestine of white rats exposed to 1500 R total body
irradiation have been compared with those observed in perfused small intestines.

Mucous secretion was intensive, and alkaline phosphatase and aspecific esterase activity
pronounced 24 hrs after irradiation. At 72 hours, the oedematous swelling of the intestinal villi
was marked, the epithelium was flattened and became at some points detached, while mucous
secretion and enzymatic activity had almost completely ceased.

Functional experiments had the object to observe the absorption of potassium, sodium
and water at different points of time. Absorption was increased 24 hours after irradiation,
dropped below the control level after 48 hours, and ceased completely in the 72nd hour.

fhe respective results of the histological and the functional examination showed good
agreement.

J. Vajda, Z. llerpai, T. Raposa

(Institute of Anatomy, University Medical School. Budapest)

Arterio-Venous Anastomoses in the Small Intestine
The vessels of the mesentery and the small intestine have been studied in corrosion

preparations, further by filling with Indian ink and also by Gross Schultzer’s silver impreg-
nation. Whereas Spannen observed anastomoses between the arteries and veins of the small

Aria Murpholocica Acadeniiae Scienliarutn Hungaricae I 1. (¢



336 ABSTRACTS

intestine at the mesenteric border of the intestine only, the present studies revealed three
points of anastomotic communication. 1. In the mesentery where the arterial leg of the anasto-
mosis was thickened or its initial portion was spiralled. 2. In the intestine next to the mesentery
(as described by Spanner). 3. In that segment of the intestinal wall where the subserous vessels
are piercing the muscular layer.

The three different communications may be of decisive significance in nutritional
processes and in cases of heavy blood loss.

J. Balogh

(Department of Pathology, County Hospital, Szekszard)

Histochemical Studies in Neurogenic Hypertension

Experimental neurogenic hypertension is accompanied by well-defined wvascular
changes. Besides those demonstrated by staining reactions, alterations of the hydrolytic
enzymes have been observed. These present a characteristic pattern in the initial phase of
hypertension and also during the development of definitive changes, and are connected with
the vascular lesions.

Similar phenomena have been observed in the fibres of the vessel walls and the secon-
darily developed intercellular substance.

Margit Zombori, A. Téth, H. Jetiinek

(Second Institute of Pathology, University Medical School, Budapest)

Renal Injury by Mercury Bichloride

The kidneys of rats and dogs have been examined by histological and histochemical
methods in the acute and chronic phases of mercury bichloride poisoning.

Glomerular changes such as hyperaemia, swelling of the loops and circumscribed
capillary dilatations dominated the histological picture in the acute phase. These phenomena
were followed by lesions of the tubular epithelium. Signs of regeneration and interstitial
accumulation of connective tissue elements appeared in the chronic phase.

As regards histochemical reactions, alkaline phosphatase activity was proportional to
the extent of the lesions, while changes in the activity of non-specific esterase and acid phospha-
tase were in harmony with those observed earlier under anoxic conditions; viz. the initial
increase of diffuse cytoplasmic activity was followed by a predominance of granular activity,
and in the chronic phase — the regenerated tubular epithelium displayed increased cyto-
plasmic or granular activity.

M. Palkovits, I. Munkécsi

(Institute of Anatomy, University Medical School, Budapest)

(Comparative Study of the Thin Segments of Henle’s Loop in Normal
and Desert Mammals

The size of Henle’s loops and the distribution of thin segments in the pyramidal zones
were studied in desert and other mammals. Length, number and mass of Henle’s loops in the
deep nephrons were greater in animals of the desert; in these the number of thin segments in
the internal medullary zone was twice as much as in other mammals. This finding is well in
keeping with the countercurrent hypothesis of the urine concentrating mechanism which is
most efficient in the kidneys of desert animals.
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1. Munkacsi

(Institute of Anatomy, University Medical School, Budapest)

Comparative Study of the Vascular Structure in the Renal Medulla

The tubulo-vascular structure of the renal medullary substance has become a favoured
subject of study since the countercurrent concentrating activity of Henle’s loops has been dis-
covered. The urine concentrating ability of desert mammals is many times greater than that
of other animals. Comparative tests in the two groups yielded the following results. In the
desert animals:

1. the cortical arteries are short and the medullary vessels long, in consequence of the
relatively thin cortex and long pyramid;

2. the juxtamedullary glomerules are large and posses efferent arterioles of muscular
type. These control the blood supply of the medulla according to need;

3. owing to the special structure of the nephron the vasa recta bundles lie widely apart
and contain an increased number of vessels;

4. the vascular system in the outer and inner zones, of the medulla has a peculiar
structure, reflecting the greater concentrating capacity of the desert animal.

L. Molnar, T. Mészaros

Second Department of Surgery, and Institute of Anatomy, University Medical School,
Budapest)

Morphologic Features of the Renal Vessels, Responsible for Acute
Renal Ischaemia in Shock

Irreversible shock was induced by Fine’s method in dogs, by 90-minute clamping of the
superior mesenteric artery. The shock period varied from 1 to 8 hours. The renal vessels were
studied in PVC corrosion preparations and after India ink injections and in histologic sections
stained with various dyes.

Spasm of the interlobular and afferent arterioles was found to he the cause of the patchy
cortical ischaemia. Four types of spasm could be differentiated morphologically: 1. conical
and 2. needle-like locking spasms, depending upon the vascular tonicity, 3. local spindle-like
circular or annular spasm of the interlobular arteries, 4. locking and local spasm of the afferent
arterioles.

Coinciding with these vascular reactions, the parenchyma presented the characteristic
histologic picture of the shock kidney; these changes were relieved by spasmolytic treatment.

G. Sétonyi, E. Matyus

(Section of Pathology and Section of Urology, Szentpéteri Hospital, Miskolc)

Segmental Ischaemic Changes in the Kidney

Human kidneys with aberrant vasculature, selected from a surgical material, have
been subjected to histological examination. In segments with a slightly deficient blood supply
during protracted periods, chronic ischaemic changes were observed. These were a thickening
of the basement membrane of Bowman’s capsule and the glomerular loops, in more pronounced
cases periglomerular fibrosis, hyalinized glomeruli, and also lesions in the arteries and arterioles.
Signs of inflammation were absent in these cases, chronic pyelonephritis was rare. On the basis
of these findings, a great, though not exclusive, pathogenetic importance is attached to
chronic segmental ischaemia in certain conditions, e.g. chronic pyelonephritis.
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G. Ungvary, Jolan Demeter, J. Faller, Aranka Hudak

(Institute of Anatomy, University Medical School, Budapest)

Renal Infarction in Nephrectomized Rats

The right kidney has been removed from 100 white rats, weighing 200 to 250 g each.
Thirty animals, divided into groups of 6, were killed 2 hours, 1, 4, 7 and 28 days after the
operation. In the rest of the animals, on the 28th day infarction extending to one half or three
quarters of the left kidney was induced by partial ligature of the branches of the left renal
artery. Following this second operation, the animals were killed by bleeding, at 2 hours, 1, 3
and 10 days, 6 weeks and 12 weeks.

The changes presenting themselves in the left kidney were studied by weighing, glomer-
ulometry and nuclear volumetry, histochemical reactions and by the injection-corrosion
method. The blood was tested for NPN.

The findings indicate that the injured organ and in the first place the glomerules are
regenerating rapidly. The juxtamedullary glomerules decreased as the cortical glomerules
increased, in volume. The glomerules in animals presenting high NPN values were larger
than in those with a normal NPN value.

L. Varga, A. Schafer

(Second Department of Medicine, University Medical School, Szeged,J and University
Medical Shook Wirzburg)

Changes in the Serum Level of Protein-Bound Hexosamine and
Neuraminic Acid in Experimental Nephroso-Nephritis in the Rat

Protein-bound hexosamine and neuraminic acid showed a biphasic reaction in the serum
of rats with nephroso-nephritis. The glycoprotein components showed a moderate reduction
in the first hours after the administration of nephrotoxin. The level of both components then
rose considerably on the first to third day, to decrease slightly thereafter. Another rise was
registered on the 8th to 9th day; it was more pronounced than that observed between the first
and the third day.

The possibility of a correlation between the changes in the glycoprotein level and the
immunological phenomena is discussed.

E. Szalay

(First Institute of Pathology and Experimental Cancer Research. University Medical School,
Budapest)

Widening of the Capsular Epithelium of Glomeruli

This phenomenon, mostly associated with severe hepatic lesions, occurs but rarely in
clinical practice. In order to be able to study it under experimental conditions a combination
of merthiolate and casein has been administered subcutaneously and intraperitoneally to
white mice for prolonged periods. Merthiolate alone was less efficacious. As regards histological
picture and histochemical reactions, the widened capsular epithelium of the glomeruli seemed
to be identical with the epithelium of the proximal convoluted tubules; in some planes the
former appeared to be continuous with the tubular epithelium.

It is suggested that chronic hypoxia of the tissues may play some part in the develop-
ment of the condition.
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S. Gomba

(Institute of Pathology, University Medical School, Debrecen)

Renin Contents of Autotransplanted Renal Cortex in the Rat

It has been shown earlier that the tubular elements of autologous renal grafts of rats
undergo destruction or suffer grave damage, whereas after an initial decrease the granular cells
of the juxtaglomerular apparatus increase in number. The granules of these cells presumably
contain renin which is probably produced in the cells themselves. On the other hand, it has been
suggested by Hing and other authors that renin is produced in the macula densa and only
stored in the said cells.

Direct and indirect examination of 30-day old rat kidney cortex grafts revealed marked
renin activity and a great number of juxtaglomerular granular cells. On the grafts the tubules
were gravely damaged. Since histochemical examination failed to reveal glucose-6-phosphate
dehydrogenase activity, characteristic of the macula densa, it has been concluded, it is in the
juxtaglomerular cells that renin is formed.

J. Balogh, E. Kelemen

(Department of Pathology and Surgery, County Hospital, Szekszard)

Pathological Aspects in the Surgical Treatment of Renovascular
Hypertension

Data obtained from renal biopsy have been compared with the functional conditions,
specially as regards postoperative changes in renal activity. Some pathological aspects and
the characteristic features of surgical complications have been discussed.

B. Koranyi

(Department of Neurology, University Medical School, Budapest)

llistopathology of the Pineal Body

With a view to adding to the scanty knowledge regarding the Ilistopathology of the
pineal body, more than 200 glands of persons who had died of neural and other diseases were
examined, with the following results. 1. The pineal body is seldom involved in the inflammatory
processes of the nervous system and is usually not affected even by inflammations in the ad-
jacent meningeal tissues. 2. Grave vascular diseases of the nervous system and the entire organ-
ism (diffuse arteriosclerosis, hypertensive vascular disease) cause no damage to the vessels of
the corpus pineale. 3. Senile changes in the nervous system affect the pineal body but excep-
tionally. 4. There is usually no metastatic neoplasm in the pineal gland even if the organism
and the brain are full of métastasés. It seems, therefore, that the corpus pineale is biologically
more or less independent of the rest of the nervous system.

B. Flerké, G. Sétalé, F. Hajos

(Institute of Anatomy, University Medical School, Pécs)

Ultrastructural Aspects of Ovarian Steroidogenesis

The existence of a specific connection between the ovarian production of steroid hor-
mones and the so-called steroidogenic organelles is substantiated by the observation that
these organelles (1) appear in the parenchyma of the ovary simultaneously in the beginning
of hormonal activity; (2) they disappear after hypophysectomy (i.e. with the lack of specific
tropic hormones), and reappear folloving administration of gonadotropic hormones. Granulosa

9 Ada Morphologica Academiae Scientiarum 1lun”aricae 14. 1966



340 ABSTRACTS

cells of an oestrogen producing small follicles do not contain steroidogenic organelles, so that
these cells are no sources of oestrogen. Their ultrastructure points to a trophic function in the
growing follicles. Since it is only in the luteinizing granulosa cells of follicles with large cavities
that steroidogenic organelles appear, they seem to be responsible for the preovulatory
secretion of progesterone. It appears that the oestrogen-synthesizing cells of the ovary are
of thecal, and those producing progesterone of granulosal, origin.

F. Hajés, T. Szomor, B. Flerké

(Institute of Anatomy, University Medical School, Pécs)

Ultrastructural Differentiation of Rat Ovary

The ovaries of foetal, 6, 25 and 30-day old rats have been studied. Ultramicroscopic
structures, typical of steroid producing cells, (agrinular endo-plasmic reticulum composed
of vesicles and ovoid tubovesicular mitochondria) appeared in the parenchyma cells at the
time of beginning hormonal activity.

H. Knolle

(Institute of Pathology, Medical University, Halle)

Testicular Feminization

Determination of nuclear sex and chromosome analysis have fastly contributed and to
some extent corrected our knowledge about the various forms of pseudohermaphroditism.
The extremest among the masculine types is known as testicular feminization. A case is reported
and attention is called to the problems of interphase nuclear examination and chromosome
determination, and their significance in intersexuality research and clinical investigations is
stressed.

B. Halasz, R. A. Gorski

(Institute of Anatomy, University Medical School, Pécs, and Department of Anatomy, Uni-
versity of California, Los Angeles)

The Role of the Afferent Nervous Pathways to the Hypophysiotrophic Area
in the Control of Gonadotrophic Hormone Secretion

The neural connections of the rat medial basal hypothalamus (hypophysiotrophic
area) have been partially or totally severed by means of a small knife fixed in the holder
of a stereotaxic instrument. Complete deafferentation of the hypophysiotrophic area inhibited
further ovulation, and unilateral o6phoerctomy did not induce compensatory ovarian hyper-
trophy. On the other hand, bilateral oophorectomy was followed by increased secretion of
luteinizing hormone and the development of castration cells in the hypophysis. Interruption
of the nerve fibres running to the area from the two sides, from above and from behind, did
not interfere with ovulation. After interruption of the anterior afferent pathways the animals
ceased to ovulate, but still developed compensatory ovarian hypertrophy and hypophyseal
changes following castration.

H. Ueberberg, M. Reimer

(Dr. Karl Thomas GmbH Laboratory for Experimental Pathology, Biberach/Riss)

Electron Microscopic Appearance of the Cell Nucleus in the Anterior
Pituitary of the Rat

The cell nucleus of the anterior pituitary in the normal rat has been subjected to electron

microscopic examination. A light and a dark type is roughly distinguishable. The nucleus is
mostly round or oval, sometimes reniform or of bizarre shape. It is surrounded by a double
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membrane, presenting pores in some places. Most nuclei have one nucleolus, a few have two.
The nucleolus is usually round and of granular structure. The differences revealed by the
examination do not permit of any inference regarding the interplay between nucleus and cyto-
plasm and the related hormone production.

Sz. Viragh, K. Kovécs, T. Tiboldi

(Department of Histology and Embryology, University Medical School, Budapest,
and First Department of Medicine, University Medical School, Szeged)

Electron Microscopic Study of Adenohypophysis Necrosis Caused by
Hexadiniethrine-Broiiiide in the Rat

Intravenous administration of hexadimethrine-bromide gives rise to necrosis in the
anterior pituitary of rat. 30 minutes after the injection of the drug, dilatation of some
capillaries and ruptures corresponding to their endothelial fenestrae were found. Simul-
taneously intravascular fibrin precipitation, inter- and intracellular edema occured at some
places. One hour after the treatment some capillaries were obstructed by thrombi. At two
hours diapedesis of erythrocytes, increased interstitial edema and numerous thrombi charac-
terized the alterations. At three hours ruptures of the cell membrane, karyolysis and karyor-
rhexis was observed in a part of the parenchymal cells. Later the above alterations increased
per field and complete necrosis of the parenchymal cells and blood vessels were found in large
areas.

T. Tiboldi, K. Kovéacs, M. Kurcz, A. Orosz

(First Department of Medicine, University Medical School, Szeged,
and Institute for General Zoology, L6rant E6tvos University, Budapest)

The Effect of Hexadimethrine-Bromide upon Pituitary Blood
Circulation in the Rat

Previous examinations have shown that hexadimethrine-bromide induced infarction in the
adenohypophysis of the rat. Light and electron microscopy revealed the vascular origin of the
lesions. Therefore, pituitary circulation has been studied in hexadimethrine-bromide treated
rats, by means of the India-ink method. The observed changes were compared to those appear-
ing in rats with infundibular injury. India ink was injected 1to 24 hours after hexadimethrine-
bromide dosage. Subsequent examination revealed in the adenohypophysis necrotic areas
which in the initial stage already turned a vivid red and took up no India ink. Similar changes
were observable in the prenecrotic phase. Absence of India ink from the necrosed parts was
obvious in the histologic preparations. The defects observed in the adenohypophysis closely
resembled the changes occurring after complete or partial infundibular injury. The results
seemed to indicate that the arrest of blood circulation by hexadimethrine-bromide must
play a decisive part in the pathomechanism of adenohypophysial necrosis.

Eva Horvath, Gy. Varga, K. Kovécs

(Institute of Pathology and First Department of Medicine, University Medical School, Szeged

Histochcinical Examinaiion of Adrenocortical Ischaemic Necrosis

The vessels in the left adrenal of white rats have been clamped by a specially devised
instrument for 60, 90 and 120 minutes, and the consequent changes observed at intervals of one
hour to one month. The signs of necrosis became obvious 4 to 6 hours after release of the
ligature, although enzymatico-histochemical changes appeared earlier.

A focal decrease of steroid-3-3-ol-dehydrogenase, a specific indicator of adrenocortical
function was perceptible after the first hour already. After six hours it completely disappeared
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from the infarcted area. Succinic-dehydrogenase activity diminished markedly by the fourth
hour; acid phosphatase and non-specific esterase activity ceased after 24 hours. The histologi-
cally unimpaired areas showed no changes except for an increased non-specific esterase activity
around the infarction. Capillary lesions were already present in the prenecrotic phase. The
time of postnecrotic regeneration depended on the extent of the lesions. The newly formed
cells presented a normal histochemical picture.

D. Szabé, E. Stark, B. Varga

(D artment of Morphology, Institute of Experimental Medicine, Hungarian Academy
of Sciences, Budapest)

Electron Microscopic Study of the Functional Changes and the Acid
Phosphatase Reaction in the Fasciculate Zone of the Rat Adrenal

The ultrastructure of the adrenocortical fasciculate zone in the rat was examined
in various functional states of the pituitary-adrenal system. Treatment with ACTH caused
the mitochondria to enlarge and increased the number of lipid granules and microbodies.

After hypophysectomy these structures decreased in size and number. The acid phos-
phatase reaction revealed enzyme activity in the microbodies which structures are considered
to be lysosomes.

G. Kup

(Section of Pathology, Municipal Hospital, Sopron)

Reaction of Six Month-Old Foetus to the Mother’s Cushing Syndrome

In the foetus, the hypophysis and the epiphysis were perfectly normal. The weight of the
thyroid was four times, that of the thymus five times, the pancreas four times the normal;
the islets of Langerhans were normal. The weight of the adrenals was three times, that of the
testicles was more than four times the normal.

Thus, practically the whole foetal endocrine apparatus was involved, as shown by the
increased weight of the glands as also by their fourfold enlargement. The adrenals were en-
larged threefold only.

The foetal reaction shows that the maternal hypothalamic centre was counteracting
the disorder. This explains why neuroendocrine diseases are not inherited.

S. Varga

(First Institute of Pathology and Experimental Cancer Research, University Medical School,
Budapest)

Ethionine Injury

The effects of ethionine, especially those on the pancreas, have been studied in rabbits.
Administration of the compound induced loss of weight, pancreatitis, fatty necrosis of the pan-
creas, and fatty degeneration of the liver.

It has been proved by a great number of biochemical, autoradiographic and electron-
microscopic investigations that ethionine causes grave damage to cellular metabolism, espe-
cially in organs with intensive protein synthesis, and that its chronic administration may give
rise to tumour formation.

Deficiency of methionine, and later that of choline was regarded as responsible for
the damaging action of ethionine, whereas recently it has been ascribed to an inhibition of
protein metabolism. The mechanism of ethionine action requires further investigations.
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1. Huttner, T. Kcrényi, H. Jellinek, Klara Szentagothai

(Second Institute of Pathology, University Medical School, Budapest)

Fine Structure of Subendothelial Plasmic Substances
Accumulating in Experimental Hypertension

Hypertension has been induced in white rats by the compression of both kidneys in
order to study the fine structure of the fibrinoid matter accumulating in the mesenteric
arteries between the internal elastic lamina and the endothelial cells. First, there appeared non-
biréfringent plasmic substances together with leukocytes in the suhendothelium; later fi-
brinoid was seen to accumulate which narrowed the lumen of the vessels and showed in polar-
ized light a topochemical reaction characteristic of fibrin. At this stage, the electron mi-
croscope revealed typical fibrin bundles of 240 A and clumps displaying 1000 to 1500 A
periodicity amidst the disintegrated subendothelial cells. No such structures were seen in the
media. Part of the fibrin bundles was phagocyted by monocytes. Later there appeared con-
nective tissue and muscle cells in the subendothelial space which gave rise to intimai
proliferation at the site of the fibrinoid. At another place, simultaneously with the appearance
of hyaline staining reaction the place of subendothelial fibrinoid was occupied by homoge-
neous areas in which the structure of the fibrin bundles of regular periodicity and the peri-
odically structured bodies became gradually less distinct and then disappeared. At the time
of hyalin formation, the adjacent endothelial and subendothelial cells displayed signs of
intensive pinocytosis on their surface contacting the hyalin.

A. Kbczé, B. Veress, H. Jellinek

(Second Institute of Pathology, University Medical School, Budapest)

Hypertensive Changes in Elastic and Major Muscular Vessels

Hypertension had been induced by the Lorincz Goracz method in white rats and the
thoracic and abdominal segments of the aorta as also the major muscular vessels have been
studied. 1. The mechanism ofchanges is the same in the major and minor vessels with the differ-
ence that changes take longer to develop in the former than in the latter. 2. Elastic fibres in the
major vessels prevent or diminish the extent, and delay the process, of fibrinoid necrosis as
seen in minor vessels. 3. Development of subendothelial fibrinoid in the thoracic and abdominal
portions of the aorta has been observed in chronic cases (40 days), a stage at which the minor
vessels exhibit fibrinoid necrosis, extensive intimai proliferation and hyalinosis. 4. Lesions of
the abdominal aorta are much graver than those of the thoracic portion.

Klara Szemenyei, L. Haranghy, J. Hintalan

(Second Institute of Pathology, University Medical School, Budapest)

Pulmonary Vascular Changes in Senile Emphysema

Pulmonary vessels of individuals who had suffered from senile emphysema have been
compared with vessels obtained from the lung of accidentally deceased healthy subjects of
different ages.

In most cases of senile emphysema the pulmonary vessels were dilated and tortuous,
and the amount of periadventitial connective tissue increased. The elastic fibres were thickened
and more readily digested by elastase than those of the controls. Before elastase digestion only
a small amount of argentophile reticular fibres was visible in the vessel walls; after digestion,
Foot’s silver impregnation revealed numerous delicate longitudinal and transverse argentophile
fibres of undulating course.

It follows that not only the alveoli but also the elastic fibres of the vessels undergo
changes with age; their digestibility by elastase increases, and as in the alveolar walls
argentophile fibres are increasing which reduce elasticity.

Dilatation and tortuosity of the vessels are presumably due to the atrophy of the pul-
monary parenchyma, the loss of elasticity and the increase of argentophile reticular fibres.
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L. Nagy

(Second Institute of Pathology, University Medical School, Budapest)

Effect of Cholesterol Treatment on Injuries of the Aortic Intima

The abdominal aorta of white rats has been exposed and its inner surface was injured by
means of a thin wire. The created intimai defect healed with regeneration and scarring.

A group of animals was fed with cholesterol during the healing period, and the incor-
poration of cholesterol by the intima in the injured area was observed. The serum cholesterol
level at which cholesterol began to invade the vessel wall has been estimated.

L. Wallacher, J. Balogh

(Department of Pathology, County Hospital, Szekszard)

The Bronchial Arteries in Pulmonary Hypertension

The bronchial arteries have been studied in chronic pulmonary hypertension due to
primary destruction of the lung parenchyma.

The nature of mural changes, the correlation between age, duration of the disease and
clinical manifestations, and those observed between the pulmonary and bronchial arterial
systems have been discussed.

G. Lusztig, B. Gég
(Department of Pathology, County Hospital, Kecskemét)

Héparinocyte Reaction and Serum Cholesterol Level

It has been shown earlier that the serum heparin level as determined on the basis of
thrombin activation, rose after cholesterol feeding in rabbits.

In the present experiments the héparinocyte reaction associated with changes in the
serum cholesterol level has been studied.

Feeding of cholesterol elicited marked quantitative and qualitative changes in the
héparinocytes in the myocardium and the skin of rabbits but none in the abdominal muscles
and the lungs.

No change in héparinocyte count was observed after combined or successive treatment
with thiouracyl and thyroid.

The cellular reaction arising under the effect of cholesterol treatment caused morpholog-
ical changes in the héparinocytes of the heart and skin which manifested themselves chiefly
in a change of the granular pattern and the increase of orthochromasia. These phenomena
pointed to increased heparin secretion.

The fact that the reaction occurs only in cases of pronounced hypercholesterolaemia
admits of the following conclusions.

a) There is a threshold concentration of cholesterol below which no heparinocytic
reaction occurs.

b) Exogenous cholesterol as a chemical and physical stimulus produces a non-specific
irritative effect on the héparinocytes.

1. Nagy, Katalin Nagy

(Institute of Anatomy, Histology and Embryology, University Medical School, Szeged)

Lipid Contents of Leukocytes in Tuberculous Individuals

It has been demonstrated most convincingly by Sehrt that lipoid granules are physio-
logical constituents of leukocytes.
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Since a certain degree of lipaemia is common in tuberculosis, it has been studied whether
the lipaemia is accompanied by a rise in the fat contents of the leukocytes, and if so how the
elevated lipid level responds to combined treatment with PAS, isoniazid and streptomycin.
The Sudan 11l method of BacSICH was used for the estimation of fat.

White blood cells were obtained from patients with positive sputum and pharyngeal
swab. The examination was repeated every month during treatment. Number and size of
lipoid granules were found to increase in the granulocytes of most patients suffering from
pulmonary tuberculosis. It took three to four months of combined treatment until the elevated
level of lipids had begun to fall.

I. Kédas, I. Péley, M. Németh-Csbéka, Maria Simon

(Department of Pathology, County Hospital, Children’s Hospital,
and First Department of Surgery, University Medical School, Pécs)

Familial Occurrence of Glycogen Disease

Glycogen disease was revealed in a 9-month old female baby at necropsy. The infant’s
two living siblings, a boy of 2 years and a girl of 9 months were suffering from the same disease.
The two living children were examined clinically; biopsy specimens from the liver and striated
muscles were studied histologically, histochemically, biochemically (among others, enzymatic-
ally) and cytogenetically, under the light and the electron microscope. The results pointed to
glucose-6-phosphatase deficiency as the pathogenic factor.

V. Szokoly, L. Megyeri

(Institute of Pathology and First Department of Surgery, University Medical School. Debrecen)

Mucopolysaccharides in the Female Breast under Different Conditions

The stroma of female breasts has been studied histologically and histochemically. Part
of the females was healthy, others were suffering from some kind of mastopathy or mammary
carcinoma. The special argentophile stroma of both the normal and the cases of mastopathy
was found to contain acid mucopolysaccharides, while neutral mucopolysaccharides or muco-
proteins were present in the connective tissue containing young collagen fibres. These substances
were lacking or demonstrable in traces in aged hyaline connective tissue. Both acid and neutral
mucopolysaccharides were present in the stroma of carcinomatous breasts. Histochemical
changes in the stroma of involutional breasts have been discussed.

P. Ladéanyi, I. Krompecher, Maria Laszl6

(Institute of Anatomy, Histology and Embryology, University Medical School, Debrecen)

Changes of Tissue Metabolism in Embryonal and Postembryonal Life

The embryonal and postembryonal development of chicken has been studied from the
viewpoint of tissue metabolism. Cytochromoxidase activity was considered as the characteristic
parameter of oxidative metabolism, the lactic acid content to characterize glycolytic metab-
olism, and the hexosainine content of the tissues to characterize mucopolysaccharide-type
metabolism. Compared to findings on the 11th day of embryonal life, postembryonal cyto-
chromoxidase activity showed a 600 per cent rise, mucopolysaccharide-type metabolism
reduction by approximately 30 per cent. Glycolysis showed a slight increase. Intensive muco-
polysaccharide metabolism and low cytochromoxidase activity are characteristic of embryonal
life, while increased oxidative and slow mucopolysaccharide metabolism of the postembryonal
stage.
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l. Toro jr.

(Institute of Histology and Embryology, University Medical School, Budapest)

The Endocytosis, Endoplasmic Reticulum and Golgi Complex Related to the
Lysosome Formation in the Trophoblast Cells of Rats and Mice.
An Electron Microscopic Study

The so-called coated (fuzzy) vesicles averaging 1000 A in diameter were described (at
first by Roth and Potter in 1962) in certain cell types to be responsable for the uptake of
protein-substances. In the present paper similar vesicles are reported in trophoblast cells
with the aim to follow their intracellular fate.

According to the observations of the author these special pinocytotic vesicles occur
usually in the vicinity of the Golgi complex and of the smooth-surfaced endoplasmic reticulum.
Tubular elements originating from both latter systems and containing a substance fuse with
the vesicles resulting in a condensation of some dense material within their cavities.

On the other hand the tubular elements seem to transport and empty their content
into absorption vacuoles from which then lysosome-like structures develop.

1. Okrés

(Department of Morphology, Institute of Experimental Medicine, Hungarian Academy
of Sciences, Budapest)

Digitonin Reaction Adapted to Electron Microscopy

The digitonin reaction, known in polarization microscopy as a means by which to
demonstrate free cholesterol has been modified with a view to providing a direct electron-
microscopic method for determining the intracellular localization of cholesterol. Underlying
the procedure is the fact that the crystal needles of the digitonin-cholesterol complex are
highly osmiophilic. The method may be of value in the study of steroid-producing tissues
and in throwing light on certain polarization phenomena connected with the digitonin
reaction.

J. Lacké, S. Keresztury

(Department of Pathology, Semmelweis Hospital, Miskolc)

Postmortem Findings in 70 Cases of Measles

Seventy infants, who had died of measles in the course of the 1964— 1965 epidemic,
have been studied. The most frequent complication, and cause of death in about 80 per cent
of the material was haemorrhagic, purulent, necrotizing bronchopneumonia. Bacteriology in
most of these cases revealed Staphylococcus aureus and pyogenes, Proteus, and E. coli. In a
few cases Hecht’s giant-cell pneumonia was present. The complication next in frequency
was with an incidence of about 70 per cent acute suppurative otitis media; the incidence of
enterocolitis was nearly as high. The incidence of encephalitis was nearly 20 per cent. The
majority of the deceased patients had had no debilitating chronic disease.

S. Keresztury, J. Lacké
(Department of Pathology, Semmelweis Hospital, Miskolc)
Changes in Lymphatic Tissue and Bronchial Mucosa in Measles with
Complications
In patients died of measles necropsy revealed grave changes especially in the hilar and

paratrachéal lymph nodes, the tonsils and the spleen. The chief features were the accumulation
and swelling of reticular cells and the appearance of giant cells of reticular origin. The pattern
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was suggestive of grave reactive reticulosis and even malignancy. The giant cells were similar
to the Sternberg—Reed type rather than to the Warthin Finkeldey type.

The bronchial and bronchiolar mucosa showed extensive squamous epithelial meta-
plasia in nearly every case. It is suggested that, although lymphatic changes and the epithelial
metaplasia of the respiratory tract are not symptoms specific of measles, they nevertheless
present useful diagnostic clues.

A. Gellert, Maria Poberai, Marta Kozma, Erzsébet Husztik

(Institute of Histology and Embryology, University Medical School, Szeged)

Innervation of Lymph Vessels: Fine Structure and Histochemistry

The nerves reach the lymphatic wall in the company of blood vessels. In the adventitia
and media they form interwoven plexuses of a more or less coarse appearance, whose finer
terminal fibres adhere closely to the smooth muscle cells and innervate them. The stratified
arrangement described by Kytmanof has not been confirmed. According to some preliminary
examinations, the lymph vessels present a varied structure, not always permitting to differen-
tiate an arrangement of the wall into intima, media, and adventitia.

The noradrenaline test was used for determining the chemical mediator operative in the
process of impulse transmission from the terminal vegetative plexuses innervating the lymph
vessel wall. Part of the varicose terminal fibres has been found to show fluorescence, which
apparently indicates that they belong to the sympathetic part of the vegetative nervous system.

The findings presented a morphological support to the biological observation that
sympathetic inhibitors bring about relaxation of the lymph vessels.

A. Abraham

(University of Sciences, Szeged)

Electron Microscopic Studies of the Human Glomus Caroticum

The material removed at surgery was fixed in toto in 4 per cent formalin. A few days
later 100 ft thick frozen sections were prepared, placed in sugar-solution, then fixed in os mic
acid and set in araldite. Part of the sections was studied in the Electron Microscopic Laboratory
of Middlesex Hospital Medical School, London, and the rest in Szeged. In the pictures the
structure of glomus cells and the terminal connection between these cells and the nervous
system has been studied. Although the electron microscopic picture of all glomus cells was
identical, certain signs have lead to the conclusion that there are two or three different types
to be discerned. The endoplasmatic reticulum with the ribosomes is well visible in the cyto-
plasm as well as a great number of osmiophilic granules lysosomes in some places large round
tubular mitochondria, Golgi-apparatuses. Among the above components, the lysosomes are
considered the most important, not having previously been observed in the glomus caroticum:
they have a conglomerate structure and are of considerable size. It was remarkable that in some
parts there was a large number of mitochondria, in other parts they were hardly detectable.
Where there were many osmiophilic granules, mitochondria were scarce and where mitochon-
dria were inabundance there were few osmiophilic granules. As to the nervous connection of the
glomus, the studies failed to furnish reliable information. On the glomus cells and the impreg-
nated material surrounding them there were many terminal nerve rings, which, however, could
not be detected by electron microscopy, in spite of the fact that the nerve fibres passing through
Schwann-cells, as well as the neurotubules could well be seen. This, however, was only natural
since hundreds of sections are obtained from one terminal ring and these themselves are not
sufficient to demonstrate how the receptors are attached to the cytoplasm of glomus cells.
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T. Donath

(Institute of Anatomy, University Medical School. Budapest)

Adrenergic Innervation of Extra- and Intracerebral Vessels

The adrenergic innervation of extracerebral vessels has been demonstrated in lep-
tomeningeal preparations by Falck’s fluorescence-microscopic method.

These nerves follow the vessels entering the brain along a short segment only, and ter-
minate with a free ending. Adrenergic fibres belonging to intracerebral vessels have not been
encountered. Adventitial cells with characteristic cytoplasmic fluorescence have been ob-
served around intracerebral vessels. On the basis of different neuropharmacological experiments
it seems obvious that these cells contain catecholamine precursors. It is suggested
that the chemical components of these cells are involved in the regulation of intracerebral
vessels that have no adrenergic innervation.

G. Botar

(Department of Neuromorphology, State Institute of Neurology and Psychiatry, Budapest)

Branchial Nerves in Cyclostomata

The dorsal nerves make their appearance in the Urochordata and become segmented in
the Cephalochordata. They are of mixed character. Their efferent components innervate the
striated musculature of the atrium in Chordata and that of the pharynx in Cyclostomata; their
efferent centres have various locations; for all these reasons the dorsal (branchial) nerves are
not identical in Chordata and Cyclostomata.

In Cyclostomata even the most rostral branchial nerve, the premandibular nerve has an
efferent component. The two rostral branchial nerves, the premandibular and mandibular
nerves unite in the Cyclostomata to form the trigeminal nerve. The afferent and efferent compo-
nents of the said two nerves, as that of the trigeminal nerve, run a separate course in the initial
portion or from beginning to end.

B. Csillik, F. Jo6, Erzsébet Knyihar

(Institute of Anatomy, Histology and Embryology, University Medical School. Szeged and
Electron Microscopic Laboratory, Jézsef iVitila University, Szeged)

Nerve Fibre Degeneration and Transmitter Depletion in the
Vegetative Axons

In the normal autonomic terminal innervation apparatus there are 3 to 8unmyelinated
postganglionic axons in each bundle of Schwann’s cytoplasmic processes, which almost covers
these axons. At 36 hours after removal of the superior cervical ganglion, noradrenaline dis-
appears from the adrenergic postganglionic nerve fibres, as could be established by Falck’s
fluorescence technique. Electron microscopy, however, showed the axon degeneration to take
a longer time. The first sign of degeneration appeared 3 to 4 days after the operation when the
protecting Schwann-cover leaves free the nerve fibres in which lysosomic vacuoles make their
appearance, without otherwise affecting their structure. At 6 days following operation, histio-
cyte processes surround the fibres and gradually dissolve the superficial membrane (axolemma).
This process always starts at the vesicular (dilated) portions of the nerve fibres and leads
within 8 10 days to a breaking up of the axon. The histiocytes finally devour the fibre rests.
These findings show that the transmitter substances are synthesized in the nerve cells and for
being fixed in the terminals they require energy consuming processes of the axon. Secondary
degeneration means a predominance of proteolysis over protein synthesisunder conditions when
the perikaryon has ceased to supply protein for the nerve fibre.
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P. Kasa, B. (‘sitiik

Institute of Anatomy, Histology and Embryology, University Medical School, Szeged)

Axo-Axonal Synapses in the Cerebellar Glomeruli

The structure of the cerebellum, although the organ is one of the most studied areas of
the nervous system, is still not fully explored.

Relying on light-microscopic, data, Szentagothai claims the existence of axo-axonal
synapses in the parenchymal islets of the cerebellum, hut physiological examinations by
Eccles and the Canberra group have been unable to prove apresynaptic inhibitory effectin
these areas.

The present examinations in cats and guinea pigs have demonstrated the existence of
axo-axonal synapsesin the glomeruli of the cerebellar cortex at the preterminal portion of the
oncoming mossy fibres, close to the site where the mossy fibre casts off its medullary sheath.
According to Szentagothai, only the mossy fibres and Golgi-cell axons terminate close to the
dendrites in the parenchymal islets. Eccles attributes an inhibitory effect to the Golgi-cell
axons.

M these two statements are valid, the axo-axonal synapse observed on the mossy fibres
within the cerebellar parenchymal islet may exert a presynaptic inhibitory effect.

On the evidence of electron microscopic histochemical examinations, the nervous
structures in the parenchymal islet, i.e. the mossy fibre, granule cell dendrite. Golgi axon, and
Golgi dendrite display acetylcholinesterase activity not only in the synaptic areas but often
over the entire membrane surface.

F. Jo6, B. Csillik
(Institute of Anatomy. Histology and Embryology, University Medical School, Szeged)

Ultrastructural Changes in the Cerebellar Cortex Following
Inhibition of Arylesterase

In the parenchymal islets of the granular layer of the cerebellar cortex there exists a
special form of juncture between the excitatory mossy fibre system and the inhibitory Golgi-cell
axon system, as both the excitatory and the inhibitory axons are forming synapses with the
dendrites of the granular cells. According to previous histochemical studies of the ‘“‘complex
synapsis” in the arehicerebellum of the rat. both the excitatory and the inhibitory synapses
display an intensive acetylcholin-esterase activity. Elsewhere in the central nervous system,
where histochemistry failed to demonstrate cholinesterase activity, a well-defined arylesterase
activity has been observed.

The present studies of the rat neocerebellum have shown that inhibition of arylesterase
by copper sulphate did not cause ultrastructural changes of any importance in either the
excitatory or the inhibitory axons. The post-synaptic granular cell dendrites, however, were
found to display a great number of ribosomes multiplication even at those sites (e.g. the
dendritic protrusions) where ribonucleic acid particles do not occur under normal circum-
stances. Certain changes in the granular cell cytoplasm were indicative of intensified protein
synthesis.

On the strength of the findings a significant role is attributed to synaptic arylesterase
en the decomposition of stimulating transmitters.

1. Térk, B. Vigh, T. Wenger
(Institute of Histology and Embryology, University Medical School. Budapest)
Autoradiographic Examination of the Circunivenlricular Ependymal
Organs
The ependymal organs of the rat, i.e. circumscribed areas in the wall of the cerebral

ventricles, containing special ependymal, glial and nerve elements were examined by means of
{*S methionine. The following areas were studied: the subcommissural, paraventricular, sub-
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fornical, and recessus organs, the organon vasculosum laminae terminalis, furthermore the
ependymal lining of the third ventricle, medial eminence and the choroid plexus. The animals
were killed at intervals of one half, one, two and four hours following administration of the 35S
methionine. Serial sections were cut. Their autoradiographic pictures on Kodak AR 10 strip-
ping emulsion show a rapid accumulation of amino acids in the ependymal organs and the
ependyma. In the ependimal organs showing ependymosecretory activity e. g. in the subcom-
missural organ, the activity was localized in sites corresponding to the secretory regions and
the isotope was probably incorporated in the produced secretion. The pronounced amino acid
uptake of the non-secretory ependymal organs is due to their intensive protein metabolism
and absorption, respectively.

B. Vigh, Ingeborg Teichmann

(Institute of Histology and Embryology, University Medical School. Budapest)

Histologic and Histochemical Examination of the Paraventricular
Organ in Various Vertebrates

The paraventricular organ, one of the ependymal organs in the 3rd ventricle, is made up
of a special multi-layered ependyma and a richly vascularized hvpendyma. Clusters of Herring’s
bodies spread from the neurosecretory cell groups towards the organ, the function of which
has not been clarified.

A nerve cell group of the organ (nucleus organi paraventricularis) is described; it was
found to occur in vertebrates from fish up to mammals. One process of the nerve cells innervates
the ependymal portion of the organ, the other infiltrates the brain substance. The histochemical
tests used were the aldehyde-fuchsin, chromium-haematoxylin (nonoxidized), DDD, Ninhydrin-
Schiff and PAS reactions, toluidine blue, Sudan black B, acid and alkaline phosphatase, succino-
dehydrogenase and cholinesterase reactions as well as catecholamine determination. The
findings pointed to a pronounced metabolic activity, especially in the ependymal portion of
the organ.

Ingeborg Teichmann, B. Aros

(Institute of Histology and Embryology, University Medical School, Budapest)

Fluorescence Microscopic Demonstration of Catecholamine Containing
Nerve Cells and Fibres in the Central Nervous System of Invertebrates

Earlier histochemical tests (Teichmann et al.) and electron-microscopic examinations
(Aros et al.) revealed a positive chromaffin reaction and dense core vesicles typical for catechol-
amine in the central nervous systems of invertebrates (Lumbricus sp.). The present paper gives
an account of further examinations, using the paraformaldehyde method for the demonstration
of catecholamine by means of fluorescence microscopy. Intensive fluorescence was shown by
numerous nerve cell groups and nerve paths in the area of the cerebral and subpharyngeal
ganglia. In the cerebral ganglion no direct connection was found to exist between the neuro-
secretory system and the catecholamine containing cells.

Katalin Hollési

(Department of Pathology, Municipal Istvdn Hospital, Budapest)

Neurovegetative Structures in Sialoadenopathies

Changes in the autonomous ground plexus, the chromaffin cells and the arterio-venous
anastomoses have been studied in connection with 200 cases of sialoadenopathy of various
aetiology.

The autonomous ground plexus revealed alterative-reparative changes in cases of
common sialoadenitis, while hyperplastic phenomena were predominant in those of neurogenic
sialosis. Grave lesions and consequent hyperregenerative processes were observed in allergic
sialoadenopathies associated with Sjogren’s syndrome.

Ada Morphologica Academiae Scientiar im Hungaricae 14. 1966



ABSTHCIS 351

The chromaffin (argentaffin) cells of the salivary glands (such cells presumably being
the cellular representatives of the adrenergic mechanism) were found to have decreased in
number and to have undergone degeneration in destructive processes and tumours.

Hyperplasia of the chromaffin cells and the appearance of peculiar forms were observed
in the salivary gland of patients suffering from neurogenic sialosis or hypertension.

The arterio-venous anastomoses, juxtaposed with the system of ducts, contain also
cheinoreceptors and may, therefore, play a special vegetative-regulatory role in the main-
tenance of glandular homeostasis. Marked hyperplasia and, in one case, a tumour of the arterio-
venous anastomoses was observed in cases of sialosis due to hypertension and emotional stress.

T. Kerényi, L. Haranghy, |. Huttner, Klara Szentagothai, B. Veress

(Second Institute of Pathology, University Medical School, Budapest)

Enzymatic-Histochemical and Ultrastructural Aspects of Experimental
Lipofuscin Pigment in the Nervous System

Following neurotraumatisation induced in white rats by repeated changes of stimuli
accumalation nutritional and defence reflexes’ senile pigment has been observed in the central
nervous system, especially in the Purkinje cells. As compared to controls, the acid-phosphatase,
non-specific esterase and succinic-dehydrogenase activity of the Purkinje cells showed a
moderate increase during the establishment of the conditioned reflexes. Repeated changes of
the conditioning stimuli caused a considerable decrease of the enzymatic activities. Enzymatic
reactions became once more intensive after a rest of six weeks, but their localization was dif-
ferent from that observed in the control animals.

Prolonged dinitrophenol treatment induced vigorous enzymatic activity. Accumulation
of pigments was significant in this group also.

While the respective ultramicroscopic structures of the pigment granules observed in
the course of normal senescence and after the neurotraumatism were essentially similar, the
structure of pigment granules observed after dinitrophenol treatment revealed different
features. It is suggested that pigmentation following neurotraumatism is due to the absolute,
that following dinitrophenol treatment to the relative insufficiency of the cellular enzy-
me systems.

Maria Edcr, B. Muréanyi

(Department of Neurology, University Medical School, Budapest)

Histopathology of Chronic Nodular Pancncephalitis

Ten, 5/2"end 4-year old cases of panencephalitis nodosa have been studied histopatho-
logically in order to find answers to the following problems. 1. Pathogenesis and course of
demyelinization which in a 10-year old case - destroyed a considerable portion of the hemi-
spheral white matter. 2. Cytological analysis of meningeal and intraparenchymal inflammatory
infiltrations which are encountered in chronic cases also; their immune-pathological relation-
ships. 3. At different points of the cerebral cortex, characteristic Alzheimer type fibrillary
changes were enocuntered in one of the cases, a phenomenon hitherto not registered in liter-
ature, their histochemical structure and pathogenesis has been studied. 4. The vessels have
also been studied since signs pointing to ischaemic necrosis were observed. 5. Cytological
structure and origin has been studied of the glial nodules usually encountered in panencephalitis
nodosa.
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. Kiss, K. Maté, T. Major, J. Horvath, G. Pados, L. Fényad

(First, Second and Third Departments of Medicine, and Department of Pathology, Tétényi
Hospital, Budapest)

Clinico-Pathological Evaluation of 1000 Cases of Death of Cardiac
Origin

A clinico-pathological survey is given of 1000 patients who died of heart diseases between
January 1st, 1960, and December 3rd, 1965. The cases have been tabulated according to
diagnosis; they included a variety of conditions from congenital abnormalities to vascular
diseases. The immediate cause of death, the course of the disease, and the problem of evaluating
the data revealed by the case history, are discussed in detail. Sex and age distribution has been
studied. Special care has been taken of the evaluation of the pulmonary state of the patients,

irrespective of whether the disease of the lungs was primary, or a consequence of the cardio-
vascular condition.

K. Maté, 1. Kiss, T. Major, J. Horvath, G. Pados, L. Fényad

(First, Second and Third Departments of Medicine, and Department of Pathology, Tétényi
Hospital, Budapest)

The Role of Extracarciial Factors in Death Caused by Heart Disease

The role of extracardial factors has been evaluated on the basis of a clinico-pathological
survey of 1000 cases of cardiac death, to study the relationship between renal state and the
compensation of cardiac failure and the data concerning electrolyte and water household.
The significance of multiple embolisation is discussed.

Anna Maria Novi

(Istituto di Patolégia Generale dell” Universita di Pisa)

Vesicle-like Formations Observed under the Electron Microscope in the
Isotropic Bands of the Rat Heart

The protomembranes which build up the intercalary discs in the papillary muscles of the
rat, present numerous spindle and sack-shaped dilatations of their interstices. These spaces,
delimited by the cytoplasmic membrane, contain numerous structures made up usually by two
hemispherical vesicles, each measuring up to 1400 A in diameter, up to 800 A in radius and
approximately 40 Ainwall thickness, with their flat surfaces arranged in parallel. Their appear-
ance reminds of diplococci. The membrane in the flat portions of the vesicles appears especially
rich in contrasts; less so are the granules on their inner sides which present a regular structure.

The two opposite situated flat surfaces in each diplococcus-shaped growth are separated
by a 160 A wide interspace which appears to be subdivided once more by a 20 A thick membrane.
The diplococcal structures appear, depending on the section plane, as differently osmiophilic
roundish formations or bubbles containing a richly contrasting matter.

The same kinds of growth have been observed on the cell surface, outside the perimem-
brane. They occur in the normal rat heart, but much more numerously in the papillary muscles
of rats with aortic stenosis.

The presence of these structures in the isotropic band seems to support the hypothesis ol
Sperelakis et ah (1960) in that the release of chemical substances in this region causes excita-
tion to spread from muscle cell to muscle cell.
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G. Korb, A. Krug

(Pathological Institute of the University, Marburg a. d. Lahn)

Late Findings in the Heart Muscle of Cats after Temporary
Coronary Ligature

Temporary ligature for periods of 60, 120 and 180 minutes of the ramus descendens
together with the accompanying vein was carried out in 32 cats. Seven more animals, subjected
to permanent ligature, served as controls. The animals, unless they died spontaneously, were
killed on the tenth postoperative day and their heart was subjected to histochemical and enzyme
histochemical examination.

In all cases of permanent and 180-minute ligature, typical extensive transmural infarcts
in the anterior wall of the left ventricle were observed. They often spread over the ventral por-
tion of the septum.

Out of eight hearts with ligature for 2 hours, three presented transmural infarcts in the
left anterior wall, and two displayed narrow stratified infarcts in the same region close to the
endocardium; the remaining three showed only focal and stripe-shaped myocardial necroses.

In 11 animals with one-hour ligature, the findings were, in three cases, subendocardial
stratified infarcts; in eight cases focal or stripe-shaped myocardial necroses; and in no case were
transmural infarcts observed.

These findings seem to confirm the earlier assumption, that coronary ligature for 60
and 120 minutes leads to necrosis only in parts of the supplied areas, probably in those sites
where ischaemia persists after removal of the ligature.

G.Waldmann

(Institute of Pathology, Friedrich Schiller University, Jena)

Suhmicroscopic Myocardial Changes in Rabbits Treated with
Streptolysin 0

Sublethal intravenous doses of Streptolysin 0 induced changes in the myocardial fine
structure, such as an early swelling of the mitochondria, oedema of the apillary endothelium
and parenchyma cells, alterations of the endothelial and parenchyma cell membranes and a
dilatation of the sarcoplasmic reticulum of parenchyma cells. As to the pathogenesis, a process
has been assumed by which Streptolysin 0 affected the cell membrane on analogy of the
mechanism operative in erythrocytolysis. Water influx and derangement of the intra and
extracellular environment by the primary permeability disturbance could perhaps account
for the changes.

J. Juhasz, Eva Magyar

(First Institute of Pathology and Experimental Cancer Research, University Medical School,
Budapest)

Myocardial Changes in Uremia

The heart of 30 patients who had died with uremia has been subjected to morphological
examination. In the wall of the left ventricle characteristic, usually focal, changes were revealed,
consisting in a swelling of the fibres, vacuolization of the sarcoplasm, fibrillolysis and inter-
fascicular edema. In the hypertrophized muscle cells nuclear anomalies such as duplication
and giant nuclei, etc. were frequent. Hyaline changes of the arterioles, eventually signs of
inflammation, were also common.

A double relationship is assumed between the renal failure and the metabolic disturbance
of cardiac muscle, viz. 1. hypertension accompanying the renal disease leads to cardiac hyper-
trophy and thus to relative coronary insufficiency; 2. toxic effects of uremia contribute
significantly to the myocardial lesions.
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A. Bajtai, Klara Németh, F. Alfoldy

(First Institute of Pathology and Experimental Cancer Research, University Medical
School, Budapest)

Myocardial Changes Caused by Pacemaker Electrodes

Artificial pacemakers of different types are increasingly employed for the therapy of
conduction disturbances, especially in Adams-Stokes’syndrome. The electrodes are implanted
into the myocardium or introduced through one of the large veins into the right heart ventricle.

The present paper reports on 7 cases with implanted pacemakers. Two of the patients
had a congenital septal defectand the surgical intervention had caused a conduction disturbance.
In the elderly patients typical Adams-Stokes attacks made it necessary to implant a pace-
maker.

One patient died 42 hours after the operation; the myocardium showed signs of
necrosis. In two other cases, death occurred 9 days after implantation of the electrodes; there
was necrosis associated with a marked inflammatory reaction in the myocardium. One
patient lived for 6 weeks after the intervention; the electrodes were surrounded by fibrotic tissue
showing signs of chronic inflammation, with foreign body giant cells.

F. Alfoldy

(First Institute of Pathology and Experimental Cancer Research, University Medical School,
Budapest)

Histological Study of the Cardiac Conduction System in Disturbances of
Conduction and in Resuscitated Patients

Surgical complications become more frequent with the increase in the number of
heart operations. One of the most serious complications is a disturbance of atrioventricular con-
duction, the cause of which has been thoroughly studied by numerous investigators (Le-
négre, Blondeau, etc.).

The present paper deals with 5 cases of atrioventricular block caused by heart operation.
In all cases histological examination revealed haemorrhages within the conduction system.

In further two cases a pacemaker was implanted for the control of Adams-Stokes’
syndrome. Excessive fibrosis of the His bundles sclerosis of the vessel supplying the bundle
underlay the attack, as revealed by histology.

In two patients subjected to resuscitation attempt excessive haemorrhages could be
observed at various sites of the conduction system; they apparently contributed to the failure
of resuscitation.

The present observations allow the conclusion that improvement of the technique of
heart operations is of great importance concerning the further reduction of mortality in this
field of surgery.

Eva Magyar

(First Institute of Pathology and Experimental Cancer Research, University Medical School,
Budapest)

Genesis of Focal Cardiomyocytolysis

Focal cardiomyocytolysis is a patchy malacia of the myocardium, with complete
lack of the myofibrils within the apparently normal sarcolemma, and of an inflam-
matory reaction.

In part of the cases the pathologic changes were due to a relative coronary insufficiency
(hypoxia) resulting from myocardial hypertrophy. In all the 5 examined cases, cardiomyo-
cytolysis occurred in subjects with aortic and pulmonary artery hypoplasia. Changes were
always most severe in the hypertrophic cardiac muscle lying before the hypoplastic vessel.

Myocytolysis accompanying hypoplasia of the large vessels occurred in young indi-
viduals, and caused symptoms similar to those of myocardial infarction.
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Angela Gyévai, I. Okrés, D. Szabo

(Department of Morphology, Institute of Experimental Medicine, Hungarian Academy
of Sciences, Budapest)

Cholinesterase Activity in the Myoeardial Fibres of Mammals

Earlier histochemical examinations showed that the myocardium and the pacemaker
differ in behaviour in mammals. The enzymes participating in the oxidative metabolism
displayed a more intense activity in the myocardium than in the pacemaker. Light micro-
scopic and electron microscopic studies now revealed that acetyl- and butirylcholinesterase
activities are more pronounced in conducting than in contracting fibres. This finding may
he related to the specific physiological role of the conducting system.

. Olah, P. Kbhlich

(Institute of Histology and Embryology, University Medical School, Budapest)

Myofibril-like Structures in the Endothelial Cells of the Myométrial
Arterioles of the Rat

The vascular network (stratum vasculosum) between the two smooth muscle layers in
the myometrium of the rat consists of arteries mainly of arteriolic structure. Their endothelial
cells are elongated lengthwise and present masses of cytoplasm containing numerous endo-
plasmic reticulum tubules, free and hound ribosomes, extensive Golgi apparatus, mitochondria,
centrioles and a multitude of cytoplasmic microtubules. Characteristic of the endothelial cells is
the bundle located near the basal membrane, consisting of filaments 60 70 A in diameter and
presenting a peculiar longitudinal periodicity. This periodicity appears to be produced by dark
transversal bands, arranged in intervals of 0.5 to 0.75 //, simulating the “Z” structure of
striated muscle. The function of these fibrils is unknown but their morphology and their
resemblance to the filaments of smooth muscle and myo-epithelial cells suggests the idea that
they operate as contractile elements.

Anna Kadar, B. Veress, H. Jellinek

(Second Institute of Pathology, University Medical School, Budapest)

Fibre Formation in Experimentally Induced Intima Proliferation

Following partial destruction of the aortic wall of albino rats there appear newly formed
fibres in the intimai proliferation which according to our observations consist of smooth muscu-
lar elements.

Microscopically, elastic fibre fragments can he found in the ground substance; ultra-
structural analysis of these elements revealed that partol them is composed of vesicles and part
shows a filamentous structure. Under the endothelial cells these elastic elements tend to form
a wavy internal elastic membrane. Under this formation the elastic elements are closely linked
with the basement membrane of the smooth muscle.
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B. Veress, Anna Kadar, H. Jellinek

(Second Institute of Pathology, University Medical School, Budapest)

Ultrastructure of the Cells of Experimentally Induced Intimai
Proliferation

An electron microscopic study was made of the intimai proliferation following partial
destruction of the aortic wall in albino rats.

As the first sign of regeneration there appeared a layer of endothelial cells above the
thickened and straightened internal elastic membrane. Later, beneath this layer cells usually
provided with processes appeared, at the beginning in one, then in more layers. In agreement
with previous light and polarization microscopic observations, the electron microscope revealed
in these cells an ultrastructure closely similar to that of smooth muscle cells. These cells migrated
into the proliferation from the media of the vessel, through the interstices or widened stroma of
the broken internal elastic membrane.

G. Gyurkd, M. Szabd

(Institute of Surgical Anatomy, and Institute of Forensic Medicine, University Medical School,
Debrecen)

The Role of Mechanical Circulatory Factors in the Localization of
Avrteriosclerotic Plaques

Localization and extension of arteriosclerotic plaques in the aorta and large vessels of
100 cadavers selected arbitrarily from a material including subjects of either sex and above 45
years of age have been studied with respect to their relationship with haemodynamic factors.
The material has been analyzed by mathematical methods. A study of the hydromechanical
aspects of the sites where arteriosclerotic plaques tend to occur most frequently has revealed
the influence of mechanical factors, particularly turbulence on the localization of the plaques.

Although arteriosclerosis constitutes a disease of the entire organism, and biochemical
disturbances are of primary importance in its pathogenesis, circulatory factors have their part
in determining the site of appearance and progression of plaques.

M. Németh-Cséka, . Foldi

(First Department of Surgery, University Medical School, Pécs)

Wound Healing in Rats of Different Ages

The healing of surgical wounds has been studied in rats of different ages; in part of the
animals lathyrism was previously induced. An incision was made in the midline of the back and
the force needed to tear the scar was determined at various points of time after surgery and the
scar was subjected to microscopic examination. Breaking resistance of the scar, as determined
on the 10th, 20th, and 30th day, increased gradually from 10 to 58 per cent of that of intact skin.
The increase was greatest in the young animals, while the resistance was reduced in the animals

with lathyrism, especially in the old ones. Resistance of the scar was not related to the micro-
scopic finding.

A. Nagy, Sarolta Petrés

(Department of Pathology, County Hospital, Szolnok)

Morphology of Myocardial Metastatic Tumours
The autopsy material of five years included 43 cases (2.4 per cent) of myocardial meta-

stasis. The morphological picture showed two forms, 1. myocardial carcinosis in which the
entire heart muscle was infiltrated by the tumorous tissue, and the myogenic elements showed
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atrophy; 2. cancerous myocarditis in which the neoplasm formed islets surrounded by inflam-
matory reaction. Melanosarcoma and certain differentiated carcinomas belonged to the first
category, while haematogenic métastasés and inflammatory phenomena were seen in anaplas-
tic, rapidly disintegrating cancers.

Zsuzsa Halmai, A. Csoiitai, Anna Arkai

(Second Institute of Pathology, University Medical School, Budapest)

Comparative Histological Study of Recurrent Tumours of the
Urinary Bladder

In the autopsy material of 16 years those relapsing cases of vesical tumour have been
surveyed regarding which a sufficient amount of surgical and autopsy data was available. The
study extended to the types of the tumours and their surroundings. The observed changes were
compared with histological findings made in non-tumorous cases or in non-tumorous parts of
the tumorous bladder.

S. Woyke, K. Mariiez

(Institute of Pathology and Second Department of Medicine, Pomeranian Medical Academy,
Szczecin)

Lytodiagnosis of Gastric Cancer. Evaluation of the Results of Gastric
Lavage with Chymotrypsin and Physiological Salt Solution

Cytological investigations have been carried out in patients with clinically and radiolog-
cally suspected gastric cancer. Cytological diagnosis was made on the basis of smears of gastric
lavage.

Lavage with chymotrypsin solution alloved to demonstrate cancer cells in about 90 per
cent of patients with gastric cancer, without misleading erroneously positive results.

In the second group of patients gastric lavage was performed with physiological salt
solution. It has heen concluded, that the technique of the examination and the cytologist’s
experience are of profound importance in the cytodiagnosis of gastric cancer, but the composi-
tion of the fluid used for lavage does not influence the result.

Due to the simplicity of the examination and the high percentage of positive and no
falsely positive results, the cytological study should be considered as a valuable supplement to
the hitherto applied diagnostic methods.

S. Fritsch

(German Academy of Sciences, Berlin and Institute of Microbiology
and Experimental Therapy, Jena)

Light and Electron Microscopic Studies of a Transplantable Mouse
Chloroleukaemia

Transplantable chloroleukaemia has been induced in mice of the Agnes Bluhm/Jena
strain by the cell-free filtrate of (BAB 1) murine. On the basis of electron and light micro-
scopical and histochemical findings of the observed chloroleukaemia and other experimental
leukoses, the biological significance and biomorphosis of the tumour have been discussed.
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J. Téth, J. Sugéar

(Institute for Oncopathological Research, Budapest)

Histology and Ultrastructure of Muco-Epidermoid Tumours

Stewart, Foote and Becker drew attention to the mucoepidermoid tumours of the
salivary glands.

Eleven cases of mucoepidermoid tumours originating from the salivary glands, skin,
breast, and uterine cervix were examined by the authors. A metastasis formed in the epiglottis
of mucoepidermoid carcinoma originated from the submandibular gland served for light-
and electron microscopic investigations. In some tumour cells mucin production was observed
by light microscopy.

In the ultrastructure of the tumour of transitional cell type ergastoplasm, secretional
vacuoles, extensive Golgi zones and annulate lamellae caracteristic for serous cells of salivary
glands can be observed. Intracellular tonofilaments and desmosomes were lacking. It was
concluded that the tumour cells, as for their ultrastructure, may he regarded as having the
character of serous glandular epithel.

L. Do6bréssy, J. Sugar, Anna Gulbert

(Institute for Oncopathological Research, Budapest)

Light and Electron Microscopic Study of Melanoblastoma Cells Isolated
from Blood

During the growth of melanoblastoma, both amelanotic and melanin containing cells
are detached into the blood stream; these cells are easily identified by light microscopy, accord-
ing to Seal. After excision of the tumour the cells appear in blood in increased numbers. Melano-
somes of the melanocytes can be identified also in the cells isolated from blood. The ultrastructure
of these cells has been studied for damages suffered in the blood stream.

. Palyi, B. Kellner

(Institute for Oncopathological Research, Budapest)

Formation and Fate of Multinucleated Cells in Tumour Cell Cultures

Observations were mostly made on HelLa cells, but also on several types of tumour
cell of mice and rats (NK mouse lymphoma, Yoshida’s rat sarcoma, Crocker’s mouse sarcoma).
The cells were cultivated in Rose’s chamber and their growth was recorded by phase contrast
microcinematography.

The formation of multinucleated cells occurred 1. by fusion of mononucleated cells;
2. by fusion of the daughter cells after multipolar division of large mononuclear polyploid
cells; 3. by fusion of the offsprings of multinucleated cells following multipolar division.

Concerning the further growth and behaviour of multinucleated cells, the following
phenomena were observed. 1. Multinucleated cells tend of persist longer without division
or any sign of degeneration. 2. From a binuclear cell a mononuclear cell tends to separate
by fission, and both cells then persist for long periods. 3. In giant multinucleated cells the
nuclei become arranged in two distinct groups, which then migrate in opposite directions,
producing a long cytoplasmic bridge between them; this cytoplasmic thread often fails to
break, or takes a considerable time to do so. 4 Multinucleated cells are rounded off and
undergo destruction. 5. Binuclear cells undergo multipolar division, and both mono- and
binuclear cells are formed: the latter cells then repeat the process. 6. Binuclear cells often
divide by mitosis, the two mononuclear offsprings each then fuse, forming a binuclear cell
again.

Amitotic divisions have not been observed in cells under study.
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G. Baradnay, Z. Ménus

(First Department of Surgery, and Institute of Pathology, University Medical School, Szeged)

Sex Chromatin Tests in Human Tumours

After a survey of recent advances in the research of Barr’s bodies, a study of sex chro-
matin in more than 200 different human neoplasms is reported. Attempts have been made to
establish a relationship between prognosis, hormone dependency and the sex chromatin, in
cases of carcinoma of the breast, prostatic hypertrophy and cancer, pulmonary cancer in wo-
men, gynaecomastia, and other tumours and hormone dependent tissue abnormalities. It is
concluded that, although several important results have been achieved in this field, sex chro-
matin tests are not suitable for definite conclusions to be drawn concerning prognosis and
therapeutical results in the case of human neoplasms.

L. J6zsa, G. Szederkényi

(Department of Pathology, County Hospital, Kecskemét)

llistorbeiiiical ami Cytochemical Observations in Erythromyelosis
(Di Guglielmo’s Disease)

A cytochemical study has been made of the bone marrow and the formed elements of
blood in four cases of erythromyelosis verified at autopsy. Three types of PAS posi-
tive granules were found in the erythroblasts. One kind of granule proved to be sensitive to
diastase, the other displayed characteristics of neutral mucoprotein, contained hexosamine
and sialinic acid, but showed no metachromasia. The third type of granule had properties of
acid mucoprotein, showed metachromasia, proved to be alcianophilic, and tended to bind
colloidal iron.

The granules present in the erythroblasts are thought to result from the altered saccha-
ride metabolism.

1. Fodor

(Department of Pathology, National Institute of Rheumatology and Balneology, Budapest)

Experimentally Induced Osseous Tumour

Osteoma has been induced in rabbits by the intravenous administration of beryllium
oxide, a compound poorly soluble in water, which accumulates in the retieulo-endothelial sys-
tem. In more than 70 per cent of the animals the tumour had become apparent after 10 to 15
months of treatment. Most frequently it arose from the rapidly growing metaphyses of the long
bones, i.e. at the lower end of the femur and the upper end of the tibia and humerus, a localiza-
tion similar to that observed in the human. Not infrequently, multiple osteomas developed and
métastasés, especially in the lungs, were common. Histologically, the tumour proved to be an
osteosarcoma which started as a proliferation of the mesenchyma of the medullary cavity.
The metaplastic sarcomatous tissue formed irregular osteoid and bone trabecules, which
invaded the cortex and surrounded the bone with neoplastic tissue.

Histocheinical observations of the tumour have been presented.

L. Takéacsi-Nagy
(Second Department of Medicine, University Medical School. Budapest)
Myelofibrosis Induced by Lead Acetate
Myelofibrosis was induced in rats by the repeated intravenous injection of lead acetate.
Connective tissue metaplasia of the bone marrow occurred in the vertebrae and the femur.

The erythropoietic elements were replaced by reticulum cells and fibroblasts, showing marked
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fibre formation. This bone marrow fibrosis was associated with hepato-splenomegaly. Most of
the animals developed anaemia. The thrombocyte count was often reduced, the white cell count
usually increased.

Myelofibrosis induced by lead acetate in the rat seems to be a suitable model for studying
the pathomechanism of myelofibrosis in the human.

Eva Gati

(Institute for Oncopathological Research, Budapest)

Concurrent Malignant Neoplasms

According to the general view, malignant tumours rarely occur concomitantly. In recent
years, however, several reports have appeared on the occurrence of two, or even more, inde-
pendent malignant tumours in the same patient. Other patients have recovered from one
neoplasm and then developed an other tumour independent of the former in a different area.
In some cases necropsy reveals that the original tumour has been cured, and that the other
one, thought to be a metastasis of the first one, is a different neoplasm.

The results of treatment and surgical intervention considerably differ if there are two or
more independent tumours, or métastasés of one neoplasm. Detection of the second tumour is
particularly important if it is one with a favourable surgical prognosis. Thus, clinically it is of
paramount significance that concurrent neoplasms should be diagnosed as early as possible.

. Szényi, 1. Kiss, S. Ferkoé
(Departments of Obstetrics and Pathology, Tétényi Hospital, Budapest)

Effect of Cyclophosphamide on Uterine Cancer

The effect of cyclophosphamide has been studied in 59 cases of carcinoma of the uterus of
which 37 were on the cervix and 22 on the corpus.

After histological verification of carcinoma, the patients were treated with 200 mg of
cyclophosphamide daily, up to a total of 8000 mg. Biopsies obtained prior to, and after treat-
ment were compared; the differences in the structure of tumour cells were attributed to the
treatment. A marked cytostatic effect could be observed in all cases; this manifested itself
in swelling and vacuolization of the cytoplasm and diminution of its pyroninophilia, or in swel-
ling and vacuolization of the nuclei and often karyolysis. Proliferation of the stroma at the
expense of the parenchyma was a common finding. Giant cells with large vacuoles or vacuo-
lized nuclei were occasionally observed as a result of pathological ripening; especially in cases
of adenocarcinoma of the corpus, considerable dissolution of the chromatin occurred, resulting
in the appearance of balloon-shaped nuclei.

The results have been interpreted as sufficient proof of the cytostatic effect of cyclo-
phosphamide in the case of uterine cancer.

J. T. Kelemen, L. Mandi, S. Bacsa

(Institute of Pathology, and Department of Tuberculosis, University Medical School, Debrecen)

Postlympliographic Reactions in Lymph Nodes

Reactions elicited in human inguinal lymph nodes by contrast material in oil have been
studied by histological and liistochemical methods. The contrast medium, stored in the sinuses,
elicited a macrophage histiocytic and foreign body giant cell reaction of varying intensity.
The cells revealed signs of lipid phagocytosis with strong acid phosphatase activity. The
introduced contrast medium persisted in the sinuses and the cells. The reaction is well dis-
tinguishable from tuberculous and sarcoid foci. In some cases the contrast material elicited a
hyperergic reaction.
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Sarolta Petras, A. Nagy

(Department of Pathology, County Hospital, Szolnok)

Bronchial Papillomata

Bronchial papillomais, according to Spencer, one of the rarest tumours of the lung, and
so far no such case has been reported in Hungary. In the authors’ biopsy material of 33946
cases there were three cases of pulmonary papilloma. The morphology of the tumour is dis-

cussed and it is shown that in one of the cases the benign bronchial tumour had degenerated
:nto carcinoma.

K. Jankovics, K. Szepeshazy, J. Manninger. G. Kazar, L. Zolezer

(National Institute of Traumatology, Budapest)

Necrosis of the Head of the Femur After Fracture of the Femoral
Neck

(Comparative Phlebographie and Histological Examinations in vivo)

The blood supply of the caput femoris suffers a severe disturbance after medial femoral
neck fracture. It takes 1 to 3 years until the circulatory disorders have become clinically and
radiographically manifest. They often give rise to grave complaints. Determination of the
disturbance to he expected is of prime importance for both the prognosis and the treatment
of the fracture. It was for this reason that the circulation of the femoral head has been studied
by means of arteriograms, venograms and isotopes. Comparison of vasograms with the ana-
tomical picture is important for the correct evaluation of circulatory investigations. Phlebo-
grarns made in cases of femoral neck fracture have beencompared with the results of histologi-
cal examinations concerning the necrosed caput femoris and the teres ligament with a view
to gaining prognostic clues.

A. Glauber, T. Vizkelely, K. Szepesi

(Department of Orthopaedics, University Medical School, Budapest)

The Bole" of the lliopsoas Muscle in Dislocation of the Hip

In the development of congenital dislocation of the hip the imperfect growth of the
proximal end of the femur and the impairment of antétorsion are important factors. In the
reduction of antétorsion the iliopsoas muscle was found to play a prominent part. X-ray studies
have revealed that in the normal anatomical situation the iliopsoas muscle complements the
anterior segment of the acetabulum and, as its active anterior wall, supports the head of the
femur. If the hip is dysplasie or dislocated, the muscle is incapable of accomplishing this
function.

It has been shown that the iliopsoas muscle both in itself and concurrently with the
outward-rotators, is capable of causing a tension in the neck of the femur which, when acting
continuously, remodels the tone and thus reduces antétorsion.

Tenso-optical measurements have shown on the frontal plane model of the proximal
end of the femur that the tension exerted by the iliopsoas muscle is the greatest at the basis of
the neck of the femur.

The present results indicate that the iliopsoas muscle is involved in the pathomechanism
of congenital luxation of the hip not only by the previously known mechanism of isthmus-
formation, hut also by affecting antétorsion of the femur in the early stage of dislocation.
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K. Szepesi, A. Glauber

(Department of Orthopaedics, University Medical School, Budapest)

Function of the Iliopsoas Muscle

Clinical observations have shown the iliopsoas muscle, owing to its particular position
and function, to play a part in the development of certain diseases of the hip joint (congenital
luxation, Perthes’ disease, coxarthrosis).

In order to analyze the force effects, it is required to know their size and direction.
Owing to the special anatomic conditions of the iliopsoas muscle, the forces arising on contrac-
tion of the muscle may greatly differ in size and direction, in dependence on the position of the
hip joint.

A mathematical method has been elaborated for the precise examination of these effects.
On the basis of X-ray pictures of anatomic preparations and of measurements performed during
operation, the exact sites of the points required for calculation, as determined in relation to the
femoral head (e.g. the exit point of the iliopsoas muscle from the pelvis) have been established.
On the basis of these the hip joint together with the determined points was drawn in a coordi-
nate system.

Direction and size of the forces exerted by the iliopsoas muscle was determined according
to the vectors in three dimensions. Thus it was possible to determine the flexiénal, adductional
and rotational moments in every position of the hip joint. In the ground position, for instance,
the proportion of these components was 1:4 : 1 Establishing the muscle function in any
given case, thus allows useful practical inferences.

L. Kéry, A. Glauber, T. Farkas

(Department of Orthopaedics, University Medical School, Budapest)

On the Pathology of Osteolathyrism

Osteolathyrism was induced in rabbits by R-amino-propiolnitrile and the changes
developed on the bones have been studied.

Bones of the extremities showed hyperostosis and torsion deformities. Epiphyses were
widened, tubercles and tuberosities became pronounced. Scoliosis was usually absent, and if
present, of mild degree. Epiphyseolysis was noted in numerous cases on the head of both the
femur and the humerus.

Histological examination revealed degenerative and proliferative changes, especially in
the growth cartilage, joint cartilage, and at the fixation points of muscles and tendons. The
main signs of degeneration in the costochondral junction were désintégration of the columnal
structure of chondrocytes in the zone of mature cartilage and the presence of fissures pushing
the chondral columns aside. The joint cartilages became thin and cystic cavities appeared in
them. Signs of proliferation in the hyperostotic areas were a periosteal thickening and the
subperiosteal formation of immature osseus tissue.

Histochemical observations showed metachromasia of the sites of proliferation, and
disappearance of metachromasia at the sites where degeneration prevailed; the latter was asso-
ciated with PAS positivity by Ritter-Oleson’s technique. Protein and amino acid content, as
estimated by the tetrazotized benzidine reaction, and the ninhydrine reaction, respectively,
showed a diminution in the lathyritic bones; these findings agreed well with the paper electro-
phoretic results.

The simultaneous administration of B-aminopropiolnitrile and low dose total body X-ray
irradiation enhanced the proliferative changes, particularly in the cartilaginous tissue.
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G. Lorincz, K. Farkas, D. Tanka, Maria Keller

(Department of Pathology, National Institute for Rheumatism and Balneology,
Budapest)

New Experimental Models of Arthritis

Numerous experimental and clinical data are in support of the immunological theory of
rheumatoid arthritis.

In the present study complete adjuvant was injected into the skin of the neck and the
sole of rats. Arthritis was more marked in the animals receiving the adjuvant into the skin of
the sole.

In other experiments arthritis was induced by inflammatory exudate. It has been report-
ed by Mieiilke and Eger that the injection of the exudate of Selye’s granuloma pouch into the
tail vein of rats induces chronic polyarthritis.

Exudate obtained from a granuloma pouch on the 6th day was injected under the skin
of the sole. Plie exudate was passaged in another granuloma pouch; with the passaged exudate
thus obtained further rats were treated. The passaged exudate induced increased swelling of
the ankle and paw. Inflammation was starting from the periarticular tissues and spreading
towards the synovia. Synovitis was observed in several cases.

). Tanka, K. Farkas, G. Lorincz, Maria Keller

Department of Pathology, National Institute for Rheumatology and Balneology, Budapest

Experimental Amyloidosis and Experimental Arthritis

Rheumatoid disease is characterized by well-defined histological changes of the connec-
tive tissue. Rheumatoid arthritis as well as other rheumatoid diseases are frequently associated
with amyloidosis.

The aim of the present investigation was to establish the changes in enzymatic activity
detected by histochemical methods that are likely to develop prior to amyloidosis in the
spleen, liver and kidney of animals treated with nutros, and on the other hand, to study the
course of experimental arthritis induced in such animals prior to the appearance of amyloidosis.

In the animals treated with nutros and treated with Freund’s adjuvant or granuloma
pouch exudate, arthritis developed earlier and the changes were more severe than in the
controls.

In the spleen of animals treated with nutros the activity of hydrolytic enzymes was
considerably reduced, while in the kidney a focal diminution of activity was revealed; in the
liver, kupffer’s cells showed a considerable increase of activity. The activity of non-specific
esterase decreased in the spleen, and exhibited a somewhat altered localization pattern in the
liver and kidney. Enzyme activity was reduced to a significantly higher extent in the animals
treated simultaneously with nutros and either Freund’s adjuvant or granuloma pouch exudate.

Histochemical changes were detected also in the arthritic tissues of the animals treated
with nutros and Freund’s adjuvant. In the connective tissue surrounding the joints, the activ-
ity of lysosomal enzymes increased considerably, and occasional pannus formation occurred
with increased acid phosphatase and non-specific esterase activity. The increase in enzyme
activity was less marked in the arthritic tissues of animals treated with granuloma pouch
exudate.

The present results indicate that 1. amyloidosis is preceded by characteristic changes in
enzyme activity in the organs in which later amlyoidosis develops; 2. amyloidosis enhances the
development of experimental arthritis; 3. the simultaneous occurrence of amyloidosis and
arthritis results in a considerable increase in the activity of lysosomal enzymes.
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A. Géhl, I. Foldes, L. Tasnady, L. Médis, L. Csedreky

(Institute of Anatomy, University Medical School, Debrecen)

Regenerative Chondral Osteogenesis (Callus Formation)

Callus formation depends upon numerous factors such as vascularization, hormonal,
physical, chemical, mechanical factors, etc. Among these, the mechanical factors affecting
chondral osteogenesis have been studied in the dog. A specially constructed spring-mechanism
was applied on the previously broken tibia and the effect of compression on callus formation was
observed by histological and histochemical methods, between the first and sixth weeks. Dif-
ferent areas of the callus were examined separately, and the interference of pressure at each
site was established. Some aspects of the stimulating effect of compression on chondrogenesis
have been elucidated.

In addition to the effects exerted by mechanical factors, the combined effect of mechani-
cal and locally applied chemical factors on the formation of regenerative callus has been
studied.

B. Somogyi

(Institute of Anatomy, University Medical School, Budapest)

Model Experiments to Study Ligament Injuries in Connection with
Flexidonal Spine Fracture

Osseous-ligamentous spine preparations comprising the vertebrae Lt to L3were subjected
to flexionéal compression. Flexion could be increased without vertebral fracture after division
of the supraspinous and intraspinous ligaments. The same degree of flexion could not be
achieved after dividing the arcuate ligament. The model experiments supported the clinical
assumption that in connection with flexional fractures a rupture of the ligaments between
spinous processes is almost inevitable.

Injuries of preparations associated with hyperflexional fracture lacking the vertebral
arcs and processes are accompanied by ruptures of the postero-lateral part of the intervertebral
disk, later also of the short fibres located on the broad part of the posterior longitudinal liga-
ment adhering to the disk. Injuries of this kind have by all means to be reckoned with in the
case of fractures reducing the height of the vertebra by more than one third.

T. Vizkelety, L. Kéry

(Department of Orthopaedics, University Medical School, Budapest)

Perivascular Lymph Spaces in Bone

Perivascular lymph sheaths of bone have been described repeatedly inthe past century,
nevertheless their existence has remained doubtful and left unmentioned.

Relationships between vessels and bone channels have been examined in the rabbit by
arterial silver impregnation. Fluid circulation in the bone was studied by introducing into the
cortex a stained gelatin plomb and by injections into calf bone.

A fibrous connection was found to exist between vessel wall and bone channel wall, but
no separate endothelium sheath could be discovered around the vessels. Occasional spaces
between vessel and bone channel must be considered artefacts. Sheaths lined with endothelium
independent of the vessel wall were not found at these sites. The vessel diameter may vary in
comparison to the constant size of the bone channel.

Fluid accumulation in the perivascular connective tissue took place in the interfibrous
spaces, but no in endothelial recesses.

Dye absorption in the cortex permitted the statement that the lacunae, canaliculi and
channels make up an integral space system in the bone.

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



ABSTKACTS 365

K. Szepeshazy, R. Jankodvies, G. Szabd

(National Institute of Traumatology, Budapest)

Postmortem Quantitative Study of Fat Emboli

Postmortem examination reveals pulmonary fat embolism in the majority of fatally
injured persons. Experiments have shown that the amount of fat entering into the circulation
must reach a certain limit to cause clinical symptoms. The degree of embolism is rarely
determined at autopsy; therefore, the present study was undertaken to compare the gravity
of fat embolism in persons who had been fatally injured with the fat embolism in persons who
had died of some acute or chronic disease. Comparisons have been based on the number of em-
boli per unit of pulmonary, cerebral and renal tissues. Pulmonary embolism was present in all
persons who had died within a week following the fracture of long bones, and it was heavy
(more than 180 emboli per cu. mm) in about 80 per cent of the examined cases. Fat embolism
was of medium degree in those who had died after a week. Systemic embolism was compara-
tively rare and not invariably associated with the gravest form of pulmonary embolism. Pul-
monary fat embolism was encountered in about 50 per cent of those who had died of some in-
ternal disease; its degree was slight (less than 60 emboli) or medium (60 to 200 emboli per cu.
mm). Systemic embolism was exceptional in this group.

R. Jankovics, K. Szepeshazy, Zsuzsa Magyar, G. Szabd

(National Institute of Traumatology, Budapest)

Human ami Experimental Fat Embolism

Autopsy of patients who had died after the fracture of long bones invariably revealed the
presence of mostly grave fat embolism. This notwithstanding, cases of fat embolism giving rise
to clinical manifestations or leading to death are extremely rare. The intravenous DL 100 of
triolein for the rabbit has been found to be 1.25 ml/kg, and the DL 50, 1.02 ml/kg. The numher
of emboli in lungs of human subjects who had suffered fatal injury was less than what is found
in the rabbit after the intravenous injection of 0.25 ml/kg of triolein.

After the intravenous injection of 0.1 to 1.0 ml per kg of 131l triolein the activity was
determined in different organs and the results were compared with those of histological ana-
lyses. There seemed to be no correlation between the histological picture and the amount of fat
contained in the lungs. Activity per unit weight of lung is limited so that the lungs are able to
retain just a certain amount of fat. On increasing the dose of fat, the pulmonary proportion of
fat became lower and the proportion of fat in other organs (brain, kidney, liver, gastrointestinal
tract, etc.) correspondingly higher.

M. Kellermayer, T. Heim

(Institute of Pathology and Department of Paediatrics, University Medical School, Pécs)

Biowii Adipose Tissue of Newborns in Pathologic States

Experiments were performed on newborn rabbits in order to study the changes induced
by fasting in the brown and white adipose tissues. Neither the brown nor the white fat cells
contained fat droplets, when the fasting animals had been kept at room temperature (20
23° C); but in thermoneutral surroundings (35° C), numerous fat droplets were found in the
brown and none in the white adipose tissue. The results seemed to indicate that brown adipose
tissue, as a special effector organ, played an important role in chemical heat regulation. On
the basis of observations of the brown fat of newborns and prematures some relationship is
assumed to exist between brown fat and the disturbances of heat regulation in infants.
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Anna Horvath-Kovéacs

(Institute of Pathology, University Medical School, Pécs)

Surface Effects of Basophilic Crystalline Silicogenic Powders

The crystalline quartz powders in the lungs of patients and experimental animals
with silicosis showed intense staining with basic dyes (toluidine blue, pyronin) and in the
polarization microscope their staining proved to be anisotropic in nature. Amorphous inactive
powders did not reveal any degree of basophilia. These findings showed a new aspect in the
pathogenesis of silicosis, the importance of the negative surface charges of the quartz particles
and prompted us to study the silicogenic effect of crystalline powders combined before appli-
cation with basic dyes. It was found that in animals treated wuth crystalline quartz powder-
basic dye complex, a considerably slighter tissue reaction developed than in the controls
which received the crystalline quartz powder only. The stained powders have been found
to retain the basic dyes on their surfaces in the lung tissues for several months.

A. Kardevan, F. Vetési

(Department of Pathology, University Veterinary School, Budapest)

Generalized Equine Aspergillosis

Generalized aspergillosis has been revealed as the cause of death of about 50 per cent
of a stock of foals. The primary lesions were in the intestinal tract, but spread of the pathogen
by the blood and lymph gave rise to métastasés in various organs. Part of the metastatic
foci consisted of colonies of fungi, while another part represented infarcts due to mycotic
thrombosis. The pathogen proved to be Aspergillus fumigatus, and the vector was mouldy
fodder. Spread and development of the disease were promoted by the youth of the animals,
their previous infection by Bad. pyosepticum and its prolonged treatment with antibiotics.

T. Wenger, . Téik

(Institute of Histology and Embryology, University Medical School, Budapest)

Comparative Morphology of the Vascular Organ of the Terminal
Lamina in Various Vertebrates

The vascular organ of the terminal lamina (OVLT) is one of the ependymal organs.
It extends from the anterior commissura to the optic chiasma and closes the lumen of the third
ventricle ventrally.

In fish, caudate and non-caudate amphibia, reptiles, birds and mammals the OVLT
has been found to occur as a clearly distinct organ of the ependyma. Marked morphologic
differences within one and the same species were not observed. The OVLT presents three
distinct parts, an external portion abounding in vascular and connective tissue; an inter-
mediate one with a multitude of glia cells and nerve fibres; and an internal part made up of
special ependyma. In fish, a fibrous structure dominates, birds present a rich capillary net-
work; mammals are characterized by a cell-rich intermediate layer.

The OVLT presents a similar degree of morphologic development in the various verte-
brates, offering the suggestion to be one of the phylogenetically ancient ependymal organs of
vertebrates.

A. Koréanyi-Both, K. Lapis, Margit Gallai

(Department of Pathology, and Department of Neurology, Postgraduate Medical School,
Budapest)

The Microscopic Structure of Muscles in Juvenile Progressive Dystrophy
Biopsy specimens obtained from the muscles of two siblings (15 and 17 years old, re-

spectively), suffering from juvenile progressive dystrophy, have been examined under the light
and the electron microscope. The observed changes were identical in both patients. The nuclei
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showed partial chromatolysis, pycnosis and marked dentation of the nuclear membrane. The
sarcomeres were distorted, the Z-disk showed nodular disintegration, and the interfibrillar
space was widened. These changes extended to single sarcomeres or to larger areas. Destroyed
myofibrils were replaced by groups of disintegrated, homogeneous myofilaments and basal
sarcoplasm. The sarcoplasmic reticulum was distended even in the comparatively unimpaired
areas; the amount of sarcoplasmic glycogen was increased, the mitochondria were swollen,
their crests fragmented. Some areas contained condensed, moderately electron-dense, amor-
phous substance in which scattered myofilaments, rests of intermediate disks and damaged
mitochondria were found, the latter phenomenon being presumably equivalent to Zenker’s
hyaline degeneration as seen under the light microscope.

Zs. Kocsis

(Department of Pathology, Second Municipal Hospital.
Miskolc)

Pathology of the Distress Syndrome in Premature Infants

The pathologic changes observed in 116 newborns with hyaline membrane are discussed.
Conspicuous features were the marked oedema of the organs and the dilated lymph vessels,
especially in the lungs, kidneys, myocardium, liver, lymph nodes and the adrenal glands. The
ganglion cells in the brain and cerebellum were partially disintegrated. The kidneys were
remarkably immature.

The changes are partly attributed to anoxic or metabolic causes and partly to a grave

disorder in water household, the development of which seems to be closely related with the
immature state of the kidneys.

I. Mészaros. L. Wallacher, J. Balogh

(Department of Pathology, County Hospital, Szekszard)

Morphological Signs in Respiratory Distress Syndrome

The morphological characteristics have been studied in infants who had died with
espiratory distress, with or without hyaline membrane formation.
Characteristic features of the lung parenchyma and of the pulmonary vessels are

compared with the clinical findings, and the primary and supposedly secondary phenomena
have been discussed.

J. Horgasz

(Department of Pathology, County Hospital, Szekszérd)

Senile Alterations of the Bronchial Epithelium

fhe material of the present study consisted of the bronchial mucosa of human subjects
who were older than 65 years, had not been suffering from bronchial tumour or a specific
inflammatory condition of the bronchi, and whose death had not been caused by a primary
disease of the pulmonary parenchyma. After filling the lungs with 8 per cent formalin solution
the principal and segmental bronchi and the peripheral bronchioles were studied for senile
changes in the cell nucleus and cytoplasm, in the stratification of the epithelium, in the produc-
tion of mucus, in the behaviour of the connective-tissue elements and in the intercellular fibres.
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llona Szijj, K. Kovacs

(First Department of Medicine, University Medical School, Szeged)

Effect of Mannomustin on Changes Induced in the Rat by
Hexadimethrine-Bromide

The intravenous administration of 5 mg hexadimethrine-bromide induces focal infarcts
of varying size in the adenohypophysis, the inner layers of the adrenal cortex and — less
frequently — in the liver of rats. The zona glomerulosa is destroyed in all cases, and extensive
necrosis occurs in Henle’s loops as well. Pretreatment with mannomustin (10 mg per 100 g
body weight intravenously 24 hrs before the administration of hexadimethrine-bromide)
reduced the susceptibility to infarction in the adenohypophysis, the adrenal cortex and the
liver but failed to prevent necrosis in the zona glomerulosa and Henle’s loops.

Considering that the applied dose of mannomustin induces pronounced leukopenia, the
development of necroses of vascular origin in the various organs may be assumed to require
the presence of an adequate number of leucocytes.

A. Jakobovits*

(Department of Gynaecology, University Medical School, Szeged, and
University of Hamburg)

Aectiology and Pathology of Uterine Myo-Fibrohypertrophy

Hypertrophy of uterine muscle and connective tissue was found to produce benign,
non-tumorous, uniform enlargement of the uterus and the disease should therefore be termed
uterine myo-fibrohypertrophy; to apply the term “chronic metritis” to the observed cases is
incorrect in view of the absence of any sign that would refer to an inflammatory process in
the uterine wall.

Owing to cell enlargement, visual fields of the same size presented less muscle and
connective tissue cells in the hypertrophied uteri than in the controls.

In the enlarged uteri of multiparae and of subjects past 40, the degree of hypertrophy
was not greater than in younger women but the increased weight of their uteri seemed to
indicate that hypertrophy had associated with hyperplasia, i. e. with an increase in the number
of muscle and connective tissue cells.

Menstrual disorders and pain predominated among the clinical symptoms.

Clinical observation as well as animal experiments allowed the assumption that endo-
crine factors have a significant part in producing clinical patterns with oestrogenic or andro-
genic preponderance. Attention is called to the presumed aetiological significance of the pro-
longed oestrogenic effect associated with pregnancy. The results of animal experiments suggest
that progesterone does not essentially influence the development of uterine hypertrophy. The
fact that uterine hypertrophy often appears in the menopause, seems to indicate that it takes
long time to develop.

Méria Gaj6, A. Gellért

(Institute of Anatomy, Histology and Embryology, University Medical
School, Szeged)

Comparative Histology of the Vocal Cord and the Vocal Muscle

The morphology and physiology of phonation has been studied by numerous authors.
It is, however, still undecided whether or not the fibres of the vocal muscle are inserted into
the vocal cord; neither is it clear, what part the vocal muscle is playing in the finer modulations.
This is why there are two different theories concerning the mechanism of phonation. One is
the myo-elastic (aerodynamic) theory, proposed by Johannes Mualler more than hundred
years ago, according to which subglottic air pressed from the lungs up the respiratory ducts
represents the active force that sets the vocal cords into vibration; the second, so-called neuro-

* Fellow of Alexander von Humboldt Stiftung.
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muscular (neurochronaxic) theory states that the vibration of vocal cords is under central
nervous controls.

Considering the extremely varied data concerning the arrangement of the vocal muscle
fibres, and their relationship to the vocal cord, in serial sections of the larynx of humans
(mainly newborns), dogs and rats the vocal muscle fibres have been studied for their relation-
ship to the collagen and elastic fibres of the vocal cord and the elastic conus.

The arrangement of the vocal muscle fibres is much simpler in animals than in man.
In the dog and rat larynx many parallel fibres were found to run sagittally. The human fibres
presented an intricate picture hardly definable in the histologic sections. Nevertheless, the
relationship of muscle fibres to the surrounding collagen and elastic fibres is essentially the
same. The fibres of connective tissue enmesh those of the muscle which appear as if embedded
in the collagen-elastic tissue. Thus the connective tissue elements are involved in the muscle
contractions, and the different structures form an integral functional unit.

R. Poche

(Institute of Pathology, University of Disseldorf)

Electron Microscopic Examination of the Human Myocardium

Electron microscopic examinations of the myocardium have usually been carried out
on experimental animals. Human postmortem material namely undergoes such an autolytic
change that it is exceptional to obtain reliable finding while biopsy of the myocardium cannot
be carried out in the way performed in the liver and other organs. Cardiac surgery, however,
offers advantageous possibilities in this respect if the muscle removed during heart operations
is immediately subjected to proper treatment. Results of such investigations in the case of
chronic rheumatism, tetralogy of Fallot, idiopathic hypertrophic subaortic stenosis, have
been presented.
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B. Rex-Kiss
(Institute of Forensic Medicine, University Medical School, Budapest)

MEDICO-LEGAL ASPECTS OF SEROLOGICAL GENETICS

In general, human blood groups are understood to mean hereditary traits
linked to the red corpuscles. On the other hand, the serum of human blood, too,
contains substances (the so-called blood group antibodies) which are determined
by blood-group properties. The reason why, originally, blood groups were set
up according to the genetic properties of the erythrocytes and not according
to the antibodies contained in the serum, was that the group specificity of the
latter was variable (especially in systems other than the classic ABO system).
Besides, the principle that the serum contains the homologous antibodies
whenever the erythrocytes fail to reveal a certain specific character, is but
rarely practicable with the currently available procedures. The situation has
now changed inasmuch as the discovery of genetic properties in the various
protein fractions of the serum makes it reasonable to speak not only of blood
groups (in the original sense of the term) but of “serum groups” as well. It was
in the wake of Jay1 (1947), Smithies (1955) and their associates that investiga-
tions were started with a view to proving that like erythrocytes -- serum
proteins too possessed genetic properties. Discoveries in this field were greatlv
facilitated by the adoption of biochemical research methods. Athorough analy-
sis of protein components would have been impossible without the facilities
offered by electrophoresis. The inheritance patterns of the “serum groups”
(that are perfectly independent of the blood groups) are fairly clear and have
become a highly interesting subject of recent serological research work. They
are of prime significance for anthropology, genetics, even for clinical practice,
and it is safe to expect numerous new discoveries in this field. The reliability
and simplicity of determinations concerning hereditary transmission allow
their forensic employment in cases of doubtful parentage.

From a serological angle, up-to-date “inheritance biology” may be
divided into two branches.

(a) Blood groups which comprise both the classic and the newly discovered
systems.

(b) Hereditarily determined proteins, i.e. systems of serum groups of
which eight are known at present: heptoglobins; transferrins; postalbumins;
group Gc; group Gm; group Ag; group Lp; pseudocholinesterase-group.
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The rapid progress of research work resulted not only in the discovery of
new blood groups but has modified existing conceptions also. Of course, the
practical significance of new discoveries cannot always he estimated at once.
Let us refer in this connection to the discovery of the sexually determined
blood group Xg. It meant the long expected discovery of the first blood-group
gene linked to a special sexual chromosome and may shortly acquire great
importance.

Satisfactory as the steady progress is, it becomes increasingly difficult to
fit the new findings into the frame of known facts. Since the discovery of the
factor Rh by Landsteiner and Wiener not less than 21 antibodies have been
detected which antagonize the known components or the partial antigens of this
system.

The possibility of determining nonpaternity (i.e. to rule out the paternity
of an incorrectly accused man) by serological methods depends on

(a) the distribution of the examined character in the population to which
the putative father belongs;

(b) whether one or more hereditary characters can he ascertained in the
examined system;

(c) whether only the phenotype or both the phenotype and the genotype
can be directly determined. After Hirszfeld, one speaks of a fully utilizable
system in the latter, and of a partially utilizable one in the former, case. It
follows that only blood groups and serum groups satisfying these requirements
are useful for medico-legal practice. Systems of such groups will be discussed
in the following.

NBO system. Reliability of the determination of the subgroups A, of
prime importance for forensic medicine, has been greatly promoted by the
employment of phytagglutinins in recent years. A great number of sub-
stances specifically reacting with Aj and A2(H) of vegetable origin are now
available.

M N Ss system. The combination of the groups MN with the system Ss was
of considerable significance. The conclusive force of the exclusion of paternity
by MN analyses is now incontestable, whereas there still exist doubts in re-
spect of the Ss system, evidently owing to the fact that the number of family
studies concerning the characters S and s is as yet insufficient.

P system. Up to 1955 it seemed that one was dealing with a one-factor
system, but the discovery of the antibody anti-Tjad and the factor Pk has
complicated matters so much that, at present, there are only conjectures
regarding the phenotypes and genotypes of this system. Besides, its usefulness
for the purposes of forensic medicine is greatly impaired by the fact that the
intensity of the Preceptors is subject to fluctuations (especially influenced by
storage) and also by the fact that these receptors are immature in the newborn.
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Rh system. That this system has achieved a top position in human genetics is
mainly due to its practicableness. Yet, nowadays there are not many persons
even among specialists who have a full command of all problems connected with
the application of the system. One of the principal difficulties consists in the
nomenclatorial discrepancies which present a true mirror of the contradictory
conceptions regarding the genetic correlations between factors that can be
determined by test sera. Notwithstanding differences in the matter of nomen-
clature and in that of the genetic principles regarding the transmission of Rh
groups (Wiener’s One-gene theory and the multiple-gene theory of Fisher—
Race), practice is now uniform as regards the performance of Rh examina-
tions because both Fisner and Race postulate a linkage of genes which is so
close that always “triple” Rh genes are inherited that produce but a one-gene
effect. Laurer, the eminent Hamburg serologist, recently advanced a new
nomenclature with the following six genes: Ce, cE, ce, CE, Cwe and CWE.

Ofthe variants of Rh antigens, discovered so far, C" and Du are important
for legal medicine. The first is an allelomorph (Cw— or, according to W iener’s
terminology, R on the locus C, and the second is a weak D factor. Both can
be demonstrated with adequate methods and suitable sera.

Also Rh antibodies have been found which react with known Rh anti-
gens provided their genes are closely connected. The antigen G(rhG),
for example, yields positive results with anti-CD sera but fails to do
so if brought together with pure anti-C, -D and -E sera. Anti-G(CD) is no
mixture of antibodies but a specific antibody against the antigen G. The dis-
covery of various antibodies of a similar nature (CcEe = Hr0; ce(f) = hr;
Ce=rhy;cE hr;)lias raised fresh genetic problems. Bloods lacking genes (e.g.
-D- or -d- and ---, as also numerous new variants) are of especial interest in this
connection. These discoveries do not fit the inheritance patterns of Fisher-
Race and seem to require the postulation of new allelomorphs.

Hp system. By the employment ofvertical (instead ofthe usual horizontal)
starch gel-electrophoresis (after preliminary treatment) it was recently ascer-
tained that the gene product Hp 1is no homogeneous substance but consists of
three separate parts, each with its own autonomous genes which would mean
thatthere existsix phenotypes Hpl. If the technique involved can be simplified,
the armentarium of medicol-egal serology will have gained a new valuable
tool.

Gm system. This system has become very useful during recent years and,
— as regards genetic composition — is almost as complicated as the Rh system.
Factors (a) and (x) of the system mean no problem; difficulties exist, however,
in respect of factor (b) which is not homogeneous. — InV, that was a one-
factor system a few years ago, has developed into a complete four-gene one since
then (Invl Inva Invhand Inv).

The serum-group Gc, a recent addition to the armentarium of medico-legal
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serology, is now gaining ground in serological research work, although its
technique is complex and laborious.

The full exploitation of all new possibilities in the field of serological
genetics encounters certain limitations, (a) The acquisition of the required test
sera may be difficult, (b) Shortcomings, be they of a personal or a technical
nature, may impede the use of new methods, (c) There may be a disproportion
between the sums to be invested and the results to be reasonably expected.

As regards particular conditions in Hungary, it must be borne inmind that
the economicalncss of the adoption of new procedures depends to a great
extent on whether the necessary test sera can be obtained on the home market
or have to be imported. Only the sera required for ABO and MN examinations
are manufactured in Hungary, neither do Hp examinations require imported
material. Since these three tests are recognized in Hungary as sufficient for
the reliable exclusion of paternity, examination of parentage is based on them
in our judicial practice. As regards the question as to how many systems should
be included in the examinations, i.e. how many kinds of tests should be made in
parternity cases, we have to remember that — once paternity has been exclused
out by even a single absolutely reliable test — no further tests are really needed.
As far as chronological order is concerned, examinations should always start
with the classic blood groups and continue with the blood groups MN. The
next steps depend on the special conditions of each given case. If, for instance,
paternity has been exclused on the evidence of the ABO-test (or possibly on
that of the MN or Hp tests), no further tests are necessary. Asregards subgroups
A1l/A2, the ABO-test should, in our opinion, be accompanied by the deter-
mination of these subgroups as it isvery useful in the establishment of pater-
nity and, besides, its omission means the disregard of a one per cent possibili-
ty of exclusion.

Still further tests are necessary (a) if the preceding ones have still left the
possibility of paternity open; (b) if there are several putative fathers and the
paternity of at least one is still possible; (c) if the object of the test is not
merely the exclusion but also the possible establishment of paternity.

Examination of the serum-group system lip should be the third step,
in the first line on account of the simplicity of the technique involved, and also
because of the strong conclusive force of its evidence. Examination of the Rh
group is recommended as the fourth measure, and it should extend to the
antigens D, C, ¢, E, e. In order to economize test sera, the antigen C" should
only be examined if the test is expected to yield a clearly positive or negative
result. If necessary, the so-called genotype sera (anti-C% anti-f) should be
applied. If the available technical equipment prevent? the performance of the
Hi)-test, its place in the sequence should be occupied by the examination of the
Rh group. As fifth examination, we suggest that of serum-group Gm [first the
factor Gm(a) and then the factor Gm(x)j.
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The performance of these examinations affords a 67 per cent chance of
excluding paternity (i.e.,a non-fatherhas a 67% chance of proving his nonpa-
ternity). In other words, the above tests do not suffice for excluding the pater-
nity of about one third of the non-fathers.

As regards now the efficiency of blood-group serology in the matter of
establishing parentage, the maximum we can attain with the present methods
is, on an average, a 90 per cent chance of exclusion. To reach a percentage of
this height would involve much superfluous work because, after all, genuine
fathers are involved in about two thirds of the cases whose paternity cannot be
excluded anyhow. Since it happens in some 33—34 per cent of the cases that
non-genuine fathers are accused, further, since the five blood-group systems
enumerated above allow the exclusion of paternity in 27—28 per cent, there
remain only 6 to 7 per cent where still further blood-group tests may present
the chance of ecluding paternity. Of course, this comparatively low percentage
does not justify the neglect of efforts to exonerate non-fathers from the charge
of paternity. At even such low percentage the decision of Hungarian courts is
unfavourable to about 90 to 100 defendants per annum, mostly on the evidence
of blood-group tests which do not definitely rub; out the possibility of paternity.

It seems best to resort to the calculus of probabilities in the matter of
possible further measures. Additional examinations should only he made if the
results of all preceding tests point to the improbability of paternity. At this
stage the method of the indirect exclusion of paternity may be employed. As is
known, phenotype is not always identical with genotype, and one phenotype
may include several genotypes. For instance, a person of group A may have the
phenotype AA or AO; again, if subgroups AXA?2 are taken into account, an
individual of group Aj may have the genotypes AjA™ AjA, and Ax0. The same
principle applies to the blood-group system Rh: an individual of phenotype
C+ D+ E —c-—--4-may havethe phenotypes CDe/cde, CDe/cDe or cDe/Cde
(abbreviated, Rx, R1R0, ROR'). It means that the possibilities of excluding
paternity are limited in these blood-group systems, since present serological
methods do not allow a direct determination of the genotype in such cases.
The determination of the actual one among the possible genotypes is only
possible in an indirect way, i.e. by extending the range of persons to be examin-
ed to the accused person’s (or persons’) consanguineous kinspeople, in the first
place to his (their) parents and possibly even to the collateral relatives and de-
scendants. The fact that, by knowing the gene frequency ofthe various blood-group
systems, it is possible to compute the percentage of possible genotypes within each
phenotype means a great facility. It is, for instance, known that in Hungary the
incidence of AO amounts to about 80 per cent and that of AA to about 20 per
cent in group A. Again, in the case of Rh, the frequency of genotype R,r within
the phenotype is 93 per cent and that of ROR’* about 0.2 per cent. That such
indirect methods are still not sufficiently employed is due to that the search for
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and the presentation of the necessary persons are laborious and expensive, and
also because the tests are not always successful.

Another method is the determination of Essen-Ms11er’s S0-called pa-
ternity index, i.e., the degree of the probability of paternity. It is obvious that
an improbability index exceeding 90 per cent xvill have much weight with the
courts.

The following additional examinations might be carried out.

Examination of the other factors of the Gm system. Test sera for the
demonstration of factors Inv (1) and Gm(b) are available. Examinations concern-
ing the system MN may be combined with those of the system ss. Test sera are
available also in this respect. Also the examination of the system Gc iS now
possible in Hungary.

Tests in respect of other blood and serum groups not mentioned in the
foregoing, while feasible in exceptional cases, are still at the experimental
stage and their significance is more scientific than practical. Besides, the
courts are unlikely to hase their decisions on the evidence of these tests.

To sum up: when making use of serological genetics in paternity cases,
(@) we should apply the results of scientific research work in a manner that is
suited to existing conditions; (b) the results of serological tests should be mathe-
matically evaluated; (c) medico-legal expert opinion should be based also on
the mathematically evaluated results of anthropologico-genetic analyses.

M. Feliér

Blood Group Incidence and the Probability id" Exclusion in Paternity
Suits

In the question of paternity the blood group systems will decide the issue in part of
the cases only. The probability to exclude paternity greatly depends on the incidence of the
given blood group; it is obviously greater, if the child’s blood shows some rare quality not
contained in the maternal line. Usually, however, common hereditary qualities are only found
and exclusion of paternity depends on the incidence of the blood groups, in the population.
The maximum number of non-fathers equals the fifth power of the gene frequency. Therefore
the probability of paternity exclusion has to he calculated separately for each population area.
The results of blood group tests performed in 43,000 persons have been worked up by statisti-
cal methods to establish the incidence of the blood groups and the probability of paternity
exclusion in Hungary.

E. Horvath, B. Rex-Kiss

(National Blood Bank and Institute of Forensic Medicine, University Medical School.
Budapest)

Gc Serum Group in Paternity Cases

Classification and incidence in Hungary of the Gc serum group types have been studied.
Among 1000 persons subjected to examination the distribution was Gc 1—1, 48 per cent;
2 1, 44 per cent: 2 2, 8 per cent. Their value in respect of the probability to exclude pater-
nity is approximately 16 per cent, nearly as high as that of the MN or lip systems. In 100
legal cases, in which they were examined together with the A,A2B0, MN, Rh, lip and Gm
groups, the Gc finding allowed to exclude paternity in 12 cases. In 9 cases the results coincided
with those yielded by blood groups but 3 were established on the basis of Gc examination
alone.
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P. Giith, R. Budvari

(Institute of Forensic Medicine, University Medical School, Budapest)

Serology of Beta-Lipoprotein Type Isopreeipitins

Routine tests have been carried out with anti-Lp(a) serum. The results of these exami-
nations are described with special regard to the distribution of Lp(a) properties in the popula-
tion and the maximum frequency of exclusion achieved by their use in paternity proceedings.

The discovery of precipitating iso-antibodies in the serum of a four-month old infant
previously subjected to blood transfusion, calls attention to the prevention of transfusion
complications in infants and to the possibility of foeto-maternal diaplacental immunization.

Edit Birtha, B. Rex-Kiss

(Institute of Forensic Medicine, University Medical School, Budapest)

Significance in InV Gamma-Globulin Serum Groups in Paternity Cases

The incidence in Hungary of serum InV gamma-globulin system have been studied in
3300 persons, regardless of sex and age. An incidence of 12.1 per cent has been established.
In 21 of 820 lawsuits paternity was excluded on the basis of the InV(l) factor; in 10 cases
it was solely this test which decided the issue. The probability of paternity exclusion by the
method in question amounts to approximately 1.3 per cent.

L. Fésiis, B. Rex-Kiss

(University Veterinary School, and Institute of Forensic Medicine, University
Medical School, Budapest)

Incidence of Serum-Transferrin Types and their Significance in
Paternity Cases

Kristjansson’s modified method (1963) of Smithies’s starch gel electrophoresis (1955)
has been used for the determination of serum transferrin types in 1000 individuals of various
age, sex and nationalities. Two stripes corresponding to the TfC allele have invariably been
present in every case; but TfB bundles occurring together with Tfc types in the heterozygote
form were identifiable in 5 persons. Thus incidence of the TfB allele in Hungary can be esti-
mated at 0.5 per cent. The significance of serum transferrin types in paternity proceedings

is discussed.

B. Rex-Kiss

(Institute of Forensic Medicine, University Medical School, Budapest)

Evaluation of Rh-Tests in Paternity Suits

Rh-tests performed in 1683 lawsuits over three years allowed the exclusion of paternity
in 171 cases (16.1 per cent), among which 156 (9.3 per cent) were established alone on the basis
of this test. In 222 cases out of the 271 they furnished absolute evidence, in the remaining 49
only a high degree of improbability. Each of the latter fell under the C-f-c-j-D-(-E-|-e-bRh
phenotype which does not make it possible to establish the genotype by any direct method.
A great advantage in these cases is the use of chromosome sera, particularly of anti-Ce, which
allow to determine the presence or absence of the most important genotypes. Equally advan-
tageous is the C™-factor test which has been employed in 50 cases and which alone furnished
sufficient evidence for paternity exclusion in 5 cases.
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E. Somogyi, B. Rex-Kiss

(Institute of Forensic Medicine, University Medical School, Budapest)

Lethal Hemolytic Complications of Blood Transfusions

Postmortem serologic examinations carried out in cases of blood transfusion leading
to lethal complications are surveyed. The blood was subjected to ABO, MN and Rh blood
group tests and antibody determinations. ABO or Rh-incompatible blood had been transfused
in each case in consequence of an error in the blood group determination and in the compat-
ibility test, or the neglect to perform them, and to take the history duly into consideration.
Attention is called to the importance of studying the patient’s history and the documen-
tation of the blood group tests prior to transfusion.

L. Szabd, B. Rex-Kiss

(Institute of Forensic Medicine, University Medical School, Budapest)

Blood Group Test Evidence in Disputed Paternity without
Examination of the Mother

The possibility of paternity determination on the basis of blood group tests in cases
when the mother cannot be subjected to examination is discussed. The probability of exclusion
of paternity in such cases is 64 per cent of that when the examination can be extended to the
mother.

In 60 paternity proceedings without maternal blood tests, paternity could be ex-
cluded in 14 cases.

B. Rcngei

(Institute of Forensic Medicine, University Medical School, Szeged)

Application of Native Protein liniiiuiiizcd Antiserum in a Case of
Irregular Death

A blind and deaf-mute man, aged 73, suffered a grave traffic accident and was brought
to hospital where, after 6 days of unconsciousness, he succumbed to cerebral changes and
pneumonia. The postmortem examination identified in the laryngeal port two inwedged pieces
of meat, as the direct cause of suffocation death. Attempts at discovering their origin by means
of native protein immunized antiserum were made by the immune precipitation method of
Ochterlony’ agar gel diffusion. None of the observed reactions indicated that any protein of
animal origin was present and the reaction characteristic of human origin was the only one
to furnish positive result. In spite of this finding, the human origin of the test samples remained
questionable, partly because the necropsy failed to discover any injury in the mouth, throat
or pharynx, and partly on the consideration that obviously some specific proteins of human
origin may have left their traces on the test samples. Evidence in favour of animal origin, on
the other hand, was doubtful because of the very obvious probability that cooking heat had
denaturized proteins while it turned raw meat into eatable food. Model experiments, to study
the effect of this heat factor on specific proteins, have been carried out with the meat of various
animals fresh from the abbatoir. In physiologic salt solutions of equal proportion, these samples
were exposed for 0 72 and 0 8 hours to the action of heat at 37, 56 and 100 °C and then
subjected to immune precipitation tests of agar gel diffusion. Each sample of the 37 and 56 °C
test series yielded precipitation even after 72 hours of exposure, while those of the 100 °C
series were found negative already after half an hour of cooking.

Applying these results to the case under review, it was impossible to find out the origin
of the meat samples because of protein denaturization in the course of cooking. The suggestion
is made to use also heat-denaturized antiserums for medico-forensic purposes, as that type
of agent is able to precipitate proteins both in native and in heat-denaturized state.
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Gy. Gerencsér

(Criminal Laboratory, Police Headquarters, Budapest)

Mixed Cell Agglutination, a New Method of Blood Stain Examination

The knowledge about blood stain diagnostics dates back nearly to the discovery of
blood groups and has developed parallel with blood group serology. Its criminalistic signifi-
cance has been realized as early as 1903 and blood stain identification methods have been in
use since 1923; nevertheless it was only in the past decade that they have furnished valuable
criminalistic procedures.

More recent demands have led to the elaboration of new methods, ranging from recep-
tor identification over inhibited agglutination (or absorption) to elution; but lastly the elution
(or extraction) method proved to be the only one that really met the requirements of medico-
legal practice. The mixed cell agglutination method worked out by Coombs et al. in 1956, has
become by now an efficient procedure in criminalistic practice.

S. Okros

(Institute of Forensic Medicine, University Medical School, Budapest)

Electron Microscopic Examination of Thrombocyte Thrombus

The thrombocyte thrombus signals a vital damage of the heart and arteries. Following
histologic location a sample of the substance has been subjected to electron microscopic exam-
ination. In collaboration with Dr. D. szabs and I. O kres, the structure of the thrombocyte
sack was studied. It was found to consist of aggregated necrosed thrombocytes, surrounded
by a massive, reticular fibrin capsule which emitted fine filaments towards the inside of the sack
in between the thrombocytes. In the alpha, beta and gamma granulomeres of the thrombocytes,
in the hyaloplasm and in the membrane covering the thrombocytes, there were conspicuous
changes which might furnish some basis for clarifying the fibre mechanism of fibre develop-
ment.

E. Somogyi, Gy. Rézsa, P. Sétonyi, T. Varga, A. Nevelds

(Institute of Forensic Medicine, University Medical School, Budapest)

Changes in the Fine Tissue Structures after Electric Shock

The effects of electric shock have been studied in human corpses, skin and muscle parts
obtained from surgery, as well as animals exposed to electric shock of predetermined character.
The results have called the attention to some hitherto unnoticed phenomena.

Gy. Ré6zsa, E. Somogyi, P. Sétonyi, T. Varga, A. Nevel6s

(Institute of Forensic Medicine, University Medical School, Budapest)

Nuclear Changes Following Electric Shock

The cell nuclei of various tissues have been subjected to morphological, histochemical,
polarization and fluorescent optical electron microscopic and cytophotometric studies. They
presented significant alterations of a similar nature, the most pronounced having been an
elongation of the nuclei with specific lesions of the membrane, derangement of the chromatin
structure, dehydration of the nuclear substance and depolymerization of DNA.
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P. Sétonyi, E. Somogyi, Gy. Rézsa, A. Nevelés, T. Varga

(Institute of Forensic Medicine, University Medical School, Budapest)

Myocardial Changes due to Electric Shock

The effect on the myocardium of direct exposure to electric shock has been studied by
routine histological, histochemical, phase contrast, fluorescent, polarization microscopic and
electron microscopic methods.

Attention is called to the phase in which the histochemical reactions became weak or
ceased, injury of the membranes was shown by polarization microscopy and various mito-
chondrial lesions by electron microscopy, while light microscopy failed to reveal any kind of
alteration.

T. Varga, E. Somogyi, P. Soétonyi, Gy. Roézsa

(Institute of Forensic Medicine, University Medical School, Budapest)

Skeleton Muscle Changes due to Electric Shock

The effect on the skeletal muscles of electric shock and the resulting marks have been
studied in the rat and the guinea pig by routine histological, enzyme histochemical, polariza-
tion optical, phase contrast and electron microscopic methods.

The observed changes consisted in a gradual disappearance of the enzyme reactions
parallel with the structural modifications, furthermore in membrane damage. The gravity
of the lesions was in close relationship with the intensity of electric shock.

A. Nevelés, E. Somogyi, Gy. Rézsa, P. Sétonyi, T. Varga

(Institute of Forensic Medicine, University Medical School, Budapest)

Epithelial and Connective Tissue Changes Following Electric Shock

Epithelial and connectiv tissue changes caused by electric shock have been examined
by routine histological, enzyme histochemical, polarization, phase contrast and fluorescent
microscopic as well as electron microscopic methods in human material obtained at surgery
and in specimens of rats and guinea pigs exposed to electric shock. The gravity of the changes,
ranging from characteristic, structural alterations to complete homogenization, was closely
connected with the intensity of the shock.

L. Buris, M. Szabé, Klara Zsigiiioiid

(Institute of Forensic Medicine, University Medical School, Debrecen)

Histochemical Examination of Current Marks

The marks inflicted by electric current have the same gross and microscopic appearance
as those arising under thermal effect. An apparently suitable method for their differentiation
is to demonstrate the imprint of the metal conductor in the damaged area. In specimens
obtained from animals subjected to electric shock from postmortem material gross chemical
demonstration of the most frequent three types of metal conductor has been performed, using
Prussian blue for iron, a saturated aqueous Solution of alpha benzoinoxim for copper, and 0.2
per cent alizarin S for aluminium.

Microscopic examination has been carried out with Berlin blue reaction for iron, JNa
diethyl-dithiocarbamate and rubeonic acid for copper, finally an 0.2 per cent aqueous solution
of morin and alizarin S for aluminium. The method lias successfully been employed in doubtful
cases.
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L. Harsanyi, Margit Kovacs

(Institute of Forensic Medicin, University Medical School, Budapest, and Criminal
Laboratory, Police Headquarters, Budapest)

Vital Reactions of Bones Tested by Histochemical Methods

The vital reactions of rat bones have been studied.

Leontin Jegesi

(Institute of Forensic Medicine, University Medical School, Budapest)

Traumatic and Non-Traumatic Lesions of Skeletal Muscles

The morphological and structural changes conditioned by age and morbid state of
various skeletal muscles have been studied and compared with traumatic lesions of the same
sites. On the basis of characteristic changes in the working and supporting muscle elements,
some views are offered concerning the mechanism of injury in various types of muscle.

F. Kosa, I. Gy. Fazekas, A. Basch

(Institute of Forensic Medicine, University Medical School, Szeged)

Elongation and Tensile Strength of Human Skin from Various Body
Regions

The expert examining an injury on a living subject or a corpse is able within wide limits
only to determine the size of the force (as weak, medium or strong) that had caused the wound.
Neither does literature offer such data for the strength of an impact required to tear the human
skin.

Specific elongation and tensile strength of skins from 121 human corpses have been
examined by means of an electric tensile strength apparatus with automatic recording device.

The specimens taken from the hairy scalp, anterior part of the neck, middle chest,
heart region, abdomen, back, buttocks, upper arm, thigh, forearm, tibial area, were divided
according to age into groups of ten years (from 3 months to 83 years of age) and according
to sex (71 males, 50 females), and were tested 6 to 72 hours after death.

The test revealed that the tensile strength varies according to sex, age and body region,
owing probably to the unequal proportion of collagen fibres to elastic fibres. Skins of children
and females are on the whole less tenacious and tear under the impact of a smaller force than
of males, up to 60 years of age; but past 60 the sex difference vanishes, owing probably to
gradual atrophy with advancing age.

As to actual values, the dorsal skin presented the highest tensile strength (30—40 kg
per 1 cm width) and the lower specific elongation (0.20—0.257220—25 per cent). Lower
was the tensile strength (15—25 kg per 1 cm width) and much higher the specific elongation
(0.40—0.60 ~ 40—60 per cent) on the frontal surface of the body.

L. Takacsy, Gy. Goracz, Erzsébet Bellus, |. Nagy

(Institute of Forensic Medicine, University Medical School, Budapest)

Myocardial Electrolyte Levels in Cases of Sudden Cardiac Death
Various parts of the myocardium (auricle, atrium, ventricle) from subjects who had

died of cardiac arrest were studied and the K, Na and Ca contents were estimated in homo-
genized samples, in order to clear eventual connections between the two findings.
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The material consisted of cases where the gross and microscopic findings did not suf-
ficiently reveal the cause of cardiac arrest.

Explanation was mainly sought for the question why the sudden death had occurred
just at the given point of time.

N. Kapusz

(Institute of Forensic Medicine, University Medical School. Debrecen)

Traumatization and Lipase Activity

The development of fat embolism and the daily changes in serum lipase activity have
been studied in patients who had suffered general concussion, fractures of long bones, and
décollement in traffic accidents. Patients suffering from diseases which involve an increase
of lipase activity were excluded.

Disturbances in the lesser circulation were associated with an increase in lipase activity,
the normal level of which is between 0.5 and 1.5 ml n/50 NaOH.

On the 3rd to 5th day following the injury the lipase value was 2.8 —4.5 ml n/50 NaOli
in cases of long bone, tibial and thigh fractures, and 1.9 3.7 ml n/50 NaOIll in cases of general
concussion, décollement and flat bone fracture.

The study of lipase activity, when diseases involving an increase of such activity ar
excluded, facilitates the clinical diagnosis of fat embolism, and accordingly facilitates the pre
scription of the treatment.

M. Szab6, L. Huris, Klara Zsiginoml

(Institute of Forensic Medicine, University Medical School, Debrecen)

llexosaniine Level in Pulmonary Tissue

Pneumonia is a frequent cause of sudden death; it is, however, difficult to diagnose it,
especially from lungs exhumed or in the state of decay. In such cases also the histological
findings are often of questionable value.

The purpose of the present study was to elaborate an examination method which would
facilitate the diagnosis of pneumonia in such cases. Data from the earlier literature indicate
that the hexosainine level rises in inflammatory processes. In the present experiments the
hexosamine level has been estimated in pulmonary tissue of subjects who had died with bron-
chial or lobar pneumonia, and of survivors of traffic accidents, as the controls. Histological
studies were carried out in parallel and also after four days’ putrefaction at room temperature.

The modified Elson-Morgan method yielded in average hexosamine value of 150 to
250 mg per 100 g in the normal and 350 to 500 mg per 100 g in the pneumonic lungs. The
results were not influenced by the process of decay.

T. Krompecher, Eva Kiss, N. Kapusz

(Institute of Forensic Medicine, and Department of Anatomy. University
Medical School, Debrecen)

Hone Regeneration under Chronic Alcohol Treatment

After fracturing the femur of rats and uniting it by transcutaneous medullary nailing,
the animals were treated with 0.16 to 0.426 g per 100 g body weight of ethyl alcohol daily,
while the controls were treated with egg-shell powder and the bones were examined after the
1st, 3rd and 5th weeks.

Young cartilaginous cells in the newly formed bone indicated that the ossification pro-
cess advanced farther in the alcohol treated animals than in the controls.

The action mechanism may be conditioned by the peripheral vasodilator effect of alco-
hol as well as by the by-products of the alcohol decomposition process which increase tissue
respiration.
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1. Gy. Fazekas, Erzsébet Virdgos Kiss

(Institute of Forensic Medicine, University Medical School, Szeged)

Free and Total Histamine in Various Skin Areas

In an earlier study it was shown that the cervical groove contains more free histamine
than intact cervical skin if the person had died of hanging, but the same or nearly the same
amount of free histamine if he had been hanged after death. Hence the quantity of free hista-
mine in cervical skin may be considered a vital reaction. In view of the lack of data concerning
the free and total histamine content and its postmortem changes in the various skin areas,
the question has been subjected to a closer investigation.

Specimens of the hairy scalp and skin from the neck, upper arm and thigh, taken from
100 human corpses, 34 females and 66 males between 2 and 93 years, were studied at 1 to 72
hours after death. The highest total histamine value was found in the scalp (8—25 fig per
100 g), less in the neck (5—22 ~g per 1 g), upper arm (5—20 fig per 1 g) and thigh speci-
mens (5—20 fig per 1 g).

The free histamine content in all the four types of specimen was found to increase
with the length of time elapsed since death. In the first 5 hours no free histamine was found.
Later the values were as follows: 6—17 hours — scalp, neck and upper arm 0.0—0.7 fig per
19, thigh 0.0—0.5 fig per 1g; 18—24 hours — scalp 0.0 0.8, neck 0.0—0.7, upper arm
0.0—0.6, thigh 0.0—0.5 fig per 1 g; 25—30 hours — scalp 0.0—2.9, neck 0.0— 1.2, upper
arm and thigh 0.0—0.9 fig per 1 g. After 30 hours, free histamine increased more and more
rapidly in the various skin areas. 31—40 hours — scalp 0.3—4.1, neck 0.2—3.7, upper arm
0.2—3.4, thigh 0.2—1.4 fig per 1 g; 41—48 hours — scalp 0.5—9.3, neck 0.1—6.0, upper
arm 0.1—7.3, thigh 0.1—8.4 fig per 1 g; 50—72 hours — scalp 1.6—16.4, neck 1.3—16.1,
upper arm 0.3—16.0, thigh 2.0—16.0 fig per 1 g.

The differences according to sex and age in free and total histamine content, in the
same skin area were not significant. Neither was it of significance, whether death had been
due to suffocation, heart failure or cerebral hemorrhage. High values for free histamine (5.3-
7.8 fig per 1 g) were revealed in cases of scalding, and low values (0.0 0.6 fig per 1 @)
when loss of blood had been the cause of death.

J. Nagy

(Institute of Forensic Medicine, University Medical School. Debrecen)

Postmortem Reaction of Skeletal Muscles to Electric Stimulus, as an
Indicator of the Point of Time of Death

By means of an electric stimulator, furnishing five adjustable steps of voltage it could
be shown that human skeletal muscles are able to respond to the stimulus for 6 to 8 hours
after death. Persistance of reactibility varied with the different muscles and was longest
with the facial muscles, especially those of the eyelids. Thus the time of death could be deter-
mined in the following 6 to 8 hours, with a half hour margin of error. It is recommended to
test the electric irritability of skeletal muscles at the scene of death in every case.

Agnes Major, P. Quittner, E. Szab6
(Criminal Laboratory, National Police Headquarters and Central Institute of
Physical Research, Budapest)

Identification of Tracer Element Impurities in Hair Specimens by
Means of Neutron Activation Analysis
Kind and quantity of tracer element impurities in human hair vary from person to
person and are characteristic of the individual. Neutron activation analysis allows the quanti-
tative demonstration of tracer elements without destruction of the hair.
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Following irradiation of the specimen in an atomic pile, the contained tracer elements
can he determined qualitatively and quantitatively by measurement of the induced radio-
activity. The method has been in regular use for medico-legal purposes.

Hair introduced through pneumatic pipes into the atomic pile were exposed for 3 min-
utes to irradiation by a flux of 1013 neutron/cm2sec whereupon the energy spectra of the pro-
duced gamma radiating isotopes have been measured with a scintillation detector and a 256-
channel amplitude analyzer. In this way it was possible to identify a number of elements in
the hair.

1). Horvath

(Pharmacy, University Medical School, Pécs)

Rapid Demonstration of Phosphate Esters

A rapid chemical method has been worked out for the demonstration of organic phos-
phate ester type compounds, especially in poison residues. The intention was to offer a uniform
method to deal with every type of compound containing this group.

The following model substances were used: ethylparathion, as well as two compounds
used also in human therapy, viz. dyflos and paraxon.

G. Jéna, J. Nagy, I. Szabd

(Institute of Forensic Medicine, and Department of Radiology, University
Medical School, Debrecen)

Medico-Legal Aspects of X-Ray Examinations with Contrast
Media

Between January 1, 1963, and December 31, 1965, more than 10,000 examinations have
been performed with iodine-containing contrast materials. Following a survey of the various
examinations and the subsequent complications (none of them lethal), the medico-legal aspects
of the problem and the means of prevention have been discussed.

Attention is called to the importance of having at hand the drugs and instruments
needed in these cases.

Z. Dézsi, 1. Szabho

(Department of Radiology and Institute of Forensic Medicine, University
Medical School, Debrecen)

X-Ray Absorption by Some Poisoning Compounds

The X-ray absorbing capacity of various poisoning compounds has been studied by
densitometry.

By means of suitable X-ray exposures it was possible to diagnose certain types of poison-
ing (e. g. arsenic) in vivo, and to demonstrate postmortem the presence of a larger amount
of poison following rapid death.

1. Szabé, A. Simai, L. Deli

(Institute of Forensic Medicine, and Department of Radiology, University
Medical School, Debrecen)

Radiologic Examination of Pulmonary Shock Induced by Benzine

Benzine administered intravenously induces grave pulmonary shock in the dog and
leads to death in 1 to 5 minutes. Pneumoangiocardiography and bronchography revealed a
spasm of pulmonary capillaries, venous reflux in the greater veins and dilatation of the right
heart.

The angiocardiographic patterns of benzine poisoning and of asphyxiai death have
been found essentially the same. Bronchiography demonstrated bronchial spasm.
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Gy. Farkas, A. Varroé

(Institute of Forensic Medicine, University Medical School, Pécs)

A Few Aspects of Gas Chromatography Tests

A gas chromatograph fitted with a thermal detector of the Willy Giede GCHF 18
type has been used for the determination of the blood alcohol level, of the presence of anaes-
thetics in the blood of naicotized patients, furthermore of certain toxicologic substances.
The influence upon the final result of certain details of the procedure such as the prep-
aration of specimens, quality and length of the column charge, temperature, carrier gas quan-
tity, pressure conditions, etc. has been discussed.

Klara Zsigmond, J. Nagy

(Institute of Forensic Medicine, University Medical School, Debrecen)

Some Topical Questions in Connection with Alcohol Probe Examinations

The results of practical tests with the alcohol probe performed in 1965 and experiments
in connection with the tests are reported. The question is raised of the possibility to omit the
blood test whenever certain specific shades of colour have made their appearance. Some per-
taining problems are discussed with particular reference to the repeated use of the same probe
if the first test yielded a negative result.

I. Gabor, Erzsébet Bellus, L. Tolnay

(Institute of Forensic Medicine, University Medical School, Budapest)

Comparative Examination of Alcohol Level in Blood, Urine and CSF

Postmortem estimations of the alcohol concentration in blood, urine and CSF were
performed in order to get information on the absorption and excretion of alcohol at the time
of death. Simultaneous blood and urine alcohol tests failed to furnish reliable information as
to the ingested quantity of excreted amount of alcohol.

In cases when considerable loss of blood, lack of urine, etc., make it impossible to
determine the amount of alcohol in these body fluids the CSF alcohol level may serve as an
indicator of the degree of alcoholic intoxication.

S. Zalanyi

(Institute of Medical Organization, University Medical School, Szeged)

A Survey of Agricultural Accidents in County Csongrad, with
Reference to the Influence of Alcohol

A review of nearly 3000 records of accidents during farm work in County Csongrad in
the period 1962—1964, has raised some doubt about the small percentage of alcoholic influence
indicated by the reports. Comparison with the data of traffic accidents and the results of
alcohol probe tests recorded in the same area suggest the assumption that alcoholic intoxication
must play an important role in agricultural accidents.
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Eva Bérlék, |. Gy. Fazekas

(Institute of Forensic Medicine, University Medical School, Szeged)

Skin Catalase Activity of Rat under the Influence of Alcohol

The Feinstein perborate method was used to estimate catalase activity in the skin of
intact male rats of 200 250 g weight, and of animals treated subcutaneously with 0.8 g per
100 g of 20 per cent alcohol every hour.

In the treated group skin catalase activity was higher by 242 per cent after 1 hour, 137
per cent after 2, 116 per cent after 3, 100 per cent after 4, 80 per cent after 5and by 50 per cent
after 6 hours, than in the untreated controls. Blood catalase activity also increased.

In earlier studies on humans and rats under the influence of alcohol, blood catalase
activity was found to increase together with the blood corticosterone and hydrocortisone
levels. On this hasis the increased skin catalase activity following alcohol injection is ascribed
to a more intensive functioning of the adrenal cortex. The finding seems to confirm the obser-
vation that chemical stimulation of adrenocortical function leads to an increase of the skin’s
biological function by raising its catalase activity.

L. Nagy, Klara Zsigmond

(Institute of Forensic Medicine, University Medical School, Debrecen)

The Effect of Adrenalin on the Blood Alcohol Level

Alcohol was administered to human subjects and test animals and after the diffusion
balance had set in, adrenalin was administered in order to study its effect upon the course of
the blood alcohol curve.

The human experiments were performed with an oral dose of 0.3 g per kg of alcohol in
the form of brandy. After the diffusion balance had established itself, blood was taken at half-
hour intervals over 280 minutes. At 2 hours 1 mg of adrenalin was injected subcutaneously
and then blood samples were taken every 5 minutes over one half hour. The adrenalin effect
observed in humans presented itself asarapid rise of drop of the blood alcohol level, to an extent
not exceeding 0.03 per cent in either direction.

In dogs, adrenalin caused unambiguous significant changes.

The rapid changes in the blood alcohol level under the influence of adrenalin are ascribed
to alterations in the intravasal fluid volume.

V. Foldes, I. Kenyeres, Gy. Gerencsér

(Police Headquarters, Criminal Laboratory and Institute of Forensic Medicine, University
Medical School, Budapest)

Imbibition of the Eye and of the Vitreous Body as an Indicator of the Time
of Death

One of the most important things for the medico-legal expert is to determine the age of
the corps he has to examine, i.e. the period of time that has passed since the death. The purpose
of the present study was to discover some cadaveric sign, suitable as a criterion for how long
the body has been dead and simple enough for the postmortem examiner to record it.

In 100 examinations of cadaveric eye lenses and vitreous bodies, the following inter-
relations have been found to exist between the state of putrescent transudation of these organs
and the age of the corps:

1 Increased tension, spherical shape and faint yellowish-green transudation of the eye
lens, with limpid or scarcely transudated vitreous body, indicate that one week at the most
has elapsed since the death.

2. Moderate tension, yellowish-green or faintly scarletish-brown transudation of the
eye lens and slightly scarletish transudation of the vitreous body were usually found in the 2nd
week after death.
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3. Reduced tension, flattened shape, scarleti shbrown transudation of the eye lens and
homogeneous transudation of the vitreous body were observed in the 3rd week after death.

A medicol-legal estimation of these changes in the eye lens and vitreous body, considered
together with other cadaveric criteria, furnish a reasonably good ground for a simple and fast
judging of the period of time that has passed since the death.

L. Kiss, V. Kovacs

Medico-Legal Centre, and Institute of Forensic Medicine, University Medical School, Budapest)

Fingerprint Pattern in Twins

The types of ridge pattern and the secondary characteristics of fingerprints have been
studied in 31 pairs of twins and their parents. Both parents were known in 22 and only the
mother was known in 9 cases. Of the 22 cases, 7 appeared to be identical male twins, 6 identical
female twins, while 9 were binovular male-female twins. In the 9 sub-judice cases (i.e. where
the father wasuncertain), the corresponding distribution was 3—3—3. No difference was found
between twins and the controls (non-twin offspring) as regards fingerprint pattern and secon-
dary characteristics of impression, nor*did monozygotic and binovular twins differ in this
respect.

Since the examined 31 families do not suffice for drawing definitive conclusions, further
investigations are in progress.

M. Bobest

(Institute of Forensic Medicine, University Medical School, Pécs)

The Medico-Legal Significance of Amniotic Fluid Embolism

Amniotic fluid embolism associated with afibrinogenaemia, can sharply be differen-
tiated from the other forms of shock during delivery.

The case of a 37-year-old multipara is reported who shortly after delivery died from
amniotic fluid embolism associated with afibrinogenaemia. The conclusion is drawn that in
similar cases of sudden death during or after childbirth, the clinical picture, postmortem
examination and mainly the histological findings present a safe basis for the reliable determi-
nation of the cause of death.

O. Szedlak, 1. Artner

(Department of Public Health, Ministry of the Interior, Budapest)

Medico-Legal Aspects of the Period of Recovery from Concussion
of the Brain

Insufficient and erroneous recording of clinical symptoms as well as the inadequate
conclusions drawn from them often give rise to difficult medico-legal problems in connection
with brain concussion. Shortcomings of this kind influence expert opinion and delay the
termination of judiciary proceedings. The main points arising in connection with the recovery
period are discussed according to the following points.

1. Brief survey of the pathology and symptomatology of concussion of the brain.

2. Medico-legally important points concerning the origin of concussion.

3. Discrepancies and controversies concerning clinical findings in concussion of the
brain; their analysis based on expert opinions of the Supreme Medical Council, on those of
medical examiners, and on judicature.

4. Suggestions regarding expert opinions concerned with the duration of recovery after
concussion of the brain.
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L. Veress, 1 Gy. Fazekas

(Institute of Forensic Medicine, University Medical School, Szeged)

Diagnosis and Medico-Legal Opinion in Connection with Concussion
of the Drain

Uncertain and mostly subjective symptoms, their variability, the possibility oi the
diagnosis being misused, as also certain discrepancies between the attitude of the attending
physician and that of the medical examiner are the main reasons why the elaboration of medico-
legal expert opinion on concussions of the brain is a thorny task. The problems arising in this
connection on the evidence of medico-legal reports on 300 non-fatal injuries are surveyed.

Among 300 cases, chosen at random, there were 202 head injuries (67.33 per cent);
only the head had been injured in 121 cases, while head injury was accompanied by other
injuries in 81 cases. The head had been injured by some blunt object in 191, and by some
pointed, sharp tool in 1i cases. In 93 of the 202 cases of head injury (i.e. in 46.04 per cent)
was concussion of the brain diagnosed.

Although the original clinical diagnosis had been concussion of the brain, it became
doubtful or was proved to he erroneous in 38 cases (40.86 per cent) owing to the absence of
objective data at the time of elaboration of the medico-legal opinion and owing to a re-esti-
mation of all circumstances in each given case.

No diagnosis of concussion should he set without the cooperation of the internist,
neurologist, ophthalmologist and without EEG, ECG and various laboratory results concerning
the CSF. blood-sugar tolerance test, etc.

Conditional diagnosis would be indicated if the complaints and symptoms do not seem
to he sufficient for the establishment of a perfectly reliable diagnosis of concussion cerebri.

2. The practice of regarding concussion of the brain as taking longer than eight days to
recover irrespective of the gravity of the given case, iserroneous. Automatic prescription of a
long bed rest in the lack of objective data justifying it. is likewise based on a false principle, and
this the more so as unjustifiedly long bed rest may give rise to neurotic manifestations.

3. Especial care should be paid in this respect to suspiciously protracted postconcus-
sional complaints.

Z. Pap

(Department of Neurology and Psychiatry, County Hospital. Debrecen)

Results of Compulsory Detoxication Treatment

Based on data provided by the Central Police Station of Hajdu-Bihar County a survey
is given of the minor offences, misdemeanours and criminal offences committed in 1965 under
the influence of alcohol (intemperate or unlawful consumption of alcoholic drinks). Medical
problems are discussed regarding individuals who were transferred to the hospital by the
investigating authorities, the district court or the public prosecutor, for compulsory detoxi-
cation treatment. Such treatment often failed, especially if the alcoholic had reached the stage
of advanced character degeneration or alcoholic psychosis. The statutes regulating compulsory
detoxication treatment are frequently misinterpreted by both the police and the courts. It is.
for example, a frequently occurring false interpretation of the regulations that Courts of Law
have the right to decide the matter of compulsory treatment, irrespective of medical opinion.
The personality of each alcoholic should carefully be analysed, for experience has shown that
treatment cannot but fail in the case of utterly depraved and completely degenerate drunkards.
Individuals of this nature should be transferred for at least six months to a reformatory where
they are compelled to work and may benefit from group psychotherapy.
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M. Vargha, L. Veress

(Department of Neurology and Psychiatry, and Institute of Forensic Medicine, University
Medical School, Szeged)

Problems Regarding Psychopathy and Limited Criminal
Responsibility

A short discussion concerning the forms of psychopathy occurring in forensic psychiatry
is followed by a treatise on the correlation between psychopathy and the various criminal
actions. Characteristic examples are presented. Questions in connection with criminal respon-
sibility in the various forms of psychopathy are investigated from the point of view of the
medico-legal expert.

J. Hofsang, G. Marton, M. Vargha

(Public Prosecutor’s Office, Szeged, Department of Neurology and Psychiatry, University
Medical School, Szeged)

Freedom of Consent of Cases of Immoral Offences

It has become necessary to determine how far the mentally deranged adult party can be
regarded as having the freedom of will in cases of rape, indecent assault and sexual perversion
because in recent years criminal proceedings were instituted before the County Court of Szeged
in which the injured party was mentally deficient. The question has important legal, medico-
legal and social aspects.

V. Foldes

“Criminological Laboratory, National Police Centre, Budapest)

Rinding Decision No. 4 of the Supreme Court in Medical Practice

Decision No. 4 of the Supreme Court concerning increased protection of human life in
judiciary practice defines the functions of the medico-legal expert. When presenting expert
opinion in cases of criminal actions against the life and health of human subjects, the expert
has to pay due regard to the principles laid down in the binding decision of the Supreme Court.
Judicial practice cannot dispense with correct medico-legal expertise in proceedings of the
said nature.

Expert medical opinion regarding the suitability for killing of the tool employed in the
perpetration of the felony, the manner in which it was committed, the site and nature of the
injury is indispensable for the Court to arrive at the required decision.

Medico-legal opinion is likewise indispensable in most cases when judgement has to be
passed on the particularly cruel manner of manslaughter and its premeditation.

An especially important role falls to the expert in cases of infanticide.

D. Horvath, R. Budvari

(University Pharmacy, and Institute of Forensic Medicine, University Medical School, Pécs)

Responsibility for Side Effects of Drugs

The so-called iatrogenic diseases constitute a widely discussed problem. Interest in the
subject is natural in consideration of the great number of current drugs and the incidence of
harm to the organism due to their employment. Untoward episodes occurring in this connection
raise the question of responsibility as also theoretical and practical problems concerning the
attitude of the medico-legal expert.

It is important that, when investigating the cause of sudden death, the forensic medical
expert should not content himself with throwing light on the possibly harmful side effect
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of the drugs involved, and ascertaining the possibility of individual hypersensitivity or drug
intoxication, etc., but should also investigate the matter of drug consumption.

Taking a few fashionable groups of current drugs such as the phenothiazines, anti-
coagulants, etc., as examples, the fact is pointed out, that although the side effects of many
current drugs may sometimes he fatal, death need not be caused exclusively by the drug
involved. The prescription of biologically active compounds requires experience and careful
deliberation. The physician is expected to know their complex effects and is responsible for
their use, a fact which the medico-legal expert cannot ignore.

G. Szuchovszky

(Institute of Forensic Medicine, University Medical School, Budapest)

Problems of Procedural Law Regarding Laboratory Analyses in
Connection with Medico-Legal Obductions

Recent legal regulations concerning the organization and function of medico-legal
experts include a number of contradictory and impracticable rules as regards serological,
toxicological, histological, criminalistical and biological examinations to be made in con-
nection with medico-legal obductions. These rules are analysed and problems of the com-
petence and the unsettled procedural aspects of the expert opinion are pointed out. New rules
are necessary to eliminate the present shortcomings and contradictions in respect of laboratory
analyses connected with medico-legal obductions.

L. Tolnai, V. Cseriiohorszky

(Institute of Forensic Medicine and First Department of Surgery, University Medical School.
Budapest)

Medico-Legal and Anaesthesiologic Aspects of Intraoperative Death

A total of 387 cases of death occurring during surgical intervention in the 40-month
period from January 1, 1963, to April 30, 1966 have been surveyed from the medico-legal and
anaesthesiological points of view. Evaluation was based on autopsy findings, toxicological
analyses and clinical data. In 81 cases could some causal connection he established between
anaesthesia and the fatal outcome.

The primary disease alone was the cause of death in 253 cases. In addition to the primary
disease in 26 cases there had occurred some surgical error and in 19 cases diagnosis had been
established late. Incompatible blood transfusion occurred in 8 cases

The distribution according to anaesthesiologic technique of the 81 cases in which death
appears to have been due to anaesthesia is as follows.

Open drop chlorethyl-ether 32
Endotracheal anaesthesia 18
Local " 1
Intravenous 10

Local combined with open drop
chlorethy 1-ether 4
Spinal anaesthesia 3
Lytic cocktail 2
Neurolept. analgesia II. 1

Total 81
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L. Harsanyi, I. Kenyeres, G. Szuchovszky

(Institute of Forensic Medicine, University Medical School, Budapest)

Analysis of 2000 Suicides Committed by Poisoning

The number of felones-de-se autopsied in the institute in the period 1960 to 1965 totalled
3793 of whom 2073 individuals (54.6 per cent) had committed suicide by means of poisoning.
Within the general rise in the number and ratio of suicides the frequency of self-poisonings is
steadily increasing. The ratio of suicides committed by narcotics increased nearly twofold in
the examined period, that of suicides by coal gas remained practically unchanged, while
suicide by other means — caustic agents and heavy metal salts in particular — showed a
marked decrease. Distribution according to sex, age and other criteria have also been analyzed.
Relying on the evidence of literary and other data such as statistics regarding the use of drugs,
etc., suggestions are advanced with a view to reducing the number of suicides, especially those
committed by means of narcotics.

Emese Fazekas, I. Gy. Fazekas

(Institute of Forensic Medicine, University Medical School, Szeged)

Development of the Umbilical Ring as an Indicator of Live Birth
and Life Span

Although all phenomena developing after birth can be used for determining the age
of the newborn, there are few signs indicating lhe span of life within the first 24 hours of
extrauterine life.

The umbilical ring develops, according to textbook data (Kenyeres, Miller, Haberra,
Hoffmann,etc.), after the 24tli hour of extrauterine life. Since the material under study con-
tained numerous cases in which the umbilical ring had developed earlier, the said rule laid
down in the textbooks cannot be accepted without reservation. The number of autopsied infants
totalled 91; a well-developed umbilical ring was observed in 47 babies who had died within an
hour, in 17 who had died within two hours, and in 9 who had died within twelve hours after birth.

Death had occurred amidst signs of suffocation in 44 cases (43.85 per cent) which shows
that it is mostly in cases of asphyxia (aspiration, inspiration of blood, strangulation, drowning)
that the umbilical ring is formed earlier than after 24 hours.

With a view to checking the conclusions drawn from postmortem observations, the
time of formation of the umbilical ring has been studied in a hundred mature newborns.
A well-defined umbilical ring was present in 82 cases before the 24th hour of extrauterine life.
The ring was perceptible within 6 hrs in 4, between the 6th and 12th hours in 18, between
the 12th and 18th hours in 26, between the 18th and 24th hours in 34, and between the 25th
and 30th hours in 18 cases.

L. Veress, |I. Gy. Fazekas

(Institute of Forensic Medicine, University Medical School, Szeged)

Cerebral Haemorrhage in Younger Aged Persons

A survey of literary data concerning spontaneous cerebral haemorrhage in juvenile
patients is followed by a brief summary of autopsy data of young and middle-aged persons
who had died of cerebral haemorrhage without a previous history of head injury.

1. Cranial and brain haemorrhage occurred in 19.1 percent of the examined cases before
the age of 50 years, a figure in good agreement with literary data. Distribution according to age
was, 10 to 20 years, 0.56 per cent; 20 to 30 years, 2.25 per cent; 30 to 40 years, 6.17 per cent;
40 to 60 years, 10.12 per cent. The examined material showed an increasing tendency of
cerebral haemorrhages.
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2. All subdural and subarachnoid haemorrhages (2.81 per cent) were due to aneurysmal
rupture. Haemorrhage in the brain substance (16.29 per cent) was caused partly by hyper-
tensive arteriosclerosis and to a greater extent by narrow vessels and other vascular
anomalies. In some cases the underlying cause could not be detected.

3. While haemorrhages of the hypertensive-arteriosclerotic type were usually of strio-
lenticular localization in patients of advanced age, in the examined group they occurred
frequently (37.9 per cent) in the cerebellum and the pons.

4. Haemorrhage occurred without demonstrable antecedents in some cases, while
factors known to give rise to sudden death were at play in others, e.g. consumption of alcohol,
menorrhagia, pregnancy (eclampsia), etc.

Examples are presented to demonstrate the medico-legal aspects of cerebral haemorrhage
suffered by young individuals (confusion with poisoning, malpractice, suspicion of man-
slaughter, etc.).

Erzsébet Virdgos-Kiss

(Institute of Forensic Medicine, University Medical School. Szeged)

Fatal Uterine Rupture Due to Malpractice

A case of uterine rupture in a multipara is reported. Although the physician assisting
at the delivery was aware of a narrow pelvic inlet and the deflected position of the dead foetus,
he administered an oxytocic drug and qualified the woman’s wailing as imbecility. He failed
to recognize the signs of threatening uterine rupture and sent the patient to hospital only after
the rupture had supervened. It was not possible to save the woman. The physician, held crim-
inally responsible, was condemned.

F. Fodor

(State Police Commissioner’s Office, Szeged)

A Rare Case of Combined Suicide

A case is described in which the felo-de-se cut his throat, hanged himself and ingested
poison. This complex suicide was of especial interest on account of its association with a simul-
taneous case of manslaughter.

It was necessary to disprove killing and prove suicide. 'Fhe proof was based on the
evidence of coloured photographs, histological and chemical analyses.

There is hardly any record in literature of a similarly complex suicide.
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