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FIVE DECADES IN THE SERVICE OF SCIENCE
1917-1967

When in 1917 an ambitious medical student was appointed to an un-
salaried post at the Institute of Pathological Anatomy of the University of
Budapest, he would have not dared to think that once he will he elected to
occupy the post of his learned master, Professor Coloman Buday. The student
was Joseph Balé who then just had left the army after serving four years
on the Russian and Italian theaters in World War I.

It was a fortunate term in the life of Joseph Bald that early in the course
of his studies he became a member of an institute which brought forth a series
of excellent experts of pathological anatomy. After taking his M.D. he devoted
all his energy to his work at the Institute. This comprised post-mortem exami-
nations of the material of the University Hospitals and in addition that of
St. Stephen’s Hospital. Here Balé joined an enthusiastic collective where all
the members took an active part in medical education, in developing scientific
work or public health.

It will be the task of the future to evaluate the eventful years between
the two world wars with respect to medical science and public health, but it
is certain that Coloman Buday’s best pupils remained faithful and worthy of
the example and teaching of their master. They occupied several chairs in
the Hungarian universities and the former members of the staff of the Institute
were engaged in teaching in different institutions and achieved considerable
success in research. It will suffice to mention in this respect George Goémori,
the pioneer in histochemistry, who had received his training at Buday’s insti-
tute. One must also remember that Hungarian medical students learned for
many decades from Buday’s lucid textbook of pathological anatomy; pre-
viously they had been obliged to use foreign texts.

Besides the attractive personality of Coloman Buday the functional
pathological conception of Alexander Koranyi and his school, the impres-
sive neurohistological lectures of Charles Schaffer and the material of the
alert and noble minded professor of neurology of St. Stephen’s Hospital
Artur Sarbé had a great influence on the further scientific career of Joseph
Bald; these were attracting his attention to the diseases of the nervous system
and to the importance of the functional view of pathological processes.

1 Ada \lorphologica Academiae Seientiarum Hangaricae 16, 196H



2 FIVE DECADES IN THE SERVICE OF SCIENCE

Balo’s conicept of pathology was greatly widened in the years 1923 —1924
which he spent in the USA as a Rockefeller fellow. During this time he carried
out studies in bacteriology, immunology and parasitology at Johns Hopkins
University and became acquainted with diseases caused by filterable viruses
and the methods of their investigation. Then his attention was directed to
typhus and other rickettsial diseases in Wolbach’s Institute in Boston. So
when he in 1924 returned home he devoted himself to problems of epidemic
encephalitis, prevailing then in Hungary, and the experimental herpes ence-
phalitis.

In 1926, he went to the Research Institute of Adolf Loewy in Davos
in order to acquaint himself with the effects of high altitude. This study trip
opened new research possibilities to Joseph Bal6. The further course of his
career showed how the horizon of his activity became wider and wider starting
from the dissecting table through the rigid structures of histological slides to
experimental pathology, to biochemical and electronmicroscopic investigations.

A few additional data mark some stations of Balo’s scientific career and
a further increase of working possibilities:

In 1926 he became a Privatdozent.

In 1928 following the unanimous invitation of Szeged University to
the chair of pathological anatomy he spent his next 17 years there.

In 1945 he accepted the equally unanimous invitation of Budapest
University and became here professor of pathological anatomy and forensic
medicine, as the successor of his highly esteemed beloved master, Coloman
Buday. Since then more than 20 years have passed with successful work
carried out with untiring endurance and zeal, inspiring many other workers.

As mentioned before, Balo’s scientific interest was kept in the first
period of his career by the diseases of the nervous system. Besides the problems
of epidemic encephalitis and herpes encephalitis he studied the spontaneous
encephalitis of rabbits then the nervous complications of periarteriitis nodosa.
His observations concerning the encephalitis of dogs with Eck-fistula fed on
meat raised much interest. These noteworthy experiments are still good models
of encephalitis.

Among the diseases of the cerebral white matter, a peculiar condition
was described first by Bald in 1927 under the term concentric periaxial
encephalitis.

This process involving the destruction of medullated fibres in the white
matter of the cerebral hemispheres occurs in such a particular manner that
axis cylinders are spared while degeneration of myelin sheaths takes place in
a peculiar way resembling the Liesegang rings, i.e. foci appear in which normal
and demyelinated layers alternate covering one another like onion leaves
when considered in the space. The disease brings about a swelling of the brain
and may cause symptoms of a brain tumour. This may be considered as an

Acta Morphologica Academiae Scienliarum Hungaricae 16, 1968



FIVE DECADES IN THE SERVICE OF SCIENCE 3

indication for brain surgery as it happened in Bald’s case, the report of which
caused such an echo that Hallervokden and Spatz asked for material to
control the findings. Their results agreed in every respect with those of Balo.
Since then the condition has been listed as Balo’s disease or concentric scle-
rosis and its description can be found in every modern neurological textbook.
With its deceiving course, its unknown etiology is one of the problems in
neuropathology; in Balo’s view some myelinolytic enzyme must be responsible
for the manifestation of this process. He collected his rich experience on the
demyelinating processes of the nervous system in a book published in German
in 1940, then followed some careful works on diffuse sclerosis (1940, 1942)
and on the endocrinological relations of tuberous sclerosis (1943, 1944). Well
before that, in 1931 he edited a book on filterable viruses, containing much
of the personal experience. No work summing up the results in this field had
appeared in Hungarian up to that time and it must have been a novelty even
abroad as in 1935 S. Karger of Berlin published the hook in German.

Balo’s observations on the cortico-visceral relations of peptic ulcer
resulted in a convincing proof of this disease being due to an organic lesion
of the central nervous system (1940), a problem which was the subject of his
inaugural lecture at the Hungarian Academy of Sciences in 1941.

Though in the following decades, the diseases of arteries formed the chief
interest of Joseph Balo, in 1954 he succeeded in showing that pemphigus is
a neurotrophic disease of the skin brought about by inflammatory changes of
the spinal ganglia.

In the late forties, Balé began to study experimentally the destruction
of elastic fibres in the arteries and compared the findings with those in human
arteriosclerosis. He concluded that the destruction of the arterial wall is due
to a shift toward acid of the acid-base balance. Acidosis is then followed by
the accumulation of fat and cholesterol in the blood, so that cholesterol will
he deposited in the walls of arteries. Then Balé and his wife, l1lona Banga,
a pupil of Albert Szent-Gyoérgyi, investigated the factor destroying the
elastic fibres of arteries and succeeded in discovering an enzyme of the pancreas,
elastase, which is able to digest elastic fibres and attributed to it an importance
in the genesis of atherosclerosis (1949).

The discovery and isolation of elastase gained world-wide acceptance
for the study of connective tissue elements. The Bal6 couple deserved well the
Kossuth-prize of the Hungarian People’s Republic in 1955 for their researches
in this field.

Elastase consists of proteolytic and mucolytic components and exerts
lipoprotein lipase activity as well. These important achievements have been
proved by a number of authors and led to several morphological and biochem-
ical results. In the opinion of the Balos, activation of elastase may occur in
three ways, viz. by 1. acidification, 2. dialysis, 3. precipitation with ammonium

1* Acta Morphologien Academiae Scientiarum Hungaricae 16, 1968



4 FIVE DECADES IN THE SERVICE OF SCIENCE

sulphate. They showed that in both pancreas and blood elastase is combined
with an inhibitor and their separation happens in the mentioned three ways.

Administration of ammonium hydroxide to rabbits brings about acidosis
in the course of which the elastic membranes of the arteries will be destroyed,
the blood cholesterol level increases and the activity of the elastase inhibitor
is reduced, so that the effect of elastase is enhanced and a destruction of the
elastic fibres in the walls of the arteries takes place. In this way has been
confirmed Balo’s theory on the origin of atherosclerosis.

Another field of Balo’s activity was oncological research, as he recognized
the need for well-organized tumour-research in Hungary. One of his early
achievements in this field was that together with Béla Korpassy he showed
on the basis of 1800 postmortem examinations that individuals having senile
warts become three times more frequently victims of cancer than those free
of such warts (Warzen, Papillome und Krebs. Budapest- Leipzig 1936).

Investigating the tumour producing factors, Bald succeeded in inducing
pulmonary adenoma in mice by the administration of urethane and examined
with his collaborators the role of hypnotics in the production of tumours.
He investigated the effect of cytostatic drugs to be applied in human treatment.
He published his observations on human lung cancer and lung adenoma in
1957 in a book in German. The interest in the hook was proved by the fact
that a new edition was soon required (1959) and a Hungarian version was
also published in 1960. An important contribution of Balé and his collabora-
tors was the detection of the tumour producing activity of isoniazid.

This portrait of Balé6 would he incomplete if we would not characterize
his skill as a teacher. He laid down his rich experience in the two volumes of
his textbook of pathology (1948, 1952). This work edited again in 1961 1962
is not only a source of information offering a critical analysis of contemporary
results, hut an ample repertory of the intuition and observing mind of Joseph
Bald.

Bal6 is honorary member of the Society of Pathologists of the Soviet
Union, member of the International Academy of Pathology (Washington),
the Gerontological Society (St. Louis), the Deutsche Gesellschaft fir Pathologie,
Deutsche Akademie der Naturforscher Leopoldina (Halle), an Affiliate of the
Royal Society of Medicine (London), corresponding member of the Vereini-
gung Deutscher Neuropathologen und Neuroanatomen, of the Hungarian
Academy of Sciences, president of the Hungarian Society of Pathology, mem-
ber of the editorial board of several medical journals. He presented a paper by
invitation at a special Symposium celebrating the Semicentennial of the foun-
dation of the American Society of Experimental Pathology in Atlantic City
(1963) and delivered the second Cesare Massari Lecture at the University
Medical School in Perugia (1966).

Ramon y Cajal quotes in a place the words of Cisneros: “Exemplary

Ada Morphologica Academiae Scientiarum Hungaricae 16, 1968



FIVE DECADES IN THE SERVICE OF SCIENCE 5

Conduct is the best preacher.” It was by his creative work that Joseph Balé
stimulated his collaborators’ activity. The twenty-seven volumes where he
collected his papers and those of his collaborators during almost four decades
of bis professorial activity are a convincing proof that he accomplished good
work because he was able to transmit the passion for the recognition of truth
to his pupils.

| had occasion to observe during a lifetime the ascending star of Joseph
Balo in the field of scientific recognition, and was one of the beneficiaries just
as all those near him in that atmosphere saturated with searching spirit. I still
feel happy to have been a member of that community of thoughts of which
the stimulating motive was the passion of man seeking after truth.

“This above all: to thine own self be truc” | heard several times from
Balo the words of Polonius. They are still ringing in my ears. And when hard
times had come, when it was difficult to be true to one’s own self, Joseph Balo
remained true to himself and to the high ideas of humanity.

Prof. b. miIskoLczy

Member of the Hungarian Academy
of Sciences

Ada Morphologica Academiae Scientiariini Hungaricae 16, 1968
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Az 4ltaldnos kdrbonctan tankdnyve. Medicina Koényvkiadé, Budapest, 1—488, 1962.

C) Zeitschriftenverdffentlichungen

Idegrendszeri elvaltozdsok periarteriitis nodosa eseteiben. Orvosi Hetilap 65, 223; 233:
241, 1921.

A vészes vérszegénységben el6fordulé idegrendszeri elvaltozasokrol, kiulonods tekintettel
a gerincvel6 megbetegedéseire. Magyar Orvosi Archivum 20, 131, 1922.

Eine interessante ,,Encephalitis-Epidemica” Endemie an einer S&uglingsabteilung. Jahr-
buch fir Kinderheilkunde. 99, 209, 1922. Mitarb.: J. Duzér.

Kettds torzképz6dés két esete. Orvosi Hetilap 66, 409; 421, 1922. Mitarb.: P. Markovits.

A hypophysis mellsé lebenyének elhaldsarol és ennek kévetkezményeir6l. Orvosi Hetilap
67, 453, 1923.

Adatok a perirenalis apoplexia korképéhez. Magyar Orvosi Archivum 24, 295, 1923.

Az encephalitis epidemicardl, kilonds tekintettel az agy és a belsé szervek megbetegedé-
sére. Orvosképzés 3—4, 10, 1923.

Uber Nekrosen des Hypophysenvorderlappens und ihre Folgen. Beitr. z. path. Anat. und
z. alig. Pathologie 72, 599, 1924.

Encephalitis epidemica und Gesamtorganismus, zugleich ein Bericht (ber solche Epi-
demien in Budapest. Frankfurter Zeitschrift fir Pathologie 30, 512, 1924.
Periarteriitis nodosa beim Hunde und vergleichende Untersuchungen lber diese Erkran-
kungen bei Menschen und Hunden. Virchows Archiv f. pathol. Anat. u. Physiol. 248,
337, 1924.

A jarvanyos encephalitis alatt fellép6 méjmegbetegedésekrél. Magyar Orvosi Archivum
26, 97, 1925.

Uber ein Aneurysma der Riickenmarksarterie, welches Tabes-dorsalisartige Symptome
vortauschte. Deutsche Zeitschrift fir Nervenheilkunde 85, 86, 1925.

Az ascaris lumbricoides vandorlasarél a gazda szervezetében és ennek kdrtani jelent§sé-
gérél. Orvosi Hetilap 69, 51, 1925.

A pneumococcus tipusmeghatdrozasanak jelent6ségér6l a pneumococcus fert6zések epi-
demioldgiajaban és gyogykezelésében. Orvosi Hetilap 69, 615, 1925. Mitarb.: |. Lovre-
kovich.

Beitrdge zum Krankheitsbilde der perirenalen Apoplexie. Beitr. path. Anat. u. z. alig.
Pathologie 73, 598, 1925.

A tipusmeghatarozads jelentdségérél a bakterioldgidban és hazai pneumococcustipusok
megéllapitadsar6l. Magyar Orvosi Archivum 26, 284, 1925. Mitarb.: I. Lovrekovich.

A kisérleti tumorkutatdsr6l W. E. Gye-nek a rosszindulati daganatok Aatiol6gidjarol
végzett vizsgalataival kapcsolatban. Orvosi Hetilap 69, 959, 1925.

A kozonséges herpes és a jarvanyos encephalitis kozoétt levé viszonyrél, kulénds tekin-
tettel az atioldgidra. Magyar Orvosi Archivum 26, 441, 1925.

Uber eine Haufung von Periarteriitis-nodosa-Féllen, nebst Beitragen zur Polyneuritis
infolge von Periarteriitis nodosa. Virchows Archiv f. path. Anat. u. Physiol. 259, 773,
1926.

Uber das Verhéltnis des gewodhnlichen Herpes zur epidemischen Encephalitis, mit beson-
derer Riicksicht auf die Atiologie. Monatschrift Ungarischer Mediziner 3, 23, 1927.

Die Wirkung der Luftverdinnung auf das Blut und die blutbildenden Organe. Zeitschrift
f. d. ges. exp. Med. 59, 303, 1928.
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A héazinyulak spontdn encephalitise és ennek jelent6sége a jarvanyos encephalitis kor-
oktani kutatasdban, valamint egyéb hazinyiil kisérleteiben. Orvosi Hetilap 71, 723, 1927.
Mitarb.: O. Gal.

Uber die spontane Encephalitis der Kaninchen und deren Bedeutung in der atiologischen
Forschung der epidemischen Encephalitis, sowie in sonstigen Kaninchen-Versuchen.
Virchows Archiv f. path. Anat. u. Physiol. 365, 286, 1927. Mitarb.: O. Gal.

A leukoencephalitis periaxialis concentricar6l. Magyar Orvosi Archivum 28, 108. 1927.
A rakkutatads eredményeir6l kortani szempontbdl. Gydgyaszat 22, 1, 1927.
Pancreas-eredet(i gerincvel6 megbetegedés. Magyar Orvosi Archivum 28, 448, 1927.
Encephalitis periaxialis concentrica. Archives of Neurology and Psychiatry 19, 242 262.
1928.

Myelitis funicularis als Folgeerscheinung der Erkrankung des Pancreas. Deutsche Zeit-
schrift fir Nervenheilkunde 102, 275, 1928.

Die Wirkung der Gallensteine auf die Bauchspeicheldriise. Monatschrift Ungarischer
Mediziner 4, 1, 1928.

Az 1928. évi internacionalis rakkonferencia. Orvosi Hetilap 72, 1197, 1928.

Die Lipomatose der Bauchspeicheldrise und deren Bezug zur allgemeinen Fettsucht.
Virchows Archiv 273, 320, 1929.

A hasnyalmirigy lipomatosisa és annak viszonya az &ltaldnos elkdvéredéshez. Orvosi
Hetilap 73, 833, 1929.

Der Zusammenhang zwischen der Lipomatose des Pancreas und der allgemeinen Fett-
sucht. Verhandlungen der Deutschen Pathologischen Gesellschaft 343, 1929.

Metaplasia of Basal Cells in the Ducts of the Pancreas: Its Consequences. Collaborator:
ILL. Ballon. Archives of Pathology 7, 27, 1929.

Uber die Periarteriitis nodosa auf Grund von 9 neueren Féallen. Mitarb.: O. Nachtnehel.
Virchows Archiv 272, 478, 1929.

Periarteriitis nodosa und innere Sekretion. Mitarb.: O. Nachtnehel. Endokrinologie 3,
180, 1929.

Uber die Virulenzédnderung des Herpesvirus unter der Einwirkung verschiedener Bak-
terien. Zeitschrift f. Hygiene und Infektionskrankheit. 110, 599, 1929.

A herpesvirus virulentidjanak valtozasa kilonb6z6 baktériumok hatdsara. Orvosi Hetilap
73, 125, 1929.

Effects of Retention of Pancreatic Secretion. Collaborator: H. C. Ballon. Surgery,
Gynecology and Obstetrics 48, 1, 1929.

Pankreaslipase intravénéds adagolasadnak befolydsa a vérlipase szintjére. Mitarb.: I. Bach.
Orvosi Hetilap 74, 1231. 1930.

Der EinfluB intravends verabreichter Pancreaslipase auf den Blutlipasespiegel. Zeit-
schrift d. ges. exp. Med. 75, 583, 1931. Mitarb.: E. Bach.

Uber die Komplikationen der Pockenschutzimpfung mit besonderer Riicksicht auf die
Encephalitis. Jahrbuch f. Kinderheilkunde 131, 106, 1931. Mitarb.: F. Lorincz.

A himl6ellenes véd6oltds sz6védményeirdl, kilonds tekintettel az enkephalitisre. Orvosi
Hetilap 74, 1053, 1930. Mitarb.: F. L6rincz.

Uber die Ursache der im Verlaufe der Periarteriitis nodosa vorkommenden Polyneuritiden.
Zeitschr. f. d. ges. Neurol, u. Psych. 134, 71, 1931.

A vaccinatio utan fellépé enkephalitisr6l. Budapesti Orvosi Ujsag 29, 1, 1931,

The Encephalitis of Dogs with Eck Fistula Fed on Meat. Arch, of Pathology 13, 80, 1932.
Collaborator: B. Korpéssy.

A hussal taplalt Eck-fistulds kutydk enkephalitisér6l. Orvosi Hetilap 76, 181, 1932..
Mitarb.: B. Korpdssy.

Die antagonistische Wirkung eines neuen Pancreasextractes auf die Thyroxinvergiftung*
Arch. f. exp. Path. u. Pharm. 165, 594, 1932. Mitarb.: L. Lovas, E. Bach und L. Neufeld

A pajzsmirigy és pancreas antagonismusardl. Orvosi Hetilap 76. 261, 1932.

Uber einen die Thyroxinvergiftung verhiitenden Stoff des Pancreas. XIV. Congresso
Internazionale di Fisiologia. Roma, 1932. Sunti Delle Communicazioni Scientifiche p. 22.

Zur Frage der Entstehungsursache der Pancreasnekrose. Beitr. pathol. Anat. 92,14, 1933.
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Uber den Fermentgehalt der menschlichen Bauchspeicheldriise. Mitarb.: L. Lovas.
Virchows Archiv 288, 326, 1933./

Az emberi pancreas fermenttartalmarol. Magyar Orvosi Archivum 34, 179, 1933. Mitarb.:
L. Lovas.

Die Verhinderung der Serumlipaseabnahme bei tuberkuldésen Kaninchen. Beitr. z. Klinik
der Tuberkulose. 82, 164, 1933. Mitarb.: F. Gerlei und L. Lovas.

Gimokoros hazinyulak serum lipase csdokkenésének meggatlasarél. Orvosi Hetilap 77,
70, 1933. Mitarb.: F. Gerlei und L. Lovas.
A verrucak és rak gyakori egyuttes el6forduldsa. Orvosi Hetilap 77, 797, 1933.

Pathologie des Fettstoffwechsels (Referat). Verhandlungen der Gesellschaft Ungarischer
Pathologen 1, 105, 1933.

Gleichzeitiges Vorkommen von Warzen und Oesophagus-Leukoplakie. Abhandlungen auf
dem Gebiete der alig. Path. 1933. Mitarbeiter: B. Korpassy.

The Relation of Warts to Cancer. Congreso Internacional de Lucha Cientifica y Social
contra el Cancer. Madrid. Tomo IL Primera parte 35—38, 1933.

Uber ein den die Thyroxinvergiftung paralysierenden Pankreasextrakl. Bericht der
Il. Internationalen Kropfkonferenz in Bern. 2, 1, 1933.

Uber die Beziehung der Leukoplakie der Speiseréhre zu den senilen Warzen. Verhandlun-
gen der Gesellschaft Ungarischer Pathologen 2, 107, 1933. Mitarbeiter: B. Korpéssy.
Die Gehirnabbaufahigkeit des menschlichen Blutserums. Archiv fir Psychiatrie und
Nervenkrankheiten 102, 202 —212, 1932.

Polypose des menschlichen Dickdarms und deren Beziehungen zum Krebs. Verhandlungen
der Gesellschaft Ungarischer Pathologen, 3, 119, 1934. Mitarb.: B. Korpéssy.

Ein Beitrag zur Frage der Gehirnabbau-Tatigkeit des Blutserums. Verhandlungen der
Gesellschaft Ungarischer Pathologen 3, 94, 1934.

Warzen und Papillome bei Menschen und Tieren. Verhandlungen der Gesellschaft Unga-
rischer Pathologen 3, 117, 1934.

Osszehasonlito vizsgalatok emberek, sertések, szarvasmarhak adenomatosus bélpolyp-
jairol. Allatorvosi Lapok 58, 219, 1935. Mitarb.: B. Korpéassy.

Uber die Guanidin-Encephalitis. Verhandlungen der Gesellschaft Ungarischer Pathologen
4, 121, 1935.

A rontgenartalmak kilonbéz6 formai és azok tdrvényszéki orvostani vonatkozasai.
Kenyeres-jubileumi kdtet. Budapest, 1936.

Ein Beitrag zur Kenntnis des mit senilen Warzen behafteten Organismus. IX. Congressus
Internationalis Dermatologorum, 1935.

Diskussionsbemerkung zum Referat von Prof. Kumer: Herpesforschung und Klinik.
IX. Congressus Internationalis Dermatologorum, 1935.

Beitrag zur Frage der Lungenerkrankung der Paprikaspalter auf Grund pathologisch-
anatomischer und histologischer Untersuchungen. Arztliche Sachverstindigen-Zeitung
42, 304, 1936.

Ein Beitrag zur Pathologie der Zellteilung. Verhandlungen der Gesellschaft Ungarischer
Pathologen 5, 186, 1936.

A rak szdvettana és a szdvettani szerkezet gyakorlati vonatkozasai. A daganatok koér-
és gyogytana cim@ munkaban. 1937. Kiadé: Manninger Vilmos.

Die Erkrankungen des Rickenmarks bei pernicioser Andmie. Comptes Rendus de la
Troisiéme Conférence Internationale de Pathologie Géographique. Stockholm, 290, 1937.
A folliculushormon hatdsarél. Orvosi Hetilap 81, 644, 1937. Mitarb.: B. Purjesz.
Uber die Wirkung des Follikelhormons. Klinische Wochenschrift 16, 1150 —1152, 1937.
A vészes vérszegénység majkezelésének néhany kérdése. Budapesti Orvosi Ujsag 35,
61, 1937.

Azidose und Knochenmark. Verhandlungen der Gesellschaft Ungarischer Pathologen 6,
106, 1937.

Die mit Ammoniumhydroxydvergiftung erzeugbare experimentelle Arteriosklerose.
Frankfurter Zeitschrift f. Pathologie 52, 205, 1938.
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Die Anderung der Reaktion des Blutes in vitro. Pfliigers Archiv f. d. ges. Physiol, des
Menschen und der Tiere 239, 726, 1938.

Der EinfluR der Ammoniavergiftung auf das Blut und auf die Blutbildung. Beitr. z.
path. Anat. u. z. alig. Path. 101, 66, 1938.

Sertésgondozok Bouchet-féle betegsége. Népegészségiigy 21, 3, 1938.

A vérsavanyodas in vitro. Ferenc Jézsef Tudomanyegyetem Barati Egyes. Természet-
tudomanyi Szakosztadlya 1938. marc. 16.

A hypophysis cystair6l. Magy. Path. Téars. Nagygy(lésének m(nk. 3, 1, 1938.

Die Wirkung des Thyroxins auf die Arterien. Beitr. z. path. Anat. und z. alig. Pathol.
102, 341, 1939.

Thyroxin és arteriosclerosis. Orvosi Hetilap 83, 609, 1939.

Multiple Hirnhernien als Folgeerscheinungen von Hirngeschwilsten. Arch. f. Psychiatrie
und Nervenkrankheiten 110, 445, 1939.

Tobbszérés agyhernia, mint agydaganatok kdvetkezménye. Magyar Orvosi Archivum
40, 247, 1939.

B. Korpéssy.
Sopra le cisti deli ipofisi. Archivio ,,De Vecchi” per PAnatomia Patologica e la Medicina
Clinica. 1, 396, 1939.

Die Arteriosklerose (Referat), Verhandlungen der Gesellschaft Ungarischer Pathologen
8, 133, 1939.

Problem of Virus Etiology of Benign Intestinal Tumours. Third International Congress
for Microbiology. New York City. Sept. 2—9. 1939.

Multiple Adenomata of the Large Intestine in Men and Animals. Third International
Cancer Congress. Atlantic City. Sept. 11  15. 1939.

Az érelmeszesedés megel6zése. 1939. okt. 1-én rektori székfoglal6 a Szegedi Egyetemen.
A Betaxin gyégyhatdsarél. A Szegedi Tud. Egyetem Barati Egyesilete 1939. okt. 4.

Maladie de Kussmaul-Maier et sclérose diffuse. Journal Belge de Neurologie et de Psychi-
atrie 40, 160-168, 1940.

Die neurogene Theorie des peptischen Magengeschwirs. Verhandlungen der Gesellschaft
Ungarischer Pathologen 9, 145, 1940.

Die neurogene Theorie des peptischen Magen- u. Duodenal-Geschwirs. Deutsche med.
Wochenschrift 67, 479, 1941.

Gehirnblutung u. peptisches Geschwir. Wiener klin. Wschr. 54, 326, 1941.

Die Erkrankungen der weissen Substanz des Gehirns u. des Riuckenmarks. Minch, med.
Wschr. 88, 443, 1941.

A gyomorfekély kortana. Akadémiai lev. tag székfoglalo. Matematikai és Természet-
tudoményi Ertesitd 60, 530, 1941.

Az agy diffus sclerosisa. Orvostudomanyi Koézlemények 3, 545, 1942.

Uber die Bedeutung der Corpora amylacea im Zentralnervensystem. Verhandlungen
der Gesellschaft Ungarischer Pathologen 11, 170. 1942.

Die Aetiologie der diffusen Hirnsclerose. Zschr. f. d. ges. Neurol, u. Psych. 176, 80, 1943.
A Rocky Mountain spotted fever erdélyi el6forduldsa. Orvosi Hetilap 87, 462, 1943.
A zsirmobilisatio mechanismusa. Magy. Orv. Archivum 44, 3, 1943.

Sclerosis tuberosa és csontelvaltozasok. Orvostud. Kozi. 4, 345, 1943.

Az ammoéniak acidosis. Janius 24. Szeged 1943. A Magy. Elettani Tars. X111 vandor-
gydlése.

Néhany a hypophysis m(ikodési zavardbdl eredé megbetegedésrél. Magy. Path. Tarsaséga
1943.

Tuberdse Sclerose u. innere Secretion. Arch. f. Psych. 117, 333, 1944.

Mecsnikov orosz természettudéds. A Szovjetorosz Baratok Tarsasagdban Szegeden 1945.
junius 3-&n tartott el6adas.

A kiltéses typhus kérbonctana. A szegedi orvosok szakszervezetében 1945. szept. 25-én
tartott el6adas.

Rékkutatds a Szovjetuniéban. Orvosok Lapja 3, 1209, 1947.
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Der Resorptionsweg der im Gehirn entstehenden Degenerationsprodukte. Virchows
Archiv 315, 61, 1948.

Az érfal rugalmas rostjainak pusztuldsa. Orvosi Hetilap 89, 465, 1948. Mitarb.: |. Banga.
Enzymic Activity of the Aorta. Adenylpyrophosphatase of the Aorta. Zeitschr. f. Vita-
min, Hormon- und Fermentforschung 2, 1, 1948. Collaborators: I. Banga and Gy. Jose-
povits.

Studies on the Properties of the Albuminoids of the Arterial Wall. Zeitschr. f. Vitamin,
Hormon- und Fermentforschung 2, 408, 1948. Collaborators: I. Banga and A. Nowotny.

La distruzione delle fibre elastiche dei vasi sanguigni. Societd Italiana di Anatémia
Patologica 1948.

. Az érfal rugalmas rostjainak pusztuldsa. Centennaris Orvosi Nagyhét Budapest, 1948.

szept. 6.

A pancreas kivonatok elasticus rostold6 hat4dsat gatlé anyag a vérsavéban. Orvosi Hetilap
90, 45, 1949. Mitarb.: |. Banga.

Az agy vérkeringésének szabalyozésa. Orvosi Hetilap 90, 321, 1949.

Specificity of the Elastolytic Enzyme. Zeitschr. f. Vitamin, Hormon- und Fermentforsch.
2, 415, 1949. Collaborators: |. Banga and A. Nowotny.

Die Zerstérung der elastischen Fasern der GefdBwand. Schweizerische Zeitschrift f. Path,
u. Bakt. 12, 350, 1949. Mitarb.: I. Banga.

Elastase and Elastase Inhibitor. Nature 164, 491, 1949. Collaborator: I. Banga.

Az érelmeszesedés. A Magyar Tud. Akadémia IV. Osztadlyadn rendes taggad valasztés
alkalmaval tartott székfoglalé 1949. majus 2.

Az elastase inhibitor. Magyar Elettani Tarsasdg 1949. évi véandorgyd(lése.
Emberek és sertések poliomyelitise. Pathologus Szakcsoport Nagygy(Glése 1949.
The Dural Venous Sinuses. The Anatomical Record 106, 319, 1950.

The Elastolytic Activity of Pancreatic Extracts. The Biochemical Journal 46, 384, 1950-
Collaborator: I. Banga.

Az érpatholdgia Gjabb eredményei. Referdtum a Path. Szakcsoport 1950. évi Nagy-
gy(ilésén.

Elastase és arteriosclerosis. Banga tarsszerzével el6adas a Magyar Elettani Tarsasag
1950. évi véandorgy(ilésén.

Apoplexia és gyomorfekély. Orvosi Hetilap 91, 801, 1950. Mitarb.: F. Freisinger und
K. Lapis.

Az artéridk elvaltozéasai essentialis hypertonidban. Orvosi Hetilap 91, 1215, 1950. Mitarb.:
Gy. Réna und Z. Lébas.

Az elastase aktivaldsa. Kisérletes Orvostudomany 2, 271, 1950. Mitarb.: 1. Banga.

Az ulcus pepticum oka az idegrendszerben. A Magyar Tudoméanyos Akadémia V. oszta-
lydn 1950. jun. 13-4n tartott el6adas.

MprumnHa NenTUYeckoin $3Bbl B HepBHOI‘/‘I cucteme. Acta morphol. Acad. Sei. hung.
I, 167, 1951.

Hydrochinon hatdsa az &tolthat6 egérrdk novekedésére. Kisérletes Orvostudomény 3,
191, 1951. Mitarb.: F. Vandor und P. Reiman.

Az agy, mint a vér cholesterinjének forrdsa. Orvosi Hetilap 92, 785, 1951. Mitarb.:
J. Lészlé.

Malignus melanomak kd&reredete. Orvosi Hetilap 92, 525, 1951. Mitarb.: F.Vandor
und P. Reiman.

A tid6adenomék jelent6ségérél. 1. Magyarorszagi Onkolégiai Nagygy(lés 1951. janius 15.
Az intervertebralis ddcok vizsgalata pemphigus eseteiben. Pathologus Szakcsoport Nagy-
gy(lése 1951. okt. 13. Mitarb.: F. Foldvari.

Az intervertebralis dicok vizsgalata pemphigus esetében. Magyar Dermatologiai Tars.
Nagygy(lése 1951. dec. 15. Mitarb.: F. Foldvéri.

Verdnderungen der Arterien bei essentieller Hypertonie. Acta morphol. Acad. Sei. hung
1, 67, 1951. Mitarbeiter: G. Réna und Z. Léabas.

Az artériak elvaltozasai diffus glomerulonephritis kévetkeztében. Orvosi Hetilap 93,
356, 1952. Mitarb.: Gy. R6éna und Z. Lébas.

Acta Morphologica Academiae Scientiarum Hungaricae 16, 1968



158.

159.

160.

161.

162.

163.

164.

165.
166.

167.
168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.
184.

185.

VEROFFENTLICHUNGEN VON PROF. DR. J. HALO 13

Die Verdnderungen der Arterien infolge diffuser Glomerulonephritis. Acta morphologica
Acad. Sei. hung. 1, 399, 1951. Mitarbeiter: G. R6na und Z. Labas.

L’examen des ganglions spinaux dans des cas de pemphigus. Annales de Dermatologie et
de Syphiligraphie 79, 626, 1952. En collaboration avec F. Foldvari.

A spinalis ganglionok vizsgalata pemphigus esetekben. Bdérgyoégy. és Venerol6giai Szemle
6, 75, 1952. Mitarb.: F. Foldvari.

Az arteriosclerosis probléméja. Magyar Tud. Akadémia Orvosi Osztdlyok Kozleinénvei
3, 545. 1952.

Diabeticusok glomerulosclerosis« (Kimmelstiel—Wilson syndroma). Orvosi Hetilap 93,
1137, 1952. Mitarb.: Gy. Réna und Zs. Jakab.

Urethan okozta kisérletes tiddadenomdak. Kisérletes Orvostudoméany 4, 267, 1952.
Mitarb.: J. Juhé&sz und Gy. Varga.

Uber durch Urethan verursachte experimentelle Lungenadenome. Acta morph. Acad.
Sei. hung. 3, 101, 1953. Mitarbeiter: J. Juhdsz und J. Varga.

Flastin and Elastase. Nature 171, 44, 1953. Collaborator: I. Banga.

Change in the Elastase Content of the Human Pancreas in Relation to Arteriosclerosis.
Acta physiologica Acad. Sei. hung. 4, 187, 1953. Collaborator: 1. Banga.

Das Problem der Arteriosklerose. Acta inedica Acad. Sei. hung. 4, 449, 1953.

Kisérleti glomerulosclerosis. Kisérletes Orvostudomany 5, 196, 1953. Mitarb.: J. Juhész
und G. Kendrey.

Uber die geschwulsterzeugende Wirkung des Urethan in Schlafmitteln. Zeitschr. f. Krebs-
forsch. 59, 561, 1953. Mitarbeiter: J. Juhész und G. Kendrey.

A Sevenal és Dial daganatkelté hatdsar6l. Kisérletes Orvostudoméany 5, 301, 1953.
Mitarb.: J. Juhdsz und G. Kendrey.

A pneumocystis carinii el6forduldsa Magyarorszagon és szerepe Ujszulottek plasmasejtes
pneumonidjdnak keletkezésében. Orvosi Hetilap 94, 966, 1953. Mitarb.: 1). Schuler.

Diabetesesek hyalinos arteriosclerosisa. Orvosi Hetilap 94, 1273, 1953. Mitarb.: Gy. Réna
und E. Kerekes.

A Gasser-duc elvaltozésai szajpemphigus esetekben. Bdrgyoégy. és Venerolégiai Szemle
7, 135, 1953. Mitarb.: F. Foldvari.

Pemphigus esetekben a spinalis ganglionokban észlelt elvaltozasok kdéreredete. Borgyogy.
és Vénérél. Szemle 7, 175, 1953. Mitarb.: L. Liszkai.

The Effect of Substances Influencing Oxido-reduction on the Growth of Mouse Cancer-
Acta physiologica Acad. Sei. hung. 5, 273. 1954. Collaborators: 1. Banga and P. Reiman-
Diabetic Angiopathy and Glomerulosclerosis. Acta morph. Acad. Sei. hung. 4, 51, 1954.
Collaborators: G. Réna, S. Jakab and E. Kerekes.

Das Vorkommen von Pneumocystis carinii in Ungarn und ihre Rolle bei der interstitiellen
plasmazellularen Pneumonie der Neugeborenen. Acta morphologic« Acad. Sei. hung.
4, 1, 1954. Mitarb.: D. Schuler.

Vergleichende Untersuchungen tber die Elastolyse der GefaBwand und des Lig. nuchae
in histologischen Schnitten. Acta morphologica Acad. Sei. hung. 4, 141, 1954. M itarbeiter:
I. Banga und D. Schuler.

Contraction and Relaxation of Collagen Fibres. Nature 174, 788, 1954. Collaborators:
I. Banga and D. Szabé.

Studies of the Elastolysis of Elastin and of Collagen. Acta physiologica Acad. Sei. hung-
6, 235, 1954. Collaborator: I. Banga.

Les altérations du ganglion de Gasser dans des cas de pemphigue de la bouche. Annales
de Dermatologie et de Syphiligraphie. 81, 507, 1954. En collaboration avec F. Foldvari.

A pemphigusrdl altaldban. Katamnesztikus vizsgéalatok. Borgyogy. és Vénér6l. Szemle
8, 42, 1954. Mitarb.: F. Foldvari und K. Marton.

A mellékvese mikodésének idegrendszeri szabalyozdsa. Orvosi Hetilap 95, 1296, 1954.
Die Neuroregulation der Nebennierenfunktion. Acta medica Acad. Sei. hung. 6, Suppl.
1. 126, 1954.

Ujszilottek sejtzarlatos betegsége (Cytomegalia infantum). Orvosi Hetilap 95, 1230,
1954. Mitarb.: J. Laszl6 und G. Kendrey.
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Les adénomes bronchiques et leur importance. Bulletin de I’Association Francaise pour
I’Etude du Cancer. 42, 76, 1955. En collaboration avec D. Kassay et A. Bikfalvi.

Die Bronchialadenome und ihre Bedeutung. Acta morphologica Acad. Sei. hung. 5, 71,
1955. Mitarbeiter: D. Kassay und A. Bikfalvi.

Bronchialadenome. Thoraxchirurgie 3, 24, 1955. Mitarbeiter: D. Kassay und A. Bikfalvi.
Ein neuer experimenteller Geschwulststamm: das Amytal-Ascites Sarkom. Acta morpho-
logica Acad. Sei. hung. 5, 243, 1955. Mitarbeiter: J. Juhdsz und G. Kendrey.

Uj kisérletes daganattorzs: Az amytal-ascites sarcoma. Kisérletes Orvostudomany 7,
186, 1955. Mitarb.: J. Juhdsz und G. Kendrey.

. Tud6tuberculosis és tud6rak. Tuberculosis Kérdései 8, 4, 1955. Mitarb.: J. Juhé&sz und

G. Kendrey.
A pemphigus gamma-globulin kezelése. B&rgydgyéaszati és Venerolédgiai Szemle 9, 70,
1955. Mitarb.: F. Foldvari.

Change in Velocity of Elastolysis of Bloodvessels due to Arteriosclerosis. 3¢éme Congres
International de Biochimie Bruxelles 1955. Collaborator: I. Banga.

A hoérg6adenomak és jelent6séguk. Orvosi Hetilap 96, 1317, 1955. Mitarb.: D. Kassay
und A. Bikfalvi.

Az emberi multiplex tid6éadenoméak kérdése. Magyar Radiolégia 7, 198, 1955. Mitarb.:
Leszler.

El origen multifocal del cancer pulmonar. Folia Clinica Internacional 6, 3, 1956.
Infarkt und Lungenkrebs. Acta morphologica Acad. Sei. hung. 6, 367, 1956. Mit-
arbeiter: J. Juhdsz und J. Ternes.

Pulmonary Infarcts and Pulmonary Carcinoma. Cancer (Philadelphia) 9, 918, 1956.
Collaborators: J. Juh&sz and J. Temes.

Elastomucoproteinase and Collagenmucoproteinase, the Mucolytic Enzymes of the
Pancreas. Nature (London) 178, 310, 1956. Collaborator: I. Banga.

Metacollagen as the Apparent Elastin. Journal of Gerontology 11, 242, 1956. Collabora-
tors: |. Banga and D. Szabé.

The Procollagen, as a Component of Collagen Fibres. Acta Physiologica Acad. Sei.
hung. 9, 61, 1956. Collaborators: |I. Banga and D. Szabé.

Submicroscopic Structure of Collagen Fibres: their Contraction and Relaxation. Acta
morphologica Acad. Sei. hung. 6, 391, 1956. Collaborators: I. Banga and D. Szahé.

A kollagén rostok szerkezetének vizsgéalata. Magyar Tud. Akadémia Bioi. és Orvosi Tud.
Osztélydnak Kozleményei 7, 385, 1956. Mitarbeiter: 1. Banga und D. Szabd.

The Structure, Ageing and Rejuvenation of Collagen Fibres. Experientia Supplementum
4, 28, 1956. Collaborators: |I. Banga and D. Szab6.

Pemphigusban elhalt 62 beteg kdérbonctani vonatkozasai. B&rgyogy. és Veneroldgiai
Szemle 10, 97, 1956. Mitarb.: F. Foldvari und K. Marton.

The Structure and Chemical Composition of Connective Tissue. Connective Tissue Sym-
posium London, July 22 —26, 1956. Blackwell P. 254. C.1.O.M.S. Collaborator: I. Banga.

Lungenadenomatose des Menschen. Zentralblatt f. Pathologie 97, 242, 1957. Mitarb.:
G. Karady.

Effect of Metal Complexesupon Experimental Carcinoma. Acta Unio International Contra
Cancrum 13, 463, 1957. Collaborator: I. Banga.

Der Alveolarzellkrebs der Lunge. Franki. Ztschr. f. Path. 68, 530, 1957.

Uber die geschwulsterzeugende Wirkung der lIsonikotinsdurehydrazid (INH). Zschr. f.
Krebsforsch. 62, 188, 1957. Mitarbeiter: J. Juhdsz und G. Kendrey.

On Elastase. Ciba Foundation Colloquia on Ageing Vol. 3. Churchill. London 1957,
p. 101 103.

A Na-Amytal daganatkeltd hatdsa. Kisérletes Orvostudoméany 9, 537, 1957. Mitarb.:
J. Juhész und G. Kendrey.

Az Androfort (Testosteron-acetat) daganatkelté hatdsa. Kisérletes Orvostudoméany 9,
531, 1957. Mitarb.: G. Kendrey und J. Juhész.

Effect of ATP and Acid Swelling of Collagen. Biochimiya 22/1 —2, 60, 1957. Collaborator;
|. Banga.
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Effect of Intraperitoneal Administration of Elastase on White Rats. Gerontologie 1,
315, 1957. Collaborators: I. Banga, J. Juhéasz, D. Szabé and E. Szalay.

Metacollagen, mint latsz6lagos” elastin. Magyar Tud. Akadémia Bioi. és Orvosi Tud.
Oszt. Kozleményei 8, 231, 1957. Mitarb.: I. Banga und D. Szabé.

A spinalis ganglionok tdml6s megbetegedésérdl. ldeggyo6gyéaszati Szemle 10, 142, 1957.
Virus hepatitis szerepe a cirrhosis keletkezésében. Orvosi Hetilap 98, 1290, 1957. Mitarb.:
I. Besznydk und G. Kendrey.

Az izonikotinsavhydrazid (IN1l) daganatkelt6 hatdsadnak kisérletes vizsgalata. Tuber-
kul6zis 10, 49, 1957. Mitarb.: ,1. Juh&sz und G. Kendrey.

Investigations Concerning the Genesis of Pemphigus. Acta dermat. venerol. Proc. Iltli
Internat. Congr. Dermat. 3, 372, 1957. Collaborator: F. Foldvari.

Uber die geschwulsterzeugende Wirkung des Glandubolins. Acta morph. Acad. Sei. hung.
8, 95, 1958. Mitarbeiter: G. Kendrey und J. Juhé&sz.

A kollagén duzzadésa és annak meggatlasa ATP-vel. A Magyar Tud. Akadémia Bioi.
és Orvosi Tud. Oszt. Kozleményei 9, 75, 1958. Mitarb.: I. Banga.

Elastase és atherosclerosis. A Magyar Tud. Akadémia Bioi. és Orvosi Tud. Oszt. Kozle-
ményei 9, 425, 1958. Akadémiai lev. tag. székfoglalé.

Die Rolle der Virushepatitis fir die Entstehung der Leberzirrhose. Schweiz. Ztsclir. f.
alig. Path. Bakt. 21, 1064, 1958. Mitarbeiter: I. Besznydk und G. Kendrey.

System nerveux et ulcére peptique. Schweiz. Ztschr. f. alig. Path. Bact. 21, 561. 1958.

History and Pathogenesis of Atherosclerosis. Sectio XX. Excerpta Medica, Gerontology
and Geriatrics 2, 279, 1959.

Nephelometric Determination of Elastase Activity and Method for Elastolytic Measure-
ments. The Biochemical Journal 71, 544, 1959. Collaborators: |. Banga and M. Horvéth.

Differences between Metacollagen and Collastromin. Acta physiol. Acad. Sei. hung. 15,
127, 1959. Collaborator: 1. Banga.

Az elasztolitikus enzim kémiai tulajdonsdga és biol6giai hatdsa. Magyar Kémiai Foly6-
irat 65, 127, 1959. Mitarb.: I. Banga und I). Bagdy.

Effect of [,6-Di-(2-Bromoethylamino)-1,6-Dideoxy-D-Mannitol Dihydrobromide on
Tumours of Laboratory Animals. Nature 183, 395, 1959. Collaborators: G. Kendrey,
J. Juhész and I|. Besznyak.

Filtrdlhatéd virus szerepe a daganatok el6idézésében. Orvosi Hetilap 100, 491, 1959.
Tumor Inhibitory Action of [,6-Di-(2-Bromaethyl-Amino)-1,6-Dideoxy-D-Mannitol
Dihydrobromide (DBM) R 13 Brit. J. Cancer 13, 634, 1959. Collaborators: G. Kendrey,
J. Juhész and I. Besznyék.

VHpapKT h pak nerkoro. Tpyasl 111 BcecotosHoro Cuesga lMaTtonoroaHatoMoB. XapkoB
1961 cTp. 62.

Uber die Wirkung der Kollagenmukoproteinase auf die neutralen Mukopolysaccharide
der kollagénén Fasern. Acta histochemica 9, 69, 1960. Mitarb.: D. Szabé und |. Banga.

The Elasticity-increasing Property of Elastomucoproteinase. Biochimica et Biophysica
Acta 40, 367, 1960. Collaborator: I. Banga.

Isolation of Neutral Heteropolysaccharide Containing Mucoprotein from Bovine Achilles
Tendon with the Aid of Collagenmucoproteinase. Biochem. J. 74, 388, 1960. Collaborator:
|I. Banga.

Manifestaciones secundarias de los Quistes Hipofisarios. Folia Clin. Intern. 10, 296. 1960.
A rédkkutatas fejlédése. Orvosképzés 35, 67, 1960.

Elastase és atherosclerosis. Orvostudoméanyi Szemle 5, 62, 1960.

Az elasztdz komplex természete és az elasztaz termelés helye. Orvostud. Szemle 5, 70’
1960.

A zsirmobilisatio kérdése. Magyar Tud. Akad. Bioi. és Orvosi Tud. Oszt. Kozleményei
11, 361, 1960.

Cholesterin adagolas hazinyulaknak vizes suspensio alakjaban. Kisérletes Orvostudomany
12, 630, 1960. Mitarb.: E. Szalay.

Anatémia pat. e histopatologia de las enfermedades alérgicas. Tratado de Alergia 1960.
Barcelona. P. 237—266. Editorial Cientifico Médica. Barcelona Madrid -Lisboa Rio
de Janeiro—Montevideo. Dir. Dr. F. Arasa.
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Geschwulsterzeugende W irkung von Arzneimitteln. Berliner Symposion (ber Fragen
der Carcinogenese. Akad. Verlag, Berlin S. 208. 1960.

Kleine Tumoren (Tumourlets) der Lunge. Arch. De Vecchi 31, 21, 1960.

Kisérletes vizsgalatok a DBM (R 13) (1,6-bis)-2-bromaethylamino (1,6-desoxy-D-mannit
dibromhydrat) daganatndvekedést gatlé hatasardl. Orvosi Hetilap 101, 157, 1960. Mitarb.:
G. Kendrey, J. Juhész, |. Besznyak.

I'IpeBpaLu,eHme Ko/inareHoBbIX BOJIOKOH B 3n1acTU4yecKue. CVIMI'I03VIyM no COE‘,EI.VIHVITEI'IbHOVI
TKaHW. Megrus, Mocksa, 1960 ctp. 30.

Az elastase és kollagenmukoproteinase kutatads tertiletén elért eredmények. Orvosképzés
36, 161, 1961. Mitarb.: I. Banga.

Collagen Mucoproteinase and other Collagénases. Acta physiol. Acad. Sei. hung. 19, 19'
1961. Collaborators: I. Banga and D. Szahé.

L’importanza dell’elastasi. Minerva Medica 52, 3918, 1961.

Uber die Ergebnisse der Elastase- und Kollagenmukoproteinase-Forschung. Ztschr. Vita-
min, Hormon- und Fermentforsch. 12, 59, 1961/62. Mitarbeiter: I. Banga.

Az emberi sperma leukaemogen hatdsa. Magyar Onkol6gia 5, 199, 1961. Mitarb.: J. Juhész
und G. Kendrey.

On the Leukaemogenic Effect of Human Sperm. Collaborators: J. Juhdsz and G. Kendrey.
The Morphological Precursors of Cancer. Edited by Lucio Severi Perugia, 1963. p. 279.

KopmneHve KpoiMKOB BOAHOI B3BECHID XonectepuHa. ATEpOCKNepos, C60pHMK nocss-
WEH 75-MeTUI0 AHA POXAEHUA W 55-NeTUMI0 Hay4HOM, NejarorMyeckoil M 06LLECTBEHHON
[eaTenbHOCTM akageMmka Hukonaa Hwukonaesnmya AHnYKoBa. Megrus, JleHUHrpagckoe
otgeneHve 1961 ctp. 98.

Chemotherapie des Krebses. Vortrag in dem Jenaer Institut fiir Mikrobiologie und Expe-
rimentelle Therapie am 28. November 1961.

Elasticity of the Vascular Wall I. The Elastic Tensibility of the Human Carotid as a
Function of Age and Arteriosclerosis. Acta physiol. Acad. Sei. hung. 20, 237, 1961.
Collaborator: I. Banga.

Elasticity of the Vascular Wall 1l. Effect of Elastolytic Enzymes on the Elasticity of

the Human Carotid in vitro. Acta physiol. Acad. Sei. hung. 20, 250, 1961. Collaborator:
|. Banga.

Zur Frage der Fettmobilisierung. Acta morph. Acad. Sei. hung. 10, 313, 1961.
Experimentelle Untersuchung neuer Stoffe mit zytostatischer Wirkung. V. Ungarische
Krebstagung 1961 in Budapest, Akad. Kiad6 P. 145. Mitarbeiter: G. Kendrey, J. Juhéasz,
G. Gyenes und M. Sellyéi.

Ujabb cytostatikus hatast anyagok kisérletes vizsgalata. Orvosi Hetilap 103, 257, 1962.
Mitarb.: G. Kendrey, J. Juh&dsz, G. Gyenes und M. Sellyéi.

Acetiology of Lung Cancer. VI1II. International Cancer Congress Moscow, Abstract of
Papers, Medgiz 282, 1962.

Experimental Investigations into the Antitumoral Activity of 1,2,56-Tetramethane-
Sulphanyl-D-Mannitol (TSM) VIII. International Cancer Congress Moscow, Abstracts
of Papers, Medgiz 311, 1962. Collaborators: G. Kendrey, J. Juhasz, G. Gyenes and
M. Sellyei.

Korpéassy Béla emlékezete. Morph, és Ig. Orv. Szemle 2, 81, 1962.

International Academy of Pathology, Zirich July 8—13, 1962. On conditions proceeding
lung carcinoma.

Zur Frage der Karzinogenese. Miinchen, med. Wschr. 104, 1424, 1962.

Uber den fermentativen Abbau des Nervengewebes. IV. Internat. KongreR fiir Neuro-
pathologie 4—8. September 1961. Vol. I. 63, 1962.

The Role of Elastase in Atherosclerosis. Medical and Clinical Aspects of Aging. Columbia
University Press, New York and London 1962, 357—373 p. Fifth Congress of the Inter-
national Association of Gerontology. Ed. Hermann T. Blumenthal. Collaborator: I. Banga.

Les adénomes multiples du rein. Bulletin du Cancer 49, 196, 1962. En collaboration avec
Arlette Masset.

Multiplex veseadenomdak. Magyar Onkol6gia 7, 81, 1962. Mitarb.: Arlette Masset.
The Enzymatic Degradation of Collagen Fibers. Collagen, Proceedings of a Symposium
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sponsored by the Central Leather Research Institute, Council of Scientific and Industrial
Research, Madras, India, held on November 29—30, 1960. Ed. by N. Ramanathan
P. 305—309. Interscience Publishers New York London 1962. Collaborators: I. Banga
and 1). Szabé.

Elasztdz és elasztomukoproteindz hatdsmechanismusa kozotti kulénbség vizsgélata.
Kisérletes Orvostudomany 14, 628, 1962.

Neue experimentelle Angaben zur geschwulsterzeugenden Wirkung des lIsonicotinsdure-
hydrazid (INH). Z. Krebsforsch. 65, 434, 1963. Mitarbeiter: J. Juhdsz und B. Szende.
Connective Tissue Changes in Atherosclerosis. International Review of Connective Tissue
Research, Yol. 1, 241 -306, 1963. Edited by David A. Hall, Academic Press, New York
and London.

Process of Fat Mobilization. Semicentennial of the founding of the American Society for
Experimental Pathology Atlantic City, April 18, 1963. Federation Proceeding 22/6 Part L,
1380, 1963.

Role of the Central Nervous System in Peptic Ulcer Development. Pathophysiology of
Peptic Ulcer. Staidey C. Skoryna, Editor. McGill University Press, Montreal 1963. p. 389.
Lipoproteinek és atherosclerosis. Magy. Tud. Akadémia V. Orvosi Tud. Oszt. Kdzleményei
15, 59, 1964.

Experimental Investigation into the Antitumoral Activity of Tetrahydromethanesulpho-
nyl-D-Mannitol (TSM). Acta Union Internat. Contre le Cancer 20, 141, 1964. Collabo-
rators: G. Kendrey, J. Juhé4sz, G. Gyenes and M. Sellyéi.

Ujabb kisérletes adatok az isonikotinsavhydrazid (INH) daganatkelt§ hatasarél. Magyar
Onkolégia 8, 193, 1963. Mitarb.: J. Juh4sz und B. Szende.

Pathologic Changes in the Pacinian Corpuscles around the Pancreas. Acta morphol.
Acad. Sei. hung. 13, 75, 1964. Collaborator: M. Sellyéi.

Az elastase kutatds eredményei. Orvosi Hetilap 106, 49 —54, 1965.

Rozwdj nauezania medyeznego na Wegrzech. Miedzynarodowa Sesja Naukowa Krakow.
Mitarb.: J. Kovéacsics 121 125, 1965.

Histopathological Findings in Animal Experiments on the Aetiology of Viral Hepatitis.
Acta microbiologica Acad. Sei. hung. 12, 357, 1965/66. Collaborators: G. Kendrey,
M. Sellyei and A. Bajtai.

Correlation between Crosslinkages, Steric Structure and Digestibility of Collagen. Bio-
chemische Zeitschrift 342, 330, 1965. Collaborator: I. Banga.

Chronicus 6lomphosphat kezeléssel létrehozott kisérletes veseadenomék. Magyar Onko-
l6gia 9, 144, 1965. Mitarb.: A. Bajtai und B. Szende.

Az agy és vér lipoidjainak viszonya. Ideggyo6gydaszati Szemle 18, 137 143. 1965.

. Uber kristallinisches Amyloid. Beitr. path. Anat. 132, 376, 1965.
288.

Egyes modern gyo6gyeljarasok igazsdgigyi orvostani vonatkozasai. Morphologiai és
lgazsagugyi Orvosi Szemle 5, 246 —247, 1965.

La relation entre les lipides du cerveau et du sang. Acta med. Acad. Sei. hung. 21, 411
421, 1965.

ATepocknepo3 n Mobunmsaums xupa. 1V BcecotosHbili Cbesg MaTtonoroaHatomos Kuwm-
Hes 1965. ctp. 13.

Uber die Wirkung der Bleiphosphatbehandlung auf die Nierenepithelzellen von Albino-
ratten. Acta morphol. Acad. Sei. hung. 14, 187 —195, 1966. Mitarbeiter: B. Szende und
A. Bajtai.

Effect of Enzymes on Collagen. Proceedings 7th International Congress of Gerontology
149 —151, 1966. Collaborator: I. Banga.

Determination of Elastolytic Activity and the Importance of Elastase. Meth. Achievm.
exp. Path. 1, 96 123, 1966. S. Karger, Basel/New York. Edited by Bajusz and Jasmin,
Collaborator: 1. Banga.

Kérszovettani vizsgélatok a virus-hepatitis kdéroktanara vonatkoz6 Aallatkisérletekben.
Orvosi Hetilap 107, 443 —445, 1966. Mitarb.: G. Kendrey, M. Sellyei und A. Bajtai.
Kérbonctani és kérszovettani elvaltozasok a laser sugarak hataséara. Orvosi Hetilap 107,
1016-1018. 1966.
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Lung Tumours in Laboratory Animals Indicating the Tumour-Provoking Property of
Some Drugs. Perugia Quadrennial International Conferences on Cancer. Vol. 3. Lung
Tumours in Animals. 623 —636, 1966. Edited by Lucio Severi.

Comparison of Lung Tumours in Animals and Men. Perugia Quadrennial Internationa |
Conferences on Cancer. Yol. 3. Lung Tumours in Animals. 127 —139, 1966. Edited by
Lucio Severi.

Pathogenesis and Significance of Renal Adenomas (The Cesare Massari Lecture for 1966,
Accademia Anatomico-Chirurgica in Perugia). Lavori Dell’Istituto Di Anatémia e
Istologia Patologica, Université Degli Studi Perugia 26, 89, 1966.

Tumour-inducing Effect of Hydrazine in Mice. Nature 210, 1377, 1966. Collaborators:
J. Juhédsz and B. Szende.

Emberek és allatok tidédaganatai. Magyar Onkoldgia 10, 129, 1966.

. A hydrazin daganatkelt6 hatdsa. Magyar Onkolégia 11, 31, 1967. Mitarb.: J. Juhdasz
und B. Szende.

Die Atiologie des Pemphigus. Pemphigus Occupational Dermatoses due to Chemical
Sensitization. Congress of the Hungarian Dermatological Society, 1965, pp. 374. Published
in 1967.

Uber die geschwulsterzeugende Wirkung des Hydrazins. Z. Krebsforsch. 70, 150, 1967.
Mitarb.: J. Juhdsz und B. Szende.

Some Problems of Chemical Carcinogenesis (Co-reference) Abstracts, European Cancer
Meeting, Vienna, July 4, 1967, pp. 37—38.

Az atherosclerosis kdrbonctana és koreredete. A Koranyi Sdndor Tarsasadgnak és a Magyar
Patholégusok TA&rsasdgdnak egylttes Ulésén tartott referdtum 1967. oktdber 25-én.
Az elastasekutatds eredményei. A Budapesti Orvostudoméanyi Egyetem Semmelweis
el6adasa 1967. november 24-én.

Acethionin okozta pancreas elvéaltozdsok. Morph. Ig. Orv. Szemle 8, 34, 1968. Mitarb.:
Sz. Varga.
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ERINNERUNG AN BELA KORPASSY
1907-1961

Professor Korpassy war einer der altesten und besten Schiiler von
Professor Balos. Sein friher Tod bedeutete einen schweren Schlag fur seinen
Meister, der ihn wegen seiner menschlichen Qualitdten und wissenschaftlichen
Ergebnisse hochgeschatzt hat. Deshalb glauben wir, Korpassy wirde sich seines
Meisters anlaBlich dieser Gelegenheit freudigst gedenken, wenn er noch lebte.

Die ungarischen Pathologen erlitten einen grofRen Verlust als Béla Kor-
passy am 27. November 1961 im Alter von 55 Jahren, am Gipfel seiner schaf-
fenden Té&tigkeit plotzlich verschied.

Korpassy wurde am 12. Januar 1907 in Szeged geboren, wo sein Vater
Richter war. In der damals neu instituierten Universitat dieser Stadt studierte
Korpéassy Medizin, und hier wurde er 1931 zum Doktor promoviert.

Seit 1929 arbeitete Korpassy im Pathologisch-Anatomischen Institut
der Universitat. Seine erste wissenschaftliche Arbeit (mit A. Kal16) beschéaf-
tigte sich mit der Enzephalitis der mit Fleisch erndhrten Hunde mit Eck-
Fistel; mit intrazerebral injizierter Gehirnemulsion konnte nachgewiesen wer-
den, dal? die Zeichen der Enzephalitis nicht infolge eines angenommenen Enze-
phalitisvirus zustande kommen, sondern die Ursache des Todes in den auf
eine Gehirnverletzung zurickzufihrenden blutenden Erosionen des Magens zu
suchen sei. Eine weitere Untersuchung hat Korpassy mit E. Bacu »Uber den
Katalase- und Glutathiongehalt der roten Blutkérperchen hei experimentellen
Anémien« ausgefihrt.

Als Stipendiat verbrachte Korpassy dann zwei Semester in Wien, wo er
die Instituten und Kliniken kennen lernte und unter Leitung von Chiari
im Pathologischen Institut der Universitat arbeitete, In der Vereinigung der
Pathologischen Anatomen hielt er Januar 1937 einen Vortrag uber seine Unter-
suchungen uber die Entwicklung des Brustkrebses, mit Ricksicht auf das
Alter und die préakanzerdsen Zustdnde. Ein anderes Thema mit dem er sich
in Wien befalRte, war die Basalzellenmetaplasie der Ausfihrungsgéange des
Pankreas; er fuhrte diese Verdnderung sowie auch die Epithelverdnderungen
in der Brustdruse auf die im fortgeschrittenen Alter auftretende Stérung des
hormonalen Gleichgewichts zuruck.

Nach seiner Rickkehr nach Szeged arbeitete Korpassy mit Bald uber
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W arzen, Papillome und Krebs. Sie sammelten ein grofes Material von solchen
Gebilden des Menschen und der Tiere, und konnten in dem Dickdarm von
aus Herden stammenden Schweinen haufiger Dickdarmpolypen finden als bei
Schweinen aus Kleinbesitz. Sie fuhrten sogar Ubertragungsversuche mit Darm-
polypen aus.

Das hochste Interesse Korpassys galt den onkologischen Problemen, und
er habilitierte 1939 aus der Pathologie der Geschwilste.

1939 heiratete Korpassy Piroska Hajnal; aus der Ehe sind zwei S6hne
und ein Madchen geboren, die alle drei den medizinischen Beruf wé&hlten.

In demselben Jahre wurde Korpassy Oberarzt im Spital von Ungvar.
Hier hatte er Gelegenheit, viele Falle von Verbrennung sezieren zu kénnen.
Er konnte feststellen, dall an den Organen von Menschen die mit Tannin
behandelt wurden, schwere toxische Veréanderungen vorkamen, die bei den
nicht mit Tannin behandelten nicht zu finden waren.

1944 wurde Korpassy zum Militardienst einberufen und mit der Leitung
des Laboratoriums des dortigen Militdrspitals betraut. Zur Zeit der Verschlep-
pung des Militarspitals nach dem Westen blieb Korpassy in Budapest. 1945
war er eine Weile Prosektor einer Irrenanstalt in Budapest und 1946 wurde
er zum Pathologen des Spitals in Szombathely ernannt. Kurz nachher wurde
er zum Professor der Pathologie in Szeged berufen. Zweimal hat er die Wirde
des Dekans der medizinischen Fakultat bekleidet. Er erhielt die Kandidatur
und das Doktorat der medizinischen Wissenschaften und wurde mit dem Titel
»hervorragender Arbeiter des Unterrichtswesens« ausgezeichnet.

1956 hat er in Mailand am Symposium Internazionale sul Diencefalo und
am Internationalen Neurovegetativen Symposium in Genf teilgenommen.
Im selben Jahre hat er einen Vortrag Uber den Mechanismus der Entstehung
von Geschwulstmetastasen in der Accademia Medico-Fisica Fiorentina gehal-
ten. 1957 wohnte er dem Internationalen Neurovegetativen Kongrel? bei.
1958 hielt er einen Vortrag an dem VII. Internationalen KrebskongreR in
London. 1959 Avar er 8 Monate lang Stipendiat des Centre National de la
Recherche Scientifique in Paris und arbeitete als Gast im Histophysiologischen
Institut von Benoit. Er hielt Vortrage im Collége de France, und als er visiting
guest im Chester Beatty Institut in London war, auch in London, Glasgow
und Strasbourg. 1960 erhielt er eine Einladung zur Gordon Cancer Conference
in New London, und besuchte Krebsinstitute in Boston, Chicago, Washington,
Bethesda und New York. Im selben Jahr hat er die Ungarische Akademie der
W issenschaften an der Konferenz der Medizinischen Akademie der Sowjet-
union uber die Struktur und Funktion des zentralen Nervensystems, und im
nédchsten Jahr die Szegediner Universitdt an der internationalen Konferenz
aus AnlaR des hundertjahrigen Jubileums des Lehrstuhls fur pathologische
Anatomie der Universitat von Perugia vertreten. Im November 1961 feierte
man in Padova die zweihundertjdhrige Erinnerung an das Erscheinen von
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Morgagnis De sedibus et causis morborum. Ein Vortrag von Korpassy stand
auf dem Programm, er konnte aber nicht mehr hinreisen, da er krank war
und bald danach starb.

Ein Teil der wissenschaftlichen Tatigkeit von Korpdssy richtete sich auf
die Geschwulstforschung. Schon 1943 44 unternahm er Versuche Uber die
leberschédigende Wirkung der Gerbsaure. Nach Beendigung des zweiten W elt-
krieges hat er diese Untersuchungen wieder aufgenommen. Er untersuchte
an Hunden, Kaninchen und Ratten die Wirkung des Tannins. Nach grofien
Dosen verendeten die Tiere rasch, kleinere Dosen Uberlebten sie 10—15 Tage
und es entstanden in der Leber azinozentrale Nekrosen. 1949 berichtete
Korpassy mit seinem Schiiler K. Kovacs, dall nach chronischer subkutaner Tan-
ninbehandlung eine Zirrhose vom Typ Laennec in weien Ratten hervorgerufen
werden kann. In einer weiteren Arbeit wurde festgestellt, dal die in ent-
sprechender Dosis peroral verabreichte Gerbsdure in der Leber weiller Ratten,
Kaninchen und Hunde ebenfalls azinozentrale Nekrosen verursachen kann.
Es wurde auf diese Weise erwiesen, daB die Gerbsdure im Verdauungskanal
resorbiert wird. Die ndchste Feststellung war, da in der zirrhotischen Leber
mit Gerbsaure chronisch behandelten weiler Ratten Hepatome und Cholan-
giome entstehen. Korpassy fallte 1961 seine Feststellungen Uber die hepato-
karzinogene Wirkung des Tannins zusammen. Auch sind die Arbeiten von
Korpassy Uber die Metastasenbildung beachtenswert. Wie bekannt, sind
Metastasen in der Milz sehr selten. Korpassy konnte experimentell nachweisen,
daR die Milz die Geschwulstzellen nicht zurickhéalt, doch wird diese trans-
lienale Passage durch nervése und humorale Faktoren aufgehoben. Solche
Faktoren durften auch bei der transpulmonalen Passage mitspielen. Wertvoll
sind auch Korpassys Arbeiten Uber die verschiedenen Formen der Préablasto-
matoscn.

Die zweite Hauptrichtung in der Forschungsarbeit Korpassys bildete
das Verhéltnis zwischen Hypophyse und Hypothalamus. Er und seine Mit-
arbeiter haben bewiesen, dall im Hypothalamus von mit Pikrotoxin behandel-
ten Hunden das Sekret der Ganglienzellen sich vermehrt. Es stellte sich heraus,
dal es in dem Hypothalamus-Hypophysen-System dreierlei Kolloide gibt.
Das Kolloid des Hypothalamus kann von dem des Hypophysenvorderlappens
und Mittellappens unterschieden werden. Auf Behandlung mit hypertonischer
Kochsalzlésung nimmt der Kolloidgehalt in den hypothalamischen Ganglien-
zellen zu, aber nach 6 Stunden vermindert er sich und hauft sich in der Neuro-
hypophyse zu. Demgemé&R stromt das Kolloid aus dem Hypothalamus der
Neurohypophyse zu. Zwei Schiler von Korpassy, namentlich Kovacs und
Bachrach identifizierten das antidiuretische Hormon des Hypothalamus mit
dem der Neurohypophyse. Mehrere Arbeiten von Korpéassy und seiner Schiiler
behandeln die Rolle des Hypothalamus im Salz- und Wasser-Metabolismus,
die traumatische Oligurie und den Diabetes insipidus.
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Korpassy kann als Wissenschaftler durch eine vollkommene Orientiert-
heit charakterisiert werden. Er war Uber alle neuen Entdeckungen und Fest-
stellungen der Medizin informiert. Von seinen Lektlren, Beobachtungen und
Experimenten gestaltete er seine wissenschaftlichen Plane mit Intuition und
erzielte bedeutende Resultate. Er konnte sich gldnzend an alle Einzelheiten
erinnern und somit allen gute Ratschldge geben. Mit der Erziehung vieler
Fachmé&nner und Wissenschaftler hat er sich besonders hervorgetan.

Er besall ein besonderes Talent fur fremde Sprachen. Sein Freund, Prof.
Mario Raso schrieb in seinem Nachruf, daB Korpassy seine Vortrage immer
in der Sprache des Landes gehalten hat, wohin er eingeladen war, da er fast
alle europdischen Sprachen wie seine Muttersprache beherrschte. Als Pathologe
bewunderte er Morgagni. Er war ein Mann von hoher allgemeiner Kultur.
Italien bewunderte er wegen seiner naturlichen Schénheit, Kunstdenkmaéler
und wegen der Errungenschaften, mit denen es die menschliche Zivilisation
gefdordert hat. Die Pathologen haben in ihm einen zuverldssigen Kollegen und
die Wissenschaft einen enthusiastischen Forscher verloren.

DIE REDAKTION
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ROLE OF FLUORESCENT SUBSTANCES
IN SENILE VASCULAR LESIONS

llona Banga

It may be stated that research at the molecular level disclosing cross linkages
of vascular scleroproteins appears to be of a great value in the better understanding
of the senile and pathologic lesions of the vessel walls.

The development of all experimental sciences, including biology, has its
objective reasons. Molecular biology has become the central subject of modern
biological research by having elucidated the biological role of nucleic acids.
In these days, however, any research that examines phenomena at the molec-
ular level is duly considered molecular biology. Thus, the study concerned
with the steric arrangement and inter-peptidic linkages of the elastin’s poly-
peptide chains in senile vascular lesions is as much molecular biology as has
been the study of DNA structure and its relations to protein synthesis.

During the last 20 years, much effort has been made to study the changes
taking place with age or atherosclerosis in the vascular scleroproteins, partic-
ularly in elastin present in the elastic arteries. Research at the molecular
biological level has started only some years ago, when data had become avail-
able to permit the negative statement that the classical method of study of
macroscopically visible and histologically examined fat deposits in altered
vessel walls, particularly in the aorta’s intima, was inadequate for solving the
problem of the primary lesion in the vessel wall in connection with ageing or
atherosclerosis. Various theories have been proposed like that of mucopoly-
saccharide (MPS) accumulation; MPS phanerosis, correlation between the
altered serum proteins and the formation of precipitates in the vessel wall;
dystrophy of lipid metabolism; etc. None of these theories have, however,
led to results which would satisfactorily explain the primary factors in pro-
ducing lesions and being involved in the essence of the phenomenon.

The new approach, molecular biology, has unintentionally initiated,
as an objective factor of development, the study of substances responsible for
the cross linkages in elastin. For this laboratory, that approach has been of
particular importance, appearing to support our 10—14 years old hypothesis
that both the vascular elastin and the collagen have a complex structure.

In the present paper, while giving details on the fluorescent substances
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and on the components involved in cross linkages of elastin of the vessel wall,
a number of unsolved problems will be raised related to molecular biology as
applied to the vessel wall.

Relation of fluorescent substances to senile yellow pigment

The so-called senile pigment is one of the longest known coloured subtsanceo
accumulating in tissues. In his survey of intracellular lipids, Deane (1958)
characterized this substance as follows. It is sudanophilic, basophilic, fluores-
cent and Schiff-positive. These characters suggest the senile pigment to be
a lipid-like acid material with fluorescence and reducing aldehyde content.
All these characters are demonstrable in purified elastin from the aorta as
well as from other tissues, thus elastin appears to contain the yellow senile
pigment (LaBella, 1961 —1962).

A considerable confusion has, however, arisen as to the problem whether
senile pigment was the only pigment in the vessel wall and whether the meas-
ured fluorescence and its increase with age had any quantitative relationship
with the amount of pigment present. According to LaBella (1962) and Part-
ridge (1962), yellow pigment is coupled through strong links to fluorescent
peptides. In such compounds the senile pigment exhibits peak fluorescence
at 340 mfi following activation at 290 m/t (LaBel1a 1962). In isolated elastins,
however, three additional fluorescence maxima were detected. In Table 1 are
presented the activation and fluorescence maxima of the different fluorescent
substances found in the vessel wall.

Table 1

Activation (A) and fluorescence (F) maxima in the vessel nail

Activation Fluorescence Relative

No m/x mix intensity AlF
| 290 340 8 Senile pigment
" 330—340 360—405 37 340/400
hi 380—385 460—470 34 385/460
Y 410 430 460 470 26 410/470

In our studies (Banga, Maylath-Palagyi, 1966), from elastolysates of
human aorta specimens, yellow-coloured polypeptides could be isolated by
Sephadex G 25, chromatography. These polypeptides showed peak fluorescence
at 405 and 460 m/t. The component containing the yellow pigment could be
separated as a non-fluorescent substance by simple freezing and fractional
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centrifugation. Consequently, the yellow pigment is non-fluorescent and can
be separated from the fluorescent material by appropriate techniques. LaBella
(1962) precipitated with alkali the yellow pigment from acid hydrolysates of
elastin and demonstrated its non-fluorescence and its absorption maximum
at 330 mp. Also, by column chromatography of partially hydrolysed elastin,
he could separate the yellow pigment and the fluorescent peptides. None of
these experiments could, however, exclude the possible involvement of certain
pigments in the intensive fluorescence of the vessel wall. The fluorescent sub-
stance to he discussed below and appearing parallel with atherosclerosis, may
not be related to the yellow pigment. The former is namely completely hydro-
lysed by acid which leaves the yellow pigment intact.

Cross-linking agents of elastin
and the fluorescence of the vessel wall

Desmosines and substance X 4

Partridge (1962), Partridge et al. (1963) and Thomas et al. (1963)
have shown in the polypeptide chains of elastin, in addition to the usual
hydrogen and other electrostatic bonds, the presence of unknown amino acid
involved in the formation of specific cross links in elastin. The new amino acid
occurs in two isomeric forms designated by Thomas et al. (1963) as desmosine
and isodesmosine. The substance turned out to he tetracarboxy-tetraamino

co,
CH2 (CH2), mCH

4NH;
€02 co.,
bH «(CH2Jk*CH..—f). CH2¢(CH2),, *CH

I+ r

(CH2)
cll
\

NIC, CO

co.,
EH2+(CH2y +CH

(CH2).
CH
[\
NH2 CO;
Fig. 1
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acid, containing an N-substituted pyridine ring in its molecule. Desmosine
appears to be an 1, 3,4, 5 tetrasubstituted, while isodesmosine an 1, 2, 3,5
tetrasubstituted, pyridine salt, both having the empirical formula C24H 40N 50 6C1
(the hydrochloride salt, Fig. 1; Partridge et al. 1966). Considering the chem-
ical structure of both substances, the development of cross links between
peptide chains by participation of desmosines can only be supposed if 4 lysine
radicals pre-existing in the proelastin form a ring structure during biosynthesis
(Partridge et al. 1964). To check this supposition, they gave U14C-lysine to
25-day old rats and examined the lysine, desmosine and isodesmosine contents
of the elastin obtained from the aortas at various points of time. Following
a certain lag period (17 days), formation of one-desmosine or isodesmosine
molecule, each from 4 lysine molecules, was demonstrable. According to
Partridge etal. (1966), the incorporation of 4 lysine molecules into one desmo-
sine or isodesmosine molecule, and the low speed of cyclization (in rats 17 days)
would explain the differences in the physical characteristics of elastin indiffer-
ent phases of growth.

Sinex’s group (Franzblau et al. 1965, 1965a) demonstrated the partici-
pation in the cross link formation of primary polypeptide chains of elastin
beside desmosines also of lysine residues involved in the formation of X4
amino acid, the lysinonorleucine: Nf(5-amino, 5-carboxypentanyl)-lysine.

The desmosines were isolated by Partridge et al. (1963) from a fluores-
cent peptide of 1000 molecular weight obtained from the acid hydrolysate of
elastin. As the decrease of elasticity of elastic fibres, going parallel with age
and the degree of atherosclerosis is supposed to result from the increase in
the number of cross links, it seemed to be of interest to examine whether the
accumulation of fluorescent peptides runs parallel also to the increase of
desmosines. On the other hand, it seemed questionable whether the increase
of fluorescence witli age (LaBella and Lindsay 1963) and with the gravity
of atherosclerosis (Banga, Maylath-Palagyi and Jobbagy 1966) could be
brought into correlation with the desmosines. To elucidate this problem, we
examined the desmosine content and the four types of fluorescence (Table 1)
in elastolysates of normal and sclerotic human aortas, using an Opton M, QM
spectrophotofluorimeter. Elastolysates of normal and sclerotic aortas were
purified by filtration through a Sephadex G 25 column with and without pre-
vious hydrolysis. In the collected fractions, desmosines were estimated by
measuring the absorption maxima in ultraviolet light of 275 in// at pH 8.6
on the assumption that the desmosines will be represented by that particular
fluorescence where absorption in alkaline solution and fluorescence maxima
will coincide in the gel-filtered samples obtained both before and after hydro-
lysis. Partridge (personal communication) believes that the desmosines exhibit
fluorescence only after exposure to air, as in freshly isolated condition they
fail to do so. This possibility was also studied in our experiments. The specia*
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absorption prior to and after hydrolysis of readily dissolving elastin (extract 1)
and the 13 gel separated fractions from normal aortas are shown in Fig. 2.
In filtrates 1—4, no peptide was present, thus they were not included into
the figure. In the lower part of Fig. 2 are shown the specific fluorescence
values of the same samples, both prior to and after hydrolysis; this fluorescence
maximum corresponded best to the absorption maximum of the desmosines.

Correlation between UV absorption and fluorescence
Normal aorta | Extract

Iwithout hydrolysis
hydrolysis

specific
absorption
275 mp

12 13 tubes No

without hydrolysis

100 0 after hydrolysis
specific
fluorescence
AlF
385/460 50

13tubes No

The other fluorescences obtained did not appear to be related to desmosines.
Therefore, if desmosines or desmosine peptides exhibit fluorescence, this is
what could be correlated with the specific absorption by desmosines in the
vessel wall. In Fig. 3, a similar experiment is demonstrated, but in this case
the innermost and least soluble regions (extract Ill) of normal aortas were
examined in respect of the specific UV absorption of desmosines and of the
A/F — 385/460 fluorescence. Interestingly, in this region all desmosines were
present in the form of peptides and exhibited the typical 275 mfi UV absorption
only after acid hydrolysis. Similarly, the A/F = 385/460 specific fluorescence
was very low prior to hydrolysis. Theoretically, the activation maximum of
the fluorescence of desmosines should have been obtained at 275 m/t; the fact
that the measured value was about 100 mp higher, was either a measurement
error or the result of the desmonsines’ oxidation or other quenching effect.

In sclerotic aortas, the amount of desmosines was about double that found
in normal ones. While in normal aortas most of the desmosines are bound to
peptides (see Fig. 4, upper part), in sclerotic aortas they occur also in free
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form. The hatching with double lines in the lower part of Fig. 4 indicates that
the specific absorption of desmosines estimated at 275 m/x was measurable
also without hydrolysis, since this amount did not change on hydrolysis.
Thus, apparently, in the majority of gel filtrated samples of extract | obtained

Correlation between absorption and fluorescence
Normal aorta 111.Extract

[fil without hydrolysis

specific
absorption
275 mjj

specific 300
fluorescence
AlF 200
385/460

100

12 tubes No

Specific absorption of elastolysates by normal
and sclerotic aorta

Atherosclerotic aorta LExtract
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by elastase treatment, the desmosines were released from their linkages by
the enzyme. In samples 11 and 12, high values were obtained after hydrolysis,
nevertheless in sample 13, desmosines were present only after hydrolysis.

Fluorescent materials and atherosclerosis

Certain fluorescent substances are accumulating in human aortas with
the progress of age (LaBella and Lindsay 1963). It seemed to be of interest
to examine whether the appearance of any fluorescence maximum could be
correlated with the degree of atherosclerosis depending on, or independently of,
the actual age. It has been shown sclerotic aortas exhibit increased fluorescence,

total specific specific fluorescence
fluorescence of of collagen in
human aorta human aorta

and that that fraction increases mostly which has its activation maximum
at 340—350 mfj and its peak fluorescence at 385—405 m//. This fraction which
was designated A/F = 385/400 (Table 1), was, however, destroyed during
acid hydrolysis. Therefore, it could not have originated from the desmosines,
nor from tyrosine or its oxidation products. LaBella and Paul (1965), ex-
amining the fluorescence and tyrosine content of collagen, concluded that in
the cross linkages of collagen in the course of ageing, oxidation products of
tyrosine with reactive quinoid structure take a certain part and might link
the neighbouring polypeptide chains with covalent bonds. In our experiments
(Banga, Maylath-Palagyi and Jobbagy 1966), the specific fluorescence
(A/F = 385/400) of the collagen and elastin fractions as well as of the total
protein fractions from 6 normal and 19 sclerotic aortas was examined. The
fractions of elastin readily (30 minutes) solubilized with elastase were examined
separately from the slowly (24 hours) solubilized fraction. In Fig. 5 are shown
the average specific fluorescences of normal and of sclerotic aortas. The differ-
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ence between the two was about threefold. The difference referred to the
separated collagen fractions and elastin fractions was twofold and fourfold
between normal and sclerotic aortas, respectively (Fig. 6). The greatest differ-
ence was observed in the readily soluble elastin fractions of normal and scle-
rotic aortas. LaBella and Paul (1965) measured a fluorescence maximum at

specific fluorescence specific fluorescence specific fluorescence
of elastin in of 30 min of 24h elastolysate
human aorta elastolysate Y
us
67
normal sclerotic normal sclerotic
Fig. 6

405 m/i in human Achilles tendons and observed significant increases with age.
Nevertheless, we think that the elastin-linked fluorescent substance in scle-
rotic aortas is not identical with the fluorescing oxidation products of tyrosine,
as has been supposed by the above authors. Our opinion is supported by the
fact that in the course of sclerosis the amount of the fluorescent substance
bound to collagen increased less than did the elastin-bound fraction. The most
serious argument, however, is that 90% of the fluorescence observed by us
was destroyed on acid hydrolysis, while tyrosine quinones are stable under
similar conditions. We assume that the increase of fluorescence with advancing
sclerosis originates from lipoproteins, since splitting of the lipid-protein link
causes reduction of fluorescence. Long-chain alcohols (butanol, propanol) are
known to destroy lipid-protein linkages and have been shown considerably
to reduce the fluorescence in sclerotic arteries. Sinex and Faris (1962) described
a substance in elastin that exhibits activation and fluorescence maxima at
310 m// and 390 m/i, respectively. They think that this substance resembles
the aqueous extracts of auto-oxidized lipids. The yellow chromogcn and the
fluorescence at 460 rcjj probably also originate from auto-oxidized lipids.
In sclerotic as well as in normal arteries, all fluorescences shown in Table 1
were demonstrable, but in sclerotic aortas at least two additional fluorescences
were present which were not observed in the normal aorta.

Correlation between elasticity and fluorescence of the vessel wall

It appeared to be of particular interest to examine the correlation between
the amount of fluorescent material and the severity of atherosclerosis. Results
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presented in Fig. 7 show that the fluorescent substance exhibited a sudden
increase at the appearance of atherosclerosis, while it failed to increase parallel
with the progress of atherosclerosis. In Fig. 7, the percentage of atherosclerosis
is plotted according to the WHO standard against the increase of specific
fluorescence in an arbitrary scale referred to the normal values. The individual
curves from A to E show the fluorescence of the individual fractions of the
sclerotic aortas as related to the severity of sclerosis.

Fig. »

total spec, fluoresc. of human aorta

spec, fluoresc. of collagen in human aorta
spec, fluoresc. of elastin in human aorta
spec, fluoresc. of 30 min. elastolysate
spec, fluoresc. of 24h elastolysate

moow>
1"

It was supposed that if fluorescence does not increase parallel with the
severity of atherosclerosis, it might be elicited by some initial lesion developing
with progressing age. This supposition is supported by the results in Table 2,
where the total fluorescence of the aortas is shown for 4 different age groups.
No increase in fluorescence was demonstrable from infancy up to the 40th
year of age. A sudden threefold increase was observed in the age group of
40 —70 years, while very little if any further increase was demonstrable in the
age group of 70—90 years. Very similar results were obtained concerning the
elasticity of human carotid stripes as compared to age and the degree of
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atherosclerosis. As shown in Table 3, in the age group 14 —A47 years in athero-
sclerosis-free (group 1) vessels the elasticity modulus did not change up to
35 years. On 70% stretching, a sudden increase of the value was observed
at 47 years of age. In group 11, the elasticity modulus was examined in cases

. BANGA

Table 2

Age-dependent changes in A/F = 340/400 fluorescent
substance of aortic wall

0-10 20—40
40 46
35 45 51 48
53 47
51

Years mean

AO-70

163
191 154
141
161
111
190
141
138
150

Table 3

143
193
167
172
217
141
143
157
211

Elasticity modulus, age, and degree of atherosclerosis
Elasticity modulus g/sq.mm at 40% and 70°/0 stretching

CF?,\r:(Z)::d Group YAegaer’S
56 14
67 17
74 | 21
73 35
71 47
7 28
52 il 30
75 43
72 61
81 61
66 hi 70
60 80
63 82
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Elasticity modulus

g/g:] mm

40%

2.8
2.9
2.9
2.8
2.8

3.1
4.0
4.0
5.5

6.1
7.0
7.2
7.6
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70%

11.6
11.6
11.6
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with 20% atherosclerosis as referred to age. In these cases, on 40% stretching
a sudden increase of the elasticity modulus was observed at the age of 30 40
years. In group IlIl which comprised cases of severe atherosclerosis, the
increase of elasticity modulus and the severity of the involvement were not
correlated. These results suggested that the elasticity of the vessel wall and
the accumulation of fluorescent material were correlated at the beginning of
atherosclerosis. As to the chemical characterization of the substance, further
chemical studies arc required.
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DIE ROLLE FLUORESZIERENDER STOFFE
IN DEN GEFARWANDVERANDERUNGEN IM HOHEN ALTER

ILONA BANGA
Die zur Klarung der Kreuzbindungen der Skleroproteine der GefaRwand auf mole-

kularer Ebene gefihrten Forschungen kénnen uns dem Verstandnis der altersbedingten und
pathologischen GefalwandVeranderungen naherbringen.

POJIb ®MIOOPECUNPYIOLWNX BELWECTB MNP N3MEHEHUWAX CTEHKW
COCyaoB, HAB/MMOAJAEMbBIX B NMPEK/TOHHOM BO3PACTE

N. BAHTA

. ViccneposaHus, NpoBOAMMbIE B obnactn MONEKYN B LENAX BbIACHEHNA NEPEKPECTHbIX
CBA3EN CKNeponpoTenHoOM CTEHKM COCynoB, MOryT CMnoco6CcTBOBaTb MOHMMaHUKO MNaToNOMMn-
YECKMX W CTap4yeCKnX W3MEeHEeHWN CTEHKM COCyndoB.

Dr. Mona Banga; Budapest VIII. UlGi Gt 26. Hungary
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Department of Pathology, Englewood Hospital, Englewood, New Jersey, U.S.A.

ADENOMYOSIS OF THE UTERUS:
SOME OBSERVATIONS IN THE MECHANISM
OF ITS PRODUCTION

I. A. Gaspar

1. A brief review of the history and pathology of adenomyosis uteri was pre-
sented.

2. The various theories, which were developed through the years, concerning
the origin of adenomyosis were briefly outlined.

3. A study of 70 cases of adenomyosis uteri observed at Englewood Hospital,
Englewood, New Jersey, U.S.A. was submitted and searched for an answer concerning
the histologic mechanism of the disease.

4. The intravascular invasion route and the embolic process in the production
of adenomyosis uteri was demonstrated in 61.4% of the cases.

5. Sampson’s vascular transmission theory was confirmed.

6. Factual observations, not theories, were presented, which seemed to give an
answer to the “how” of the adcnomyotic process, but the “why” of adenomyosis
uteri remains still unanswered.

Adenomyosis of the uterus is a benign, non-neoplastic disease consisting
of endometrium extending into the myometrium at least to the accepted
minimal depth of one high power field’s width, or to varying depths beyond
and there is an overgrowth of the myometrium in the vicinity.

This disease is known for over 100 years and it was first described by
Rokitansky [17] in 1860, in Wien, Austria. Contributions were made to the
subject by a number of authors, among them Babes [1] in 1881 from Budapest,
Hungary, von Recklinghausen [16] in 1896 from Germany, Cullen [6, 7] in
1896 and 1908 from Baltimore, Maryland, U.S.A., Sampson [18,19] in 1918
and 1927 from Albany, New York, U.S.A., von Burg [3] in 1927 from Buda-
pest, Hungary, Frankl [9, 10] in 1932, Brines and Blain [2] in 1943 from
Detroit, Michigan, U.S.A. and Javert [12] in 1951 from New York, New York,
U.S.A., etc.

In earlier publications, adenomyosis of the uterus was described under
a varied terminology, such as adenomyosis, adenomyoma, von Recklinghau-
sen’s disease, adenometritis, adenomyositis, adenomyomatosis and internal
and external uterine endometriosis. In the present day literature, adenomyosis
is the accepted term whether it is of a diffuse or a more circumscribed variety
of the disease.

The gross appearance of the uterus with adenomyosis has been well
described by various authors and in textbooks. The adenomyomatous uterus
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is generally an enlarged uterus, with slight to moderate enlargement of the
uterine body. Occasionally, a very marked enlargement may be produced up
to 16 cm diameter or more. However, such enlargements caused solely by the
adenomyosis are rare and great enlargements are usually caused by coexisting
myomata. If there are no coexisting fibroids the enlargement of the uterine
body may be symmetrical or asymmetrical. In the former instance, both the
anterior and posterior walls show the same degree of enlargement, while in the
latter either the anterior or posterior wall is thicker than the other with a
slight preponderance of a thicker posterior uterine wall. The hypertrophy of
the myometrium around the invading endometrium can be seen most advan-
tageously on a sagittal cut section of an unfixed uterus. The hypertrophied
muscle bundles will project on the cut surface and within this bulging area of
the myometrium there are many small retracted spots of soft, pale grey tissue
representing areas of invading endometrium. Infrequently there are small
chocolate colored cysts caused by retained menstrual hemorrhage into endo-
metrial islands or there may be minute cysts without retained hemorrhage.
The adenomyosis area is firm and pale pinkish-yellow, while the remaining
normal subserosal myometrium is soft, retracted and it also has a darker
bluish-pink color.

The serosa of the uterus is smooth but in some of the cases there are
adhesions to the surrounding tissues and organs. Such adhesions may be caused
by the extension of the adenomyosis to the serosal layer or by pelvic endo-
metriosis. The latter is frequently associated with adenomyosis. Novak and
De Lima [14] feel that adenomyosis and endometriosis coexist in about 25 to
40 per cent of cases. In my series of 70 cases of adenomyosis, 17 were associated
with endometriosis, a 24.3 per cent of the total, confirming Novak’s feeling.
The percentage of association may be higher, indeed, considering the fact
that many of the examined uteri did not include the adnexa. Thus, the tubes
and ovaries were not studied in such cases and a possible endometriosis re-
mained undiscovered.

The microscopic picture of adenomyosis is characterized by endometrial
glands and stroma being scattered in a hypertrophied myometrium. The inner
one-third or half of the uterine wall is the usually involved area, but invasion
may be throughout the uterine wall and beyond. It is generally accepted that
the invading endometrium has to invade at least one high power field’s depth
to allow a diagnosis of adenomyosis. The endometrial islands and strands are
usually perpendicular to the endometrial surface and some may follow the
blood vessels. The hormonal response is similar to that occurring in the basal
endometrium. There is response to estrogenic stimulation but decidual reaction
and secretory activity develop only under the influence of excessive progester-
one, thus bleeding occurs rather rarely into the gland lumina.
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Fig. 5. Endometrial embolus in a larger vein in a case of ade- Fig. 6. Endometrial embolus in a larger vein, very similar to Fig.
nomyosis uteri 5, but in a different patient having adenomyosis uteri

Fig. 7. Stromal embolus in a receiving sinus of the myometrium Fig. 8. Stromal embolus in adenomyosis uteri in a venous sinus
in adenomyosis uteri close to the serosal surface of the uterine body



Fig. 1. Endometrium bulging into a receiving sinus in polyplike Fig. 2. Endometrium growing intravascularly into the myometrium
fashion almost at the level of the base of the endometrium at a level just one high power field distance from the base of the
endometrium. The endometrium is partially adherent to the endo-

thelium of the venous sinus

Fig. 3. Polyp-like intravascular growth of endometrium in Fig. 4. Stromal embolus in the myometrium in a case of ade-
adenomyosis uteri nomyosis uteri
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Theories of origin of adenomyosis

During the 100 years since the first detailed description of adenomyosis
was reported by Rokitansky [17] a number of theories evolved to explain
its origin. Many of these theories are only of historical interest to us at the
present time. In the latter part of the 19th century it was assumed that adeno-
myosis was an embryonic error in Millerian cell distribution. Several authors
also favored the idiopathic stromal hyperplasia origin. Yon Recklinghausen
[16] theorized that Wolffian duct elements mesonephric tissue, gave origin
to adenomyosis.

Chiari’s [5] theory of invasion of the myometrium by gland alveoli
during inflammation was short-lived. Meyer’s [13] theory of invasive endo-
metrial basal hyperplasia, a direct invasion of myometrium by endometrium
was strongly supported by Cullen [7] and Frankl [9, 10]. The hormonal
factor, hyperestrinism theory, as primary motivating factor was introduced
in 1923. Today, the most widely accepted concept of adenomyosis is the inva-
sive endometrial hyperplasia theory aided by hyperestrinism. However,
Emge [8] states that in his extensive experience with animal experiments in
white rats maintained on high estrogen he never observed invasive endo-
metrial hyperplasia.

Sampson [18, 19] in 1918 proposed the vascular transmission theory and
developed it further in 1927. Halban [11] supported it in 1924, Javert [12]
in 1951 and Candreviotis [4] in 1953, yet the general opinion is that the pro-
duction of adenomyosis by metastatic transmission is a rare occurrence.

Brines and Blain [2] in 1943, introduced the theory of spontaneous
generation of endometrial stroma by a process of dedifferentiation of myo-
fibrils under the influence of unopposed estrogen stimulation. Their theory
seems to be very questionable, particularly in regard to adenomyosis and up
to this moment 1 am unaware of any publications confirming their theory.

The above theories indicate that even today we do not have a complete
unanimity in the understanding of the actual mechanism in the production
of adenomyosis and we do not know and cannot point out the actual initiating
factor or factors responsible for the production of adenomyosis. It seems that
further studies are indicated and any pertinent observations in the clarification
of some points in the mechanism of this condition may be worth while.

Material studied with observations concerning
the histologic mechanism of adenomyosis uteri

My own special interest in the subject of adenomyosis dates back to
1951, when during the routine study of an adenomyomatous uterus removed
from a 41 year old white female at the Englewood Hospital, Englewood, New
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Jersey, U.S.A. | observed that one or two of the veins of the myometrium
contained fairly large pieces of endometrium, namely endometrial glands with
surrounding stroma (Fig. 5). | thought that this was rather unusual, which
was worthy of notice. From this time on with a searching mind, | was collecting
material for further histologic observations. A total of 70 cases were collected
including some in 1966 and the histologic findings in these cases form the basis
of this report.

The age distribution of the patients in this study of adenomyosis uteri
showed that 63 patients, 90 per cent of the total, were between 36 and 55 years
of age. Furthermore, an almost identical number of cases was found for each
5 year group of patients. This age distribution is in agreement with the figures
given in various reports on this subject. In the technical preparation of the
material, the uteri were formalin fixed at first and subsequently multiple blocks
were cut out with perpendicular sections through the mucosa and uterine
walls. Only aroutine hematoxylin-eosin staining was used in all microsections.
In a few of the cases, the entire uterine body was cut into blocks and from
each block either a single or multiple microsections were made.

Out of the 70 cases under study 43 uteri, or 61.4 per cent of the total,
presented significant histologic findings which indicated the essential intra-
vascularly invading nature of this disease process. A study of the endometrial
base line and of the inner myometrium showed the numerous venous capillaries
and sinuses radiating from the endometrium into the myometrium. Some of
the venous sinuses, which Sampson [19] called radiating or receiving sinuses,
showed endometrium bulging into the venous sinus in a polyp-like fashion
(Fig. 1). Again, in other capillary veins there was a string-like intravascular
downgrowth of stroma which could be followed to a certain distance down-
ward until the venous capillary changed its course and disappeared from the
section. Occasionally, endometrial glands alone without demonstrable stromal
attachment were extending deeply into the myometrium by such intravascular
proliferation. When larger endometrial masses streamed downward from the
endometrial base line, this phenomenon could not be demonstrated. Frequently
there was intravascular growth of endometrium just a short distance from the
baseline of the endometrium (Fig. 2). As seen in this microphotograph a por-
tion of the intravascularly growing endometrium is partly adherent to the
endothelium of the venous sinus, on the other hand, a large part of it is still
free and the lumen of the sinus is visible on both sides of the invading endo-
metrium. Such intravascular growth in venous capillaries and sinuses Mas
demonstrated many times in my material in different parts of the adenomyosis
area, however, they were most frequent at the proliferating edges of the adeno-
myosis process. In Sampson’s [19] 1927 article his Fig. 39 is almost identical
with my Fig. 2. His interpretation was that endometrial tissue invaded the
sinus in a retro-endothelial course and distorted its lumen. He also considered

Acta Morphologica Acaderniae Scienliarum Hungaricae 16, 1968



ADENOMYOSIS OF THE UTEITUS 39

the possibility of a “canalized endometrial thrombus”. On the basis of my
study of adenomyosis, such formations are not retro-endothelial, but definitely
intravascular growth processes. In the larger sinuses the invading endometrium
has plenty of space to grow and becomes a large mass of varying size, filling
the sinuses. At first there may be only a few adhesions between the endo-
metrial masses and the sinus walls, but as the process becomes older complete
adhesions occur. Thus, the venous sinuses become entirely obliterated and the
intravascular nature of the process is obscured. In the extending parts of the
process, usually in the peripheral areas, polypoid intravascular proliferations
were demonstrable (Fig. 3). Such polypoid extensions could be demonstrated
even in older but still active cases of adenomyosis, particularly if many sections
were made from multiple blocks.

In addition to the slow evolving adenomyosis process produced by the
intravascularly invading endometrium, I have definitely found that extension
of adenomyosis by embolization also occurs. The embolization can be produced
either by endometrial stroma mass (Figs 4, 7 and 8) or by varying sized endo-
metrial tissue masses, that is tissue pieces in which both endometrial glands
and stroma can be demonstrated in the same microsection (Figs 5 and 6).
The emboli can be within the adenomyosis area of the uterus, but they can
be seen also at a distance from the main adenomyomatous process. W hen this
occurs the emboli may be in a myométrial layer which shows no evidence of
hypertrophy. It is not very rare to find stromal or endometrial emboli in
venous sinuses just beneath the serosal surface of the uterus (Fig. 8). 1 have
observed one case with endometrial embolus in a subserosal sinus. Serial
sections demonstrated that this embolic endometrium broke through the serosa
of the uterine body and produced an area of endometriosis on the serosal sur-
face of the uterus. However, | do not want to elaborate on this point because
it is beyond the scope of this study.

Distant emboli within the uterus could be seen not only in a well ad-
vanced case of adenomyosis, but also in cases in which the process involved only
a rather shallow myométrial layer beneath the endometrium. Again, it has
to be emphasized that the demonstration of stromal and endometrial emboli,
intravascular growths and polypoid intravascular endometrial proliferations
require a thorough study of cases in which histologic activity of the disease
can be suspected. In one of the cases included in this study, multiple sections
were prepared from 35 different blocks of the uterus and only 2 ol the blocks
were revealing.
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ADENOMYOSE DER GEBARMUTTER
BEITRAGE ZU IHREM ENTSTEHUNGSMECHANISMUS

I. A. GASPAR

1. Geschichte und Pathologie der Adenomyose werden kurz geschildert.
2. Die verschiedenen Entstehungstheorien werden besprochen.
3. An 70 Adenomyose-Kranken wurde der histologische Mechanismus der Erkrankung

untersucht.
4. In 61,4% der Falle wurde bei der Entstehung der Adenomyose ein intravaskuléarer

Invasionsweg und ein embolischer ProzeR nachgewiesen.
5. Die vaskuldre Verschleppungstheorie von Samson wurde bestétigt.
6. Die Beobachtungen scheinen das »Wie« des adenomyotischen Prozesses geklart

zu haben, die Frage nach dem »Warum« der Entstehung blieb jedoch offen.

AJEHOMNO3 MATKWN. OAHHBIE K MEXAHW3MY Er0 BO3HMKHOBEHWA

n. AL TAWNAP

1 [JaeTcs KpaTKWii 0630p MCTOPUMM W NaTOMOTUM aAeHOMMO3a MaTKU.
2. OnncaHbl pasNnyHble TEOPUM O MPOUCXOXAEHUM afEeHOMMO3a.
3. 70 cnyyaeH afeHoOMMO3a MaTKU GbUIM MCCNefOBaHbl C TOUKM 3PEHUsS TUCTOMATONOM-

YeCKOro MexaHu3ma MOopaxKeHus.
4. Mpy BO3HWKHOBEHWM afileHOMMO3a B 61,4% cnyyaeB 6blM BblISIBNIEHbI BHYTPHBACKY-

NSApHAs MHBa3Ws U 3MBOMMYECKUIA MpOLECC.

5. Teopuss CamcoHa O BackKyfsipHOM MepeHoce 60/1e3HN 6bina MoATBEPXAEHA.

6. HabnogeHus aBTOpPOB, MOBUAMMOMY, BbISCHWAM «CrOCOG» Pa3BUTUS afeHOMUOTM-
UEeCKOro MpOLECCa, OAHAKO BOMPOC O «MPUYMHE BO3HWUKHOBEHUS» ALEHOMMO3a OCTAeTCs OT-

KPbITbIM.

Dr. I. A. Gaspar; Dept, of Path., Englewood Hospital,
Englewood, New Jersey, U.S.A.
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First Department of Pathological Anatomy and Experimental Cancer Kesearch.
(Direktor: Prof. J. Balo), University Medical School. Budapest

THE ROLE OF VASCULAR LESIONS
IN THE MALIGNANT TRANSFORMATION
OF CHRONIC PEPTIC ULCER

J. Juhasz

In our autopsy material 11.5% of all gastric cancer cases showed malignant
transformation of chronic peptic ulcer. Carcinomatous transformation starts at the
edge of the ulcer, multiple foci arising from the regenerating gastric mucosa. In the
scar of the ulcer and in the surrounding areas hypoxia prevails as a result of vascular
occlusion, accounting for atypical regeneration of the mucosa. The cancer arising from
chronic peptic ulcer is a typical scar carcinoma; in its genesis, the abnormal cell metab-
olism due to hypoxia seems to play an important part. According to Balo, a close
study of the epithelial proliferations arising from hypoxic areas may cast light on the
interrelationship of vascular lesions and carcinogenesis. Hypoxia is assumed to play
a primary role in the malignant transformation of chronic callous ulcer.

Visceral cancers often arise from the central parts or the edge of fibrotic
and cicatrized areas. A thorough study of this type of carcinogenesis is possible
only if such tumours are recognized early, when their surgical treatment is
still successful. Histological study of the growth in the early phase of its devel-
opment will reveal the regenerating tendency of the epithelial cells in or
around the scar, their atypical growth and atypical epithelial proliferation
showing all the characteristics of malignancy. Destruction of the parenchyma
and the formation of a mesenchymal scar is most frequently the result of some
chronic inflammatory process, nevertheless, scars often arise after some injury,
vascular necrosis or other disturbances. Diffuse scars of considerable size may
be formed in place of an atrophized tissue, e.g. a contracted kidney due to
successive occlusion of the supplying vessels. The malignant tumour arises
usually from the atypical regenerating tissue; less frequently, first a benign
neoplasm is formed, which then undergoes malignant transformation.

The relationship between scars and carcinoma has been disclosed mainly
by studies of pulmonary carcinoma. It is particularly the peripheral pulmonary
cancers which tend to arise from scars. The scars are usually tuberculous in
origin: since the progress of chemotherapy, the number of patients bearing
scars in their lungs as a result of healed tuberculous processes is growing
continuously. In addition, cancer often arises from scars of chronic pulmonary
abscesses, chronic bronchiectasis, infarction, or from diffuse cicatrization due
to scleroderma. In his monograph on pulmonary carcinoma, Balo [4] gives
many examples of carcinoma arising from scars of different origin.
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Malignant tumours in the genesis of which a scar had an important part
may occur in the skin, urinary tract, and other organs (Brack [10]). Sarcomas
arising from a scar have been observed far less frequently (Ebert [13];
Betzler and Leonhardt [7]).

Balo [3] stressed the importance of hypoxia in the genesis of malignant
tumours; in his opinion, hypoxia affects cell metabolism and this disturbance
finally results in a malignant transformation of the cells. All pathological
processes associated with disturbances of tissue oxygenation as a result of
a partial or complete occlusion of the supplying vessels and leading to necrosis
and/or the formation of scar should be regarded as leading to malignancy.
This is clearly indicated by the epithelial proliferation frequently observed in
the marginal areas of pulmonary infarction (Balé, Juhasz and Temes [5])
from which cancer may arise without any carcinogenic impact. Pulmonary
cancer arising from epithelial proliferation around an infarction or from scars
formed in the place of an infarction has been first reported by Bats [4], and
later by Raeburn and Spencer [23], Berkheiser [6], Yokoo and Suckow
[36], and others. By analogy, it seemed interesting to study the eventual
relationship between vascular lesions and carcinogenesis in other organs where
epithelial proliferation is frequently observed in the margin of fibrotic or
necrotic tissue.

Materials and methods

On the basis of the above considerations, the relationship between vascular lesions
and the induction of tumours has been studied in cases of carcinoma arising from gastric ulcer.
This kind of tumour is known to arise from the atypical proliferation of the regenerating colum-
nar epithelium that covers a circumscribed scar.

A total of 443 surgically removed gastric carcinomas was recorded and verified histolog-
ically in the course of 16 years (from January 1st, 1950, until December 31st, 1965). In 51
cases (11.5%) it could be satisfactorily proved that the carcinoma had arisen from chronic
gastric ulcer. Gastric carcinomas revealed at autopsy were not considered, since it is often
impossible, or at least uncertain, whether some ulceration had played a role in their genesis.

Particular importance has been attached to the thorough study of callous ulcers.
According to the size of the ulcer, 3 to 8tissue samples were cut out of the edge, thus, the whole
marginal portion of the ulcer could be examined histologically. By this means it was possible
to reveal any malignant proliferation in the earliest phase of its development. In a great number
of cases, ulcer carcinoma could be detected by microscopic investigation although the gross
examination of the gastric residue failed to disclose any apparent change (Figs 1 and 2).
In our opinion, this is the only means by which in the regenerating mucosa an early change
can be detected, and the morphogenetic aspects of the ulcer carcinoma revealed. A brief
summary of the findings has already been published [16]. The present paper deals only with
the role of vascular lesions in the genesis of ulcer carcinoma. The great number of cases, and
the uniform preparation and treatment of the material for many years allowed several con-
clusions concerning the relationship between vascular lesions, tissue hypoxia, and carcino-
genesis. The comparative study comprises not only those 443 cases in which gastric carcinoma
could be verified, but also a great number of peptic ulcer cases in which histological examina-
tion did not reveal malignant transformation.

The morphology of the blood vessels in and around a peptic ulcer has been dealt with
by many investigators. It should be stressed that arteriosclerosis leading to significant narrow-
ing or complete obstruction of the vessels supplying the stomach is infrequent. Earlier data in
this field have been surveyed by Buday [11]. Sclerosis of the gastric arteries gives rise to
abdominal angina, a condition characterized by mucosal erosions and bleeding, the latter
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Fig. 1. Early ulcer carcinoma (low power). On the surface of the thick scar (left) the mucosa

shows a regenerative tendency (papillary proliferation). In the framed area, neoplastic pro-

liferation consisting of solid cell groups not demarcated from the adjacent structures (ulcer
carcinoma)

often being the cause of lethal haematemesis (Antonie [2]). This is a disease, however, which
is rarely encountered in practice; Palmer and Boyce [22j could collect not more than 29
cases from the literature until 1964. There is apparently no relationship between these vascular
changes and those observed in association with cicatrized peptic ulcer.

Most authors consider the vascular changes of chronic ulcer to be obliterating endarte-
riitis which is a result of the progression of the inflammatory process from the ulceration to the
vascular wall (Wanke [26]); the process involves arteries as well as veins. The most frequent
change in the veins is fibrosis, hyaline degeneration, or elastosis of the vascular wall, with
gross narrowing of the lumen (Meyer [21]). Inflammatory changes of the arteries are usually
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Fig. 2. Ulcer carcinoma shown in Fig. 1 under high power

seen in the areas near to the surface of the ulcer. The intimai proliferation which causes the
vessel to narrow usually begins with an oedematous swelling of the intima (serous endarteriitis).
According to Rotter [24], this is a result of diminished oxygen supply to the vessel wall.
In this stage of the disease, acid mucopolysaccharides tend to accumulate between the intima
and the media, particularly along the internal elastic membrane; Lindner [20] suggested
the formation of reticular, collagenous, and elastic fibres which later occlude the lumen
of the vessel. Others, like Stehbens [25], believe that the process is not an obliterating end-
arteriitis, for the vascular changes in the region of the ulcer are first of all of a degenerative
character, rather showing the characteristics of diffuse hyperplastic sclerosis. The arteriolar
changes and the deposition of lipoids under the intima make the process very similar to athero-
sclerosis.

In the following, a survey will be given of the sequence of events in the gastric vessels
during the development of callous ulcer and ulcer carcinoma.

Results

On the luminal side of the chronic peptic ulcer, immediately under the
necrotic and fibrinous layer covering the ulcer, there is a newly formed tissue
rich in capillaries and fibroblasts. In the arterioles, as a sign of inflammatory
reaction, the endothelial cells are swollen, and there is a cellular infiltration
of the wall, significant arrosions being seen in many of the vessels; there is
often a thrombus in the vascular lumen. Advancing towards the serosal surface
of the stomach, the scar is more and more devoid of capillaries and connective
tissue cells.

Changes different in character can he observed in the arteries lying under
the serosa and in the scar replacing the necrotized muscular layer of the stom-
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ach. The muscular layer of these arteries is apparently intact, without cellular
infiltration. The internal elastic membrane is also intact. Within the latter,
however, intimai hyperplasia is seen, with a remarkably large amount of

Fig. 3. Connective tissue hyperplasia consisting of elastic and reticular fibres, which con-
siderably narrows an artery lying deep in the scar

elastic fibres which are arranged concentrically, but occasionally excentrically.
This layer is sharply demarcated from the intimai proliferation made up of
loose reticular tissue and devoid of elastic fibres. In the centre of this, the
narrowed vascular lumen is seen, lined with endothelium (Fig. 3). Inflammatory
cells are absent from the subintimai tissue excess. Thrombosis is infrequent
in the residual lumen; if a thrombus is present, the intimai hyperplasia lying
under it displays no inflammatory reaction (Fig. 4), in sharp contrast to the
vessels running immediately under the ulcer surface, for in the latter throm-
bosis occurs as a result of panarteriitis or arrosion of the vessel.

The increased number of elastic fibres under the intima cannot be regard-
ed as inflammatory in origin, but seems rather to he due to increased blood
pressure. The rise in intravascular pressure can be accounted for by at least
two mechanisms. First, the formation of a thick and massive scar leads to
the obliteration of the capillaries arising from the artery. On the other hand,
the vessel wall itself undergoes deep morphologic changes, and the initially
elastic arteries moving freely in the loose connective tissue become rigid and
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immobile. The latter circumstance seems to be responsible for the excentric
localization of the intimai elastic hyperplasia at sites where the artery is
curved. Thus, the changes shown by the arteries in more remote parts of the
scar and in subserosal scars are due to the altered functional and mechanical
factors.

Fig. 4. Thrombus formed on the surface of excentric intimai hyperplasia, with early signs
of fibrous transformation

In our cases of early ulcer carcinoma the vascular lesions in the scar
showed the following characteristics. Under the ulcer surface, the number of
capillaries running perpendicularly to the surface are significantly decreased
in number. The proliferating epithelium near to the edge of the ulcer consists
of columnar epithelium of one or two layers, no acini being formed at all.
Owing to the continuous mechanical and chemical irritation, this weak epithe-
lial layer is soon destroyed, nevertheless, the tendency to regenerate persists.
Regeneration requires adequate vascular supply, which is certainly not secured
on the surface of the scar. From the continuously formed, destroyed, and newly
formed epithelial proliferation then arises the malignant tumour. This displays
invasive properties already in the early stage of its development. In the deeper
layers of the scar, and also under the serosa, there is a great number of arteries
showing narrowing or complete obstruction. The intimai proliferation obstruct-
ing the vessel is made up almost exclusively of elastic fibres (Fig. 5). In the
windings of the arteries, there is always an excentric intimai hyperplasia, the
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remaining part of the lumen being obstructed by the fibroblastic intimai pro-
liferation (Fig. 6). Thus, the vascular changes seen in callous ulcer and scar
carcinoma differ only quantitatively. A thorough examination of a great
number of scar cancers revealed that there is practically no proliferation of
capillaries on the base of the transformed ulcer, and complete obliteration

Fig. 5. Extreme narrowing of vessel in the scar of ulcer carcinoma. Thickening of intima is
mainly due to the large number of elastic fibres

occurs in asignificantly larger number of arteries than in simple ulcer. Complete
obstruction of the arteries is apparent also in section of the vessels lying outside
the scar, indicating that the branches lying in the scar have been completely
obliterated and, consequently, circulation has ceased also in the portions out-
side the scar. Thus, the ischaemic-hypoxic zone is much larger than the scar
itself.

Angiography revealed that the chronic peptic ulcer is surrounded by
a zone whose blood supply is significantly impaired, and this ischaemia is
responsible for the absence of the healing process in the callous ulcer (Key [18],
Anfossi [1]). Although new vessels and capillaries are abundantly formed
around the scar (Viczian and Szabé [27]), they are insufficient for securing
an adequate blood supply to the callous ulcer. On the margin of the ulcer,
regeneration occurs continuously, while on the surface of the scar the blood
supply is never sufficient to secure conditions for further proliferation and the
formation of acini. Regeneration is further impaired by mechanical and chem-
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ical irritation due to ingested food, thus, the newly formed mucosal layers
are continuously torn off from the periphery of the ulcer.

Fig. 6. Obliteration of the windings of an artery lying close to the serosal surface of the stom-
ach. Excentric elastic hyperplasia is apparent; the lumen is completely obliterated by intimai
proliferation

Discussion

It is remarkable that of the many studies dealing with the morphology
and incidence of ulcer carcinoma so few should have discussed the problem
of aetiology, attributing an almost exclusive role to the mechanical and chem-
ical irritation caused by the ingested food. Chronic peptic ulcer, chronic
gastritis, and gastric polyposis are known to be precarcinomatous conditions.
The exact cause of gastric carcinoma, however, is still obscure.

The study of scar carcinomas has revealed certain facts pointing to the
significance of vascular lesions. The interrelationship between scar formation
and vascular lesions has two different aspects: a scar may arise in consequence
of vascular obliteration, or, else a scar induced by some inflammatory process,
injury, etc. leads secondarily to vascular obliteration. A common feature of
scar formation, whether or not vascular in origin, is parenchymal atrophy or
necrosis, which is followed by regeneration of the epithelial cells on the margin
of the scar or in the substance of the fibrotic tissue. The poor vascularization
in and around the scar and the subsequent hypoxia are the reason why epithe-
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liai regeneration both qualitatively and quantitatively insufficient, and the
altered metabolism of these cells may induce malignant transformation.

Hypoxia is invariably present in scars, irrespective of their origin, owing
to the inadequate vascular supply. Other factors, too, may have a role in the
malignant transformation. The regenerating epithelium is exposed to carcino-
genic impacts which may act directly on the surface of the freshly formed
cell layer, or carcinogenic agents may accumulate owing to the impaired
regional flow of blood. The observation of Balo¢ et al. [5] of epithelial prolif-
eration arising on the marginal zone of pulmonary infarction points to the
primary role of hypoxia in the induction of cancer, as an impaired oxygen
supply alone, without the additional action of chemical or other carcinogenic
impacts, may induce a malignant transformation of cells.

The relationship between hypoxia and cell metabolism has been thor-
oughly studied by Warburg et al. [29—34]. In the absence of oxygen, normal
tissues tend to cover their energy requirement by anaerobic glycolysis, which
is an irreversible characteristic common to all malignant cells. According to
Warburg [28], a metabolism altered in the above senseis not only a character-
istic feature of malignant cells, but it constitutes the primary cause of malig-
nant transformation, and carcinogenic agents exert their action by irreversibly
damaging cell metabolism. In Bicknell’s [8] view a pathologic alteration of
cell metabolism should be considered a precarcinomatous state, and all cells
which, owing to a deficient oxygen supply, cover their energy requirement by
glycolysis, may be regarded as tumour cells. There is some relationship between
the degree of malignancy and the rate of anaerobic glycolysis (Burk [12]).
The fundamental investigations of Warburg into the metabolism of normal
and neoplastic cells have been criticized by Weinhouse [35] and LePage [19].
The observations, however, which have definitely shown the malignant trans-
formation of hypoxic cells in vitro (Goldblatt and Cameron [14]; Burk [12])
provide sufficient evidence of the importance of hypoxia in carcinogenesis.

According to Balé [3], pulmonary carcinoma arising from infarction
lias opened new possibilities for studying the effect of similar vascular lesions
in the induction of cancer in other parts of the organism. Tissue hypoxia un-
doubtedly plays asignificant role in atypical, neoplastic proliferation of regener-
ating epithelia. In view of the more recent investigations, hypoxia, in addition
to its role played in atrophic, dystrophic, and other pathologic changes, is an
important pathogenetic factor in carcinogenesis. Moreover, hypoxia must be
considered a decisive factor giving rise to reversible and irreversible changes
in cell metabolism. Details of this mechanism should he disclosed by further
morphological, particularly ultrastructural and biochemical studies. The close
relationship between vascular changes, hypoxia, and tumour induction is
clearly demonstrated by the fact that carcinoma often arises from chronic
peptic ulcer.
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Gastric cancer developing from a callous ulcer shows all the characteristics
of a scar carcinoma: the growth starts from the regenerating mucosal cells
lying at the margin of the poorly vascularized scar. On the surface of the scar,
regeneration is always incomplete. With old ulcers the scar becomes increasingly
thick and massive, successively reducing the chance for healing. The oblitera-
tion of vessels results in tissue hypoxia. It has been shown that the degree of
arterial obliteration is significantly more severe in ulcer carcinoma than in
simple ulcerations without malignant transformation. If healing of the ulcer
occurs, the scars are star shaped, small and involve circumscribed areas of
the gastric wall. The probability that carcinoma arises from the scar of such
healed ulcers is practically nil (Borrmann [9]; Hauser [15]). This observation
again supports the view that mucosal regeneration may be complete and
malignant transformation does not occur whenever little scar tissue is formed
and, consequently, vascular changes are insignificant. Thus, whether a peptic
ulcer heals or undergoes malignant transformation is greatly influenced by scar
formation and the vascular changes occurring in it. For obvious reasons, this
assumption bears some clinical importance, for the indication of surgical or
conservative treatment should always be considered on the basis of the presence
or absence of the above factors.
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DIE BEDEUTUNG DER GEFASSVERANDERUNGEN IN DER KANZEROSEN
ENTARTUNG DER CHRONISCHEN MAGENGESCHWURE

J. JUHASZ

Die geschwilstige Entartung chronischer peptischer Magengeschwiire kam im Kranken
gut des Verfassers bei 11,5% der zur Untersuchung gelangenden Magenkarzinomfalle vor
Die krebsige Entartung setzt multizentrisch am Rande des Geschwirs in der regenerierenden
Schleimhaut ein. In den Ulkuskarzinomen entsteht im Narbengewebe des Geschwirs und in
dessen Umgebung eine durch GefaBverschluB bewirkte Gewebshypoxie, die den atypischen
Verlauf der Schleimhautregeneration herbeifihrt. Das aus dem chronischen peptischen Magen-
geschwir entstehende Karzinom entspricht einem Narbenkarzinom. An seiner Entstehung ist
die durch die Hypoxie bewirkte pathologische Verdnderung des Zellstoffwechsels beteiligt.
Balé meint, daB die Untersuchung der in hypoxischen Bezirken entstehenden Epithel-
wucherungen wichtige Beitrdge zur Aufklarung der Zusammenh&nge zwischen den GefaR-
verdnderungen und der Tumorentstehung liefern kann. Auch in der kanzerdsen Entartung des
Ulcus callosum kann die priméare Rolle der llypoxydose angenommen werden.

3HAUEHWE W3MEHEHWA CTEHKM COCYA0B PN PAKOBOM
MEPEPOXAEHNWN XPOHUYECKOW A3Bbl XENYOKA

E. OXAC

B wmaTepuane aBTOpa OMyX0neBOe MEPEePOXAEHNE XPOHUYECKOA MenTWYecKol A3Bbl
Xenyaka BcTpeyanoch Yy 11,5% 60/bHbIX pakoM Xenyfka. PakoBoe MNepepoXxieHue Hauu-
HaeTcA C Kpas A3Bbl MY/bTWULEHTPUYHO B PEreHepupytoLleincs camsnuctoil obonoyke. Y 60/b-
HbIX PaKOM Ha Mo4Be A3Bbl B Pe3ynbTaTe 3aKynopku COCYfOB B pyOLOBON TKaHW A3Bbl U B ee
OKPECTHOCTW CO3[aeTCA TKaHeBas rMMOKCWA, BCNEACTBME YEro pereHepauus CM3WUCTOW MPUHK-
MaeT HeTUMUYHyt0 GopMmy. Pak Ha MouBe XPOHWYECKOM NenTUYecKOW N3Bbl COOTBETCTBYET
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py6LI|OBOMy pakKy n B ero passutun yyaCcTByeT natoniorM4eckoe WU3MEHEHWE KNETOYHOro MeTa-
6onmn3ma, Bbl3BaHHOE rMMokcueil. CornacHo bano n3yyeHne paspactaHnA anuTenma B FUNOK-
CUYECKMX 06M1acTaX MOXKeT npeaocTaB/ATb BaXHbl€ [aHHbIE K BbIACHEHMIO cBsizel Mexay co-
CYAUCTBIMU U3MEHEHMAMM U KapuuHoreHesom. [lpy pakoBOM MepepoXKaeHumn XpOHI/I'-IECKOI‘/’I
MO30/IMCTON 13Bbl TaKXe MOXHO npegnonarate MEPBUYHYKO PONb FMNOKCKAO3a.

Dr. Jend Juhasz; Budapest viii. Ull6i at 26. Hungary
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STRUCTURE AND IMPORTANCE
OE INTRANUCLEAR INCLUSIONS
IN THIOACETAMIDE HEPATOCARCINOGENESIS

G. Kendrey

Male white rats fed a standard diet were treated for long periods with thioaceta-
mide. After 3 weeks, in the nuclei of hepatic cells large numbers of pyroninophilic inclu-
sions, each surrounded by a membrane, were seen under the light microscope. Electron-
microscopy revealed that the inclusions were bordered by double-contoured nuclear
membrane with pores in it. Except mitochondria, all kinds of cytoplasmic organelles
were present in the inclusions, in amounts and composition not occurring in the cyto-
plasm of hepatic cells. The bodies, which seemed to be intranuclear inclusions under
the light microscope, were in reality cytoplasmic elements invaginating into the nuclei.
Some of the elements developed into real intranuclear inclusion bodies, others showed
signs of regressive processes. It is concluded, that the “intranuclear” inclusions fre-
quently observed in thioacetamide carcinogenesis are indicators of the increased synthe-
tic activity of hepatic cells.

The hepatocellular toxicity of thioacetamide (TAA) recommended for
the preservation of orange (Childs and Siegler [9]) was demonstrated in
white rats by Fitzhugh and Nelson [13]. Characteristic cytological changes
of liver cells, hepatic cirrhosis  and carcinoma of the ratinduced by TAA have
been studied by a number of authors [3, 4, 7, 14, 15, 18, 21 —25, 33, 36 —39,
41,44].

Our own light and electronmicroscopic studies of TAA-hepatocarcino-
genesis demonstrated large numbers of intranuclear inclusions in all stages of
the treatment. The present work deals with the development, light and electron-
microscopic structure and importance of these formations.

Material and method

In 6 experiments a total of 138 male, 3- to 4-month-old, white rats weighing 120 to
150 g were used. The animals were fed a standard synthetic diet. A total of 35 white male rats
of the same age and weight served as controls; they were given the same diet. TAA (obtained
from VEB Berlin-Chemie, Berlin, Adlersdorf: and Merck, Darmstadt) was administered intra-
peritoneally to 103 animals in doses of 25 mg/kg (one experiment) or 50 mg/kg (five experi-
ments daily), for various periods, the longest being 6 months. Some animals were observed
for 1 year after discontinuation of the treatment. The rats were sacrificed by decapitation
between the 1st and 196th day of treatment always 24 hours after the last injection, and in
the morning hours. Liver fragments were removed within one minute after killing. Blocks of
liver tissue for light microscopy were fixed in 8 per cent formalin. Carnoy’s solution and embed-
ded in paraffin. Sections were stained with hematoxylin-eosin, van Gieson. Fculgen, methyl-
green-pyronine, PAS, Best-carmine and Gomori’s silver impregnation.
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Tissue for electron microscopic studies was fixed for 1 hour in 1 per cent OsO, buffered
according to MIiLLONIG [30], dehydrated in a graded alcohol series, immersed in 70 per cent
alcohol saturated with uranyl acetate for 20 minutes and embedded in araldite. Polymerization
took place during an incubation at 56 °C for 24 hours. Ultrathin sections were cut with glass
knives in a Reichert ultramicrotome, and stained with lead citrate [34] or lead hydroxide [20].
Electron micrographs were taken in a SEM 3 electron microscope at 60 kV.

Results

After three weeks of TAA treatment, at first in the pericentral area then
at the periphery of the hepatic lobules, extremely large liver cells began to
appear among the somewhat enlarged parenchymal cells (Fig. 1). The nuclei

Fig. 1. Inclusion bodies in the nuclei of considerably enlarged hepatic cells are pressing the
nucleoli sideways. Giant nucleoli in liver cells free from inclusions (Methylgreen-pyronine).X400

of the large cells were considerably swollen, the nuclear membrane was con-
spicuous and the chromatin content decreased. The giant nucleoli were
generally compact in structure; only some of them contained vacuoles. In the
nucleus of some hepatic cells one, sometimes more, generally round bodies
surrounded by a membrane were shown. The bodies varied considerably in
size; some inclusions were larger than the nucleoli and pressed them sideways.
In methylgreen-pyronine preparations the intranuclear bodies were pyroni-
nophilic, but stained much less definitely than the nucleoli.

Electron microscopic examination frequently revealed multiple cytoplas-
mic indentations of the nuclear membrane in the enormously enlarged liver cells
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(Fig. 2). Many of the considerably enlarged nuclei contained inclusion bodies
varying in structure. Most of these Mere demarcated from the nucleoplasm
by the nuclear membrane but intranuclear lipid droplets surrounded by a single
membrane were also observed (Fig. 3). The content of the inclusions varied
considerably. Where cytoplasmic invaginations were bordered by a double-

Fig. 2. Large nucleus (N) with greatly enlarged nucleolus in it. Nuclear membrane with two
cytoplasmic indentations (arrows) opposite each other. (M mitochondriuin. Erg —rough
endoplasmic reticulum). x 12 000
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contoured nuclear membrane with pores in it, only hyaloplasm was seen,
either with free ribosomes and rough endoplasmic reticulum, or with smooth
endoplasmic reticulum and large lipid droplets as well as many glycogen
spherules (Figs 4 and 5). On rare occasions, solitary bodies enveloped by a
single or double membrane were observed in the nucleoplasm, in the vicinity
of the invaginating portion of the cytoplasm (Fig. 6).

Fig. 3. Part of hepatic cell with enlarged nucleus. In the nucleus (N) there are inclusions (I)

surrounded by double membrane and containing mainly rough endoplasmic reticulum (Erg)

and lipid droplets (L); the latter are bordered by a single membrane (K = Kupffer cell)
X 12 000

The above-described intranuclear changes occurred only in the liver
of treated animals; similar alterations were never demonstrated in control rats.

It is apparent from these studies that most of the inclusions giving the
impression of being intranuclear light microscopically, are not true inclusions;
they arise in the portion of the cytoplasm that invaginates the nucleus.

Discussion

Intranuclear inclusion bodies have infrequently been shown in the liver
of normal laboratory rats and mice. Kleinfeld and Koulish [26] demonstrat-
ed such formations in the liver of C3H mice. Intranuclear bodies were shown
in the hepatic cells of mice treated with colchicine (Wessel [45], Altmann
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Fig. 4. Sharply outlined, compact nucleolus (Nu) in considerably enlarged nucleus (N) which

contains multiple cytoplasmic invaginations with many lipid droplets (L) and hyaloplasm

containing rough endoplasmic reticulum (Erg) and free ribosomes (R). The inclusions are
surrounded by the double nuclear membrane with pores in it (arrows). x 18 000
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and Haubricn [2]), in starving mice (pavia [12]), in transplantable mouse-
hepatoma and mouse hepatic cells (Ledauc and w irson [29]), and in ethionin-
induced hepatic carcinoma (crisnham [16]).

Fig. 5. Three inclusion bodies in a nucleus. The one on the left shows concentric whorls of rough

endoplasmic reticulum (Erg) and hyaloplasm containing free ribosomes (R); the other two

show a number of lipid droplets (L) and glycogen granules (Gly) with vesicular smooth endo-
plasmic reticulum (ER) near them. Arrows point to nuclear pores. X12 000
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Light and electron microscopic observations showed similar bodies in
human viral hepatitis (Nicolau [31], Balé [5], Cossel [10]); Cossel [11]
described their presence in the liver of healthy humans.

Fig. 6. Cytoplasmic invagination of a large nucleus (N). Other bodies varying in content and

enveloped by a single membrane, lie free in the nucleoplasm ER = smooth endoplasmic

reticulum, Ly = lysosome, P = nuclear pore, G = Golgi apparatus, M = mitochondrium).
x 20 000
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In the liver of rats treated with TAA Kleinfeld [25] was the first to
demonstrate the presence of intranuclear bodies which, in her opinion, con-
tained carbohydrate and lipid substances. Rondez et al. [36] and Salomon
et al. [40] presented electron micrographs of lipid-containing inclusions pro-
duced during TAA treatment. Recently, Thoenes [43] has demonstrated lipid
substances in the nucleoli of hepatic cells of rats treated with TAA. According
to the above authors, the bodies corresponded to cytoplasmic invaginations,
but they failed to deal with the origin, structure and importance of these for-
mations.

As such “intranuclear” inclusion bodies are frequently observed in almost
every stage of TAA hepatocarcinogenesis, it seems advisable to discuss briefly
the described alterations and relevant problems to their origin.

It has already been pointed out that the bodies observed under the light
microscope are not true intranuclear inclusions but correspond to cytoplasmic
elements invaginated into the nucleus. The question thus arises as to the factor
responsible for the production of the bodies. The “intranuclear” inclusions
occur always in strikingly enlarged hepatic cells and in nuclei considerably
larger than the average nucleus. In this respect investigations into the asso-
ciation between the size of the cell, nucleus and nucleolus and certain cellular
functions should be taken into consideration (Rather [33], Kleinfeld [25],
Grundmann [19], Oehlert and Schultze [32]). Such studies have indicated
that the enlargement of cells, nuclei and nucleoli is accompanied by an increased
synthetic activity. TAA has been shown to increase the production of nucleic
acids, especially of ribonucleic acid, in the liver of white rats (Laird [28],
Kleinfeld and Haam [27], Stécker [42], Rondez [35]).

In view of the close functional connection between the nucleus and the
cytoplasm (Caspersson [8], Altmann [1], Brachet [6], Grundmann [19]),
it may be assumed that the increased mobility of the cytoplasm occurring in
hepatic cells enlarged under the effect of TAA treatmentis responsible for the
arisal of invaginations. The invaginated cytoplasm may improve the transport
of substances between nucleus and cytoplasm. Cossel [10] suggested on the
basis of findings in human material that the intranuclear inclusions were due
to the increased metabolic activity of the hepatic cells. The invaginated cyto-
plasm covered by the porous nuclear membrane is in close contact with tin*
nucleoplasm.

According to our own electron microscopic investigations such cytoplas-
mic portions are conspicuous, first, for frequently containing elements in
amounts and composition not seen in the rest of the cytoplasm; secondly
for the not uncommon presence in them of high-energy substances, such as
lipids and glycogen.

A further problem is the fate of the inclusions. Some micrographs indicate
that the bodies may lose their double membrane and sothe cytoplasmic organ-
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elles may gain entrance into the nucleoplasm and become true intranuclear
inclusions. At the periphery of such formations sometimes a single membrane
can be observed.

It is apparent from these stvidies, that the “intranuclear” inclusions
seen under the light microscope during TAA treatment occur always in hepatic
cells characterized by considerably enlarged nuclei and correspond to cyto-
plasmic invaginations into the nucleus. The “inclusions” are variable in
structure and their arisal seems to be associated with an increased synthetic
activity of the hepatic cells and thus their presence may be regarded as an
ultrastructural indicator of this function.

*

The author would like to thank Miss M. Stark for technical help and Mr. L. Benedek
for the photography.
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STRUKTUR UND BEDEUTUNG INTRANUKLEARER INKLUSIONEN
BEI THIOAZETAMID-HEPATOKARZINOGENESE

G. KENDREY

Auf einer Standarddiat gehaltene weile ménnliche Ratten erhielten l&ngere Zeit
hindurch Thioazetamidgaben. Nach drei Wochen zeigten sich lichtmikroskopisch in den Ker-
nen der Leberzellen zahlreiche pyroninophile, von einer Membran umgebene Einschlisse.
Elektronenmikroskopisch waren diese Einschliisse von einer pordsen Doppelmembran umhillt.
AuBer Mitochondrien waren in den Einschlissen alle Arten von zytoplasmatischen Organ-
ellen vertreten, in Mengen und in einer Zusammensetzung, wie sie sonst im benachbarten
Zytoplasma der Leberzellen nicht Vorkommen. Dieseim Lichtmikroskop als intranukleére Ein-
schlisse imponierenden Gebilde entsprachen in die Nuklei invaginierten Zytoplasmaelementen.
Einige dieser Elemente hatten sich zu echten intranukledren EinschluRkdérperchen umgewandelt,
andere zeigten regressive Verdnderungen. Es wird angenommen, daRf die intranukledren Inklu-
sionen, die im Laufe der Thioacetamid-Hepatokarzinogenese h&ufig angetroffen werden,
Indikatoren einer erhdhten synthetischen Aktivitat der Leberzellen sind.
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CTPYKTYPA W 3HAUYEHWE BHYTPUAAEPHbIX BK/AIOUYEHWA MPU
F’ENATOKAPUMNHOIMEHE3E, BbISBBAHHOM AOAYEW TUOALETAMUNOA

r. KEHAPEWN

ABTOp faBan 6enbiM KpbicaM CamLaM, COAEPXXaHHbIM Ha CTaHAApTHON AueTe, ANNTENb-
Hoe Bpems TuoaueTamug. Mo mcTedeHWM 3 Hedelb MOZ CBETOBbIM MUKPOCKOMOM Habofanmch
B s4pax MeYeHOUHbIX K/IETOK MHOTOYMC/EHHbIE MUPOHUHOMWbHBIE BK/IHOUYEHUS, OKPYXEHHbIE
MeMOopaHoii. Mpu 3NEKTPOHHOMUKDOCKONMYECKOM WUCCNEA0BaHNN BbIACHWIOCh, YTO 3TU BK/HO-
UEHWs MOKPbITbI MOPUCTOl BOMHOW MeMBpaHoi. B 3TUX BKIOUEHUSIX NPEeSCTaB/eHbl, 32 UCKIIHO-
UeHMeM MWTOXOHAPUEB, BCE BWAbI LIMTOMMa3MaTUYeCKUX OpraHens, B KOJMMYECTBE U COCTaBE,
He BCTpeYaeMblX B LMUTOMMA3Me KIETOK MeyeHu., ITW TenblLa, KOTOpble MNOA CBETOBbIM MUKPO-
CKOMOM UMEIOT BUf BHYTPUSAEPHBIX BKIOUEHUI, HA CaMOM [efle IBNAKOTCS 3/IeMEHTaMU LMTO-
nnasmbl, NMoNajaBlUMMW B Sifpa MyTem MHBarMHauuu. HekoTopble U3 HUX MpeobpaszoBaimnch !
UCTVHHbIE BHYTPUSAAEPHbIE BK/IKOYEHUs, Apyrue e Mokasanu npu3Haku perpeccumn. Mona-
raeTcsl, 4To 3TU «BHYTPUSAEPHbIE» BKIKOUEHWS, YAaCTO Hab/0AaeMble MPY KapLWHOTEHE3e, Bbl-
3BaHHOM TUOALETaMUIOM, SBASAIOTCA VHAMKATOPaMU MOBbILLIEHHOW CUHTE3UPYHOLLEN aKTUBHOCTH
MEYEHOUHbIX K/ETOK.

Dr. Gabor K inarey; |. Kérbonctani Intézet, Budapest VIII.
Ullgi at 26. Hungary
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VINCALEUKOBLASTINE-INDUCED CHANGES
IN THE ULTRASTRUCTURE
OF ASCITES TUMOUR CELLS*

K. Lapis

Ultrastructural changes caused in NK/Ly ascites lymphoma cells in vivo by
vincaleukoblastine (VR-8) treatment have been studied. Accumulation of membrane-
bounded, electron-dense, polymorphous, lysosome-like structures was observed in a
number of cells in interphase. Ultrastructural features of the nuclear changes induced
by VR-8 (mosaic-like pattern as observed by Kellner with light-microscope), were
revealed. The ultrastructural features of the cells dividing abnormally upon the effect
of the agent have been described. Oriented spindle tubules were lacking from cells
arrested in mitosis. While no changes were registered in the ultrastructure of the centri-
oles, the treatment interfered with their orientation and migration to the poles. Centriole
replication seemed to be undisturbed, nor did VR-8 cause ultrastructural changes in
the kinetochores. Gelation in connection with the formation of the mitotic apparatus
was disturbed, a phenomenon substantiated by the fact that mitochondria and other
cell organelles were found in the area which under conditions of normal cell division
is occupied by the mitotic apparatus and contains no other organelles. In cells arrested
in mitosis conglutinated clusters of chromosomes, accumulation of layered concentric
membranes were observed, whereas in a number of the multinuclear cells quadri-
lamellar membranes appeared. These membranes are considered to point to a disturbed
reconstruction of the nuclear membrane. All these phenomena were identical with
those induced in vitro by vicristine in HeLa cells as observed by George et al. The ultra-
structural features of multinuclear cells arising on VR-8 treatment, are discussed,
and it ispointed out that the organelles were well preserved in the majority of these cells.

There are numerous reports dealing with the effect of vincaleukoblastine,
a dimer alkaloid isolated from Vinca rosea Linn. [39, 84, 85], on peripheral
blood counts, bone marrow [13, 22, 91] and various animal and human
tumours [1, 2, 19, 20, 21, 43, 45, 50, 51, 103, 110]; and also with comparative
examination of different Vinca alkaloids [49, 86]. Their cytological effect was
studied by light-microscopy [13, 20, 37, 51, 93, 101, 102, 106, 109] and it was
found that vincaleukoblastine arrests the division of proliferating tumour
cells at the metaphasic stage, and — depending on the dosage gives rise
to different forms of abnormal cell division. Cytological examinations showed
the effect to be similar to that of colchicine and its derivatives [13, 26, 29].

Vincaleukoblastine, isolated in Hungary by Jovanovics et al, [53] under
the name VR 8 was biologically tested in the Oncopathological Research Insti-
tute, Budapest [33, 34, 35, 36, 57, 69, 87, 88, 89]. It was in the course of these
investigations that tin* present author studied changes in the ultrastructure

*The author is indebted for grants from the Hungarian Scientific Health Council,
the Jane Coffin Child’s Memorial Fund for Medical Research, and the Anna Fuller Fund.
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of ascites tumour cells elicited by the drug at issue [68]; findings made in this
respect and confirmed by three series of experiments are described in the
following.

Material and method

C3 fawn-coloured or Swiss white mice of both sexes and approximately equal body
weight, of our laboratory stock, were inoculated intraperitoneally with 3x 107 NK/Ly ascites
lymphoma cells. The animals were divided into groups and each group received a certain dose
(0.1, 1.0 and 3.0 mg/kg respectively) of VR“8i.p. on the 6th or 7th day following inoculation.
The dose of 1 mg/kg having been found to be the most suitable, it was administered in sub-
sequent experiments.

Peritoneal fluid was aspirated at different intervals (1, 3, 6, 9, 12, 24, 48, 72, 96, 120
and 144 hours), and aliquots of 0.3 to 0.4 ml were fixed at +4 °C for one hour in a 2% solution
of osmium tetroxide buffered to pH 7.4 by veronal acetate, according to Palade [92]. After
slow centrifugation, the substances were dehydrated in an alcohol series and then embedded
in araldite.

For the preservation and demonstration of spindle fibers, the samples were fixed in
a 2.5% solution of glutaraldehyde in Hanks’ solution [38].

Sections made with the aid of Porter Blum and LKB ultramicrotomes, were studied
by Hitachi HU —10, SEM —3, and JEM 6 c electron microscopes.

Since in our experience the study of chemotherapeutically induced ultrastructural
alterations requires familiarity with the light-microscopic changes, the samples were submitted
to parallel light- and electron-microscopic examinations.

Electron-microscopic observations

The ultrastructural features of untreated NK/Ly ascites lymphoma cells
have repeatedly been described [58, 63, 65, 66, 68, 70], and only the more
important ultrastructural properties of cells in metaphase will now be discussed.
The electron-dense osmophilic chromosomes in the centre of the cells are
situated at the equatorial plane at right angles to the mitotic spindle. Only one
of the centrioles at the cell pole can be seen in the plane of section in Fig. 1.
Broom-like spreading out spindle tubules are running partly to the opposite
cell pole and partly to the chromosomes. Mitochondria and other cell organelles
are found at the periphery of the cytoplasm but not in the area of the mitotic
spindle. The spindle filaments are in no direct contact with the centriole at
the cell pole; the converging spindle filaments meet at some distance from
this area. On the other hand, it is by means of kinetochores or centromeres
that the terminal portion of chromosomal fibres of the spindle reach and
penetrate the body of the osmiophilic electron-dense chromosomes.

One to 6 hours after VR -8 treatment the majority of tumour cells in
interphase showed neither light-microscopic nor ultramicroscopic changes.
Certain proportion of the interphase-cells, however, contained spherical or oval,
lysosome-like structures encircled by a single membrane; these structures
were smaller than the mitochondria, and formed clusters of 8 to 10 members
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Fig. 1. Detail of dividing cell from untreated four-day old NK/Ly ascites tumour. The cell is in the metaphase; the electron-dense chromo-

somes are situated in the equatorial plane. Note centriole at cell pole (C). Broom-like spreading out spindle tubules (Spf) of smooth

surface run from the pole partly to the chromosomes and partly to the opposite pole. Fixation in 2.5°0 glutaraldehyde in buffered Hanks’
solution; postfixation in osmium tetroxide. Stained with uranyl acetate and lead citrate, embedded in araldite. X 29, 250
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(Fig. 2¢). In the same cells an aggregation of free ribosomes was observed.
Ketiner et al. [67] observed after Vinca treatment that some of the cells,
while still retaining the nuclear membrane, showed a mosaic-like clumping
of the chromatin (Fig. 2a). The present electron-microscopic investigations
have confirmed their light-microscopic observation (Fig. 2b). While the nuclear
envelope was preserved the chromatin substance of these cells took the form
of electron-dense, finely granular chromosomes in the karyoplasm. The karyo-
plasm itself became fairly electron lucent. The chromosomes differed in size
and length and displayed bulky or elongated shapes; their various aspects
deljended to some extent on the plane of section. The preserved nuclear enve-
lope was undulatory and rippled. Part of the chromosomes was arranged along
the nuclear membrane. Longer and shorter segments of narrow tubular struc-
tures, bounded by smooth membranes, were found in the karyoplasm near
or in close contact with the chromosomes. Aggregation of ribosomes as well
as accumulation and clustering of lysosome-like structures were registered
also in these cells. Besides, the electron-density of the matrix of mitochondria
appeared to be diminished and the cristae partly destroyed. In addition, the
pores of the nuclear envelope were considerably dilated and in some cells the
membrane was partially lysed (Fig. 2b).

In accordance with the light-microscopic observations the electron-
microscopic preparations showed a large number of abnormal cell division
3 to 12 hours after the treatment (Figs 3a, 3c). INo signs of polarization were
observed in connection with cell division. No mitotic spindle or oriented spindle
filaments were seen in the abnormally dividing cells, and not even structures
that might have been recognized as disoriented spindle tubules. In some cells
there were occasional longer or shorter tubular structures bounded by smooth
membranes; these could be regarded as remnants of disoriented spindle tubules.
The chromosomes of these cells never formed configurations in the equatorial

Fig. 2a. NK/Ly ascites lymphoma cell 10 hours after intraperitoneal administration of
3 mg/kg of vincaleukoblastine. Note mosaic pattern of nuclear structure. Stained with acetic
orcein. X 1690
Fig. 2b. Electron-microscopic picture of an ascites cell, similar to that shown on Fig. 2a.
Segregated electron-dense chromosomes are well distinguishable in the nuclear substance (Chr).
Several intranuclear canaliculi of smooth-surfaced membranes (inc), can he seen in the karyo-
plasm of reduced electron density. The nuclear membrane (Nm) is well preserved and undulat-
ing. The cytoplasm contains unevenly distributed ribosomes, damaged mitochondria of various
shapes and sizes (aM), occasional lipid droplets (L) and lysosome-like structures of high elect-
ron density (Ly). The microvilli on the cell surface are well preserved. An NK/Ly ascites
lymphoma cell 3 hours after administration of 1 mg/kg of vincaleukoblastine. Fixed in osmium
tetroxide, embedded in araldite. Stain: uranvlacetate and lead citrate. x 21,000
Fig. 2c. Detail of cell from NK/Ly ascites tumour 6 hours after treatment with 1 rng/kg of
vincaleukoblastine, fixed in osmium tetroxide, embedded in araldite. The cell is in interphase,
its cytoplasm shows, next to the nucleus (N), aggregated round or oval lysosome-like struc-
ture (Ly) most of which, bounded by unit membranes, are smaller than the mitochondria.
Stain: uranylacetate and lead citrate. x 23,000
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plate characteristic of normal cells in metaphase (Figs 3a, 3c). They were
either irregularly scattered over the cytoplasm, or formed highly electron-
dense bundles with convoluted contours, while in some cells they appeared
as centrally situated highly electron-dense amorphous masses. Centromeres,
kinetochores were adhering to the surface of certain chromosomes (Fig. 3b).
They appeared in the form of slightly curved electron-dense plates embedded
in less osmiophilic granular matrices. Their shape varied according to the plane
of section. No tubular structures that might have qualified as remnants of
spindle fibres connected with kinetochores, were observed after vincaleuko-
blastine treatment. Sometimes occasional centrioles could he seen between
the chromosomes in the plane of section (Fig. 3a); they were situated at the
periphery of the cell or paracentrally. The centrioles revealed no structural
changes, nor was there any sign to show that they served as centres of organi-
zation as they do in normal cell division. While the interchromosomal space
and the space between chromosomes and centrioles contain under physiological
conditions of cell division no organelles save components of the mitotic spindle,
scattered mitochondria and numerous small vesicles, surrounded by smooth-
surfaced membranes, were observed in the examined specimens. These serially
arranged vesicles frequently formed veritable enclosures around a given chro-
mosome (Fig. 3a). Mitochondria were in some cases near or in contact with
the chromosomes. It was conspicuous that, outside the area occupied by the
chromosomes, there were peripheral lysosome-like figures of various sizes and
shapes, 8 to 10 of which aggregated in some instances to form inclusions
(Fig. 3a). Their electron density was variable and different even within one
and the same structure. The cytoplasm contained moreover peripheral bundles
of delicate undulating filaments (Fig. 4a). Depending on the plane of section,
they appeared either as variably shaped fields or as band-like structures.

Fig. 3a. Scattered, disoriented chromosomes (Chr) in dividing NK/Ly ascites cell 9 hours
after treatment with 1 mg/kg of vincaleukoblastino and fixed in osmium tetroxide and embed-
ded in araldite. The cytoplasm is rich in ribosomes and contains, among the chromosomes,
scattered smooth surfaced vesicles which are arranged either in longitudinal rows or around
a chromosome. Variably shaped and sized mitochondria (M) are also visible between the chro-
mosomes. J1 centriole is likewise visible, while no coherent spindle filaments can be seen.
Groups of highly electron-dense lysosome-like structures form inclusions at the periphery.
Note cross sections of thin bundles of undulating filaments (f) near the inclusions. Small, pe-
ripheral vesicles form chain-like rows along the cell surface (arrow).
Stain: uranyl acetate and lead citrate. X 20.000
Fig. 3b. Detail of chromosome from a cell, the division of which has been arrested by vincaleu-
koblastine treatment. Note slightly curved kinetochore (K) adhering to the surface of the elec-
tron-dense chromosome. The picture shows conditions 6 hours after intraperitoneal administra-
tion of 1 mg/kg of vincaleukoblastine.
Fixed in osmium tetroxide, embedded in araldite. Stain: lead citrate. x 30.000
Fig. 3c. NK/Ly ascites lymphoma 9 hours after intraperitoneal administration of 3 mg/kg
of vincaleukoblastine. Abnormal cell division, disoriented, scattered chromosomes. Stain:
acetic orcein. x 1630
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Another frequent type of abnormally dividing cell showed smooth endo-
plasmic reticular membranes surrounding the group of chromosomes (Fig. 4a)
in the form of concentric layers. Apart from the chromosomes, the areas
surrounded by the membranes contained varying amounts of mitochondria,
lipid droplets and sometimes also polymorphous lysosome-like structures.
Outside of, and parallel to, the concentric membranes, rows of vesicles formed
chains at the periphery of the cytoplasm. Besides, bundles of filaments running
along the cell membrane were observed at the cytoplasmic periphery (Figs
4a, 4b). No organized Golgi apparatus was found in any of the dividing cells.

Between 12 and 72 hours after VR -8 treatment no dividing cell beyond
the stage of metaphase was observed.

In harmony with literary data [33, 38, 57] one of the most striking phe-
nomenon observed by light-microscopy following VR 8 treatment was the
appearance of increasing numbers of multinuclear giant cells (Fig. 5b). Their
number was considerable at 24th and 48th hour after treatment, and reached
a peak between 72 and 96 hours. Many of these giant cells were several times
as large as untreated NK/Ly ascites cells. The size of the cells as well as the
number and size of their nuclei showed considerable variations. It was char-
acteristic of these cells that some of them contained nuclei of approximately
equal, while others of widely different size (macro- and micronuclei). Ultra-
structurally, the nuclei were similar to those of the control cells, and some of
them contained well-developed nucleoli which, too, had an ultrastructure like
those of untreated NK/Ly ascites cells. The internuclear cytoplasm was rich
in organelles, especially in smooth-surfaced tubules and vesicles. It was usually
in this area that the moderately developed and sometimes disunited Golgi
complex was observed. A considerable amount of vesicular or lamellar rough-
surfaced endoplasmic reticulum was also found (Fig. 5b). The centrioles were
usually situated between the nuclei and displayed a practically normal struc-
ture; they were not invariably oriented at right angles. In some multinuclear
giant cells four centrioles occurred close to one another in a single plane of
section (Fig. 5¢). In some cells around the centrioles there were small, highly

Fig. 4a. Dividing NK/Ly ascites tumour cell 6 hours after intraperitoneal administration of
1 rng/kg of vincaleukoblastine. Electron-dense chromosomes aggregated in the centre. They
are surrounded by onion-leaf-like superposed layers of smooth-surfaced endoplasmic reticulum
membranes (msEr). These enclose, beside the chromosomes, also mitochondria, lipid droplets
(L) and lysosome-like particles. Note long row of small vesicles (arrow) running parallel with
the membranes and, between them, bundles of undulating filaments.
Fixed in osmium tetroxide, embedded in araldite. Stain: uranyl acetate and lead citrate.
x 17,000
Fig. 4b. Detail of abnormally dividing NK/Ly ascites tumour cell 6 hours after intraperitoneal
administration of 1 mg/kg of vincaleukoblastine. Bundles of filaments (f) running near the
cell surface, as described in Fig. 4a, with adjacent mitochondria.
Fixed in osmium tetroxide, embedded in araldite. Stain: uranyl acetate and lead
citrate. X 33.000
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electron-dense pericentriolar bodies too. Most giant cells contained also lipid
droplets (Fig. 5b). The mitochondria of these cells were fairly polymorphous,
of varying size, and the orientation of the crests was completely irregular.
The cristae showed pronounced vésiculation in the majority of mitochondria.
In addition, highly electron-dense, apparently inhomogeneous lysosome-
like structures, surrounded by unit membranes were also seen in the giant
cells. The lysosome-like bodies were usually smaller than the mitochondria
(Fig. 5b).

Certain multinuclear cells contained longer or shorter quadrilamellar
membranes that were usually situated around the nuclei. While the outer
membranes were covered with ribosomes, the inner pair of membranes ap-
peared to be smooth. An abundance of differently sized vesicles was irregularlv
distributed close to the cell surface. The cytoplasm of the multinuclear cells
was rich in free ribosomes; the ribosome granules and their aggregates were
evenly distributed over the cytoplasm. On the cell surface, a variable number
of differently shaped and sized microvilli was observed. Near the inner surface
of the cell membrane differently sized pinocytotic vesicles either pinched off
the cell membrane or projecting into the cytoplasm were seen.

After the 12th hour following treatment, during the whole period
of observation a considerable number of cells revealed signs of degeneration.

Discussion

The advance of knowledge concerning mitotic division in the fast 15
years [2, 3, 7,9, 14, 23, 25, 32, 42, 48, 75, 76, 77, 78, 80, 81, 92, 96, 98, 100] was
among others, due to the results of electron-microscopic examinations, it was

Fig. 5a. Detail of multinuclear giant cell. NK/Ly ascites lymphoma 72 hours after intra-
peritoneal administration of 1 mg/kg of vincaleukoblastine. Note quadrilamellar membrane
((Am) with adjacent mitochondrium (M) in the cytoplasm.
Fixed in osmium tetroxide, embedded in araldite. Stain: uranyl acetate and lead citrate.
21,000
Fig. 5b. Multinuclear giant cell from NK/Ly ascites lymphoma 72 hours after administration
of 1 mg/kg of vincaleukoblastine. Cross sections of several differently sized nuclei can be seen.
Ultrastructurally, the nuclei are similar to the controls. Note well developed nucleolus (N1)
in some nuclei. The cytoplasm, rich in ribosomes, contains intact and damaged mitochondria
(aM), lysosome-like figures (Ly), vacuole (Va) and numerous minute vesicles. The cell surface
shows microvilli (Mv) and bulky pseudopodium-like processes (Pp).
Fixed in osmium tetroxide. embedded in araldite. Stain: uranyl acetate and lead citrate.
X 15,000
Fig. 5c. Detail of multinuclear giant cell, from NK/Ly ascites lymphoma 120 hours after
administration of | mg/kg of vincaleukoblastine. Note several centrioles (C). sectioned in dif-
ferent planes, near one of the nuclei. Electron-dense corpuscles can be distinguished around
the centrioles.
Fixed in osmium tetroxide, embedded in araldite. Stain: uranyl acetate and lead citrate.
X33.0C0
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therefore expected that the electron-microscopic study of a vinblastine-treated
cell population would shed light on the finer details of the disturbances in
spindle formation and cell division. Electron-microscopic examinations were
further supposed to reveal whether the treatment would provoke changes in
cells at the stage of interphase.

Part of the cells in interphase contained, following treatment with
V R “8, accumulations and clusters of lysosome-like polymorphous structures.
Their accumulation was especially conspicuous in cells with arrested mitosis.
In cases of normal cell division these structures begin to form inclusions in
the early prophase, an activity that becomes most pronounced in metaphase
[98] so that their early accumulation must have been due to the vincaleuko-
blastine effect. Early accumulation of such structures following treatment
with vincristine, vinblastine and colchicine has been described by other authors
as well [38, 39]. The lysosomal nature of the structures in question was proved
by demonstrating their acid phosphatase activity. While several workers
[38, 98, 99] suggest that they derive from multivesicular bodies, others [83, 98]
point to their close connection with the Golgi complex.

K etitner [57] described a mosaic-like arrangement of the nuclear chro-
matin in some cells in the interphase. Electron-microscopically, these cells
revealed a well preserved undulatory nuclear membrane; the karyoplasm
contained segregated chromosomes. A similar behaviour of the nuclear mem-
brane was observed [98] in cells in the normal prophase. The tubular structures
observed in the nuclei of these cells were presumably analogous ones to the
intranuclear canaliculi described by Yy asuzumi and suginara [113, 114] in
Ehrlich ascites tumour cells in the prophase.

Yinca alkaloids being spindle inhibitors [8, 27, 71, 72], we paid particular
attention to the behaviour of the various components of the mitotic apparatus
following treatment with VR~8. Vincaleukoblastine, like vincristine [38], did
not seem to affect the ultrastructure of the centrioles [7, 23, 112], only their
orientation and polarization. Neither did it interfere with centriole replica-
tion [32], since we frequently observed 3 to 4 centrioles, pericentriolar bodies
and satellites in the multinuclear giant cells that had formed under the effect
of the drug. Like on treatment with vincristine [38] and colchicine, no organ-
ized mitotic spindles developed following the administration of VR -8, and
even occasional disoriented remnants of spindle filaments appeared but rarely.
The action of spindle poisons may have different mechanisms. They may
inhibit the synthesis of proteins required for the development and organization
of spindle filaments, while it is likewise possible that they are destroying the
existing filaments.

Creasey and marxiw [16, 17, 18] demonstrated that colchicine, vin-
cristine and vinblastine inhibit the synthesis of soluble RNA, and suggested
that, accordingly, these agents might prevent the production of specific pro-
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teins required for mitosis. It has, however, been shown [75, 78, 79, 80, 81] that
the mitotic apparatus is assembled from proteins synthesized prior to division
and that, after treatment with the drugs at issue, even cells in the normal
metaphase, i.e. cells with well developed and well functioning mitotic spindle,
are unable to reach the subsequent stages of division without disturbance.
It was further found [38] that cells, once division has started, are able to go
through the whole process even in the presence of actinomycin-D although
this substance is known to inhibit the synthesis of RNA including its soluble
form. Considerations of this nature have given rise to the assumption [38] that
spindle poisons of the colchicine type disturb or inhibit the organization of the
filamentous structures of the mitotic spindle without significantly interfering
with the synthesis of the specific components required for the assembly of the
mitotic apparatus.

In contrast to that of the mitotic spindles, the ultrastructure of the cen-
tromeres or kinetochores which ensure the attachment of the spindle filaments
to the chromosomes, suffered no change on treatment with vincristine or
vinealeukoblastine.

The present investigations have shown that treatment with VII 8 (like
that with colchicine and vincristine) affects the gelation process connected
with mitosis.

It seems that on VR 8 treatment the nuclear membrane is decomposed
in the course of cell division in the same manner as in the case of normal
mitosis [30, 42, 82, 98, 100]. In cases of normal cell division, the nuclear
membrane originates from the endoplasmic reticulum formed by a fusion of
the cytoplasmic vesicles [42, 98, 111]. We regard the rows of vesicles and the
concentric endoplasmic reticular membranes, observed in VR 8 treated cells,
as the precursors or the early stage of the regeneration of the nuclear envelope.
A layered accumulation of such concentric, continuous membranes has been
observed in normally dividing cells only in exceptional cases, e.g. in the sper-
inatogenic cells of Drosophila [48] and tumour cells [12]. On the other hand,
structures of this nature have been observed in HeLa cell cultures treated with
vincristine [38]. It would appear that Vinca alkaloids interfere in some way
with the reconstruction of the nuclear envelope both in vivo and in vitro.
The fact that quadrilamellar membranes running parallel to the nuclear mem-
brane have been observed in certain multinuclear giant cells formed under the
effect of VR 8 points likewise to a disturbance in nuclear membrane regener-
ation. Similar formations have been noted in Walker-256 carcinoma cells
and in daughter cells arising in the course of thymocyte division [12, 82];
we encountered such membranes [66] in cases of abnormal cell division under
the effect of an alkylating agent. In view of the submicroscopic structure of
these figures, we share the view of Buck [12] who regards them as preformed
nuclear membranes.
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No organized Golgi apparatus was observed in cells dividing abnormally
under the effect of VR-8. This apparatus is known to disappear in the course of
normal cell division [25, 98], and it is possible that some of the numerous
vesicles observed in dividing cells originated from Golgi elements. VR 8
caused no significant change in the other cell organelles.

The number of cells in the ascites tumours decreased to one quarter of
the original count 24 hours after treatment with V R -8 [33], while — according
to light-microscopic observations —the remaining cells undergo rapid degener-
ation [35]. Electron-microscopic studies [68] have confirmed this phenome-
non: we saw a considerable number of degenerating cells 3 to 12 hours after
the treatment; it may have been connected with the inhibition of RNA syn-
thesis, since vincaleukoblastine arrests RNA synthesis shortly before the
beginning of cell division [16, 17, 18, 27, 96].

There are many reports to show that multinuclear giant cells arise on
treatment with mustard nitrogen derivatives [5, 6, 41, 47, 54, 55, 60, 61, 62, 70]
and several other chemotherapeutic agents [14, 15, 28, 40, 52, 108] as well as
after X-ray irradiation [9, 61]. Production of multinuclear cells, as a result
of such treatment, has been observed not only in tumours but in normal tis-
sues [2,4,5, 14,28,59, 108] and tissue cultures as well [52, 97]. The genesis
of these cells is a complex one [11, 55, 73, 74], since cell fusion, nuclear frag-
mentation, abortive mitosis and amitotic division may be equally involved in
their formation [11, 94, 105].

The principal factors in the origin of multinuclear cells arising after VR 8
treatment, is presumably abortive mitosis. In the course of abnormal cell
divisions caused by V R -8, several nuclei may develop from the groups of chro-
mosomes scattered throughout the cytoplasm. This is supported by the fact
that nuclei and nucleoli of different size have been found in the multinuclear
cells arising under the effect of VR 8 Formation of micronucleoli has been
reported in connection with other treatments as well [104].

Studies of the ultrastructural changes caused by various cytostatic
agents [10, 64, 65, 66, 67, 68, 69, 70] revealed differences in the ultrastructure
of multinuclear giant cells arising under the effect of the agents.

Opinions regarding the biological significance of multinuclear cells are
divided [11, 55, 56, 95]. Morphological studies did not allow to estimate their
biological value. Cellular degeneration and destruction have both light- and
electron-microscopically well observable morphological criteria nevertheless.
We have found that, although most of the multinuclear cells formed under
YR 8 treatment contain a great number of lysosome-like structures, neither
the cytoplasmic organelles, nor the nucleus and the nucleolus showed signs
pointing to imminent degeneration. It should, of course, be borne in mind that
morphological preparations reveal hut the momentary situation and do not
shed light on processes regarding the life cycle of cells.
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AUF WIRKUNG VON VINCALEUCOBLASTIN
IN DER ULTRASTRUKTUR VON ASCITESTUMORZELLEN
ENTSTANDENE VERANDERUNGEN
K. LAPIS

Verfasser beschreibt die in den NK/Ly-Asciteslymphomzellen auf Wirkung von Vinca-
leucoblastin (VR~8) in vivo vor sich gehenden ultrastrukturellen Veradnderungen. In einem
Teil der in der Interphase steckengebliebenen Zellen finden sich Anhaufungen elektronendich-
ter, polymorpher, mit einer Membrane umgebener Korperchen, lysosomartiger Gebilde.
Das ultrastrukturelle Substrat der in einem Teil der in der Interphase verbliebenen Zellen auf
Wirkung von Vincaleucoblastin entstehenden Kernverdnderung (lichtmikroskopisch die durch
Kellner beschriebene mosaikartige Struktur) wird besprochen, ferner die ultrastrukturellen
Kennzeichen der auf Wirkung des Mittels entstandenen anomalen mitotischen Zellen mit-
geteilt. Der Verfasser stellt fest, daf in den mitotischen Zellen die orientierten Spindeltubuli
fehlen. In der Ultrastruktur der Zentriolen finden sich keine Veranderungen, dagegen erleidet
ihre Orientation und ihre Wanderung zu den Polen eine Storung. Die Reduplikation der Zen-
triolen scheint nicht gehemmt zu sein und auch in der Ultrastruktur der Kinetochoren kam
es auf Wirkung des Mittels zu keinen Veranderungen. Auch der mit der Entstehung des mito-
tischen Apparates verbundene GelbildungsprozeR erleidet eine Stdrung. Hierauf weise auch der
Umstand, daR in den normal vom mitotischen Apparat eingenommenen und keine anderen
Organellen enthaltenden Teilen der in der Mitose steckengebliebenen Zellen Mitochondrien
und andere zytoplasmatische Organellen aufgezeigt werden konnen. In den in der Mitose
verbliebenen Zellen wurden agglomerierte Chromosomenhaufen, Anhaufung der umgebenden
Membranen in mehreren konzentrischen Schichten, ferner in einem Teil der mehrkernigen
Zellen das Auftreten von quadrilamellaren Membranen beobachtet. Diese Membranen werden
vom Verfasser als das Zeichen der auf Wirkung von Vincaleucoblastin eintretenden Stérung
der Kernmembranrekonstruktion aufgefalt. Die obigen, auf Wirkung von Vincaleucoblastin
auftretenden Verdnderungen stimmen mit den unter Vincristin-Wirkung in HelLa-Zellen in
vitro von George und Mitarbeitern beschriebenen Verdnderungen iberein. Die ultrastruktu-
rellen Besonderheiten der auf Wirkung von Vincaleucoblastin entstandenen vielkernigen Zellen
werden erortert, und es wird hervorgehoben, daB die Mehrzahl dieser Zellen tiber Zellorganellen
mit gut erhaltener Struktur verfigt.
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M3MEHEHUA YNbTPACTPYKTYPbl ACUMTUYECKUX OMYXOJIEBbLIX
KNETOK, BO3HUKAKOWWE 1noa BAVNAHNEM BHUKANMEUKOBIACTUHA

K nanuw

ABTOp C006LIaeT 06 U3MEHEHWAX YNbTPACTPYKTYpPbl, HabM04aeMbIX B KneTKax acuuTu-
yeckoii numdombl NK/Ny nog BnavsiHnem BuHkaneiikobnactuHa (VR~S in vivo. B 4yactu
KNETOK, HaxXOAALMXCH B MEXYTOUHOW (hase, BUAHbLI HAKOMMEHUA OKPYXEHHbIX MeMOGpaHoN,
3/IEKTPOHHOM/IOTHBIX, MOMMOPMHLIX Te/lel, /IN30COMOMNOA00HbLIX 06pasoBaHuit. [aetcs onu-
CaHve ynbTPacTPyKTYPHOI cpedbl M3MeHeHua sigpa (Mog CBETOBbIM MUKPOCKOMOM MO3anyHas
AfepHas CTPYKTypa, OnucaHHas KenibHepOM), BO3HWKLIErO Mof BAWsHWEM mnpenapata, B
4aCTV KIETOK, HaXOAALMXCH B MEXYTOYHOM (hase, a TaKXKe Y/bTPACTPYKTYpHble 0COGEHHOCTM
HEHOPMaNbHbIX MUTOTUYECKMX K1ETOK, 06pa3oBaBLUMXCA MOA BAWAHWEM BUHKaneikobnacTuHa.
YCTaHaB/MBAETCA, 4YTO B [ENAOWMXCH KNETKax OTCYTCTBYHOT OPUEHTUPOBaHHbIE BEpPeTeHO-
06pasHble KaHanblbl. B ynbTpacTpyKType LEHTPMON He Habnofanocb W3MEeHeHWH, OAHaKo
HapyLlaeTcs WX OpWeHTauWs W repemelleHne K momocam. Pefynnvkauus LeEHTPUONoB, Mo-
BUAMMOMY, He MpeTeprneBaeT TOPMOXEHWUS, W B YNbTPACTPYKTYpe KWHETOXOPOB TakXe He
0TMeYaloTCs M3MEHEeHWs MNOA BNUAHWEM BMHKanelikobnacTnHa. Hapyluaetca v npolecc 06paso-
BaHWA rens, CBA3aHHbIN C 06pa3oBaHMEM MUTOTWYECKOro anmapata. Ha 3To ykasbiBaeT TO 06-
CTOATENbCTBO, YTO B YACTAX AENAIOLMXCA KNETOK, 3aHATbIX B HOPME MUTOTUYECKMM annapaTtom
1 CBOGOAHBIX OT MPOYMX OpraHen, HabNoAaTCA MUTOXOHAPUM M NPOUMe LMTONa3mMaTnyeckme
opraHensibl. B KieTkax, OCTaBLUMXCA B ()ase [AeNeHWs, HabNiofaiuc HaKOMIeHWs arnomepu-
POBaHHbIX XPOMOCOM, HECKOMbKMX KOHLEHTPUYECKMX C/I0EB OKPYXKaloLleid membpaHbl, U B
YacTU MHOTOSIAEPHBIX K/IETOK MNOABMEHUE YETbIPEXNaMensIsipHbIX MemBpaH, 3TW MemOpaHsb
paccmaTpyBalOTCA aBTOPOM Kak 3HaK HapyLlleHWs BOCCTaHOB/EHUs fAepHOM 060/104KM, Npo-
UcLleflero MoA BAWAHUEM BWHKanenkobnacTuHa. YCTaHaBlMBaeTCA, YTO BbllIEYKa3aHHble
M3MEHEHWS, BO3HUKLUME TOf BUSHWEM BUHKaNenKobnacTWHa, COOTBETCTBYIOT W3MEHEHMAM,
BO3HMKLUMM TMOA BUAHWEM BUHKpPUCTMHA B Hela — kneTkax 'in vitro, onncaswwnmcs )Kop>K
n_coTpypHukamu. CoObLIAOTCH  YbTPACTPYKTYPHbIE OCOGEHHOCTM MHOTOSIEPHBIX  KIETOK,
06pa30BaBLUMXCSH MO BAMUSHAEM BUHKANEKOBNACTUHA, U NOAYEPKMBAETCH, YTO 60/bLLNHCTBO
KNeToK WMeeT K/IeTOYHble OpraHes/ibl C XOPOLIO COXPaHEeHHON CTPYKTYpOi.

Dr. Kéaroly Lapis; Orvostovabbképz6 Intézet, Budapest
XI1l. Szabolcs u. 33. Hungary
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CONTRIBUTIONS TO THE DEVELOPMENT OF
EXPERIMENTAL PYELONEPHRITIS

J. Ormos, Zs. Csapé and Judit Lantos

Pyelonephritis, accompanied by the development of abscesses and leading to
acontraction of the affected kidney, has been induced in 61% of rats by the intravenous
administration of E. coli and ligation of one ureter for 48 hours. Leukocytic emigra-
tion started 8 hours after E. coli administration, but accumulation of leukocytes in
certain vessels was sometimes observed after 4 hours already. The inflammatory process
may start in the cortex, medulla and the wall of the renal pelvis alike: neither the cortex
nor the medulla were seen to represent a striking predilectory site of initial changes.
Fhe process invariably began and spread in the interstitial spaces; parenchymal damage
and passing of leukocytes into the tubules were secondary phenomena. Fhe inflam-
matory process was in no case observed to have started in the glomeruli; the latter
remained comparatively unimpaired despite grave interstitial involvement and extensive
tubular damage. Hormonally induced renal ischaemia failed to render the kidney sus-
ceptible to intravenously introduced pathogenic organisms.

Pyelonephritis, the condition which, as regards frequency, occupies the
second place after respiratory infections and the first among lethal nephro-
pathies [12, 34], has successfully been induced experimentally by different
methods [38] but views as to the development of its changes are still di-
vided. Even textbooks are contradictory in regard to the initial manifes-
tations of human pyelonephritis; according to some authors it originates in the
medulla of the kidney [19, 20, 25, 35], while others [1,3,34] think that the
process (at least that of haematogenic origin) starts in the cortex. The fact
that the definition of the disease is not uniform, adds to the existing confusion
[11]. Beside some other questions the aim of the present study was to ob-
serve the initial changes of the disease on a model similar to human pyelo-
nephritis as far as possible.

Material and methods

Albino rats of our own breed, weighing 120 to 180 g, of both sexes and kept on a mixed
diet, were used. E. coli was isolated from the urine of human subjects suffering from acute
pyelonephritis, passed through dogs, then through rats, and 2x10s organisms were then in-
jected into the caudal vein of the test animals. The strain was kept on agar slant and, in
order to maintain its virulence, passed through rats every week. One day before being used,
it was transferred into broth, incubated for 18 hours and centrifuged; the sediment was diluted
with physiological saline to the desired concentration. We determined the number of germs in
the suspension by means of a densitometer and by means of a calibration curve plotted pre-
viously in order to demonstrate the correlation between germ count and density.
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The animals were anaesthetized with ether, the operative area was depilated and steril-
ized with an alcoholic solution of iodine. After gaining access to the abdominal cavity from
the left paracostal approach and retracting the bowels to the right side, the left ureter was
fixed to the psoas major muscle; by transfixing the muscle and the skin, the knot came to lie
outside the skin. The suture was removed after 24 or 48 hours without opening the abdomen;
in order to avoid angulation of the ureter, the kidney was palpated and pushed toward the
chest. The bacterial suspension was administered between the 5th and 60th minute following
ureteral ligation.

According to the method of Kovacs and David [26] cortical necrosis was induced by

administering 1 mg of oestrone acetate (Hogival — Chinoin Budapest) subcutaneously, daily
for 10 days; the last dose was combined with the administration of 10 1.U. of posterior pitu-
itary extract (Glanduitrin — Richter Budapest).

After the spontaneous death or the sacrifice of the animals their kidneys were fixed
in a 4% solution of formalin, embedded in paraffin and stained with haematoxylin-eosin and
other stains if necessary. W ith a view to study early changes, two samples were excised from
every kidney in the third experimental group, and serial sections were made.

When determining the bacterial count, the kidney removed under sterile conditions was
cut in hall. Both parts were weighed separately; one was fixed in formalin, while the other
half was homogenized in a mortar with quartz sand and 3 ml of physiological saline, diluted
10 and 100 fold, and then plated on agar broth. The colonies were counted after 18 hours in-
cubation at 37 °C; the bacterial count was referred to 1 g of renal tissue.

The animals were divided in 4 groups. Thefirst contained 15 rats whose left ureter was
ligated for 24 hours. They survived 2 to 10 days (spontaneous death or killing). This group
was disregarded in the following because a ligature of 48 hours, as applied in the second group,
proved to he more suitable for our purposes.

The second group comprised 191 rats. These were subjected to E. coli infection combined
with ligation of the left ureter for 48 hours. Animals that died spontaneously within 48 hours
were disregarded (Table 1).

Table |

Distribution of pyelonephritic (-{*) and intact (—) cases in group 2

More

2 3—4 5-8 9—16 20—22 40—60  than
Time of death 80 Total

days

Killed + 24 6 13 4 2 3 13 65
_ 1 4 6 5 4 2 4 26
Died spontaneously + 5 39 8 2 2 0 1 57
— 2 32 5 1 1 2 0 43

Early alterations were studied on the 48 animals constituting the third group. Save for
the 12 animals that had died spontaneously, 2—4 members of each of this group were killed 4,
8. 12, 16, 20, 24, 28, 32, 36, 40, 44 and 48 hours after ureteral ligation and E. coli administration.

Renal necrosis was induced by hormonal treatment in the 86 rats that constituted the
fourth group. E. coli was administered in a quantity of 2X K8 to 27 animals immediately
before, and to 29 animals one hour, to 15 animals two hours and to 15 rats 48 hours after
the injection of Glanduitrin.

Results

One hundred of 191 animals, forming the second group, died spontane-
ously later than 48 hours, while 91 were Kkilled. Pyelonephritis has been
induced on the side of the temporary ligature in 57 animals among the spon-
taneously died ones and in 65 among the killed ones. The time of the deaths
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and the frequency of the pyelonephritis is shown in Table I. The kidney
of 40 rats of the third group were sectioned serially. Among the latter
in 19 cases suppurative inflammation was observed, in particular in 7 cases
only in the cortex, in 4 cases only in the medulla, and in both cortex and
medulla in 8 cases.

Renal lesions in positive cases of groups 2 and 3

Gross appearance. The contents of the dilated renal pelvis and ureter
became purulent sometimes in 28 to 32, and invariably in 48 hours;
this suppuration disappeared gradually after removal of the ligature. The

Fig. /. 99 and 112-day old contracted kidneys

kidneys grew somewhat larger and patchy at 12 to 16 hours. Minute ab-
scesses appeared in the cortex and in smaller number in the medulla after 28
to 32 hours; they grew to pinhead size at 48 hours, emerged from the surface,
and coalesced at some points. They became more compact after 7 days but
were still projecting from the surface. At 20 days, the surface showed dejtres-
sions at the site of the abscesses. Different retractions of the surface
were accompanied by shrinkage at 40 days, and the latter became subse-
quently more marked (Fig. 1). No acute inflammation was registered in the
contralateral kidney. After 2 days the weight of the temporarily ligated kid-
neys exceeded by 29% that of the contralateral organ; the difference decreased
after 3 to 4 days and disappeared by the 5th to 8th day. With advaneing
shrinkage, the weight ratio turned into the opposite so that in animals having
lived longer than 80 days the temporarily ligated kidneys weighed 0.13 to
0.75 % (mean, 0.48) of that of the control organs.

Microscopic appearance. Some tubular dilatation and hyperaemia ap-
peared in two hours. Tubular dilatation then became more pronounced to
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Fig. 2. Accumulation of leukocytes in the medullary vessels after 4 hours. Haematoxylin-
eosin, X900

diminish subsequently, but was still conspicuous after a week. At seme
sites numerous polymorphonuclear leukocytes were observed after 4 hours
in the cortical capillaries and the medullary veins, especially at the base of

Fig. 3. Fresh suppurative infiltration in the outer zone of the medulla after 8 hours. Haema
toxylin-eosin, X 560
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Fig. 4. Abscess of pelvic wall penetrating into the lumen after 8 hours. Haematoxylin-
eosin, X 360

the pyramids (Fig. 2). After 8 to 12 hours beside intravascular leukocyte
accumulations occasional leukocyte aggregations and minute abscesses were
encountered sometimes interstitially in the cortex and medulla, and in the

Fig. 5. Band-like suppurative infiltrations in the cortex after 32 hours. Haematoxylin-eosin,
00
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wall of the renal pelvis (Figs 3, 4). By 16 20 hours the abscesses became
larger, more numerous and coalescent. Although their number was somewhat
higher in the cortex, initial infiltrations and abscesses could be seen all over
the kidney and even in the wall of the renal pelvis. After 24 to 48 hours larger,
bandlike infiltrations and suppuration developed (Fig. 5). At 32 to 36 hours,
triangular or rather conical infiltrations with their apex projecting into the
papillae, and at 40 hours even papillary necroses were observed. After the
first week, the site of the leukocytes became gradually occupied by round
cells and fibroblasts; all polymorphonuclears had disappeared from the inter-
stitium after the third week.

Fig. 6. Migration of leukocytes across the preserved tubular epithelium after 6 days. iNote
leukocytic cast in lumen. Haematoxylin-eosin, X 1800

Through the preserved epithelium lying in infiltrates emigration of poly-
morphonuclears into the lumen could occasionally be observed (Fig. 6). More
frequent were the necrosis and desquamation of the epithelium, especially in
the heavily infiltrated areas (Figs 7, 9, 10). Probably in this way had a large
number of leukocytes gained access into the tubular lumina with the result
that leukocyte casts developed already in 20 hours and their number was
increasing thereafter (Fig. 8). Leukocyte casts were often observed after
several weeks and even months, although at that time the infiltrations
contained no or hardly any leukocytes. Most of the tubules in the larger
infiltrations were destroyed in 3 to 4 days (Figs 9, 10), while there remained
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Fig. 7. Necrotized tubule in suppurative infiltration, at 32 hours. Haematoxylin-eosin, X 900

great masses of epithelium without lumen, they even showed signs of regen-
eration. After several weeks and months, it was hardly or not at all possible
to distinguish the remaining epithelial cells from the connective tissue cells

Fig. 8. Early leukocyte casts, at 20 hours. Haematoxylin-eosin, X 300

Ada Morphologica Acaderniae Scientiarum Illungaricae 16, 1968



92 J. ORMOS et al.

Fig. 9. Note intact glomerulus beside necrotized tubules in infiltrated area, at 32 hours.
Haematoxylin-eosin, X 220

Fig. 10. Conditions at 32 hours. A necrotized glomerulus beside the tubules in the leukocytic
infiltration; the glomerulus at the periphery of the infiltrated area shows changes suggestive
of haemorrhagic infarction. Haematoxylin-eosin, X220
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entangled with them. In such areas the PAS reaction revealed remnants of
basement membranes (Fig. 11).

Compared to the tubules, the glomeruli in the infiltrations appeared to
he considerably less damaged (Fig. 9). In no case had the inflammatory process
been seen to originate in the glomeruli of an otherwise uninjured part of
the kidney; only exceptionally was an occasional collection of leukocytes seen
on the surface of a glomerular loop even in involved areas. Some glomeruli within
infiltrated areas were necrotic, others showed signs of haemorrhagic infarction
(Fig. 10). Owing to the extensive tubular destruction, the surviving glomeruli
came to lie closely to one another, and the wall of the loops became more or
less thicker (“Schlingen-Kollaps”) (Figs 11, 12).

Pus in the renal pelvis presumably originated from the leukocyte casts
of the tubules and partly (mainly?) from the passage of leukocytes across the
pelvic epithelium, the break-through of abscesses from the wall to the pelvic
lumen; the latter phenomenon could he observed 8 hours after the infection
already (Fig. 4).

After an initial decrease, the bacterial count in the kidneys increased
rapidly until the 48th hour. It decreased thereafter, hut was still high after a
week. The sudden decrease after the 48th hour may have been caused by the
release of the ligature which made possible the removal of a great number of
bacteria with the urine (Table Il and Fig. 13).

Group 4. Administration of E. coli elicited no pyelonephritis if cortical
necrosis had been induced by hormonal treatment. The mild inflammatory
changes were not more pronounced than those developing at such cortical
necrosis or induced by E. coli without any other intervention. Irrespective
of whether the animals received the bacterial suspension immediately before,
or 1, 2 or 48 hours after the administration of Glanduitrin, bacterial count in
the kidneys decreased rapidly; the rate of decrease was equal in the test
animals and in the controls which received only E. coli (Table Il and Fig. 13).

Discussion

Although pyelonephritis could he induced by the intravenous introduc-
tion of bacteria without any other intervention in different frequencies [4, 8, 9,
14, 17, 23, 28, 40], it seemed more similar to the human pathomechanism to
enhance the kidney’s susceptibility to the bacteria circulating in the blood.
This was usually achieved by artificial urinary congestion. In principle, con-
striction of the ureter [16, 31] was the solution at hand, hut practice has
proved the permanent or provisional ligation of the ureter or its obstruction
in some other anatomical or functional way an easier method. This
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Table 11

Bacterial count in the kidney%

Time between infection

and sacrifice o 15 20- 30' 60' 2 hours 6 hours
2.0 m105 29 104 5.0 w10s 8.8 m103 4.1 «103
4.4 <104 29 104 1.0 -104 84 w103 3.9 103
4.2 101 127 104 3.6 -103 7.6 <103 3.3 m103
3.8 104 1 2.4 104 35 -.103 6.1 =103 2.5 =10»
1.8 «104 2.4 104 2.0 -103 6.0 =m03 2.4 .103
Control animals (received 23 104 8.0 -102 3.8 w103 1.9 =103
only bacterial suspen- 21 104 32 <103 1.1 .103
sion) 15 104 21 103 9.5 «102
1.4 104 1.7 =103
1.3 104
1.2 104
9.7 101
45 103
3.9 101
2.0 103
Infection immediately 3.4 «104 3.9 m104
before the administra- 3.2 «104 3.8 m104
tion of pituitary extract 1.8 « 104 8.5 103
15 «]04 8.4 +103
3.6 « 103 6.2 « 103
1.3 - 103
& 5.0 + 102
8 1.9 <102
&
— Infection 1 hour after the 1.6 « 10> 2.8 m104 4.5 «103 6.9 «103
2 administration of 1.0 « 105 1.5 «104 1.0 103 6.0 * 10>
2 pituitary extract 5.4 «104 6.6 103 45 m101
5 1.4 103
=
8
<
(=]
§ Infection 2 hours after 1.4 104 1.4 mJO3
B the administration of 1.3 104 1.1 <103
pituitary extract 6.7 - 103 1.0 103
5.1 m103 8.6 m102
Infection 48 hours after
the administration of
pituitary extract
Infection combined with 3.5 «104 6.0 «JO3
48 hours ligation of left 1.3 <104 6.0 « 103
ureter 9.4 <103 5.0 « 103
9.2 «103 4.9 <103
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referred to 1 g of renal tissue

24 hours

7.0 10-
22 10*
41 10"
4.0 10"
44 10"
8.2 10*
7.8 102
6.0 102
8.2 102
2.4 102
2.0 102
1.5 102
1.2 102
1.1 102
6.4 10
5.0 10
2.0 10
19 104
6.8 102
6.0 102
2.0 102
24 10p
3.3 10
8.8 10*
8.4 10*
7.2 102
8.7 10
6.7 10"
1.4 10"
4.0 10*
7.8 10
1.9 10s
13 10’
6.4 10"

2 (lays

6.0 «10*
4.6 « 10*
4.4 m10*
1.0 - 10*
7.0 m10'

4.6 < 10*

3.0 108

1.8 « 10"
1.2 « 10"
24 <10

3 days

0

0
0
0

EXPERIMENTAL PYELONEPHRITIS

4 days

1.5 « 10*
2.4 « 10
0
0

9.7 m10'

2.0 « 10*

2.1 - 10"
1.8 - 10"
5.4 <105
6.0 « 10"

5 days

1.0 m10"
6.8 « 10*
6.1 m10*
5.7 m10*
54 m10*
2.6 « 10*
11 «10*
3.8 « 10

8.4 m10'
7.4 « 10
5.0 m10'

6 days

O OO0 ooo

7 da)

105
105
10’
10~
10"

95

8 days

7.8 m10'
3.8 m10'

9.8 « 10

O O oo

o O oo o
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Fig. 11. Conditions at 112 days. Note closely packed glomeruli in the shrunken cortex.
The connective tissue contains remnants of tubular epithelium and basement membranes.
PAS stain, X 220

Fig. 12. Detail of shrunken kidney after 99 days. Haematoxylin-eosin, X 35
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germs

Fig. 13. Mean values of bacterial counts shown in Table Il. Data regarding the 48-hour group
of hormonally treated animals are not indicated

controls; — — = hormonal treatment and E. coli infection immediately before
administration of pituitary extract; —es—es —ee = hormonal treatment and infection | hour
after administration of pituitary extract; ........... =hormonal treatment and infection
2 hours after the administration of pituitary extract; ureteric ligation for 48 hours

procedure was usually combined with the introduction of the bacteria into
the blood [6, 7, 13, 15, 18, 23, 27, 29, 30, 36, 39] or the urinary tract [2,
21, 37].

It was intended to employ in this study a method that seemed to imitate
human pathomechanism as closely as possible. Pyelonephritis is mostly of
haematogenic origin [41]; the experiments of Rényi-Vamos and Horvath [33]
have shown that even urogenital infections induce pyelonephritis by the wav
of blood-vessels, although in this case their spread by the urinary channels
or lymphatics would seem to be more obvious. Led by such considerations,
we decided to apply haematogenous infection using E. coli, the most frequent
bacterium in human pyelonephritis [20, 34], and rendered the kidney more
susceptible by a temporary ligation of the ureter because, wherever the infec-
tion originates, a disturbance of urinary passage is the most important pre-
disposing factor [34], and temporary impediment of urine flow is probably
the factor concerned most frequently [5]. We regard the changes provoked
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in the present experiments as pyelonephritis since they consisted in a lesion
which had started with an acute inflammatory process of the kidney and fre-
guently also the renal pelvis, involving gradually both the cortex and medulla,
producing a chronic lesion of interstitial location but causing tubular destruc-
tion and finally renal shrinkage. This process did not alter considerably the
renal function for a long time, for animals usually did not die of renal failure
even if the contralateral kidney had been removed.

W e believe that the present experiments admit of certain inferences to the
pathomechanism of human pyelonephritis. We found, in harmony with the
rabbit experiments of Mallory etal. [27], that the development of the disease
depended to a great extent on the virulence of the bacterial strain. Like
Brumfitt and Heptinstall [6] we, too, observed a correlation between
the duration of ureteral ligation and the frequency of pyelonephritis; the
time of ligation can, however, not be extended beyond some limit lest
irreversible pyonephrosis develops (48 hours seemed to be the most appro-
priate length of time).

It is not known why the kidney becomes susceptible in cases of bacter-
aemia [5, 9]; the present study did not, moreover, allow inferences to why
disturbed urine flow was an important factor in the pathogenesis of pyelonephri-
tis. The theory has been advanced that renal ischaemia may, as regards infec-
tion, create a site of lessened resistance [5, 38]. In this respect we wished to
obtain information by inducing ischaemic necrosis combined with hematogenous
infection. The result was negative, as we did not succeed in producing pye-
lonephritis, although the two procedures had been combined in several time-
relations. That the number of bacteria in the kidneys of the test animals was
practically equal to that of the controls points to the fact that the failure
of causing pyelonephritis was not due to a vasospasm-conditioned inability of
the bacteria to gain access to the kidney in sufficient numbers; it showed
furthermore that the hormonally induced renal injury offers no such favour-
able conditions for bacterial proliferation as did arterial ligation in the
studies of Heptinstall and Stryker [24].

We paid particular attention to initial changes. In contradiction to cer-
tain earlier [27] and more recent [41] observations the inflammatory process
did not seem to originate from the glomeruli or the tubules; it always started
around the interstitial vessels. As noted also by Heptinstall [22], leukocytes
usually invaded the tubules across the damaged epithelium, although emigra-
tion was observed also between apparently unimpaired epithelial cells.

While the hyperaemia two hours after the intervention may have been
due solely to ureteral ligation, the accumulation of leukocytes, observed in the
vessels sometimes already after four hours, and especially the interstitial
leukocytic infiltrates seen at certain points after eight hours, had to be con-
sidered the initial stage of the inflammatory process. Our observations did not

Acta Morphologica Academiae Scientiarum Hungaricae 16, 1968



EXPERIMENTAL PYELONEPHRITIS 99

support Heptinstall’s [22] suggestion that subepithelial leukocytic infiltra-
tion in the renal pelvis developed only in case of ascending infection. We found
that haematogenous infection might commence in cortex and medulla alike,
and even in the renal pelvis, giving rise to the starting point of the inflam-
matory process in any of these areas. Spreading, these foci manifest themselves
as pyelonephritis. Our observations do not, therefore, support the theory
that initial changes are mostly or exclusively restricted to a certain part of
the kidney [9]. Intrarenal spread of the process occurs in the interstitial spaces
and the experiments of Rényi-VAmos [32] seem to show that the lymph
vessels are not involved in this respect. It is, of course, indéniable that the
site of the changes may differ according to the animal’s species, the type of
the microorganism and to the experimental conditions. Owing to its richer
blood supply, a presumably larger number of microorganisms gain access to
the cortex; the rabbit experiments of Freedman and Beeson [10] have,
however, shown that the cortex requires more bacteria than the medulla for
the development of changes, so that these tw o factors may balance each other
to some extent. Human observations as well as animal experiments support
the assumption that pyelonephritis is usually a bacterial inflammatory renal
disease of haematogenic origin which may start at any point of the kidney
or the pelvis. As it has recently been emphasized [11,41], the renal pelvis is
not necessarily involved in the process.
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BEITRAGE ZUR ENTSTEHUNG DER EXPERIMENTELLEN PYELONEPHRITIS

J. ORMOS, ZS. CSAPO und J. 1antos

An Ratten konnte mittels intravendser Injektion einer Escherichia-coli-Suspension und
18stindiger Konstriktion des einen Ureters an der abgebundenen Seite bei 61% der Tiere eine
zunéchst mit AbszeBbildung einhergehende, dann sich in eine Schrumpfniere umwandelnde
Pyelonephritis herbeigefihrt werden. Die friheste Leukozytenemigration wurde 8 Stunden
nach der Einspritzung der Bakteriumsuspension beobachtet, doch war in einzelnen GeféRen
bereits 4 Stunden nach der Injektion bisweilen eine Leukozytenanhdufung zu sehen. Als Aus-
gangspunkte des pathologischen Prozesses konnten die in der Rinden-, in der Marksubstanz
bzw. in der Nierenbeckenwand auftretenden entziindlichen Veradnderungen gleicherweise
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dienen. Weder die Rinden-, noch die Marksubstanz zeigte eine bedeutende Prédisposition zu
anfanglichen Veranderungen. Der Prozel setzte jeweils im Interstitium ein und pflanzte sich
darin fort; die Schadigung des Nierenparenchyms sowie das Eindringen von Leukozyten in
das Lumen der Kanédlchen waren sekundédre Erscheinungen. In den Glomerula einsetzende
Entzindungsprozesse wurden nicht beobachtet, und die Glomerula blieben selbst bei schwerer
interstitieller Entzindung und ausgedehntem Kandlchenuntergang gegeniiber der Schadigung
relativ resistent. Die auf hormonalem Wege durch Nierenischdmie herbeigefiihrte Nieren-
rindennekrose bewirkte keine erhéhte Empfanglichkeit der Nieren gegeniiber den intravends
eingespritzten Krankheitserregern.

OAHHBIE K PA3BUTUKO 3KCMEPUMEHTA/IBHOIO NMMEANOHE®PUTA

. OPMOLW, X. YAMO u . NAHTOW

B 3kcneprMeHTax Ha Kpbicax MyTeM BHYTPUBEHHOrO BBELEHWS| B3BECW KWLLEYHOW mMa-
noyku (Escherichia coli) n 48-4acoBoro cxaTus OLHOr0O MOYETOYHMKA, Ha CTOPOHE CXKaTuA
B 61% >KMBOTHbIX YA&N0Ch BbI3BATb MUENOHEPPUT C 06pasoBaHMeM abCLeccos, Npeo6pasoBbi-
BAlOLLMICA BMOCNEACTBMN B CMOPLUEHHYIO MOYKy. Camas paHHAs aMurpauus neiikouuToB
Hab/ofasack yepes 8 uacoB Moc/ie BBEAEHMS B3BECU MMKPOOOB. lMoguac yxe depe3 8 uacos
nocrie BBEAEHMA MMKDOGOB B OTAE/bHbIX COCyAax 6bl0 OTMEYEHO HaKOMMeHWe NeiikoLnToB.
McxofHo TOuKOWM NaTonorMyeckoro mnpouecca paBHbIM 06pasoM MOMAM MOCAYXWTb BOCManu-
Te/lbHble W3MEHEHUsl KOPKOBOrO W/ MO3TOBOTO BELIECTBA MOYeK, KaK W CTEHKW TOYedHON
NOXaHKW. 3HauuTeNnsHOM NPefpacrofioXeHHOCTU K HadaslbHbIM M3MEHeHWAM He Habntofanoch
HM B KOPKOBOM C/i0€, HY B MO3rOBOM BeW|eCTBE MOYKW. MMaTonornyeckuii npouecc scerga Ha-
YMHANCA W PacnpoCTPaHANCs B WHTEPCTMLMANbHOM Lwenw. [MopaxeHwe napeHxumbl W nona-
[iaHvie NenKoUMTOB B MPOCBET KaHanblLeB O6blv BTOPUYHBIMK SBNEHUSMUW. BocnanuTenbHoro
npoLiecca, HavasLLIEroca B Kny6oukax, He HabMofanoch. [Jaxe npu HaiMuMm TAXKENbIX UHTEp-
CTULMaNbHbIX BOCMANNTENbHBIX U3MEHEHWA W PacipOCTPaHEHHOrO HeKpPO3a KaHasblieB, Kny6ou-
K/ OKasaMCb OTHOCUTE/IbHO PE3NCTEHTHBIMW B OTHOLLEHUM MOPKEHUs. HeKpo3 KOPKOBOro
CMOS MOYEK, BbI3BaHHbIA FOPMOHa/IbHLIM MyTeM MOCPEACTBOM MOYEYHOW WLUEMUM, HE MOBbICWN
BOCMPUMMYMBOCTb MOYEK B OTHOLLUEHWWM MATOTEHHbIX MUKPOOOB.

r. Jeno (?,rmo,s Kdrbonctani ?-nté’zet, Szeged,'Hungarg
Dr. Zsolt Csapo
Dr. Judit Lantos; Kodzegészségligyi és Jarvanyigyi Alloméas, Szeged,

Hungary
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ENDEMIC CARDIOMYOPATHY
OF BEER CONSUMERS

G. Rona

Quebec and Omaha investigators have described in heavy beer drinkers an
endemic primary myocardiopathy with a characteristic symptomatology. Some cases
terminated fatally within 24 hours following hospitalization. The study describes the
histopathology of 25 cases. The histopathological changes of the heart are characterized
by a combination of acute hyaline myofibre necrosis, chronic vacuolar dystrophic myo-
cardiopathy and the absence of any significant reactive change.

Over a period extending from August, 1965, to May, 1966, fortyseven
male patients were studied in Quebec City presenting the following combina-
tion of clinical findings: heavy beer drinkers, shortness of breath, epigastric
pain, greatly reduced cardiac output, congestive heart failure and electro-
cardiographic abnormalities [1]. Twenty patients died soon after admission
whereas most of the others, who survived the first 24 hours in the hospital,
recovered. The patients almost exclusively were residents of the same section
of Quebec City, called Lower Town situated between the St. Lawrence river
and the high bluff, known as Cape Diamond [2].

Coinciding with the Quebec outbreak a similar syndrome was reported
by Omaha investigators [3]. All twenty-six patients studied were young or
middle aged males, who had a history of drinking. The ingestion of the alcoholic
beverage, primarily beer, ranged from 27 to 144 ounces daily for 10 to 15 years.
The syndrome was characterized by acute dyspnoea and weakness followed
by predominantly right sided congestive failure. Other findings were oedema,
hepatic tenderness, tachycardia, hypotension, electrocardiographic abnormal-
ities, marked cardiomegaly and pericardial effusion. Laboratory findings in
some patients indicated thiamine deficiency and lactic acid acidosis. Ten
patients died within 72 hours of admission. At autopsy the cardiac change tvas
considered to he nonspecific diffuse myocardiopathy or myocarditis. A perti-
nent pathological finding was severe centrilobular hepatic necrosis and con-
gestion. In 8 survivors biopsy revealed a varying degree of cirrhosis. These
hepatic changes suggested a nutritional deficiency secondary to excessive
alcohol ingestion.
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Material and method

Early in the outbreak of Quebec cases, the author through the courtesy of Dr. Jean
L. Bonenfant, Associate Professor in Pathology, Laval University, had the opportunity to
study the histopathological changes in 17 autopsied cases. When the Omaha cases had become
known, he also investigated the autopsy protocols and slides available to May 1966 at the
Omaha Veterans Administration Hospital through the courtesy of Dr. James F. Sullivan,
Professor of Medicine, Creighton University. These two groups are comparable and for this
reason they are discussed together in the present paper.

I. Autopsy findings

The heart was generally enlarged. The heart weight in Quebec ranged
from 350 to 690 g, and in the Omaha series 425 to 600 g. The average weight
was 500 and 538 g respectively with a combined average of 512 g (Table 1).

Table 1
Quebec Omaha Combined
No. of cases
17 8 25
Heart
Infarct | 1
Hypertrophy 13 8 21
Average weight, g 500 538 512
Coronary sclerosis 6 2 8
Mural thrombi 4 2 6
Hydrothorax 15 5 20
Hydropericardium 13 4 17
Ascites 11 2 13
Thrombo-embolic phenomena 6 2 8
Lung
Congestion 8 7 15
Haemorrhage 5 5
Infarct 2 1 3
G.l. tract
Haemorrhagic oesophagitis 5 4 9
Gastric or duodenal ulceration 2 3 5
Gastric haemorrhage 9 3 12
Liver
Congestion 11 3 14
Steatosis 4 4
Cirrhosis 1 1 2
Splenomegaly 3 1 4
Lipoid nephrosis 2 — 2
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The cardiac chambers were dilated. The myocardium was flabby and pale.
In 8 cases there was mild to moderate degree of coronary atherosclerosis.
The lumen of the coronary arteries, with one exception, did not show any
significant reduction. In one case a macroscopic infarct was discernible, which
apparently was unrelated to occlusive coronary artery disease. Mural endo-
cardial thrombi were present in 6 cases.

The most frequent extracardiac findings were fluid accumulation in
serous cavities in the form of hydrothorax, hydropericardium and ascites,
and thrombo-embolism involving the renal, iliac, femoral arteries and abdom-
inal aorta; the branches of the pulmonary artery were the site of thrombosis
or embolism leading in 6 cases to haemorrhagic consolidation and infarction
of the lungs. Gastrointestinal lesions were frequent in the form of diffuse haemor-
rhagic necrosis of the oesophagus, acute peptic gastric and duodenal ulcers
and erosive gastritis with haemorrhage. Hepatic lesions encountered were con-
gestion (14 cases), steatosis (4 cases) and nutritional cirrhosis (2 cases) asso-
ciated in 1 case with haemosiderosis. Splenomegaly (4 cases) and lipoid
nephrosis (2 cases) were other findings.

[1. Hislopathological studies

7. Cardiac changes

Based on the study of 25 eases the components of the cardiac lesion can
he classified into three categories: acute and chronic retrogressive myocardial
alteration and reactive changes of the stromal elements (Table 2).

A) Acute myocardial alteration in the form of hyaline necrosis was
observed in 14 cases. The lesion involved all chambers equally; no specific
subendocardial predilection characteristic of anoxaemic myocardial necrosis
was noted. In 3 cases the necrosis was infarct-like and in 11 cases focal (Fig. 1).
Although cellular reaction was insignificant, the site of the lesion was distinctly
demarcated from the adjacent intact areas by cytoplasmic eosinophilia (Fig. 2).
In PAS sections there was disappearance of intracytoplasmic glycogen. PTAH
stain revealed a loss of cross striation. The alteration of the contractile ele-
ments was more advanced than were the nuclear changes.The enlarged, irreg-
ular nuclei presented a condensation of chromatin; with progression of the
necrobiotic process together with the contractile elements the nuclei also
disappeared.

B) Vacuolar degeneration was the most conspicuous chronic myofibre
change (Fig. 3). The cytoplasmic vacuoles were generally multiple and partic-
ularly prominent on cross section and less apparent in longitudinal sections,
['he vacuoles were different in shape and size and produced a fusiform swelling
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Table 2

Components of histological changes

Quebec Omaha Combined
No. of hearts examined 17 8 25
A) Acute myocardial changes
Necrosis 12 2 14
focal 9 2 1
infarct-like 3 — 3
B) Chronic myocardial changes
Vacuolar change 17 8 25
Lipochrome 5 3 8
Hypertrophy 6 4 10
Atrophy and shrinkage 12 6 18
Dystrophy 12 6 18
Myocytolysis and fading 13 5 18
Empty sarcolemmal sheath 12 7 19
C) Reactive changes
Oedema 6 4 10
Focal inflammation 5 4 9
Fibrosis 4 2 6
Capillary proliferation 7 3 10
Arteriolar swelling 8 5 13

of the muscle fibres (Fig. 4). A segment of certain muscle bundles rather than
certain specific layers of the myocardium was effected. Swelling, uneven stain-
ing of the cytoplasm and disorganization of the contractile elements can be
interpreted as evidence of myofibre dystrophy. Groups of enlarged fibres
showed coarse irregular myofibrils. The latter presented a characteristic peri-
pheral arrangement leaving at the central portion of the distended muscle
fibres a pale structureless basophilic area. Less frequently the contractile ele-
ments exhibited a haphazard distribution. Some other fibres were shrunken
and exhibited a dense basophilic cytoplasm (Fig. 5). There was an increase of
lipochrome content of the fibres. The nuclei were of irregular shape and size
and rich in chromatin. Dystrophic and vacuolar fibres alternated (Fig. 6).
The fading fibres and empty sarcolemmal sheaths gave to the myocardium
a moth-eaten appearance (Fig. 7). In other foci, together with contractile
elements and other cytoplasmic components the sarcolemmal sheaths also
disappeared leading to myocytolysis. Fat tissue replacement (lipomatosis) of
the vanished myofibres completed the process. Frozen sections stained with

Acta Morphologica Academiac Scientiarum Hungaricae 16, 1968



ENDEMIC CARDIOMYOPATHY 107

Fig. 1. The darkly staining myocardial fibres are devoid of cross striation and represent focal
hyaline rnyofibre necrosis. PTAH. X 125

Fig, 2. Massive infarct-like well demarcated myocardial necrosis. PTAH. x40
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Fig. 3. Vacuolar degeneration of the myocardial fibres. H. et E. X250

Fig. 4. Intracytoplasmic vacuoles situated along the longitudinal axis and leading to fusiform
swelling of the muscle fibres. H. et E. X125
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. 5. The combination of acute and chronic myocardial changes with muscle fibres presenting
dense basophilic cytoplasm. PTJ/IH. 400

. 6. Dystrophic myocardial fibres presenting peripheral condensation of myofibres. PTAH.
X 125
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Fig. 7. Empty sarcolemmal sheaths and moth-eaten appearance of the myocardium. PTAPL
X125

Fig. 8. Disappearance of myocardial fibres leading to collapse fibrosis. PTAH. X 12S
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Sudan IV were available in 7 cases. In all of these fatty metamorphosis of
varying intensity was noted in the form of fine intracytoplasmic droplets.

C) The pertinent feature of the myocardial lesions was the remarkable
lack of reactive changes. Associated with hyaline necrosis there was edema
and minimal cellular reaction, consisting mainly of mononuclear cells. Pro-
nounced cellular reaction was recognized only in one case, which showed
eosinophils, histiocytes and mast cells; this finding was regarded as an excep-
tion. The apparent fibrosis in chronic cases resulted from the myofibre collapse
rather than from fibrous connective tissue proliferation (Fig. 8). The scars
contained engorged capillaries.

A peculiar pathognomonic change was noted in the small myocardial
arteries, arterioles and capillaries. The wall of the involved vessels was swollen.
The central portion was occupied by a watery substance which separated the
intimai and adventitial layers apart and gave rise to the formation of a double
contour image (Fig. 9).

2. Extracardiac lesions

The most frequent extracardiac lesion was widespread central or con-
fluent hepatic necrosis associated with fatty metamorphosis and minimal
cellular reaction (Fig. 10). In two cases the hepatic changes were consistent
with nutritional cirrhosis. Sections from the lung showed congestion, oedema
and haemosiderosis. There was no significant thickening of the alveolar septa.

Other histopathological findings Mere consistent with, and supported, the
gross observations.

Discussion

Even though the association of chronic alcoholism and heart disease
has been known for along time, the clinical findings and the sudden unexpected
death of beer drinkers in Quebec and Omaha were regarded as a medical
mystery [2, 4]. The role of beer in producing cardiac damage is reflected by
the term “Minchener Bierherz” described in 1884 [5]. The real nature of this
entity has never been clarified. An undue number of cardiomyopathy cases
in alcoholics were reported by Brigden and Robinson [6] in 1964; one third
of their patients Mere exclusively beer drinkers with an average daily consump-
tion of 8.5 litres. Alcoholic cardiomyopathy, however, usually accompanies
ingestion of concentrated alcoholic beverages rather than beer [7] and the
ensuing myocardial hypertrophy, fibrosis and cellular reaction [8] as well as
interstitial and intracytoplasmic oedema [9] arc quite different from the exten-
sive necrobiotic myocardial alteration herein described and designated by
Bonenfant [10] as myocardosis.
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Fig. 9. The characteristic double contour image of a small artery formed by the compressed
intimai and adventitial coats. PTAH. X400

Fig. 10. Widespread hepatic necrosis associated with fatty change. H. et E. X40
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Chronic alcoholism results in thiamine deficiency. In this hemisphere
the alcohol conditioned heri-heri heart disease differs considerably from the
classical syndrome described in the Orient [11]. Evidences for differentiating
the clinical symptomatology [12, 13] and pathological changes [14, 15] of
alcoholic cardiomyopathy and heri-heri heart are inconclusive [16]. H udson
[17] who regards alcoholic cardiomyopathy as a clinical entity doubts its
specific pathological nature. Alcoholic heart disease prevails in spite of the
fact that brewers are well aware of the slur cast on their products for deficient
content in thiamine and want to improve this condition.

The endemic cardiomyopathy of beer consumers resembled clinically
acute fulminating (Shoshin) cardiac beri-beri [18]. In follow-up studies, how-
ever, thiamine had not therapeutic effect, the recovery of patients was pro-
longed and some cardiac changes were irreversible [2, 19]. The histopathology
was vaguely comparable with that of other rare chronic smouldering myo-
cardial damage such as observed in cardiomyopathy of pregnancy [20], mus-
cular dystrophy [21, 22], and myocardial disease of undetermined aetiology
occurring in Cali, Columbia [23]; nevertheless the combination of hyaline
myofibre necrosis, chronic dystrophic and vacuolar myocardial changes and
the absence of any significant cellular reaction and fibroblastic response
together with the peculiar double contour appearance of the myocardial blood
vessels could he regarded as pathognomonic for the present cases. The charac-
teristic myocardial pathology allowed the recognition of new cases and helped
in the identification of the Omaha series [19].

Brigden and Robinson [6] suggested that in addition to the direct
toxic effect of alcohol other factors play a role in conditioning and perpe-
tuating the cardiac process. The morphological changes observed in the present
series similarly point to a complex pathomechanism. For this reason in experi-
mental studies several conditions which may be implicated in the evolution
of the human syndrome are being investigated. These are the direct toxic
effect of alcohol and beer or beer components, associated infection or altered
immune response, interference with the nutrition and intracellular metabolism,
thiamine deficiency and blocking of an enzyme or enzyme systems by the
beer constituents. It is hoped that a proper experimental model could be
evolved that may help to elucidate the nature of the mysterious cardio-
myopathy and death cases of beer consumers.
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ENDAMISCHE KARDIOMYOPATHIE DER BIERTRINKER
G. KONA

Forscher in Quebec und Omaha beobachteten bei starken Biertrinkern eine endemische
priméare Kardiomyopathie mit charakteristischer Symptomatologie. Einige Félle endeten t6d-
lich innerhalb von 24 Stunden nach der Hospitalisation. Die Histopathologie von 25 Féllen
wird beschrieben. Die histopathologischen Verdnderungen des Herzens waren durch akute
hyaline Muskelfasernekrose, chronische vakuoldre dystrophische Myokardiopathie und das
Fehlen signifikanter reaktiver Verdnderungen gekennzeichnet.

OQHAEMWNYECKAA KAPAVWOMWOIIATUNA ¥y L, NMOTPEBNAOWNX
BOJ/IbLUOE KOJ/IMYECTBO MMWBA
r. POHA
KBebekckue 1 OMaxalickue UCCneoBaTesM onucaan Ciydyau SHAEMUYECKON MepBUYHOI
KapAMonaTun y Go/bHbIX C «MUBHBIM CEPALEM» C XapaKTepHOI CuMNTOMaTonormeil. HekoTopble
cnyyan B npefdenax 24 4acoB Moc/ie rocnuTaIu3aluy KOHUMIUCH CMEPThHO. [laeTcs onucaHue
rucronatonorum 25 cnyvaeB. [MCTONATONOrMYECKME W3MEHEHUs CepALa XapaKTepuayroTcs

CO4ETaHMEM OCTPOro rmasHoBOro HEKPO3a MbILEYHbIX BO/TOKOH, XpOHI/I‘-IECKOﬁ BaKyOﬂbHOVI
,qVICTpO(*)VI‘-IECKOVI MUoKapgnonatun M OTCYTCTBUA AOCTOBEPHbIX PEAKTUBHbLIX WU3MEHEHUN.

Dr. G. Rona; Laboratories of the Lakeshore General Hospital and McGill
Univ., Montreal, Que, Canada

Acta Morphologica Academiae Scientiarmti Hungaricae 16, 1968



Acta morphologica Acad. Sei. hung. 16 (1), pp. 115— 119, 1968

First Department of Pathological Anatomy and Experimental Cancer Research
(Director: Prof. J. Balo), University Medical School, Budapest

AUTORADIOGRAPHIC INVESTIGATION
OF DNA SYNTHESIS IN THE CHROMOSOMES
OF THE jRK ASCITES SARCOMA

M. Sertyei

DNA synthesis of hyperdiploid cells of JBK ascites sarcoma was investigated
by autoradiography after the administration of ;iH-thyrnidine. In telocentric chromo-
somes the parts distant from the centromere were found to replicate later. The early
replication of the parts around the centromere speaks for the formation of the medio-
centric marker chromosome by means of translocation.

Ascites sarcoma J"K was developed by Juhasz, Balé and Kendrey,
[6] by administering to mice a 1% solution of amobarbital intraperitoneally.
[n seven months, one of the animals developed retroperitoneal sarcoma which
was successfully transplanted subcutaneously, then transferred into ascitic
form and maintained through more than 500 passages. The tumour proved
suitable in experimental work. Kodvi and Németh reported on its cytology
and growth conditions [7], further on the chromosomes of the tumour cells [8].
The stem-line chromosome count turned out to be 43. The tumour cells con-
tained two long marker chromosomes, different from each other and similar
to the chromosomes type A and B, respectively, observed in Ehrlich’s hyper-
diploid ascites tumour [1]. There occurred 2 3 minute chromosomes as well.
The rest of chromosomes were telocentric with no difference either in size or
form from the normal chromosomes of the mouse [9]. In about 15% of mitotic
cells in JBK ascites sarcoma, the number of chromosomes ranged near the
tetraploid value of 80.

The DNA which is of the greatest importance in determining hereditary
qualities of the cells is contained in the nuclei i.e. during mitosis, in the
chromosomes. DNA contains thymine and RNA contains uracyl, whilst three
other nucleotides (adenine, guanine and cytosine) are ingredients of both
DNA and RNA. For the exact investigation of chromosome replication
Taytor et al. [17] recommended to use tritium-labelled thymidine which be-
comes built into DNA during its synthesis in an elective way. Tritium is emitt-
ing beta-rays, the spreading distance of electrones in photosensitive emulsion
being about 3 ft [15]. Thus, the site of incorporated :IH-thymidinc can be
detected by autoradiography [13].

Lima-de-Faria [10] was the first to show that in the chromosomes of
the spermatocytes of the grasshopper Melanoplus differentialis. DNA synthesis

H* .Ida Morphologica Academiae Scientiarum llungaricae 16, 19f)H



116 M. SELLYE!

takes place in an asynchronous way. A delayed synthesis of DNA by genetically
inactive chromosomes could he observed in mammalian tissue cultures too,
since there was an increased uptake of 3H-thymidine at the end of the phase
of synthesis [4, 11, 12, 16].

The aim of the present investigation was to characterize the chromosomes
of JBK ascites sarcoma from the point of view of DNA replication.

Material and methods

W hite mice weighing 22—24 g and from our own breed were inoculated intraperitoneally
using a suspension containing 2 « 106cells of JBK ascites sarcoma. 10—12 days after the implan-
tation, 70 //(® of 3H-thymidine (Cea-Cen-Sorin, Mol, Belgium; Activity: 12 000 mC/mM) were
administered intraperitoneally, when then 6, 10 and 14 hours later the animals were sacrificed.
4—5 hours after a solution containing 25 //g demecolcine was injected intraperitoneally. The
ascites was centrifuged and the cells were incubated at 37 °C for 20 minutes in hypotonic saline.
After renewed centrifuging the cells were fixed in absolute ethanol and glacial acetic acid 3:1,
resuspended in 60% acetic acid, and spread on slides covered with chromegelatin. The prep-
arations were stained with acetic orcein, dried and covered with Kodak AR.10 stripping film.
After 14—30 days exposition, the slides were developed, and 100 mitotic cells of each animal
were examined for 3H-labeling. Well labeled mitoses were photographed, then the silver grains
and the gelatin removed according to Blanchi et al. [2], the preparations restained and the mi-
toses photographed again.

Results

In comparison with the previous observation [7], an increased rate of
tetraploid cells was found. Varying from animal to animal, 20—40% of the
mitotic cells contained 72—84 chromosomes while 20—24% of the cells,
43 chromosomes. This can be considered the JBK ascites sarcoma’s modality
count. Chromosome counts of the rest of the mitoses were also within the
diploid range.

We found only one labeled mitosis out of 200 mitotic cells (0.5%) when
examined 6 hours after the administration of !H-thymidine. After 10 hours
the rate was 18%, and after 14 hours, 38%. The mitoses took up the labeled
substance with different intensity. In telocentric chromosomes, uptake was
more expressed in the parts far from the centromere than in those around it
(Fig. 1). The chromatides of the marker chromosome type A showed a secondary
constriction (the primary one indicating the centromere). Above it, in spite
of a lower DNA content, the intensity of labeling was similar to that of the
neighbouring parts. The mediocentric marker chromosome type B took up
the :H-thymidine poorly in the region of the centromere, and a difference
wras obvious between the two arms (Figs 1, 2). Most minute chromosomes were
labeled.

In the marked mitotic cells we failed to find those typical, “hot” chro-
mosomes, characterized by late replication and by massive uptake of :iH-
thymidine, and observed e.g. in tumours of the golden hamster [5].
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Discussion

According to Potter, :H-thymidine is rapidly built into the cellular
DNA; otherwise it becomes disintegrated and eliminated within one hour.
Consequently, the labeled mitoses in our material received :IH-thymidine only

Fig. 1 Karyotype of JBK ascites sarcoma cell. Right: group of marker chromosomes. Bottom:
same chromosomes after :;H-thymidine autoradiography. Distal parts of telocentric chromo-
somes show slightly increased 3H-thymidine uptake

for a short period of DNA synthesis — namely in a later one, since even 14
hours after the administration of labeled thymidine only 38% of the mitotic
cells showed uptake. It follows that the unlabeled parts of the chromosomes
had become replicated before administration of 3H-thymidine.

In telocentric chromosomes, the parts around the centromere took up
less of the labeled substance than the distal parts of chromatides. The environs
of the centromere in the type B marker chromosome remained unlabeled
(Fig. 2). This phenomenon suggests the formation of this mediocentric chro-
mosome by the fusion of two telocentric forms (translocation).

The constriction of the type A marker chromosome showed no decrease
of :iH-thymidine uptake in contrast to expectations. This might have been
due to the lateral radiation of tritium in the neighbouring parts of the chromo-
some resulted in the appearance of silver grains above the secondary con-
striction.

Evans et al. [3] found that in the chromosomes of the mouse’s somatic
cells (bone marrow, spleen, thymus) in the later phase of DNA synthesis the
'H-thymidine was built in especially into the proximal parts of the chromosome,
near the centromere. The case was just the opposite in the telocentric chromo-
somes of JBK ascites sarcoma. The aim of our further investigations will be
to clarify whether the late replication of the distal parts of chromosomes
represents a phenomenon characteristic of the JBK tumour.
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Fig. 2. Marker chromosomes of four tumour cells presented separately. The upper arm of
the long metacentric chromosome incorporated relatively little amount, while the region
around the centromere, no 3H-thymidine
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AUTORADIOGRAPHISCHE UNTERSUCHUNG DER DNS-SYNTHESE
IN DEN CHROMOSOMEN DES JBK-ASCITES-SARKOMS

M sellyei

Die DNS-Synthese in den hyperdiploiden Zellen des JBK-Ascites-Sarkoms wurde nach
Einfuhrung von 3H-Thymidin mit der autoradiographischen Methode untersucht. Die Repli-
kation der vom Zentromer entfernter liegenden telozentrischen Chromosomen erfolgt relativ
spater. Durch die frihe Replikation der um das Zentromer liegenden Teile wird das im Wege
der Translokation vor sich gehende Entstehen der mediozentrischen Marker-Chromosomen
bestatigt.

ABTOPAJMNOMPA®UNYECKOE WCCNEAOBAHWE CUHTE3A
NE30KCUPUBEOHYKNENHOBOW KUCAOTbI B XPOMOCOMAX ACLINTHOW
CAPKOMBI MBK

M. LUEVNEWN

CviHTe3 [4e30KCMPUBOHYKIENHOBOW KWUCNOTbI FUNEPAMMIONAEbMU KNETKaMy acLMTHOM
capkombl WBK uccnegoBancs MeTofom aBTopaguorpaduy nocne BeefeHWs H3TUMMAMHa.
Pennukauna Haxofawwmxca 6onee 0TAaneHHO 0T LLeHTPOMEpPbI YHaCTKOB TeNOLEHTPUYECKUX XPO-
MOCOM MPOUCXOAUT CPaBHUTENBHO MO3XKE. PaHHASA pennvKalms y4acTKoB, HAXOAALWMXCA OKOJO
LieHTpOMEpPbI, MOAKPenAseT MpesnonoKeHne O BO3HWKHOBEHWM MeAHOLEHTPUYECKON XPOMO-
COMbI-MapKepa MyTeM TpaHCNOKaLuu.

Dr. Mihaly Sertyei; Budapest, Vili. Ull6i ut 26. Hungary
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ULTRASTRUCTURAL LOCALIZATION
OF A CRYSTALLINE SUBSTANCE
IN THE ADRENAL ZONA FASCICULATA OF TIIE RAT

D. Szabeé

Electron microscopy showed the intracellular occurrence of a crystalline sub-
stance assuming the shape of a longish rectangular body in adult rats with a normally,
less than normally, and excessively functioning zona fasciculata, as well as in that of
21-day-old rat embryos. The rectangular bodies are electron-optically empty and closely
surrounded by an electron-dense substance of acid phosphatase activity. The result of
the digitonin reaction adapted for electron microscopy makes it seem probable that the
crystalline substance is cholesterol or a cholesterol derivative.

It has been known for more than half a century that in addition to the
sudanophil substance seen under the light microscope the adrenal cortex
contains biréfringent crystals detectable by polarization microscopy (Albrecht
and Weltmann [1], Landau and McNee [10], Hoerr [8], Bennett [4],
Yoffey and Baxter [20]).

In recent years the sudanophil lipid droplets and the osmiophil lipid
droplets, observed with the electron microscope, were found to be identical.
Whereas several authors (Belt [2, 3], Zelander [21], Carr [5], Yamori,
Matsuura and Sakamoto [18], Nishikawa, Murone and Sato [13], Holz-
mann and Lange [9]) have studied the lipids and the change in their amount
in various functional states of the adrenal cortex, no attempts have, to our
knowledge, been made to identify by means of electron microscopy the crystal
substance demonstrable in the cortex with the polarization microscope.

In earlier electron microscopic studies of the distribution of acid phospha-
tase activity in the zona fasciculata of groups of ACTH-treated and of hypo-
physectomized rats (Szabo, Stark, Pésalaky and Varga [16], Szabé, Stark
and Varga [17]), the appearance in both groups of peculiar rectangular bodies
attracted our attention. This incidental observation made us raise the question
whether the substance of these bodies might not be the same as that of the
crystals seen in the polarization microscope. The present work was under-
taken with the purpose of answering this question.

Materials and methods

Ninety Wistar rats weighing 140 to 180 g, maintained on a standard diet and kept in
a constant temperature room (23°C +0.3, 65% rel. humidity), were divided into three experi-
mental and one control group.
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In group 1, each animal was injected intramuscularly with 2 U of depot ACTH (Cortro-
phin Z) in the morning and evening hours for three consecutive days, and in the morning hours
of the fourth day with a single dose of crystalline ACTH (Cortrophin) administered subcuta-
neously. One hour later all animals were killed by decapitation.

In group 2, the rats were hypophysectomized by the parapharyngeal approach, and
decapitated 11 days later.

In group 3, the animals were hypophysectomized as in group 2, and six weeks later
treated with ACTH in the same manner as the rats in group 1. One hour after the last injection
the animals were killed.

The rats in the control group has been individually housed for between 24 and 48 hours.
Those serving as controls of animals treated with ACTH (groups 1 and 3) were injected with
physiological salt solution in volumes equal to the ACTH injections.

In all four groups, the adrenals of each animal were removed immediately after decapi-
tation and cut into small blocks.

In a separate series, the adrenals of seven 21-day-old embryos were extirpated instantly
after the mothers decapitation, and fixed within one minute.

For electron microscopy, the blocks were fixed with buffered (Mit1onig [12]) 1%
osmium tetroxide for 1 1/2 hours at 4°C, or they were subjected to double fixation. In the latter
case, the blocks were fixed first for 2 hours at 4°Cwith 0.1 M cacodylate buffered to pH 7.2
and containing 4.5% glutaraldehyde. This was followed by washing for 24 hours at 4°Cin
0.13 M cacodylate buffered to pH 7.4 and containing 0.22 M sucrose, thereafter by a second
fixation for 1 1/2 hours at 4°C with 1% osmium tetroxide buffered according to Mit1onig [12]
and finally by rinsing for a short period of time.

For the purpose of studying the distribution of acid phosphatase activity, blocks were
fixed in glutaraldehyde in the manner described above, then washed, and sectioned in a cryostat
at 40 //. The sections were allowed to float in 0.05 M acetate buffer at pH 5 for 15 minutes.
Incubation for 30 minutes in a medium prepared according to Gomori [7] was followed by
washing with the same acetate buffer for another 30 minutes.

Using a number of adrenal blocks fixed in glutaraldehyde and washed, the digitonin
reaction as adapted by Okres [14] to electron microscopy was induced with 0.5% digitonin
dissolved in 35% ethanol.

The material for electron microscopy was dehydrated in a graded series of ethanol and
embedded in Durcupan ACM via propylene oxide. During fixation, pieces of 1 cu.mm of
material were cut out under a stereoscopic microscope and so oriented at embedding as to
include the zona fasciculata. The material was sectioned with glass knives on a Porter-Blum 1
microtome. Before ultrathin sections, 1fi (half-thick) sections were cut. These were stained
with toluidine blue and examined in a light microscope to make sure that the zona fasciculata
was actually included. The ultrathin sections were mounted on Formvar-coated and carbon-
stabilized copper grids. A number of them were stained with 20% uranyl acetate in methanol,
and the rest with lead citrate as described by Reyno1s [15], excepting a few to which both
stains were applied. The stained preparations were examined with a JEM —6AS electron
microscope operated at 80 KV accelerated voltage and 30 fi objective aperture, and photo-
graphed on Gevaert Scientia 23 D 50 plates.

Observations

In many of the cells of the zona fasciculata long rectangular bodies,
with the four corners slightly rounded off, were observed in all experimental
groups as well as in the control group. They appeared electron-optically empty
and varied in length between 0.7 and 1.4 /i, and in width between 0.08 and
0.15 /3. They occurred in single, in irregular groups (Figs 1 to 4), or in parallel
arrangement (Fig. 5). A fine granular and intensely electron-dense substance
could be seen either to form a thin wrapping around these rectangular bodies
(Figs 1 and 3) or to enclose them completely as a more or less large mass
(Figs 5 and 7). In some cells this substance could be observed as microbodies
dispersed near the rectangular bodies (Fig. 6).
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Fig. 1. Zona fasciculata of untreated rat. Among vesicular mitochondria an electron-optically
empty rectangular body with a thin wrapping of a granular substance which is of the same
density as that of the microbodies. (Arch. No 347/65) X 45,000
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The acid phosphatase reaction resulted in the accumulation of a lead-
containing product in the electron-dense substance (Fig. 7).

Both the rectangular bodies and the electron-dense mass enclosing them
showed elective affinity for digitonin (Fig. 9).

Rectangular bodies and lipid droplets appeared near each other (Figs 3
and 5), adhering to each other (Fig. 7), or as a conglomerate (Fig. 8). Their
number was the largest in rat embryos immediately before birth.

Discussion

With the electron microscope, Y ates [19] observed crystalline bodies of
a textil-like pattern in the adrenocortical cells of Syrian hamsters treated with
triparanol. Crystalline patterns were noted by Fawcett and Burgos [6] in
human testicular interstitial cells. Lennep and Madden [11] saw rectangular
vacuoles in the human corpus luteum. These authors state that “it is possible
that such angular ‘vacuoles’ represent crystals of comparatively pure cho-
lesterol”.

The authors of the first half of the century, mentioned in the intro-
ductory part of this paper, believed the biréfringent crystals consisted of cho-
lesterol and cholesterol esters.

In our opinion, the structural elements visible with the electron micro-
scope as rectangular bodies are actually those which under the polarization
microscope show as doubly refractive crystals. Underlying this opinion is our
finding that each of the two types of structure forms a bond with digitonin.
This linkage manifests itself in intensified double refraction and in elective
affinity for digitonin of the rectangular bodies and the electron-dense sub-
stance enclosing them.

Digitonin is known to form a complex with cholesterol as well as with
the 3/?-hydroxysteroids. In the zona fasciculata, cholesterol, the important
precursor of corticosterone, is present in large amounts, while 3/1-hydroxyste-
roids are there in traces only. Light microscopy reveals that in the digitoni-
nophil areas the cholesterol reaction of Schultz yields positive results, which
is additional evidence that the substance detected by digitonin is cholesterol.

Fig. 2. Zona fasciculata of rat treated with ACTH. Next to an enlarged mitochondrium a
rectangular body surrounded by a granular electron-dense substance. (Arch. No 1022/66)
x 48,500
Fig. 3. 21-day-old rat embryo. Near a lipid droplet a rectangular body with electron-dense
wrapping. (Arch. No 1332/66) x 40,000
Fig. 4. 21-day-old rat embryo. Groups of rectangular bodies and a lipid droplet among mito-

chondria in an electron-dense field. (Arch. No 1188/66) X 44,000
Fig. 5. 21-day-old rat embryo. Near a lipid droplet one round and one oval microbody, the
latter containing three parallel rectangular bodies. (Arch. No 990/65) x 63,000
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It may be argued that the rectangular bodies merely represent vacuoles
at sites where cholesterol has been dissolved during dehydration. Nevertheless,
the cholesterol digitonin complex will always form when the digitonin reaction
has been performed before dehydration.

The contention that the rectangular bodies might be artifacts can be
safely refuted on the strength of the finding that acid phosphatase activity
was never absent from the electron-dense substance enclosing them.

I acknowledge with gratitude the helpful advice, comments and assistance of Dr.
E. Stark, Dr. B. Varga, Dr. I. Okros and Dr. B. Bukulya, all of this Institute.
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Fig. 6. Zona fasciculata of rat treated with ACTH 6 weeks after hypophysectomy. A group
of microbodies around a rectangular body. (Arch. No 330/66) x 57,000

Fig. 7. Zona fasciculata of rat 11 days after hypophysectomy. Acid phosphatase reaction:
a lead-containing reaction product accumulated in the substance embracing a lipid and elec-
tron-dense granules. (Arch. No 112/66) X 70,500

Fig. 8. 21-day-old rat embryo. Conglomerate of rectangular body and lipid droplet sur-
rounded by electron-dense substance. Lipid droplets seen near it. (Arch. No 1325/66) x 51,000
Fig. 9. Untreated rat. Digitonin reaction: Strongly osmiophil reaction product (arrows)
within a rectangular body and in the electron-dense granular substance surrounding it. Endo-
plasmic reticulum and mitochondria free from reaction product. (Arch. No 1269/66) X 41,500
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DIE ULTRASTRUKTURELLE LOKALISATION EINER KRISTALLINEN
SUBSTANZ IN DER ZONA FASCICULATA DER RATTENNEBENNIERE

D. SZABO

Elektronenmikroskopisch wurde in der normal, schwach und extrem stark funktionieren-
den Zona fasciculata von erwachsenen Ratten, sowie von 21ltdgigen Rattenembryonen das
intrazellulare Vorhandensein einer kristallinen Substanz von langlicher Rechteck-Struktur
aufgezeigt. Elektronenoptisch sind diese Strukturen leer und eng von einer elektronendichten
Substanz mit saurer Phosphatasenaktivitdt umgeben. Die fur Elektronenmikroskopie adap-
tierte Digitoninreaktion lieB vermuten, daR diese kristalline Substanz Cholesterol oder ein

Cholesterolderivat darstellt.

YJNIbTPACTPYKTYPHAA NOKAMU3AUNA KPUCTANINYECKOIO BELWECTBA
B ZONA FASCICULATA HAAMOYEYHMKOB y KPbIC

4. CABO

B 3neKTPOHHOM MWKPOCKOMNE 6bl10 BbISBIEHO BHYTPUKIETOYHOE Hannume Kpuctaniv-
4ecKOro BeLUecTBa MPOZOMTroBaTol MPSMOYTONbHOW CTPYKTYPbI Y B3pOC/bIX KPbIC C HOPMasb-
HOI, MOHMXXEHHON W C KpaiiHe MoBbIWeHHOM (yHKUWMel zona fasciculata, Tak e Kak ny 21-
AHEBHbIX 3apPOfibILLe KPbIC. DNEKTPOHHOOMTUUECKM 3TU CTPYKTYpbI MyCTble, W OHU TECHO
OKpPY>KeHbl 3/1EKTPOHHOM/OTHBIM BELIECTBOM C aKTUBHOCTLIO KUCON hocthaTasbl. Ha ocHose
npobbl € AUFUTOHWHOM, afanTMPOBaHHOW K 3MEKTPOHHOM MUKPOCKOMWUM, NpeAnonaraeTcs,
4TO KPUCTaNNYECKOE BELUECTBO MpeAcTaBnseT COOO/ XONecTepUH WM MPOWU3BOAHOE XOfie-

CTepuHa.

Dr. Dezs6 Szabs; MTA Kisérleti Orvostudomanyi Kutatdé Intézet,
Budapest VIII. Szigony u. 12. Hungary
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Department of Pharmacology, Indiana University School of Medicine,
Indianapolis, Indiana

REGULATION OF ACTIVITY AND BIOSYNTHESIS
OF ENZYMES CONTROLLING GLUCONEOGENESIS
AND GLYCOLYSIS

G. Weber

1. Recent advances in the study of regulation of enzyme activity and bio-
synthesis have been discussed.

2. Nutritional and hormonal factors frequently result in chronic adaptive chan-
ges involving an altered rate in the biosynthesis of enzymes. The biosynthetic responses
of groups of enzymes in carbohydrate metabolism in gluconeogenic conditions such as
starvation, diabetes, and after steroid injection, were reported. The synchronous
behavioural patterns described are in accord with the predictions of the functional
genic unit concept.

3. As a contrast to the responsiveness of the enzyme forming systems to nutri-
tional and hormonal stimulation, a lack of responsiveness in liver cancer cells was
observed. The correlation of the activities of key enzymes of carbohydrate metabolism
with the growth rate of hepatomas provides an understanding for alterations in the
behaviour of overall metabolic pathways at the molecular level.

4. Acute adaptation involves the action of regulatory signal molecules on the
enzyme itself. The selective action of free fatty acids in the control of carbohydrate
metabolism was pinpointed at the enzyme activity level. Free fatty acids act as feed-
back inhibitors of the key enzymes of glycolysis, direct oxidative pathway, and the
Krebs cycle. In further studies the reciprocal control of liver pyruvate kinase activity
by fructose 1,6-diphosphate and ATP has been described.

5. The chief mechanisms operating in acute and chronic adaptation in various
nutritional and hormonal conditions have been discussed.

Professor Joseph Hairs is greatly admired by his students, colleagues,
and friends. It is a pleasure and a privilege to join the ranks of those who pay
homage to him by a contribution to this volume. | am especially happy that
1 was asked to do so because of the stimulation and encouragement | received
from Professor Haro when, as a student working on serum lipase in the Patho-
physiological Institute, on recommendation of Professor Joseph Sos, | ap-
proached him for advice. Professor Ha16 had worked on lipase years before; his
practical advice, his enthusiasm, and his steady interest in the progress of this
problem played an important role in my continued investigations on this
subject at that time. Hecause of Professor Hairo’s interest in enzymes, | would
like to describe some of our recent research and concepts on regulation of
certain key enzymes in liver.

Materials and methods

Male Wistar rats of 100 to 200 g weight were maintained in separate cages with
Purina laboratory chow and water available ad libitum. unless otherwise specified.
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Experimental methods for preparation of tissue extracts, assay of individual enzymes,
the basis for expression of enzyme activity, and the methods of interpretation were outlined
elsewhere [4, 8—13, 16].

Results and discussion

Role of key enzymes in regulation of gluconeogenesis and glycolysis

Gluconeogenesis is a vital process which provides an adaptive mechanism
to produce glucose from non-carbohydrate precursors. The maintenance of
glucose homeostasis is necessary for the central nervous system and con-
sequently gluconeogenesis comes into operation in starvation or when the diet
contains no carbohydrate. It was demonstrated that the operation of this
pathway is subject to nutritional and hormonal regulation. The rate and
direction of the opposing pathways in the liver, gluconeogenesis and glycolysis,
may be determined at three strategic branching points of metabolism where
enzymes mediating one-way reactions oppose each other [1]. The ratios of the
key enzymes of glycolysis (glucokinase, hexokinase, phosphofructokinase,
pyruvate kinase) to the key enzymes of gluconeogenesis (glucose 6-phospha-
tase, fructose 1,6-diphosphatase, phosphoenolpyruvate carboxylase, pyruvate
carboxylase) are shown in Table 1 [2]. Pathological alterations in the direction

Table 1
Ratios of activities of key enzymes of gluconeogenesis and glycolysis

Activities are expressed in micromoles of substrate metabolized/g wet weight per hr at
37 °C. The assays were carried out under optimal substrate and cofactor conditions at pH 7.4
as cited in the Methods section

Enzymes ;o Activity Ratio

Glucose 6-phosphatase 1.000 6.7
Glucokinase 130 '
Fructose 1,6-diphosphatase 600 4.0
Phosphofructokinase 150 '

Phosphoenolpyruvate carboxylase* 50 0.01
Pyruvate kinase 5.000 '

Glucose 6-phosphatase 1.000 -
Glucokinase -)- hexokinase 200 '
Fructose 1,6-diphosphatase 600 40
Phosphofructokinase 150 '

Phosphoenolpyruvate carboxylase ¥ pyruvate carboxylase* 200 0.04
Pyruvate Kkinase 5.000 '

* Data calculated from results of Krebs [18].
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and operation of gluconeogenesis and glycolysis may occur as a result of changes
in these ratios, and the clinical symptoms and signs are the consequences of
such alterations at the molecular level.

The role of enzymes in homeostasis : chronic and acute adaptation. In the
normal control of physiological homeostasis, the organism is able to provide
long-term adaptation to nutritional or hormonal challenges. This takes place
through enzyme adaptation involving a change in enzyme amount through
biosynthesis. On the other hand, a rapid rise or increase in the overall pathway
activity may he achieved through the action of signal molecules affecting only
the activity of the enzyme. Investigations in our laboratories led us to the
formulation of the functional genic unit (FGU) [3] concept. This concept
postulated that the key gluconeogenic enzymes are produced on the same unit
in the genome and the key glycolytic enzymes on another FGU. It was further
assumed that the enzymes which function in the direction of both gluco-
neogenesis and glycolysis, the “bifunctional enzymes”, phosphohexose iso-
merase, aldolase, lactate dehydrogenase, etc., are produced on a third FGU.
The evidence for these assumptions was published in detail [3—5]. The opera-
tional advantage of the FGU concept is that it provides a framework of pre-
dictions which may he verified experimentally. The concept also simplified
investigation of mechanisms of carbohydrate metabolic controls, by focussing
experimentation on the key enzymes.

Regulation of hepatic carbohydrate metabolism through enzyme biosynthesis

Studies of the key enzymes revealed that the biosynthetic responses of
these enzymes represented the chronic adaptation pattern under various phy-
siological and pathological conditions. The three groups of enzymes follow a
characteristic biosynthetic pattern under the conditions examined. Fig. 1
shows that in starvation the gluconeogenic enzymes were preferentially main-
tained, and the bifunctional enzymes decreased parallel with the nitrogen level,
whereas the glycolytic enzymes were preferentially decreased [5]. In star-
vation there is a rapid drop in circulating insulin [6, 7], and in consequence
there is a relative preponderance of the gluconeogenic and lipolytic hormones
such as the glucocorticoids, growth hormone, glucagon, and epinephrine.
The key gluconeogenic enzymes which are under the suppressive action of
insulin [8] tend to rise as the insulin level decreases. With the limitation of the
inflow of biosynthetic precursors imposed by the fasting state they do not
increase and are maintained in normal range. On the other hand, the key gly-
colytic enzymes which are insulin-dependent for their biosynthesis rapidly
decreased to low activities when the plasma insulin dropped [9—11].

In alloxan-diabetes the insulin level decreased; however, the animals
were liyperphagic, providing an increased nutritional supply of biosynthetic
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STARVATION DIABETES TRIAMCINOLONE
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Fig. 1. The regulatory pattern of liver enzymes involved in carbohydrate metabolism is shown in the coordinated responses of gluconeo-

genic (GNG), bifunctional (BF), and glycolytic (GLY) enzymes during starvation, diabetes, and following glucocorticoid (triamcinolone)

stimulation. Animals were starved, with water available ad libitum. Diabetes was induced in rats starved for 30 hr by injection of alloxan
(12 mg/100 g rat, i.p.). Triamcinolone was injected daily (1 mg/100 g rat). Weber et al. [5]
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precursors. As a result, with the release from insulin suppression and in pres-
ence of the relative preponderance of gluconeogenic hormones the biosynthesis
of gluconeogenic enzymes increased. In contrast, the insulin-dependent key
glycolytic enzymes decreased to low activities. The hifunctional enzymes which
are not affected by insulin remained in normal range [3, 5, 8, 9].

The action of the glucocorticoid hormone, triamcinolone, also showed
a typical behavioural pattern for the three groups of enzymes. The hepatic
nitrogen level and the activities of the bifunctional enzymes increased together.
However, the key gluconeogenic enzymes rose to higher levels as a result of
steroid-induced preferential biosynthesis. In contrast, the key glycolytic
enzymes were not affected. Further detailed evidence for a synchronous
biosynthetic pattern, characteristic for each of the three groups of the enzymes
of carbohydrate metabolism, was published [3, 5, 8, 9].

Such nutritional and hormonal alterations of the enzyme biosynthetic
pattern are usually reversible and respond to regulatory influences upon
refeeding or restoration of hormone balance. Thus, the enzyme forming systems
which represent the manifestations of the genetic potential of the cell are
responsive to biosynthetic regulatory influences. However, when genetic
alterations occur, such as in cancerous cells, the disturbances of the code may
not permit normal responses to nutritional or hormonal regulation. Detailed
studies in our laboratories described the lack of response to starvation and
refeeding steroid stimulation of the various enzymes of carbohydrate me-
tabolism [12]. The markedly altered enzyme biosynthetic pattern appears
to be fixed in the cancerous cells of the liver and different strains of liver cancer
show a step-wise progression of the pathological pattern of certain key en-
zymes [13 —15].

Behaviour of enzymes in liver tumours of different growth rate. In recent
reviews | and my associates have surveyed our “Molecular Correlation Concept
of Neoplasia” which deals with the correlation of growth rate with the enzy-
matic and metabolic alterations in a spectrum of liver tumours [13 —15].
I will take this example to demonstrate the following point. In a spectrum of
liver tumours of increasing growth rate we observed that the key gluconeogenic
enzyme activities were the lower the more rapidly the tumor examined was
growing. On the other hand, lactate production [16, 17] and the activities of
the key glycolytic enzymes increased parallel with the rise in growth rate
(Fig. 2). The activities of the hifunctional enzymes showed no correlation
[13 —15]. The enzymatic indications suggesting marked disturbances in gluco-
neogenesis and glycolysis were confirmed by isotope studies of the production
of glucose from pyruvate or by following the generation of lactate from glu-
cose [13—17].

Acute adaptation: Effects of signal molecules on activities of key enzymes.
The alterations of the key enzymes are indicators of the behaviour of the
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Fig. 2. Correlation of the activities of key gluconeogenic and glycolytic enzymes with the
growth rate of experimental hepatomas in rat. Weber and Lea [15]

overall metabolic pathway. These enzymatic alterations represent chronic
adaptation and the described rise or decay in enzyme activities in starvation,
diabetes, or after steroid injection, required a number of hours or days.

Such alterations in the biosynthetic rate of these enzymes do not provide
a satisfactory explanation for the rapid, acute changes which have been ob-
served in the direction of gluconeogenesis and glycolysis in liver. Consequently,
as one facet of our investigations, we studied a number of factors which cause
rapid changes in the activities of key enzymes.

Pyruvate kinase: a strategic enzyme in gluconeogenesis and glycolysis.
Table 1 shows the ratios of activities of key enzymes which antagonize one
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another in hepatic gluconeogenesis and glycolysis. These ratios indicate that
in the later and final steps of gluconeogenesis the activities of the gluconeo-
genic enzymes (glucose 6-phosphatase, fructose 1,6-diphosphatase) dominate
those of the glycolytic enzymes (glucokinase, phosphofructokinase). In con-
trast, at the crucial early step of gluconeogenesis the glycolytic enzyme (pyru-
vate kinase) is dominant over the activities of the two opposing gluconeogenic
enzymes (phosphoenolpyruvate and pyruvate carboxylases). The significance
of pyruvate kinase activity in opposing gluconeogenesis is impressive when
the activity of this enzyme (5,000 //moles/g wet weight per hr at 37 °C) is
contrasted with the activity of the opposing rate-limiting enzyme of gluconeo-
genesis, phosphoenolpyruvate carboxylase (50 //moles/g per hr at 37 °C). As a
result of this dominance of pyruvate kinase activity, phosphoenolpyruvate,
as soon as it could he formed from oxaloacetate, would immediately he recycled
to pyruvate. The unfavourable ratio at this early strategic step of gluconeo-
genesis suggested to us that there should be mechanisms operating which are
capable of overcoming the pyruvate kinase activity barrier. Since the literature
provided examples showing that gluconeogenesis may be increased suddenly,
we searched for a mechanism by which hepatic pyruvate kinase may be inhib-
ited rapidly. The inhibition of this enzyme would then prevent recycling and
permit the operation of the gluconeogenic processes.

Effect offree fatty acids on key enzymes of glycolysis, direct oxidative path-
way and the Krebs cycle. Recent studies on the regulation of gluconeogenesis and
glycolysis directed our attention to the effect of free fatty acids (FFA). Studies
in slices showed that the addition of FFA caused an increase in gluconeogenesis
from lactate as shown first by k rens etal. [29]. H aynes reported that octanoate
(3 mM) enhanced glucose production from alanine in liver slices [20]. These stud-
ies in slices were corroborated by H errera etal. using liver perfusion technique.
They found an increased conversion of alanine to glucose when linoleate was in-
fused to rat liver at a rate of 300 //moles/hr [21]. It is important that addition of
FFA also resulted in a decreased production of CO, from alanine [21]. In similar
liver perfusion experiments struck et al. described that infusion of oleic acid
markedly stepped up the glucose production from lactate [22]. w it1iamson
et al. demonstrated that addition of oleate in the course of liver perfusion
resulted in a prompt decrease in glucose production from alanine and this was
concomitant with a decrease in lactate production [23]. Frieamann et al.
demonstrated that injection of 1 mmole of octanoate in rat caused in 1 hour
a 5-fold increase in gluconeogenesis as measured by incorporation of label into
blood glucose 1 hour after an intraperitoneal injection of 1 mmole pyruvate
3'14C [24]. It was also established in these in vitro and in vivo experiments
that the labelled FFA did not provide radioactivity to the glucose. Since FFA
did not act as a precursor to glucose, its action required explanation at the
molecular level.
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Our attention was attracted since the gluconeogenic conditions which
are associated with an increase in plasma FFA include those where biosynthetic
enzyme adaptations have been described. An increase in plasma FFA occurs
in such biological conditions as starvation, carbohydrate deprivation, diabetes,
excess of growth hormone and glucocorticoids in acromegaly or in Cushing’s
syndrome or following the administration of these hormones. Since under
acute gluconeogenic conditions such as diabetes produced by injection of anti-
insulin-serum, starvation, or steroid injection there was a rapid rise in plasma
FFA, we postulated that such an acute gluconeogenic adaptation should involve
the inhibition of pyruvate kinase activity by FFA. For the FFA to operate
as an effective metabolic directional switch it seemed that liver pyruvate kinase
must be strongly inhibited by physiological levels of FFA because without
inhibition of this enzyme gluconeogenesis cannot proceed [25].

Detailed investigations showed that in fact pyruvate kinase was pro-
gressively inhibited by increasing concentrations of FFA [25]. Using sodium
octanoate as a model, inhibitory effects, dependent on dose and preincubation
time, were found for the other glycolytic enzymes, phosphofructokinase,
glucokinase and hexokinase. The enzymes of direct oxidative pathway, glucose
6-phosphate and 6-phosphogluconate dehydrogenases, were also inhibited.
The selectivity of the action of the FFA was shown by the fact that the key
gluconeogenic enzymes (glucose 6-phosphatase, fructose 1,6-diphosphatase)
and the bifunctional enzymes examined (phosphohexose isomerase, aldolase,
lactate dehydrogenase) were not inhibited by FFA. Further work also demon-
strated that in the Krebs cycle isocitrate dehydrogenase and fumarase were
inhibited but malic dehydrogenase and the malic enzyme were not [25].

These observations throw light on the action of FFA in promoting glu-
coneogenesis and inhibiting their own biosynthesis (Fig. 3). Fatty acids may
be considered as an end product of glucose metabolism. With respect to the
metabolic flow of carbon to FFA these results suggest that FFA may function
as a feedback inhibitor acting (a) on key enzymes of glycolysis (glucokinase,
hexokinase, phosphofructokinase, pyruvate kinase), and (b) on the key enzymes
of direct oxidative pathway which are involved in the generation of NADPH
involved in the reductive biosynthesis of FFA. In consequence, by such a two-
pronged feedback action on both glycolysis and the pentose phosphate path-
way, free fatty acids can synchronously block their own biosynthesis [25].
The FFA may be either produced in the liver or transported from the periphery
in gluconeogenic conditions, when the insulin level drops, or when there is
a preponderance of gluconeogenic or lipolytic hormones such as glucocorticoids,
growth hormone, glucagon, or epinephrine.

These interpretations are also in accord with reports that long-chain
acyl-coenzyme A esters, which increase in liver during gluconeogenic condi-
tions, inhibited enzymes that operate at later stages of lipogenesis, such as
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FEEDBACK INHIBITION OF GLUCOSE CATABOLIC ENZYMES IN LIVER BY FATTY ACIDS

PENTOSE PHOSPHATE PATHWAY

Fig. 3. Feedback inhibition of glucose-catabolizing enzymes in liver by free fatty acids. GK,
glucokinase; PFK, phosphofructokinase; PK, pyruvate kinase; HK, hexokinase; G6P DH,
glucose 6-phosphate dehydrogenase; 6-PG DH, 6-phosphogluconate dehydrogenase; IDH,
isocitrate dehydrogenase; F-ASE, fumarase; ME, malic enzyme; AC, acetyl CoA carboxylase;
CS, citrate synthase. The following enzymes are not inhibited: glucose 6-phosphatase, fructose
1.6-diphosphatase, phosphohexose isomerase, lactate dehydrogenase, the malic enzyme and
malic dehydrogenase. The free fatty acids may be generated in the liver or may arrive from
the periphery in gluconeogenic conditions, when insulin drops or when there is a preponderance
of the lipolytic hormones such as glucocorticoids, growth hormone,or glucagon. Weber et al. [25]

acetyl CoA carboxylase, citrate synthase, and the enzymes of the pentose
phosphate pathway [26 —33].

Our further work showed that in addition to octanoate other fatty
acids such as oleic, lauric and myristic acids were able to act as inhibitors of
key gluconeogenic and shunt pathway enzymes [2]. In recent studies we
demonstrated that the FFA exerted a dose-dependent inhibition of lactate
production in a suitably fortified supernatant fluid system [2].
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The specificity of FFA inhibition was further indicated by the specific
protection phenomena observed. The inhibition of glucokinase by octanoate
can be prevented by glucose and the effect was dependent on the glucose
concentration. In contrast, phosphofructokinase was not protected by glucose
but was protected by its own substrate, fructose 6-phosphate. Neither glucose
nor fructose 6-phosphate protected pyruvate kinase and the substrate of this
enzyme, phosphoenolpyruvate, was also ineffective as a protecting agent [2, 25].

The feedback inhibition and the selective action of FFA on glucose
catabolizing enzymes in liver are illustrated in Fig. 3. The consequences of
the selective inhibition of the key enzymes are outlined in Table 2.

Reciprocal control of pyruvate kinase by fructose 1,6-diphosphate and ATP.
Recent investigations in this laboratory showed that liver pyruvate kinase
was activated by fructose 1,6-diphosphate and inhibited by ATP [2] (Fig. 4).
The role of fructose 1,6-diphosphate and ATP appears important, since both
of these compounds are effective in concentrations that occur physiologically
in the liver cell. The liver pyruvate kinase is approximately 100 times more
sensitive to fructose 1,6-diphosphate [2] than is the yeast enzyme where
H ess et al. [34] described a half-maximal activation at 1.5x10 4M FDP.
The activation of pyruvate kinase by the glycolytic precursor, FDP, may repre-
sent the mechanism for which the term “positive feed-forward” control was
suggested [34].

Hepatic pyruvate kinase activity is the subject of a number of regulating
molecules acting on regulatory receptor sites on this enzyme. Previous work
from this laboratory indicated that NADH inhibits this enzyme [4]; current
work showed that cysteine, EDTA, glucose 6-phosphate and bovine serum
albumin can activate liver pyruvate kinase.

It is assumed that when the concentrations of ATP and NADH and
octanoate fall, pyruvate kinase becomes sensitive for the activating effect
of FDP. The presence or absence of these inhibitory molecules, especially
ATP and FFA, may provide the “information” to pyruvate kinase whether
the fructose 1,6-diphosphate arises from gluconeogenesis or from glycolysis.
W hen it comes from gluconeogenesis there will also be a concomitant increase
in FFA and in NADH concentrations which in turn inhibit pyruvate kinase
activity. Preliminary experimental evidence shows that the pyruvate kinase
inhibited by octanoate or ATP is not sensitive to activation by fructose
1,6-diphosphate. Thus, in the absence of these inhibitors, fructose 1,6-diphos-
phate, coming from glucose, activates the enzyme, “informing” pyruvate
kinase that glycolysis is proceeding.

Since ATP may be considered one of the products of the pyruvate kinase
reaction, the inhibition by this nucleotide which also arises from the func-
tioning of the Krebs cycle may be considered a product or end product inhi-
bition.
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Table 2

Selectivity and functions of FFA action

Enzymes inhibited Metabolic function of inhibition

Key glycolytic enzymes

Glucokinase (1) Decreases glucose utilization

Hexokinase (2) Decreases FDP production (FDP is an
activator of PK)

Phosphofructokinase (3) Inhibits PK: this permits the channelling of

Pyruvate kinase (PK) PFP to glucose preventing recycling

Pentose phosphate enzymes

G-6-P dehydrogenase (1) Decreases supply of NADPH : thus de-
6-PG dehydrogenase creases FFA formation

Krebs cycle enzymes

Citrate synthase (1) Blocks entry of oxaloacetate into Krebs
(Palmityl CoA) cycle
(2) Blocks entry of acetyl CoA into Krebs
cycle
(3) Promotes oxaloacetate —»phosphoenol-
pyruvate
(4) Acetyl CoA activates pyruvate carboxylase
Fumarase Does not permit malate to leak back into Krebs
cycle

Isocitrate dehydrogenase Decreases supply of NADPH

Enzymes not affected

Function of lack
of inhibition

Key gluconeogenic enzymes

Glucose-6-phosphatase
Fructose-1.6-diphosphat-
ase

Permits gluconeogenesis
to proceed

Bifunctional enzymes

Phosphohexoseisomerase

Lactate dehydrogenase

Malate dehydrogenase

Malic enzyme

Permits reversal of glyco-
lysis

Provides NADH to block
PK. This makes possible
the reversal of glycolysis

Permits malate to oxalo-
acetate

Permits malate —»pyru-
vate
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[I—1 ! syl I— \

FRUCTOSE 1,6 DIPHOSPHATE

Fig. 4. Reciprocal control of liver pyruvate kinase by addition of fructose 1,6-diphosphate or
ATP to the assay reaction mixture for the enzyme. Weber et al. [2]

Acute and chronic regulatory mechanisms of homeostasis at the enzyme
level. The various control mechanisms involved in the effects of hormones
and signal molecules are illustrated in Fig. 5. Nutritional influences provide
precursors for enzyme biosynthesis, supply key metabolites, and regulatory
signal molecules such as FFA. Nutritional circumstances influence blood
glucose concentrations which then may affect the levels of certain hormones,
such as insulin, epinephrine and glucagon. These hormones regulate the levels
of metabolites and precursors some of which may function as regulatory
signals, such as FDP. The hormones also control the levels of free amino acids,
thus affecting protein biosynthesis. Hormones may exert an influence on the
manifestations of genes, controlling the biosynthetic rate of specific catalytic
proteins, the enzymes. As Fig. 5 shows in acute adaptation feedback regu-
latory action, conformational changes, saturation and stabilization of the
enzymes, play an important role. On the other hand, the enzyme biosynthesis
may he affected by the action of various hormones which thus operate in
chronic adaptation [2].

The study of nutritional and hormonal influences at the enzyme level
revealed regulatory control in physiological and pathological conditions.
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NUTRITIONAL AND HORMONAL REGULATION OF HOMEOSTASIS AT THE ENZYME LEVEL

ACUTE ADAPTATION

A FEEDBACK REGULATION CONFORMATION STABILIZATION  SATURATION
1n
REGULATION TARGET META
THROUGH HORMONES ORGANS BOLITES
MODULATION . |
oF CO-ENZYMES
ENZYME
ACTIVITY SUBSTRATE
CATALY
TIC
SITE
REGULATION 1Z11ZIDDODSS
THROUGH
CONTROL OF
ENZYME

BIOSYNTHESIS

BIOSYNTHETIC FGU
MODULATOR
LEVEL OF 4( INDé)JR,CER BIOSYNTHETIC PRECURSOR BIOSYNTHETIC
1 CONCENTRATION RATE J
[suppressor

CHRONIC ADAPTATION

b'ig. 5. Regulatory mechanisms in acute and chronic adaptation induced by nutritional and
hormonal disturbances of homeostasis. Weber et al. [2]

An understanding of such regulatory processes provides an attacking point
for the design of drugs; through such enzyme pharmacology it is hoped that
the various metabolic diseases, including cancer, may become a subject for
rational chemotherapy.
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UBER DIE REGELUNG DER BIOSYNTHESE
UND DER AKTIVITAT DER FUR DIE GLYKONEOGENESE
UND GLYKOLYSE VERANTWORTLICHEN ENZYMEN

G. WEBER

1. Die jungsten Fortschritte in der Erforschung der Aktivitdts- und Biosynthesen-
steuerung der Enzyme werden besprochen.

2. Alimentdre und hormonale Faktoren bewirken haufig chronische Adaptationsédnde-
rungen, die die Biosynthese der Enzyme beeinflussen. Die Reaktionen der Biosynthese von
Enzymgruppen des Kohlenhydratmetabolismus wéhrend Glukoneogenese (Hunger, Diabetes,
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nach Steroidinjektionen usw.) werden niitgeteilt. Die beschriebenen synchronischen Verhal-
tensarten stimmen mit den Voraussetzungen der Theorie Uber die genische Funktionseinheit
tberein.

3. Im Gegensatz zu der Reaktivitdt des Enzymsynthesensystems auf hormonale und
alimentére Stimulation wurde in Leberkrebszellen das Fehlen einer solchen Reaktivitdt beob-
achtet. Die Korrelation zwischen den wichtigsten Enzymen des Kohlenhydratmetabolismus
und der Wachstumsrate von Hepatomen erméoglicht es. die Verdnderungen der allgemeinen
Stoffwechselwege auf molekularer Stufe zu erfassen.

4. Die akute Adaptation bedeutet, da die regulativen Signahnolekile auf das Enzym
selbst einwirken. Die selektive Aktivitdt von freien Fettsduren in der Kontrolle des Kohlen-
hydratstoffwechsels wurde auf Enzymaktivitadtsstufe nachgewiesen. Freie Fettsduren wirken
als feedback-Inhibitoren der wichtigsten Glykolysenenzyme, steuern die allgemeinen Stoff-
wechselwege und den Krebs-Zyklus. In weiteren Experimenten wurde die wechselseitige
Kontrolle der Pyruvatkinasen-Aktivitat der Leber durch Fruktose-l,6-diphosphat, und ATP
untersucht.

5. Die Hauptmechanismen der akuten und chronischen Adaptation unter verschiedenen
alimentdren und hormonalen Einflissen werden besprochen.

PErYJIMPOBAHUWE AKTUBHOCTWN N BMOCUHTE3A 3H3VMOB,
OTBETCTBEHHbLIX 3A TMMIMKOHEOINEHE3 W MMNKOJIN3

. BEBEP

1 O6ecyxpatoTcs HOBble pesy/bTaTbl B 061aCTW MUCCNEf0BaHUA PerynmpoBaHnus akTuB-
HOCTM W GWOCMHTE3a 3H3MMOB.

2. ANMMeHTapHble N rOPMOHasibHbIe (DAKTOPbI YacTO BbI3bIBAIOT XPOHUYECKME N3MEHEHNS
ajanTtauumn, Brekywue 3a CO60A M3MeHeHWe OMocMHTe3a 3H3KMOoB. COOBLIAIOTCA M3MEHEHMS
6MocMHTe3a rpynn 3H3MMOB YrNeBOAHOr0 06MeHa B YCNOBMAX [/IMKOHEOreHe3a, Kak Hawvp.,
npu ronogaHuu, gvabete, nocne BBeAEHUs CTEPOUAOB M T. 4. OnMcaHHble CUHXPOHHbIE CMNOCO6bI
MOBeJeHNs COOTBETCTBYIOT MPEAMNONOXeHUAM Teopun O (YHKUMOHANbHOM €AMHCTBE [EHOB.

3. B npoTVBONONOXHOCTb PEAKTMBHOCTU CUHTE3NPYHOWMX (EPMEHTbI CUCTEM, Ha anu-
MEHTapHYIO WM TOPMOHANbHYIO CTUMYNALMIO B PAKOBbIX K/ETKax MeyeHu Habnwogaerca OT-
CyTCTBME peakTMBHOCTW. Koppenauns Mexay akTWBHOCTbHO BaKHEWLUMX 3H3MMOB YT/1eBOAHOMO
obMeHa 1M pOCTOM renaTtoM CrocO6CTBYET BbIACHEHMIO WM3MeHEeHUs o6LWwX nyTeid MeTabonmsma
Ha MO/EKYNSAPHOM YPOBHE.

4. OcTpas afanTauus 03Ha4aeT, YTO PErynALMOHHbIE CUTHANM3ALMOHHbIE MONEKY/bI
[efiCTBYIOT Ha CaMblil 3H3MM. M36upaTenbHoe feiicTBre CBOBOAHbLIX XMPHbLIX KUCNOT B 061actu
KOHTPONS YrneBogHoro o6mMeHa 6bi10 BbISBMEHO Ha YPOBHE aKTMBHOCTW 3H3KMMOB. CBOGOAHbIE
XWPHbIE KUCMOTbl AEWCTBYIOT B KauecTBe WHIMOMTOPOB MexaHU3Ma 06paTHOro BKIKOYEHUS
BaXKHELLNX 3H3MMOB F/IMKO/N3A, OHW YMNpPaB/AloT OKuCneHneM 1 unknom Kpebea. B panbHeii-
lwmx pabotax ObU1 ONMCaH B3aVIMHbIA KOHTPOMb MEXAY aKTWBHOCTbIO MUPYBaTHOW KuHa3bl
neveHu, pykTosbl, 1,6-gudoctpata n ATO.

5. O6cyxaaloTcs BaXHeWLLMe MeXaHW3Mbl, Ae/CTBYIOLLME MPWM OCTPOA M XPOHWYECKOMN
afjanTauuM B pas3MuHbIX aNUMEHTApHbIX W TFOPMOHAMbHbLIX YCMOBUAX.

Dr. G. Weber; Dept, of Pharm., Indiana Univ. School of Medicine.
Indianapolis, Indiana, U.S.A.
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RECENSIO

Antti U. Arstila :

Electron Microscopic Studies on the Structure and Histochemistry of the Pineal Gland of
the Rat

Supplement to “Neuroendocrinology” Vol. 2. S. Karger, Hasel -New York. 1967., 101 Pd..
72 Figs

This little monograph presents an excellent summary of present knowledge on the
pineal body. The author’s electron microscopic and histochemical studies have clarified
numerous controversial problems arisen in context of this endocrine gland.

The text, on a total 67 pages, includes seven chapters. Chapter 1is a short introduction,
summarizing the main structural and functional aspects of the pineal body. Chapter 2 describes
the author’s electron microscopic findings; this is perhaps the most valuable part of his work.
Correlating his own results with well-selected references, he concludes that the pineal body
contains three different cell types, i.e. dark and light main cells and interstitial cells. An unequi-
vocal and persuasive differentiation of the three cell types is presented, based on their sub-
microscopic features. Inconsistenly with the majority of authors, Arstila states that the
interstitial cells are special parenchymal cells, definitely differing from the glial elements of
the central nervous system. Chapter 3, dealing with histochemistry, discusses the hydrolytic
enzymes of the pineal body. The main cells of this gland exhibit acid phosphatase, aryl-
sulphatase and thioacetic acid esterase activities, but do not give positive alkali phosphatase
and cholinesterase reactions. In Chapter 4 is described the ultrastructure of pineal nerve fibres.
A short experimental part appended to this chapter discusses the submicroscopic changes
taking place in the nerve fibres under the influences of various experimental interventions
such as bilateral cervical sympathectomy, treatment with reserpine or oxypertine. In Chapter 3
are presented the conclusions drawn by the author. Chapter 6 contains a concise description
of the contents, whereas Chapter 7 is a compilation of carefully selected references, including
more than 150 papers.

The demonstration material (Chapter 8) includes 72 figures arranged in 18 plates ami
occupies 37 pages. Except for 3schematic drawings, the whole material consists of original
electron micrographs and light and electron microscopic pictures of histochemical reactions.

B. Mess
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ANNOUNCEMENT

The First National Congress of the Hungarian Society
for Anatomy, Histology and Embryology will be held
in Budapest, October 21 —23, 1968. Guests from abroad
are kindly invited for participation. The general topic
of the Congress is “Correlations between Structure and
Function”. For further details, please contact the Secre-
tary General of the Society. (Institute of Anatomy,
University Medical School, Budapest 1X. T@zolté u. 58.

Hungary.)
B. Csillik, M. D. Prof. 1. Téré, M. D.
Secretary General President

Department of Anatomy, Department of Histology,
University Medical School, University Medical School
Kossuth L. s-ut 40. IX., TGzolt6 u. 58.
Szeged, Hungary Budapest, Hungary

SINCE 1828 IN PUBLISHING

AKADEMIAI KIADO (Publishing House of the Hungarian Academy of
Sciences) is readily at your disposal with catalogues and quarterly lists
of novelties in English and German, giving you information about the
new scientific publications.

Please turn with your remarks, questions and requests to the Publicity-
Department of AKADEMIAI KIADO, Budapest 502. P.O.B. 24
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Acta Morpliologica Academiae Seiendarum Hungaricae 6, 1968



INDEX

Five Decades in the Service of Science 1917 1967 1
Verzeichnis der Veroffentlichungen von Prof. Dr. Josef Bald 7
Erinnerung an Béla Korpéassy 1907 1961 19
Hanga, /. : Role of Fluorescent Substances in Senile Vascular LeSiONS..oovvvniinnninnns 23
Gaspéar, /. A.: Adenomyosis of the Uterus: Some Observations in the Mechanism of its
PIOGUCTION ettt 35
Juhész, .7.: The Role of Vascular Lesions in the Malignant Transformation of Chronic
PEPEIC U L0 R T it bbbttt 41
Kendrey, G.: Structure and Importance of Intranuclear Inclusions in Thioacetamide
HEPATOCAICINOGENESIS ittt et b bbb bbb bbb b bbbt bbbt bbbt nebenas 53
Lapis. K.: Vincaleukoblastine-induced Changes in the Ultrastructure of Ascites Tumour
CRIIS it h bbbt 65
Ormos, J. Csap6, Zs. Lantos. : Contributions to the Development of Experimental
Pyelonephritis B5
Ron«, G.: Endemic Cardiomyopathy ofBeer Consumers.. 103

Sellyéi, M.: Autoradiographic Investigation of DNA Synthe5|s in the Chromosomes of
the JBK ASCITES SAICOMEA oottt 115
Szab6, 1).: Ultrastructural Localization of a Crystalline Substance in the Adrenal Zona
Fasciculata of the Rat
Weber, G.: Regulation of Activity and Biosynthesis of Enzymes Controlling Gluconeo-
genesis and Glycolysis e 129
Recensio 145

121




Printed in Hungary

A kiadasért felelés az Akadémiai Kiadé igazgatéja MCszaki szerkesztd: Farkas Sandor
A kézirat nyomdaba érkezett: 1968. 111. 13, — Terjedelem: 12,75 (A/5) iv 74 &bra (8 szines), 1 melléklet

68.65266 Akadémiai Nyomda, Budapest — Felel6s vezeté: Bernat Gyorgy



Tn Vr. a Morphologica publish papers on experimental medical subjects in English,
German, French and Russian.
TheMActa Morphologica appear in parts of varying size, making up volumes.
Manuscripts should be addressed to:

Acta Morphologica, Budapest I1X., T@zoltd6 n. 58.

Correspondence with the editors and publishers should be sent to the same address.

The rate of subscription to the Acta Morphologica is 165 forints a volume. Orders may
be placed with “Kultdra” Foreign Trade Company for Books and Newspapers (Budapest 1.,
F6 utca 32. Account No. 43-790-057-181) or with representatives abroad.

Tes Acta Morphologica paraissent en francgais, allemand, anglais et russe et publient
des travaux du domaine des sciences médicales expérimentales.
Les Acta Morphologica sont publiés sous forme de fascicules qui seront réunis en

volumes.
On est prié d’envoyer les manuscrits destinés a I’adresse suivante:

Acta Morphologica, Budapest 1X., Tizolté un. 58.

Toute correspondence doit étre envoyée a cette méme adresse.

Le prix de I’abonnement est de 165 forints par volume.

On peut s’abonner a I’Entreprise du Commerce Extérieur de Livres et Journaux
«Kultdra» (Budapest L, F6 utca 32. Compte-courant No. 43-790-057-181) ou a I’étranger
chez tous les représentants ou dépositaires.

«Acta Morphologica» I'Iyﬁl'll/lePOT TPpaKTaTbl U3 obnactu IKCNEPUMEHTA/IbHbIX MeOULNH-
CKMX HayK Ha pPyCCKOM, HeMeLKOM, aHTINIACKOM 1 (*)paHLl,ySCKOM A3bIKax.

«Acta Morphologica» BbIXOAAT OTAE€/bHbIMX BbIMyCKaMn pPa3HOro obbema. Heckonbko
BblMYyCKOB COCTaBNAKT OAWH TOM.

I'Ipe,qHasHaquHble ana I'Iy6}'IVIKaLI,VIVI aBTOPCKKME pyKonucun cnepyeTt Hanpae/iAaATb NO
ajpecy:

Acta Morphologica, Budapest I1X., T@zolté n. 58.
Mo 3TOMY XK€ afpecy HanpaBNATb BCAKYHO KOPPECNOHAEHUMKO ANA pedakunn n agmn-

HUCTpauum.
MoanucHasa ueHa «Acta Morphologica» — 165 ()OpPUMHTOB 3a TOM. 3aka3sbl NPUHUMAET

nNpeanpusThe MO BHELUHe/ TOproene KHUI U raseT «Kultdra» (Budapest L, F6 utca 32.
Tekywuii cyeT Ne 43-790-057-181) mnm ero 3arpaHuudHble MPeACcTaBUTENLCTBA M YMOMHOMO-
YeHHble.



57— Ft

Reviews of the Hungarian Academy of Sciences are obtainable

ALBANIA

Ndermarja Shtetnore e Botimeve

Tirana

AUSTRALIA

A. Keesing
Box 4886, GPO
Sydney

AUSTRIA

Globus Buchvertrieb
Salzgries 16
Wien /

BELGIUM

Office International de Librairie
30, Avenue Marnix

Bruxelles 5

Du Monde Entier

5, Place St. Jean

Bruxelles

BULGARIA

Raznoiznos
1, Tzar Assen
Sofia

CANADA

Panndnia Books
2, Spadina Road
Toronto 4, Ont.

CHINA

Waiwen Shudian
Peking
P. O. B. 88

CZECHOSLOVAKIA

Artia

Ve Smeikach 30

Praha 2

PoStovnd Novinova Sluzba
Dovoz tisku
Vinohradskéa 46

Praha 2

Mad’arské Kultara
Vaclavské nam. 2

Praha |

Poitovd Novinové Sluzba
Dovoz tlace
Leningradska 14
Bratislava

DENMARK

Ejnar Munksgaard
Nérregade 6
Copenhagen

25. VI. 1968

at the following addresses:

FINLAND

Akateeminen Kirjkauppa
Keskuskatu 2
Helsinki

FRANCE

Office International de Documentation

et Librairie
48, rue Gay Lussac
Paris 5

GERMAN DEMOCRATIC REPUBLIC
Deutscher Buch-Export und Import

Leninstrale 16

Leipzig 701
Zeitungsvertriebsamt
Clara Zetkin StraBe 62
Berlin N. W.

GERMAN FEDERAL REPUBLIC

Kunst und Wissen
Erich Bieber
Postfach 46

7 Stuttgart S.

GREAT BRITAIN

Collet’s Holdings Ltd.
Dennington Estate

London Rd.

Wellingborough. Northants.
Robert Maxwell and Co. Ltd.
Waynflete Bldg. The Plain
Oxford

HOLLAND
Swetz and Zeitlinger
Keizersgracht 471 —487
Amsterdam C
Martinus Nijhof
Lange Voorhout 9
The Hague

INDIA

Current Technical Literature
Co Private Ltd.

India House OPP

GPO Post Box 1374
Bombay |

ITALY

Santo Vanasia

Via M. Macchi 71

Milano

Libreria Commissionaria Sansoni
Via La Marmora 45

Firenze

JAPAN

Nauka Ltd.

92, lkebukur O-Higashi 1-chome
Toshima-ku

Tokyo

Maruzen and Co. Ltd.

P. O. Box 605

Tokyo-Central

Far Eastern Booksellers

Kanda P. O. Box 72

Tokyo

KOREA

Chulpanmul
Phenjan

NORWAY
Johan Grundt Tanim

Karl Johansgatan 43
Oslo

POLAND
RUCH

ul. Wronia 23
Warszawa

ROUMANIA
Cartimex
Sir. Aristide Briand 14—18
Bucurecti

SOVIET UNION

Mezhdunarodnaya Kniga
Moscow G—200

SWEDEN
Almquist and Wiksell
Gamla Brogatan 26
Stockholm

USA
Stechert Hafner Inc.
31, East 10th Street
New York, N. Y. 10003
Walter J. Johnson
111, Fifth Avenue
New York, N. Y. 10003

VIETNAM
Xunhasaba
19, Tran Quoc Toan
Hanoi

YUGOSLAVIA

Forum

Vojvode MiSiéa broj 1
Novi Sad
Jugoslovenska Knjiga
Terazije 27

Beograd

ludex: 26.017



Morphologica

Academiae
Scientiarum
Hungaricae

AAAAAAAAAAAA

J BALO, P. ENDES, K. FARKAS, L. HARANGHY,
B. KELLNER, I. KROMPECHER, GY. ROMHANYI,
E SOMOGYI, J. SZENTAGOTHAI

IIIIIII

TOMUSXVI* FASCICULUS 2

Akademial Kiado Budapest

AAAAAAAAAAAAAAA



ACTA MORPHOLOGICA

A MAGYAR TUDOMANYOS AKADEMIA
ORVOSTUDOMANYI KOZLEMENYEI

SZERKESZTOSEG ES KIADOHIVATAL: BUDAPEST V., ALKOTMANY U. 21.

Technikai szerkesztd:

Dr. Somogyi Endre

Az Acta Morphologica német, angol, francia és orosz nyelven k6zol értekezéseket a kisér-
letes orvostudomaéany targykorébél.

Az Acta Morphologica valtoz6 terjedelm( fuzetekben jelenik meg. Tobb flizet alkot egy
kotetet.

A kozlésre szant kéziratok a kovetkezé cimre kuldend6k:

Acta Morphologica, Budapest 1 X., T(zolté u. 58.

Ugyanerre a cimre kildendd minden szerkeszt6ségi és kiaddhivatali levelezés.

Az Acta Morphologica el6fizetési ara kotetenként belféldre 120, kulfoldre 165 Ft. Meg-
rendelhet6 a belféld szdmara az Akadémiai Kiadénal (Budapest V., Alkotméany utca 21.
Bankszdmla 05-915-111-46), a kilfold szamara pedig a ,Kultira” Konyv- és Hirlap Kul-
kereskedelmi Vallalatndl (Budapest I., F6 utca 32. Bankszadmla: 43-790-057-181) vagy annak
kalfoldi képviseleteinél és bizomdanyosainél.

Die Acta Morphologica verdffentlichen Abhandlungen aus dem Bereiche der experi-
mental-medizinischen Wissenschaften in deutscher, englischer, franzésischer und russischer

Sprache.
Die Acta Morphologica erscheinen in Heften wechselnden Umfages. Mehrere Hefte

bilden einen Band.
Die zur Veroffentlichung bestimmten Manuskripte sind an die folgende Adresse zu

senden:
Acta Morphologica, Budapest 1X., Td{zolt6 n. 58.

An die gleiche Anschrift ist auch jede fur die Schriftleitung und den Verlag bestimmte
Korrespondenz zu richten.

Abonnementspreis pro Band: 165 Forint. Bestellbar bei dem Buch- und Zeitungs-Auflen-
handels-Unternehmen »KultGra« (Budapest I., F6 utca 32. Bankkonto Nr. 43-790-057-181)
oder bei seinen Auslandsvertretungen und Kommissiondren.



Acta Morphologica Acad. Sei. Hung. 16 (2), pp. 147—156, 1968

Department of Anatomy, Histology and Embryology (Director: Prof. I. Krompecher),
University Medical School, Debrecen, and Central Research Institute (Director: Dr. S. Hollan)
of the National Blood Bank, Budapest

STUDY OF EXPERIMENTAL FIBRILLOGENESIS
IN TUNICA MUSCULARIS
OF THE RAT URETER

P. Ladanyi and Gy. Lelkes

(Received July 25, 1966)

The development of collagenous and elastic fibres was studied in the muscular
layer of the hydro-ureter developed above a ligature applied on the ureter of adult male
rats. Based on both light- and electron-microscopic examinations, it is suggested that
the elastic and collagenous fibres are produced by the smooth muscle cells of the tunica
inuscularis. This function of smooth muscles is considered an activation by mechanical
factors of atavistic fibroelastoblastic capacities, viz. a special case of qualitative adap-
tation.

Introduction

Numerous recent examinations have shown that the media of muscular,
as well as elastic type arteries contains a single cell type, the smooth muscle
cell or its modified form [8, 9, 19, 20, 21, 22, 23, 25, 27]. These smooth muscle
cells should be considered to produce the extracellular substances in the
media. Our previous studies on the comparative histogenesis of elastic fibres
in the aorta have suggested that the intracellular matrix is produced by cells
which later differentiate into smooth muscle cells and continue matrix pro-
duction in the phase when they already develop contractile filaments [19].
Seifert [25] regards the smooth muscle cells of the media as a particular kind
of muscle cell with fibroblast functions. A similar function has been considered
by Karrer [9] to be a distinctive feature between medial and “common”
visceral smooth muscle cells. The problem is whether or not this distinction is
justified, or, in other words, whether or not the “common” mesenchymal
smooth muscle had in fact lost its capacity of producing extracellular matrices,
Ib;cent works dealing with the morphology and function of smooth muscle
[5, 6, 7] do not mention any fibroblast-like function. In contrast, the textbook
by Stéohr, Mollendorff and Goerttler [28], presents the following sen-
tence: ».......... der Schlufy liegt nahe, daB die glatten Muskelzellen ebenso wie die
Bindegewebszellcn die Féhigkeit besitzen, Intrazellularsubstanz zu bilden . . «
(*“. ... theconclusion is at hand that smooth muscle cells, similarly to connec-
tive tissue cells, are capable of producing intracellular substance ... .”).

In the present study it has been examined on the basis of Lange’s [16]
results, whether or not the smooth muscle cells of a visceral smooth muscle
tissue were able to produce extracellular matrix.

1 Ada Morphologica Academiae Scientiarum Ilungaricae 16, 1968
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Materials and methods

A total of 15 adult male rats was used. Laparotomy was performed under ether anaes-
thesia and the right ureter was ligated with a fine silk thread transperitoneally at the border
between its middle and lower thirds and then the abdominal wall was closed. The animals were
killed 3, 4, 7, 9, 14 and 21 days later and both ureters were prepared for light and electron
microscopic studies.

For light microscopy, Susa fixation was followed by embedding in paraffin and staining
with haematoxylin chromotrope, Goldner, or resorcin-funchsin van Gieson methods.

For electron microscopy, the specimens were fixed in 6% glutaraldehyde in Millonig
buffer. After rinsing in buffer, the specimens were treated with 1% 0s04. Following embedding
in Durcupan, ultrathin sections were prepared by a Porter-Blum MT-1 ultramicrotome. For
staining, lead citrate or uranyl acetate was used. Examinations were performed with a JEM
6 C electron microscope.

Results

In the muscular layer of untreated rat ureters, smooth muscle cells formed
compact coherent bundles. Neither collagenous, nor elastic fibres were seen
between the neighbouring smooth muscle cells (Fig. 1).

Fig. 1. Detail of tunica muscularis from a control ureter. The smooth muscle cells are close
to each other, neither elastic fibres, nor connective tissue cells are present. Resorcin-fuchsin
van Gieson’s stain

Fig. 2. Hydro-ureter 21 days after ligation. The smooth muscle cells of the tunica muscularis
are practically all surrounded by elastic fibres. Resorcin-fuchsin van Gieson’s stain
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In electron micrographs, the surface of smooth muscle cells appeared to be
covered by a 400—500 A thick basal membrane. No other structured extra-
cellular component was detectable. The myofilaments of the smooth muscle
cells were clearly distinguishable; they filled practically the whole cytoplasm.
Cellular organelles were exceptional. The presence of numerous pinocytotic

Fig. 3. Control ureter. In the extracellular space between the apically coherent smooth muscle
cells no structured extracellular component is detectable except for the basal membrane.
Magnification. X 25 000

Fig. 4. Control ureter. The cytoplasm of laterally coherent smooth muscle cells is filled with
myofilaments. Close to the cell surface, pinocytotic activity is visible. The extracellular space
is restricted and exhibits contents identical to that shown in Fig. 3. Magnification, X 26 500
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vesicles close to the membrane completed the well-known electron microscopic
picture of the normal smooth muscle cell (Figs 3 and 4).

Next to the ligature a hydro-ureter developed and this was followed by
hydronephrosis. The smooth muscle cells of the tunica muscularis were

Fig. 5. Hydro-ureter 9 days after ligation. In the distended extracellular space, between two
neighbouring smooth muscle cells collagenous and elastic fibres are seen. Magnification, X 42 000

Fig. 6. Hydro-ureter 21 days after ligation. In the markedly distended extracellular space,
collagenous and elastic fibres are seen. The smooth muscle cell in the lower sixth of the picture
contains numerous myofilaments. Magnification, X 75 000
hypertrophic and elongated, the nuclei short and broad. Atthe same tissue,
an increasing amount of extracellular matrix appeared between the smooth

muscle cells, causing separation of the usually compact structure.

This process began as early as 3—4 days after ligation. In the newly formed
extracellular matrix, both elastic and collagenous fibres were detectable. In
the tunica muscularis, the elastic fibres appeared in close contact with the
smooth muscle cells, seemingly ensheathing the individual cells. In later

Acta Morpliologica Academiae Sciential Hungaricae 16, 1968



STUDY OF EXPERIMENTAL FIBRILLOGENESIS 151

phases, the number of elastic and collagenous fibres increased constantly.
Their close association with the smooth muscle cells was, however, unequivocal
even in 21-day specimens (Fig. 2). Apart from smooth muscle cells, no other
cells were present in the tunica muscularis, where excessive numbers of con-
nective tissue fibres were seen to develop.

The electron microscopic pictures supported the light microscopic obser-
vations, showing distended extracellular spaces in which collagenous and elastic

Fig. 7. Hydro-ureter 21 days after ligation. The central area of the smooth muscle cell’s cyto-
plasm is filled with ergastoplasm consisting of dilated cisterns. At the periphery at hoth sides,
the maintained myofilamentary structure is clearly recognizable. Magnification, X 3000
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Fig. 8. Hydro-ureter 21 days after ligation. The altered structure of the smooth muscle
cell is identical with that shown in Fig. 7. In the extracellular space, elastic fibres are predomi-
nating. Magnification, X 11 400

Fig. 9. A media cell from the aorta of a 35 mm sheep embryo. Magnification, X 13 500

Explanations to the Figures: n = nucleus, er = ergastoplasm, mf= myofilament, pi = pino-
cytotic vesicle, bm = basal membrane, co = collagenous fibre, el = elastic fibre
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elements made their appearance (Figs 5, 6). Simultaneously, the smooth muscle
cells exhibited considerable structural changes. The number of organelles in-
creased at both ends of the nuclei. This was particularly conspicuous with the
rough-surfaced endoplasmic reticulum, which exhibited cistern-like enlarge-
ments filled with intermediary electron-dense substance. The appearance and
accumulation of endoplasmic reticulum caused the smooth muscle cells to
resemble fibroblasts. An important differentiating feature was, however, the
presence at the periphery of smooth muscle cells of an about 1 p wide zone
filled with myofilaments (Figs 7 and 8).

Discussion

The nature and structure of the intercellular matrix as well as the ultra-
structure of the smooth muscle cells in the control ureters was essentially
identical with that known from literature [16, 17].

In the wall ofthe hydro-ureter which had developed above the ligature, the
appearance of elastic fibres agreed with the observations of Lange [16] in
specimens with stricture. In the rat, stricturing of the ureter as experimental
method can hardly he carried out; it wovdd involve namely considerable tech-
nical difficulties, particularly if standardization of the method would be re-
quired. Proximal to the stricture an intermittent increase of pressure takes
place which is clearly the cause of all lesions in the retrostrictural part of the
ureter and of the appearance of intercellular elastic fibres as well. The impor-
tance of mechanical factors in the formation and development of elastic
fibres was emphasized by Krompecher in 1928 and again in 1940 [10, 14].
Bloom [3] stated that the contractile force is not an abst'ute requirement
of the development of elastic fibres, nevertheless in tissue cultures the most
intensive fibre formation was seen to occur in regions where such a force
had been at play. Lelkes and Karmazsin [18] observed the formation
of new elastic elements in aorta cultures which remained in contact with the
heating heart. In contrast, expiants of pure aortic tissue failed to give rise to
elastic elements, and the residual fibres disintegrated into granular debris.

In the ligated ureter, the filling of the proximal part of the organ results in
a highly increased intra-ureteral pressure and above a certain level absorption
starts through the wall of the pelvis. Subsequently the actual tension depends
on the ratio of excretion and absorption [1]. An increase of tension elevates the
frequency and speed of peristaltic waves [4, 26] and frequent anti-peristaltic
waves also seem to appear. The results have shown that the altered mechanical
environment produced by the ligature was an effective stimulus for the formation
of connective tissue fibres.

The experimentally induced fibrillogenesis in the wall of the ureter proves
that production of connective tissue fibres is not bound to certain specific
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cells but seems to be common to various cell types. The media cells of embryon-
ic vessels produce overwhelmingly elastic fibres in the early phase of evolution.
According to K rompecher, these cells may make their appearance in certain
pathologic conditions and may be connected with the large amount of newly
formed elastic fibres [“elastoblast”; K rompecher 1928; 10, 11, 12, 14]. The
elastic fibres of elastic cartilages are produced by cartilage cells [“elastocliondro-
blast”; K rompecher 1928; 11, 13]. In his paper on elastogenesis in tissue cul-
ture, Schwartz [24] stated that fibroblasts producing elastic fibres did not
differ from common fibroblasts. The present experiments have shown unequi-
vocally that the smooth muscle cells of the rat ureter are capable of producing
connective tissue fibres.

In the muscular layer of the hydro-ureter developing proximal to the liga-
tion, parallel with the transformation of the smooth muscle cell ultrastructure
the development of collagenous and elastic fibres in the intercellular space has
been observed. The ergastoplasmic accumulation in the smooth muscle cells
of the tunica muscularis suggested the secretory activity of these cells. Details
of the phenomenon are not quite clear. It may be supposed that in this case a
special reaction to the altered environment of a preformed membrane system
normally masked by the myofilaments takes place rather than a de-differentia-
tion of smooth muscle cells into fibroblasts. The problem requires further study.
The possibility of de-differentiation has been contradicted by our finding that
41 days after the operation peristaltic movements could still be elicited in the
hydro-ureter of the anaesthetized animal.

Comparison of these experimental results with pictures of the developing
aorta revealed a striking similarity. Fig. 7 shows the aortic media of a 35 mm
sheep embryo. Here, too, the ergastoplasm occupies the central part of the
cells, whereas myofilaments are present at their periphery.

Our results appear to permit the conclusion that the smooth muscle cells are
not definitely differentiated for a single function, but are reacting dynamically to
environmental stimuli. This may result in their outstanding role in the production
and maintenance of intercellular matrix, a function which under normal con-
ditions is best seen in the vessel wall.

The pluripotent mesenchymal cells developing into the media cells of arte-
ries live under conditions inducing and maintaining their capacity to produce
extracellular connective matrices. In the absence of adequate mechanical im-
pulses, the undifferentiated mesenchymal cells develop into common smooth
muscle. Under experimentally induced changes in the mechanical conditions
such as a lasting increase of pressure with intermittently changing tension,
the latent primary fibro-elastoblastic capacities of these cells are activated.
The phenomenon may be considered a special case of qualitative adaptation
[15].
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UNTERSUCHUNG DEB ELASTOGENESE DER URETERMUSKULATUR BEI RATTEN
P. LADANYI und GY. LELKES

Bei erwachsenen Ratten lieB sich in der Muskelschicht des Hydroureters, oberhalb der
Ureterligatur die Entwicklung elastischer Fasern beobachten. Es wird angenommen, daB
die elastischen und begleitenden kollagénén Fasern durch die Glattmuskelzellen der musku-
laren Schicht produziert wurden. Diese Funktion der Glattmuskelzellen wird als ein spezieller
Fall der qualitativen Adaptation betrachtet und zwar dirfte es sich annehmbar um eine auf
Wirkung mechanischer Faktoren entstandene Aktivierung des latenten fibro- bzw. elastobla-
stischen Potentials handeln.
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NCCNEAOOBAHVE 3KCIMEPUMEHTA/IBHOIO ®UBPVIHOIMEHE3A
B MbILLEYHOWM OBOJIOUKE MOYETOUHWMKA KPbICbI

n. TAJAHbW w A. NENKEW

ABTOpbI HabMOAA/M BO3HNKHOBEHME KOJUTAreHHbIX M 3/1aCTUHHBIX BOIOKOH B MbILLEYHOM
cnoe rapoypeTepa, BOHWKLLErO Haj /IMraTypoli MOYETOYHMKA Y B3POC/bIX Kpbi. Ha ocHoBe
nccnesoBaHNi Mof CBETOBLIM M 3IEKTPOHHBIM MYKPOCKOMaMM KaXKETCS BEPOSITHLIM, YTO BO3-
HUKLLIVIE 31aCTUYHbIe BOIOKHA M COMPOBOXAANOLLME WX KOJUIareHHble BOSIOKHA MPOM3BOASATCS
KMNETKaMU TagKAX MbILLL, MbILLEYHOM 060M0YKA. 3Ty (PYHKUMIO [/1afKOMbILLEUHBbIX KIIETOK
aBTOPbI PACCMATPMBAIOT KaK aKTVBALWIO NEPBOOBLITHONO, CYLLIECTBYHOLLIENO B CKPBITOM COCTOSIHAM
(hnbpo- WM 31acTO6NACTUYECKOrO MOTEHLMANa MO BISIHAEM MEXaHUYECKUX (JaKTOpoB, Kak
CMELMGMUECKIIA CTyYail KaYeCTBEHHOM aganTauyn.

Dr. Pal Laaanyi; Debrecen 12, Hungary
Dr. Gydrgy Lelkes; Budapest XL, Daroéczi ut 24, Hungary
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EXPERIMENTAL INJURY OF MUSCULAR-TYPE
BLOOD VESSELS BY CHEMICAL AGENTS

Klara Szemenyei, A. Kéczé and H. Jellinek

(Received April 20, 1967)

The regeneration of blood vessels has been studied since the end of the last century
(Pick [31], Pekelhahing 129]; Sokoloff [37]; and others). As early as 1885 Pick
pointed out that proliferative cells probably originate from smooth muscle or connective
tissue cells and the main problem of pertinent investigations is still the origin of cells
involved in regeneration. We have studied the problem on large elastic-type and small
vessels [3, 14, 15, 17, 18, 22, 39, 40, 45]. In the present paper we shall describe investi-
gations into the effect of different agents on large muscular-type vessels and into the
origin of cellular elements of intimai proliferation occurring in regeneration.

Materials and methods

Thirty-one 2 to 3-year-old rabbits of both sexes weighing 4 to 5 kg were used. A 3 cm
part of the femoral artery on each leg was exposed in ether anaesthesia at the same site in
all animals. Then the vessel was deprived of the adventitia and painted with 33% and 8%
hydrochloric acid and iodine. The animals were sacrificed by bleeding at intervals between
5 minutes and 352 days after treatment. The untreated part of the femoral artery of the same
animal was used as control. Histological examination was performed after fixation in neutral
formalin and staining with haematoxylin-eosin, Azan, Mallory’s phosphotnngstic acid haema-
toxylin, resorcin-fuchsin and van Gieson, and optical polarization methods. Because of their
high potassium content muscle cells and erythrocytes stained selectively yellow with Siena-
Orange (S—O) recommended by Carrere and Cooms.

Results

The three agents caused almost identical changes in the arterial wall.
The necrotizing effect of 33% hydrochloric acid was more definite than that
of the other solutions. There was no difference between the agents in the time
of the development of the lesion and in regeneration. The degree of intimai
proliferation and subsequent fibrosis was also similar with the three agents.
The findings, therefore, are not discussed separately.

A few minutes after treatment the vascular wall became necrosed, homoge-
neous and thin and stained evenly; parts remaining relatively intact contained
vacuolized smooth muscle cells characterized by weak staining. The internal
clastic membrane lost its usual wavy form and became elongated (Fig. 1). In
5 out of 32 vessels thrombosis was observed. From the 5th to 9th days onward
the internal elastic membrane broke up or disintegrated (Fig. 2). Through
these parts an intimai proliferation grew and narrowed the lumen gradually.
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Fig. 1. 15 minutes after HCI treatment the necrosed part of the artery is thinner, smooth
muscle cells are replaced by homogeneous material. Vacuolized muscle cells in the relatively
intact area. Azan stain

Fig. 2. 9 days after HC1 treatment disintegration and disruption in the internal elastic mem-
brane. Resorcin-fuchsin stain
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Fig. 3. 5 days after HC1 treatment, smooth muscle cells staining yellow with Siena-Orange in
the new intima; they are well distinguishable from the blue internal elastic membrane and
from endothelial cells

Fig. 4. 120 days after HC1 treatment, cells of the thick intimai proliferation are similar in stain-
ing and arrangement to smooth muscle cells of the original vascular wall. Mallory’s triple dye

Fig. 7. 144 days after 11Cl treatment, thick intimai proliferation narrowing the lumen. Many
collagenous fibres in the media, adventitia, and in the intimai proliferation facing the lumen.
Azan stain
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Fig. 5. 40 days after HC1 treatment: (a) polarization micrograph showing doubly refractive
smooth muscle cells in the newly formed intima; (b) the same with reversed compensation.
Aniline reaction

Fig. 6. 40 days after HC1 treatment, large numbers of wavy elastic fibres in intimai proliferation
The new internal elastic membrane is clearly distinguishable. Resorcin-fuchsin stain

The cells originated partly from the media situated at the border between the

normal and pathological areas, partly from intact smooth muscle cells of the

necrotic media situated under the internal elastic membrane. In the stomata
and surface of the membrane S—O0 staining revealed cells reacting as smooth
muscle cells (Fig. 3).
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After 20 to 30 days there was a thick intimai proliferation which narrowed
the lumen after 60 days (Fig. 4). By Mallory and S—O staining the cells were
identified as smooth muscle cells. Polarization microscopy after aniline reac-
tion also showed them to be positive doubly refractive smooth muscle cells
(Fig. 5). On the surface of proliferation facing the lumen a new internal elastic
membrane had developed. In the adventitia there was a fibrous change. After
longer periods fine wavy elastic fibres developed at the site of the necrotic
media and in the intimai proliferation. The fibres stained well with resorcin-
fuchsin (Fig. 6). After 100 to 120 days, starting from the intimai proliferation
facing the lumen, a fibrous connective tissue developed which gradually re-
placed the smooth muscle cells. The process spread to the media and joined
the earlier fibrous change in the adventitia (Fig. 7).

Discussion

Solovyev (38] in a review described that for regeneration studies
vascular wall lesions were brought about by compression (Malkoff ami
d’Anna) or ligation of the vessel (Jores), removing the adventitia (Schilling),
thermocautery and silver nitrate (Andrievich), turpentine (Sminkova),
zinc chloride (Formachidis) and thermocautery (Solovyev). Trenckman [44]
applied paraffin blockade and Jaffe et al.,, [16] electric current for inducing
intimai proliferation. For the same purpose Tiiorban [43] brought about a
partial injury of the sciatic, tibial and fibular nerves.

Intimai proliferation cells are regarded by some authors as of connective
tissue, by others as of endothelial origin. According to Karrer [21] it is fibro-
blasts, according to Petri and Heberer [30] and Sinapius [35], it is fibro-
cytes which develop into endothelial or smooth muscle cells. Maximov [26]
stated that fibrocytes may be produced from endothelial cells. This finding was
confirmed by Maruyama [25] in tissue cultures. Opinions also disagree as to
the regeneration capacity of endothelial cells. E fskind [6] and Linzbach [24]
denied the possibility, while Florey et al. [7] stressed the importance, of
endothelial cell regeneration. In the opinion of Efskind [6], Sinapius [35]
and others, giant cells situated under the endothelium play an important role
in regeneration. Altschul and Faul-Boeiimler [1], Haust [12] and Rod-
bard et al. [33] supposed that pluripotent intermediary cells may differentiate
into endothelial, connective tissue and smooth muscle cells.

Our findings indicated that the cells of intimai proliferation are smooth
muscle cells originating from the media. This was shown by the fact that
Mallory and S—O staining revealed reactions characteristic of smooth muscle
cells. Growth of these elements through the fenestrated internal elastic mem-
brane was also demonstrated. The smooth muscle origin of these cells was ad-
vocated by Dixon [5], Johnson etal. [19], Solovyev [38], Mohratra [27]v
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Knae [32], Sinapius [35], Csillag [3], Jellinek et al. [17, 18], Florey et al.
[7] and Haust [12] and confirmed by electronmicroscopic examinations
[4, 8, 22, 45].

In the development of intimai proliferation neural factors may also be
involved. Gutstein et al. [10] showed subendothelial cell proliferation and
fibrosis of the elastic tissue in the aorta of rats after excitation of the splanchnic
nerve. Thorban [43] attributed an important role to the injury of vegetative
nerve fibres in intimai proliferation elicited by a partial damage ofthe sciatic,
tibial and fibular nerves; the condition led to permeability disorders and inti-
mai oedema and in the final stage to vascular fibrosclerosis. Similar factors may
have had a role in our experiments, since the chemical agents used must have
injured the nerves situated in the neighbourhood of the artery. In chronic
lesions fine wavy elastic fibres were present in the intimai proliferation and
necrotic media. Similar observations were made by several authors [7, 8, 9,
12, 21, 28]. As to the origin of these fibres there are several hypotheses, Pease
and Paule [28], Geer [9], French et al. [8] and Karrer [21] supposed that
smooth muscle cells were responsible for their formation. According to Haust
112] they originate from decomposing elastic fibres. French rejected this
conception and thought likely that they developed from connective tissue
cells. Laitinen [23] supposed an extracellular origin. Kadar et al. [22] called
the attention to a close connection between the fibres and smooth muscle
cells. The observations of Thorban [43] indicated that vascular fibrosis was
associated with permeability disorders. Seifert [34] explained this observa-
tion as follows. The rabbit’s aorta, which contains no vasa vasorum, is nourished
by diffusion from the adventitia and intima. Under normal conditions the
loose structure of the adventitia ensures this process through the tissue fluids.
Nutrition of the femoral artery might take place in a similar manner. Fibrosis
spreading to the intima and media in advanced injury may be the consequence
of adventitial fibrosis ensuring in the early stage, as the accumulation of fibres
leads to a decrease in permeability and thus to a disturbance in the vessel’s
nutrition.
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VON VERSCHIEDENEN SCHADIGENDEN FAKTOREN ZUSTANDEGEBRACHTE
EXPERIMENTELLE VERANDERUNGEN DER GEFASSE MUSKULAREN TYPS

KLARA SZEMENYEI, A. KOCZE und H. JELLINEK

Die groBen GefdBe muskuldren Typs reagieren auf verschiedene schédigende Einwir-
kungen gleichméaRig. Vom 5—9. Tag an ist itber der Membrana elastica interna eine Zellver-
mehrung sichtbar, die spater ausgepragter wird und das GefadRlumen verengt. Verfasser sind der
Ansicht, daR die Proliferationszellen aus den Glattmuskelelementen der Media stammen.
In der neugebildeten dicken Intima und auch an der Stelle der nekrotischen Media entwickelt
sich ein feines elastisches Netz; dadurch werden die GefdRe muskuldren Typs den elastischen
GefaBen &hnlich. In der Spatphase vermehren sich auf dem geschadigten Gebiet in allen 3
GefaBwandschichten die Kollagenfasern, was zur Fibrose dieses Gebietes fiihrt.

SKCNEPUMEHTANbHbLIE MSMEHEHVA BO3HUMKAKWWE HA COCYAAX
MbILLEYHOIO TUNA MNMo4 BANAHUNEM PA3IMYHBLIX BPEAHbLIX ®AKTOPOB

K CEMEHbBEW, A. KOUE n X. MENNVHEK

KpynHble cocybl MbILLEYHOTO TUNa JalOT MOA BIMSIHWEM pPa3/INyHbIX BpeaHbIX (PakTopoB
0fVHaKoBble peakuunu. HaumHas ¢ 5—9-ro gHA Hag rnembrana elastica interna nossnseTcs
nponudepaumns KeToK, KOTopas BMOCMEACTBUM BCE 00Mee YTONLAETCH, Bbi3blBas CYXXEHWeE
npoceeTa cocyaa. Knetkn nponudepadun M0 MHEHUIO aBTOPOB _ MPOWUCXOAST U3 3/1EMEH-
TOB MNafKoii MblllLbl CpefHeli 060/104KM cocyaa. B BO30GHOBNAIOWIENCSA TONCTON BHYTPEHHEV
060/104Ke COCY0B U Ha MECTe HEKpPOTWUYECKOW cpeaHeli 060M104KM COCYA0B BO3HUKAET TOHKas
aM1aCTNYHas BOJIOKHWUCTOCTb, W B PE3y/nbTare 3TOT0 COCY/bl MbILIEYHOrO TUMa CTaHOBATCA MOXO-
XXVMW Ha 3N1acTUYHbIE cocyfbl. B Mo3fHel cTagy B NOBPEXAEHHOM 06/1acTy BO BCEX TPEX CNOAX
COCY/IMCTON CTEHKM HaKOMNAeTCA BCe 6O/blUe KOMMareHHbIX BOMOKOH, 0bycnasnueas (rbpos
[laHHOIA o6nacTw.

Dr. Klara szEMENYEI
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EFFECT OF A SINGLE NEONATAL DOSE
OF CORTISOL ON THE SERUM AND
TISSUE MUCOPOLYSACCHARIDES IN THE RAT

K. VALLENT, M. PaLKOVITS and B. MANDI

(Received June 15, 1967)

An attempt was made to evaluate the effect of a single neonatal dose of cortisol
on the serum and tissue mucopolysaccharides, four weeks after the cortisol administra-
tion. Cortisol treatment of newborn rats induced a significant decrease in the serum
hexosamine, glycoprotein and tissue mucopolysaccharide. There was a significant de-
crease in the lymphocyte and medullary basophil (mast cell) count four weeks after
treatment.

The effects exerted by postneonatal thymectomy on the body growth,
on the morphology of the endocrine and lymphoid organs, and on the white
blood cells of mice and rats have been described in the literature (Miller
1961; Good et al. 1962; Sherman and Dameshek 1963; Fachet et al. 1965).

The thymus contained high number of mast cells (Freeman et al.
1956; Arnesen 1958; Michels 1963; Csaba et al. 1963); PAS positiv sub-
stance (Arnesen 1958; Csaba et al. 1960; Burnet 1965) and héparine
(Charles and Scott 1933).

It has been shown that the immunological reactions are associated with
an increase in the basophil, mast cell count (Wingist 1963; Keller 1966)
and the tissue and blood mucopolysaccharide (MPS) level (Sonnet 1955;
Basteinie 1958; Gero et al. 1959; Fehér et al. 1966). It is well known that
glycocorticoids induce a significant decrease in the MPS content of tissues
and blood, and the immunological reactions (Davidson 1964; Lorenzen
and Zachariae 1966; Fehér et al. 1966).

Schlesinger and Mark (1963) observed fatal cachexia in mice following
one single injection of cortisol. Fachet et al. (1966) have shown that a single
dose of cortisol administered in the neonatal period caused lasting thymo-
lymphatic system involution and reduced the number of circulating lympho-
cytes in the rat. The cachexia and thymo-lymphatic system involution thus
induced closely resembled the “wasting-syndrome”. Schapiro (1965) observed
similar changes following repeated neonatal injections of cortisol.

The finding by Dougherty and White (1943) that in the adult ani-
mal regeneration begins as early as 24 to 48 hours after the injection of cortisol,
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induced us in the present series of experiments to use newborn rats and ad-
minister one single dose of the hormone. In the present experiments an attempt
was made to evaluate the effect of a single neonatal dose of cortisol on the
serum and tissue mucopolysaccharides, four weeks after the cortisol administra-
tion.

Material and methods

To newborn Wistar rats of 8 + 2 g weight, one 1 mg/10 g body weight of cortisol*, in
0.1 ml volume was injected i.p. on the first day of life. The controls were treated similarly with
0.9% NaCl solution. Under identical conditions the hormone-treated animals lagged in devel-
opment, in comparison to the controls. All animals were killed by decapitation 4 weeks after
delivery. The serum hexosamine level was determined according to El1s6n and Morgan (1933)
as modified by Szabolcs and Tanké (1958), by using a standard solution of glucosamine-
hydrochloric acid. The serum glycoprotein level was determined according to Winzler (1955),
using a 1 :1 mixture of galactose-mannose. The samples were fixed in 4% neutral formalin,
embedded in paraffin, cut into 6 y slices, and stained with haematoxylin—eosin and PAS—alcian
blue. The bone marrow was stained according to May-Grinwald-Gieinsa and the basophil
count number was determined for 5000 nucleate cells. Mathematical analysis was performed
with Student’s t-test.

Results

Animals treated with cortisol presented at 4 weeks, in comparison with
the controls, a lag of development, a sparser fur, thinner skin, and less sub-

cutaneous fatty tissue (Fig. 1).
In addition, there was a significant drop in the number of circulating lym-
phocytes (p % 0.001) and of basophilic (mast cells) cells in the bone marrow

Fig. 7. Effectofa single neonatal dose of cortisol upon growth, four weeks after administration,
A = Cortisol 1.0 mg/10 g body weight intraperitoneally. B = 0.9% NacCl

* Cortisol = Hydrocortisone acetate (Kébanya Pharmaceutical Factory of Budapest).
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Fig. 2. Effect of a single neonatal dose of cortisol upon the acid and neutral mucopolysaccha-
ride level of cartilage, liver and skin. /1 = cartilage, NaCl 0.9%. B = cartilage, Cortisol.
C liver, NaCl 0.9%. D liver. Cortisol. E skin, NaCl 0.9%. F skin, Cortisol
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(p < 0.01) (Table I), with a significant decrease of both the serum hexosamine
(A) and glycoprotein (B) levels (p < 0.001) (Fig. 3).

PAS positivity was restricted to the cartilage membrane (A); the cartilage
stained more intensivity with alcian-hlue (B); the structure of the liver ap-
peared looser in the treated animals and showed less PAS positivity (D); the al-
cian-blue and PAS positivity of the skin was somewhat reduced (F) (Fig. 2).

Fig. 3. Effect of a single neonatal dose of cortisol upon the serum hexosamine and glycoprotei
levels. A = hexosamine mg per 100 g. B = glycoprotein mg per 100 g

Discussion

The metabolism and regulation of mucopolysaccharides is still a debated
guestion. Studies by Krompecher (1960) have pointed to the significant part
of hypoxia in the regulation of MPS metabolism. The latter according to some
authors (Krompecher et al. 1961; Jo6zsa et al. 1964; Vallent et al. 1966)
depends on thyroid function, xvhile according to others (Monkiiouse 1956;
Davidson 1964; Lorenzen and Zachariae 1966; Vallent et al. 1966) on
adrenocortical function.

Connective tissue is known to abound in MPS (Meyer and Rapport
1950; Yeanloz and Forchielli 1950; Marbet and Winterstein 1952; Muir
1958; Jackson 1961; Balo and Banga 1961; Németh-Cséka 1965) and to repre-
sent the site of most antigen —antibody reactions (Bastenie et al. 1958). It has
been shown, that the basophil, fibroblast and mast cells abounding in MPS
and especially those involved in MPS production, play a part in anaphylactic
and inflammatory reactions (Braunsteiner 1959; Riley 1963; Padaweh
1963; Michels 1963; Winquist 1963; Burnet 1965; Selye 1965; Keller
1966). Burnet (1965) assumed that the thymocytes can turn into mast cells
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Table |

Effect of a single neonatal dose of cortisol upon the bone marrow basophil and the qualitative

Indicated are the average values

Juve- Segment-

Controls nile Rod .ed
0.9% NaCl

| — 2 22
2. — 1 19
3. — — 24
4, — 1 15
5. — e 19
6. — 1 14
7. — 2 17
8. — o 15
9. — 1 17
10. — 1 15

X: 0 0.9 17.7
SX : — — —
Cortisol nile Rod ed

1.0 mg/animal

l. — 2 28
2. — 3 32
3. 1 3 34
4. 1 4 27
5. — 5 29
6. — 2 33
7. 2 5 28
8. 1 4 31
9. — 4 26
10. — 3 31
11. 2 18
12. - 4 27

X: 0.4 3.4 28.7
Sx: — — —

blood count

Eosino-  Baso-

phil phil Lymphocyte

Per cents

- 72

I — 76
— — 71
— 80

i — 78
81
— 76

— 82

2 — 78
_ — 80

0.5 0 77.4
+1.2

Baso-
phil phil

Per cents

- 67
— — 61
— — 59
— — 65
— — 62
— — 63
— — 62
— - 60
— — 68
— — 62
— — 77
_ _ 66

0 0 64.3
_ +1.4

p < 0.001
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and Acasu and w est (1960) demonstrated the capacity of mast cells to store,
and also to produce antibodies. These data suggest the role of MPS substances in
immunological reactions.

The present observations have confirmed the results of Schiesinger
and Mark (1963) and of Fachet et al. (1966) who found an inhibition of, and
a reduction in, the number of circulating lymphocytes, after cortisol treatment
in the newborn period. In addition, a pronounced decrease in the serum hexos-
amine and glycoprotein levels in the neutral MPS content of the tissues and the
number of basophils in the bone marrow, has been registered. Simultaneously
an increased alcian-blue positivity, pointing to the presence of acid MPS in
cartilage, beside a decrease of PAS positivity was present. The opposite change
in the content of acid and neutral MPS has been observed in our experiments
(Varrent et al. 1966), in accordance with observations described in the liter-
ature (Boas 1956; Krompecher et al. 1961; Jozsa et al. 1964)

Particular attention should be paid to the fact that the reduction of
hexosamine and glycoprotein levels was observed 4 weeks after one single dose
of cortisol, i.e. at a time when elevated blood corticoid values could not any
longer prevail. Based upon our data it is suggested that a single dose of cortisol,
administered neonatally produces a long lasting inhibition in the production
of blast cells (fibroblasts, basophils, mast cells), which might play a signifi-
cant role in MPS production. This suggestion has gained further support, when
it was shown that a similar treatment of adult animals failed to elicit any
effect (Vartent 1967).

Acknowledgement. We are indebted to J. Fachet of the Medical Research Institute of the
Hungarian Academy of Sciences, Budapest, for the interpretation of thymo-lymphatic system
results.
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WIRKUNG EINMALIGER, NEONATAL VERARFOLGTER
HYDROCORTISONINJEKTION AUF DEN SERUM-
UND GEWEBEMUKOPOLYSACCHARIDGEHALT BEI RATTEN

K. VALLENT, M. PALKOVITS und B. MANDI

AnlaBlich der Untersuchung der auf den Serum- und Gewebemukopolysaccharidgehalt
entfaltenen Wirkung einer einmaligen, neonatal verabfolgten Hydrocortisoninjektion lieBen
sich nach vier Wochen folgende Ergebnisse registrieren: Abnahme des Se-Hexosamin-, -Glyko-
protein-, sowie neutralen Gewebemukopolysaccharidgehalts, signifikante Verminderung der
Knochenmark-Basophilenzahl (Mastzellen) und der zirkulierenden Lymphozyten. Der
neutrale und saure Gewebemukopolysaccharidgehalt zeigten einander entgegengesetzte
Verédnderungen.

OEVNCTBUE PA30BOIMO BBEJAEHUSA WHBEKLWW TMAPOKOPTU3OHA
HOBOPOXAEHHbLIM KPbICAM HA COAEPXAHWE MYKOMNOJNCAXAPNOOB
B CbIBOPOTKE N TKAHAX

K. BANTNEHT, M. NTAAKOBWY un b. MAHAWN

ABTOpbI UCCIEAOBA/IN B OMbITAX Ha Kpbicax AelCTBUE OAHOKPATHOrO BBEAEHWS HOBOPOX-
[EHHBIM KpbICaM WMHBEKLMU TUAPOKOPTU30HA Ha COAEPXKaHWsi MYKOMOMMCaXapUfoB B ChIBO-
POTKe M TKaHfX, uyepe3 4 HefesM Mocne BBEAEHUS TMAPOKOPTU30HA.

Pa30Boe BBeaEHNE NHBEKLNN TMAPOKOPTM30HA HOBOPOXAEHHBIM KDbICAM BbI3Bas0 YMeHb-
LUEHWE COAEepPXaHWs TeKco3aMuHa U TNIMKOMNPOTEMHA B ChIBOPOTKE W HEWTpasibHbIX MYKOMOJH-
caxapuioB B TKaHsAX. [,0CTOBEPHO MOHM3WIOCH YMCNO 6a30(MI0B (TYUHBIX KIETOK) B KOCTHOM
MO3re 1 YMCNO LMPKYIMPYIOLMX MMGIOLMTOB. B TKaHAX CoflepXKaHWe HeATPanbHbIX U KUC/bIX
MYKOTMO/IMCaxapuioB NOKa3ano M3MEHeHUs NMPOTUBOMOMOXHOIO HanpaB/eHNS.

Dr. Karoly vartent; J. Sebészeti Klinika, Budapest, Hungary

Dr. Miklés Patkovits; Anatdmiai Intézet, Budapest IX., TdGzolté u. 58,
Hungary

Dr. Barnabas MAndi; Anatémiai Intézet, Debrecen, Hungary
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THE CHROMOSOMES
OF THE RAT’S SOMATIC CELLS*

First Institute of Pathological Anatomy and Experimental Cancer Research
(Director: Prof. .1. Halé), University Medical School, Budapest

M. Sett1yeéi, MAaria H¢jjas and E. Laszio

(Received July 20, 1967)

The chromosomes have been studied in the hone marrow of a non-inbred W istar
albino rat strain. The diploid set was found to consist of 42 chromosomes. Discernible
individually in the karyotype were the chromosome pairs 1, 2, 3, 13, 14, 19, 20 as well
as the Y chromosome. Undistinguishable were the individual pairs within the groups
X, 4—10, 11- 12 and 15—18. As to shape, the chromosomes could be classified into
telocentric: pairs 2, 3, 4—10 and 19 as well as X and Y; subtelocentric: pairs 1 and 14;
submediocentric: pair 13; mediocentric: pairs 11, 12, 15 18 and 20. Pairs 3 and 19
could be identified individually by their permanent satellites. The Y chromosome was
a well discernible marker of male cells. Polymorphism within the same sex was not
observed in the karyotypes of the tested 20 animals.

W henever genetic, radiobiologic, oncologic and tissue culture experiments
are performed with animals, there is need for a thorough knowledge of the chro-
mosomes in order to make a proper assessment of the changes they undergo in
pathological conditions or in response to external influences.

Earlier investigators have uniformly established that the somatic cells
of the rat (Rattus norvegicus), tested in tissues and tissue cultures both of
embryos and of adult animals, contain 42 chromosomes [5, 7, 9, 15, 17, 19]
but, owing to a poor technique, the shapes of individual chromosomes and the
position of the centromere have not been clearly discernible. Then the method
of treating cells with a hypotonic solution [10, 21] has furnished the possibility
to isolate them in the metaphase stage so that they could precisely be counted
and individually examined. Later authors have confirmed the chromosome
number 42 as characteristic for the somatic cells of the rat; karyotypes (mean-
ing a classification of chromosome pairs according to length and shape) have
also been set up [3, 6, 10, 14, 20, 22, 23] but the data differed in more than one
respect. Particular importance attaches to the statement N ower1 etal. [12], as
wellasH ungerfora and N ower1 [6] made about chromosomal polymorphism,
when they found that the sex chromosome X of the rat occurred in two differ-
ent forms, viz. 1. with the centromere situated at the ends of the chromatids;
2. with the centromere in subterminal location and consequently with a pro-
nounced short arm of the X chromosome. Examining the inbred BN rat
strain, they found subterminal X chromosomes in all animals, while in the

* Based on a paper read at the 7th Congress of the Hungarian Biologic Society, Pécs,
1966.
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inbred Lewis strain and the non-inbred Wistar (albino) strain the two types
of X chromosome occurred in various combinations, though among the cells
of one and the same animal there has never been any difference. A similar
kind of polymorphism was observed by Y osida and Amano [23] in the 3rd
autosomal pair.

Prior to our own investigations of the chromosomal changes presenting
themselves in pathological conditions, we deemed it advisable to determine
the karyotypes of the rats to be studied.

Material and method

The chromosomes in the bone marrow cells of 20 adult W istar rats from our own breed
were examined. Intraperitoneally was given colchicine in solution in an amount of 1.5 mg
per kg of body weight 4 to 12 hours before Kkilling. After decapitating the conical
animals, femures were removed, the epiphyses cut off and the marrow washed into a
centrifuge tube, with physiological salt solution. After centrifuging the cell suspen-
sion at 500 r.p.m. for 3 minutes the supernatant was discarded and 4 ml of a 0.8%
sodium citrate solution was layered on the cells, which were then cautiously resuspended and
kept for 20 minutes at 37° C. After repeated centrifugation some of the supernatant was again
removed, leaving roughly as much hypotonic solution in the tube as was the volume of the
sedimented cells; then under mild shaking 2 3 mlofan 1:3 mixture ofacetic acid and absolute
alcohol was added. Thirty minutes later the mixture was centrifuged, the supernatant discarded,
acetic alcohol was added to the cells and the mixture was left overnight at -j-4° C. Next day the
suspension was again centrifuged and the solution was then substituted first by a 45% and
subsequently by a 60% solution of acetic acid; after 5 minutes, one third volume of methyl al-
cohol was added. The cell suspension was then dropped on a slide and the fluid set alight.
This method, recommended by Saksela and Moorhead [18] for the demonstration of sec-
ondary constrictions, is preferable to slow drying [11, 16] and has proved best to prevent
the chromosomes of a cell moving too far apart on the slide, and to establish their actual num -
ber. Then the preparation was hydrolyzed in 1 N hydrochloric acid at 60° C for 6 minutes and
stained with ammoniacal Giemsa solution [4].

In the specimens from each animal the number of chromosomes were counted in 100
dividing cells and pictures were taken on ORWO Dokumenten Film (DK 3), under oil immer-
sion and in phase contrast. From the negatives, linear 3.5 to 4.5 enlargements were made. The
enlarged pictures of well spread metaphases were cut up, the chromosomes selected and pair-
ed in order to set up the karyotypes.

The chromosomes of the same serial number in various dividing cells were found to
vary in length within wide limits. This seems to be in relationship with the despiralization of
the chromatin substance, which is more pronounced in the prophase and subsequently (the
chromosomes being thinner and longer) than in the later stage of the metaphase. Therefore
the length of each chromosome was expressed in percentage of the total length of all chromo-
somes in the given cell; furthermore, to characterize the chromosome shape (the position of
the centromere), the size of the long arm was expressed in percentage of the full length of the
given chromosome (see Table | and Fig. 3). Measurements were taken of the cells of 6 female
and 12 male animals.

Results

Between 70 and 90% of the dividing bone marrow cells were found to
contain 42 chromosomes. This is the diploid value (2n). Diverging counts were
mostly below 42. Between 0.5 and 1% of the cells were polyploid, and most of
these euploid, containing an exact multiple (usually 4n or 8n) of the basic
haploid number of chromosomes (n= 21) (Fig. 2.) Hyperdiploid cells with
more than 42 chromosomes were infrequent.
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Fig. /.N1) Dividing male cell and its karyotype. The arrow (/*) indicates the Y chromosome.
B) Dividing female cell and its karyotype
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The 42 chromosomes of the rat-karyotype may be divided into the main
groups oflong and short chromosomes (Fig. 1). The long ones are telocentric and
are marked by the absence of a short arm, since the centromere is situated at the
end of the long arm, except for the longest pair (the first one) which is subtelo-
centric and therefore easy to identify. Well distinguishable is the telocentric
2nd pair with its size being almost as long as that of the first. Telocentric but
much shorter are the chromosomes of the 3rd pair, individually identifiable by

Fig. 2. Octoploid rat bone marrow cell with well distinguishable satellites of the chromosomes
19 (/). X 600

the DNA-deficient, faintly staining, negatively heteropycnotic satellites locat-
ed near the centromere (Fig. 1). The telocentric chromosomes are uniformly
shorter from pair 4 to 10 and individual pairs are hard to differentiate within
this group where the number of chromosomes is 15 in the male and 16 in the
female cells. To this group belongs the sex chromosome X. The subtelocentric
X chromosome found by Hungerford and N owen 1 [6] in every animal ofthe in-
bred BN strain and in some more specimens showed the longest size in groups 4
to 10. In our studies, though we failed to find subtelocentric X chromosomes
in any animal, we felt justified on the basis of the above to regard the first
chromosome (in male cells) and the first and second chromosomes (in female
cells) of the group X —4—10, as X chromosomes.

Most of the short chromosomes were mediocentric (seeTable 1and Figs 1,
3); so were those of pairs 11 and 12 which could not be differentiated reliably from
each other as they showed a nearly equal total length and a nearly equal ratio
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between the long and the short arms. Similar in size were the pairs 13 and 14;
hut 13 consisted of submediocentric chromosomes with a smaller ratio, while
14 rather of subtelocentric chromosomes with a larger ratio of their long arms
(Tahié 1). Smaller than in 11—12 were the mediocentric chromosomes in pairs
15—18, with a uniform decrease in size. Individual pairs within these groups
were undiscernible. The pair 19 appeared as small telocentric chromosomes
with attached satellites (Figs 1, 2). Pair 20 again was found to consist of
mediocentric chromosomes which, on account of their small size, could be
differentiated from groups 15—18. An unpaired telocentric chromosome, equal
in size to those of group 15—18, occurred in male animals, and corresponded
to the characteristic male chromosome Y.

Fig. 3. Diagram of the rat karyotype, based on the average size of six female (C) and 12 male

(J) cells. Bold lines indicate average chromosome length, as expressed in percentage of the

whole length of the diploid set. Thin lines indicate ranges. Indications of the centromeres

(constrictions on the bold lines) correspond to the average values. The appendages at the
upper chromosome ends 3 and 19 stand for the satellites
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Table |

Relative length of rat chromosomes and ratio of chromosome arms, in 6 female and 12 male cells

Average length of individual

Serial chromosome in percentage Average ratio of long arm
number of of the total length of the to the total chromosome
chromosome diploid karyotype*+ length in percentage*

female male female male

l. 5.13 (4.09—5.91) 5.20 (4.56—6.06) 84.83 (82—91) 83.62 (80-88)

2. 456 (4.27- 4.98) 4.64 (4.05-5.55)

3.+ 3.06 (2.51 3.60) 3.05 (2.69 3.89)

X 3.25 (2.89—3.66)  3.31 (3.04—3.64)
4 297 (276 3.19)  3.15 (2.84-3.43)
5, 275 (2.61 2.98)  2.88 (2.68-3.32)
6. 259 (2.34 2.87)  2.63 (2.27-2.82)
7 243 (225 2.81) 244 (2.14-2.66)
8 2.30 (2.18—2.54)  2.30 (2.13—2.50)
9, 2.18 (2.06 2.44) 215 (1.94—2.32)
10. 1.99 (171 2.13)  2.00 (1.71 2.29)

11. 207 (1.89 -2.23) 216 (1.96—2.40)  56.00 (50 63) 56.29 (50-62)
12. 201 (1.87 -2.06)  2.00 (1.80-2.35)  54.75 (51—63) 55.62 (50-63)
13. 213 (1.84—2.33)  2.10 (1.89—2.60)  71.08 (65- 76) 68.29 (57-82)
14, 2.00 (1.18—2.20)  2.00 (1.61-2.28)  74.16 (67-86) 74.67 (64—93)
15. 1.83 (1.71-1.94) 178 (142 2.08) 57.33 (51 68) 57.00 (51 66)
16. 170 (1.49- 1.84) 174 (1.38-1.98)  57.75 (50 —66) 54.25 (50 -66)
17. 149 (1.32- 1.78) 159 (1.33—1.89)  59.08 (50- 65) 54.50 (50-65)
18. 129 (1.11 1.40) 139 (1.12-1.76)  56.75 (50—66) 54.75 (50—63)
v — 1.48 (1.29 1.80)

19.+ 110 (0.77—1.51)  1.07 (0.80-1.45)

20. 1.02 (0.84—1.28) 121 (0.87—1.52)  57.46 (52—65) 55.42 (50-63)

* Extreme values given in brackets.
+ Karyotype and chromosome sizes do not include the length of the satellites.
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Discussion

The number of chromosomes in some cells was found to differ from the
diploid value (42). While the occurrence of tetraploid and octoploid cells may
have been related with the division of megakaryocytes, the assumption cannot
he excluded that the colchicine by inhibiting the formation of mitotic spindle
had arrested the mitosis and the polyploid cells arose from repeated division,
endomitosis.

Hypodiploid values result either from abnormal division (non-disjunction,
multipolar division) or are artefacts. In the former case, about the same num-
ber of cells ought to have presented itself with more as with less than 42 chro-
mosomes. Hyperdiploid cells, however, were quite rarely encountered. Multi-
polar division in the normal hone marrow is so infrequent that it could not
have accounted for the relative multitude of hypodiploid cells. More probable
is a loss of chromosomes in the course of preparation, with the conclusion that
the hypodiploid values usually are artefacts.

The karyotypes from animals of the same sex displayed no differencesc
The absence of subtelocentric X chromosomes in our animals confirmed thi
claim [1, 3, 8, 22, 23] that even noninbred rats contained none but telocentre
X chromosomes. This seems to indicate the cytogenetical homogeneity of our
animals, so far as ascertainable under the light microscope.

The permanent satellites make it possible to identify the individual telo-
centric chromosomes in pairs 3 and 19. These SAT-ehromosomes (sine acido
thymonucleinico) play a part in the process of nucleolar organization [13].
Most authors [3, 20, 22, 23] had regarded the rat chromosome satellites as short
arms, only Hungerford and Nowell [6] became aware of their real nature.
The satellites can only he demonstrated in impeccable preparations and are
sometimes well observable even in polyploid cells (Fig. 2). In human cells the
SAT-chromosomes do not occur as invariably as we found them in the rat [2].
Only Y osida and Amano [23] reported on individual rats or rat strains lacking
a satellite in one or both chromosomes of the 3rd pair.

Hungerford and Nowell [6] in males of the BN strain discovered a te-
locentric Y chromosome which could not be differentiated from the shortest
members of the groups X —4—10. The telocentric Y chromosome observed in
our animals was short and little practice was needed to identify it even without
setting up a karyotype (Fig. la). It suits itself well as a marker chromosome for
the identification of dividing cells of the male rat, allowing their differentiation
from female cells [24].
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CHROMOSOMEN DER SOMATISCHEN ZELLEN BEI RATTEN
M. SELLYEI, MARIA HEJJAS und E. LASZLO

Die Chromosomen der Knochenmark wurden bei Wistar-Albinoratten (keine Inzucht)
nach Colchicinbehandlung untersucht. Der Diploidvorrat bestand aus 42 Chromosomen. Im
Karyotyp waren die 1., 2., 3., 13., 14., 19. und 20. Chromosompaare und das Y-Chromosom
individuell erkennbar. Innerhalb derX —4—10., 11 —12. und 15—18. Gruppen lieRen sich die
einzelnen Paare nicht differenzieren. Der Form entsprechend kdnnen die Chromosomen fol-
gendermafBen klassifiziert werden: telozentrische Chromosomenpaare: 2., 3., 4—10. und 19,
subtelozentrische Paare: 1. und 14.; submediozentrisches Paar: 13.; mediozentrische Paare:
11- 12., 15—18. und 20. Die individuelle Erkennung der 3. und 19. Paare ermdglichen die
stets anwesenden Satelliten. Das charakteristische Merkmal (»marker«) der ménnlichen Zellen
ist das Y-Chromosom. Der Karyotyp der untersuchten 20 Ratten zeigte keine intrasexuelle
Polymorphie.
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XPOMOCOMblI COMATUNYECKUMX KJ/IETOK KPbICHI
M. LUEWEWN, M. XENAL u 3. NACNO

ABTOpbI B KOCTHOM MO3re He MHOpefHbIX 6enbiX KpbiC wWTamMMa Buctap nocne BBsefe-
HWS KOMbXMUWHA WCCNeAOBaNN XPOMOCOMbI. AunaongHblii Habop COCTOMT M3 42 XPOMOCOM.
B kapvoTune nHamMBMAyanbHO pacrnosHasaembl 1-, 2-, 3-, 13-, 14-, 19-n 20-ad napbl XpOMOCOM
1 xpomocoma Y. B npegenax rpynn X 4—10, 11—12 1 15—18 Henb3d 060c06NATb OTAe/b-
HbIX nap xpomocoM. Cyfs no (hopme,XpOMOCOMbI MOXHO KfaccuuLMpoBaTb Mo CnegyroLemy:
napol 2, 3,4 10 n 19, X 1 Y TenoueHTpuyeckue; napbl 1 n 14 cy6TenoueHTpUYeckue; napa
13 — cybmeguoueHTpuyeckasn, napbl 11, 12, 15—18 n 20 — mefuoueHTpuyeckre. NHamsmayanb-
Hoe pacnosHasaHue nap 3 1 19 BO3MOXHO Ha OCHOBE MOCTOAHHOrO HanM4ua cateniutos. Xpo-
MOCOMa Y MpeAcTaBiseT cOO0M Nerko pacnosHaBaeMblii «Mapkep» MY>XCKMX KeToK. KapuoTunbl
nccnefosaswmxca 20 KpbiC B Npejenax 0A4vHaAKOBOro nosa He NposiBAsnn noavmophusma.

Dr. Mihdly senrtye¢i 3 . i
Dr. Méria I. Korbonctani Intézet, Budapest
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4 VI, Ull6i at 26, Hungar
Dr. EI6d Lasz16 gary
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CELLULAR AND SYNAPTIC ORGANIZATION
OF THE DORSO-MEDIAL THALAMIC NUCLEUS

Teréz Tombol

(Received July 29, 1967)

The cell types and synaptic architecture in the nucleus dorso-medialis of the
thalamus have been studied on the basis of classical Golgi and perfusion Kopsch prepa-
rations in the cat. Four cell types are described: (1) the thalamo-cortical relay cells; (2)
Golgi Il type interneurons; (3) fusiform cells, having a non-specific dendritic arborization
pattern; (4) a medium size cell, resembling Type 2 but with one longer axon in addition
to many short branches. Four different kinds of afferent fibre arborizations can be
distinguished; their exact origin, however, is not sufficiently known. The mutual inter-
relations between various cell types by means of axon collaterals or short axons are
described in detail. The functional implications of neuropil architecture are briefly
discussed.

In spite of considerable differences in technical approach and general
outlook — according to their emphasis predominantly on architectural, sys-
tematic, developmental or also on functional aspects — three main types of
neurons are usually mentioned to occur in the specific, particularly in the sen-
sory relay nuclei of the thalamus. There can he little doubt that the thalamo-
cortical relay neurons (Type 1) correspond to cells with a relatively large body
and so-called “tufted” dendritic arborization pattern (Ramon-Moliner
1962; Tembe1 1967) and the dendritic tree occupying a fairly regular sphere
not more than 150 g in radius. Small cells (Type 2) that with respect to their
short but profusely arborizing axons may be considered Golgi Il type neurons,
have been described first by cajar (1911) and repeatedly mentioned by various
authors. From the less uniform group of medium size cells two different cell
types appear to emerge: (Type 3) fusiform cells with relatively few straight
and long dendrites having a rather indistinct or indetermined arborization
pattern and (Type 4) a medium size cell resembling in shape and arborization
pattern of the dendrites to the Golgi Il neurons but for their axons that,
although branching profusely in the close neighbourhood of the body, have at
least one main branch that can be traced farther. Type 3 obviously corre-
sponds to the reticular formation type cells described in most specific thalamic
nuclei by Leontovich and znukova (1963), and might be identical with the
type of neuron described by Sciieiber and scheiber (1966a) as an integrator
neuron.

Classification of cell types on purely descriptive basis, however, leads
not very far if it does not — or at least does not attempt to — carry some
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functional meaning or idea. The difficulties of meaningful classification may
also be different with the various nuclei. In the lateral geniculate body (LGB),
for example, the true relay cells are showing a much larger variability, as seen
from the papers of Shkotnik-Yarros (1955) and Guittery (1959), and only
few and probably not the most important among them correspond to the
fairly uniform type [1J of the thalamic relay nuclei. In spite of striking simi-
larities of the main cell types in many of the specific thalamic nuclei it would
be misleading to make sweeping generalizations both in classification of cells
as well as in the functional significance attributed to the various types. There
is nothing to exempt us from a careful structural analysis of all nuclear subdi-
visions of the thalamus, using as criteria for the classification of neurons not
only cell size and dendritic arborization patterns but also all the relevant feature
of the axon and its ramification. Of equal, or from the functional point of view
even higher, importance is a detailed study of the terminal ramification pat-
tern of various axons both afferent to the nucleus under consideration or of
local source. The positions of various cell types in the terminal axonal feltwork
and their synaptic relations are obviously more significant features than minor
or even than major variations of cell size and of the dendritic tree. Such stud-
ies have to rely heavily on Golgi procedures, as beautifully shown by the
recent studies of Scheiber and Scneiber (1966b, ¢) on the reticular nucleus
as well as the nucleus ventralis anterior. But they are still only preliminaries
to further studies using degeneration methods for the distant connexions and
electron microscopic investigations for the finer details of synaptic structure.

The present paper is the first of a series devoted to the analysis of the
nucleus dorsalis medialis (DM); it will be followed by electron microscopic and
degeneration studies on the same nucleus.

Material and methods

This study is mainly based on Golgi material of the cat, however, also Nauta series of
brains of animals carrying lesions of various regions or pathways contributing afferent fibres
to the DM have been examined for tentative identification of various characteristic terminal
axon ramifications.

The Golgi procedure has been applied in young kittens (1—2 days) in the form of the
classical rapid (osmic acid) procedure, repeated generally according to the suggestions by Val-
verde (1962). This kind of material and these procedures are essential for reliable information
on the course of axons and neuron connectivity on larger scale.

Unfortunately relatively little confidence can be placed into information gained from
immature brains concerning dendritic and terminal axonal ramifications as well as their mutual
relationships and synaptic arrangements particularly if quantitative relations come into
question: i.e. sizes and shapes of territories embraced or covered by dendritic and axonal ar-
borizations of various kinds. These quantitative parameters of neuronal interrelations are of
crucial importance whenever functional considerations are entering into the evaluation of the
structure, and since they are grossly changed during the process of maturation of the brain, it
is important to gain insight into the Golgi architecture of the mature or nearly mature thala-
mus or other centres of delayed maturation. Also, physiological investigations are made gener-
ally on mature animals. W ith these considerations in mind it was the endeavour of this group
to develop modifications of the Golgi procedure giving satisfactory results for the thalamus
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and upper brainstem of adult or near adult animals. A perfusion Kopsch procedure (Szent-
agothai 1963; Tombol 1967) using — after rapid perfusion with physiological saline of the
deeply anaesthetized animal as perfusion fluid a freshly prepared mixture of four parts of
5% potassium dichromate solution and one part of 40% formol (or 5% glutaraldehyde) gives
fairly reliable results in the adult cat or even better in 2—3-month-old cats that from the point
of view of maturation of the thalamus (in the Golgi picture) can safely be considered to have an
essentially adult pattern and adult quantitative parameters. The brain cut into 3 mm thick
slices parallel to one of the Horsley-Clarke planes is kept further 24 hours in the same fluid,
and then is transferred into 3.5% potassium dichromate solution for further 4 days. After
treatment in the usual 0.75% silver nitrate solution for 4 days the last two steps of the proce-
dure are routinely repeated once or, if razor blade sections of one or two unimportant regions
of one block or another do not show satisfactory staining, even twice. A rapid embedding into
celloidin up to 8% concentration — secures good cutting qualities (50 1()()//) of complete
slices of the brain, without shredding or breaking of the tissue and with practically no loss of
the staining. Almost uninterrupted series with the loss of one or two sections only at the
surfaces of slices of whole brains can be made without difficulty.

Although various cell types of the thalamus (and other upper brain stem nuclei - more
rarely of the lower brain stem from the pons downwards — cerebral and cerebellar cortex)
and particularly terminal axon ramification are generally well stained, larger axons — already
myelinated do not stain with this procedure. This is a considerable drawback of Golgi work
on the adult brain and has to be taken seriously into consideration. In order to get the complete
information one has, therefore, to recourse always to newborn material stained with the classi-
cal rapid procedure, which supplies the decisive information on the neuronal interrelations on a
somewhat larger scale by showing the trajectory of the main axons as well as their preterminal
arborizations. The crucial importance of this kind of information cannot be emphasized enough
as spectacularly illustrated in the recent studies of Scheibel and Scheibel (1966a, b, c).
Our point of view in dealing with various regions of the thalamus and geniculate bodies (Szent-
agothai 1963; Majorossy et al. 1965; Szentagothai et al. 1966; Tombol 1967) differs slightly
from that of Scheibel and Scheibel by being shifted somewhat towards the structural relations
on a more minute scale, justified also by the use of the electron microscope and its combination
with degeneration studies. It is obvious that neither of these approaches presents the full
picture, which iscomplete only if the information from both lines of study can be combined and
matched.

Results

7. (‘ell types of the medial dorsal nucleus

From the usual cell types of the thalamus mentioned in the introduction
all the four types appear, although with varying incidence. In the order of
frequency in which they appear in the perfusion Kopsch preparations these are:
Type 1 is obviously the thalamocortical projective neuron; Type 2 a short
axon local cell closely resembling Golgi Il type neurons; Type 3 a medium size
“reticular” or “isodendritic” neuron and Type 4 a medium size cell resembling
Type 2 but for having a longer axon, nevertheless with abundant local arbori-
zations. Particularly in the primate thalamus authors often speak of a medial
or rostro-medial magndéétllular and a lateral parvicellular part. However, as
also stated by Kuhlenbeck (1954) this differentiation is by no means well
defined and very little if anything of such a difference shows up in Golgi ma-
terial. Cell density appears to be greater in more medial parts of the nu-
cleus gradually to decrease in lateral direction. Such differences are not con-
spicuous with techniques so highly selective as the Golgi procedures. Tin* dif-
ferences may also be caused by more fibres entering and starting to arborize in
or simply running through the lateral part of the nucleus.
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Figs 1—4. Thalamo-cortical relay cells (Type 1) of the DM nucleus with characteristic “tufted”

dendritic arborization pattern. The axons of the cells are seen in Figs 2 and 4. Note characteris-

tic spheric dendrite tree of this cell type in Fig. 3, having a radius of not more than 150 y.
From 2—3-month-oid cats, perfusion Kopsch procedure
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Type 1:the large thalamo-cortical projective neurons. This cell type, shown
inFigs 1—4 ,has alarge multangular body and about 25—30 fi in diameter. 5—10
coarse principal dendrites originate from the cell body in radial direction. At a
relatively short usually less than 50 p distance from the cell body these main
dendrites break off suddenly into brushes or tufts of secondary branches, re-
sembling the branchings of the flower-stems of umhrelliferous plants. Larger
secondary branches may occasionally show tertiary branchings in similar
fashion, although further branching is relatively poor and of simple dichotomous
character. The dendritic tree occupies a fairly regular sphere with a radius of
about 150 p as clearly seen in Fig. 3; few of the terminal dendritic branches go
beyond the shell of 150 p radius. This dendritic arborization pattern has been
called “tufted” by Ramon-Moliner (1962) and it is indeed most characteristic
for nearly all specific thalamic nuclei. As the sudden “explosion” into the
brush- or broom-shaped tufts occurs at distances less than 50 p from the cell
body, each of these Type 1 cells is surrounded by a shell with a radius of approxi-
mately 40—80 p, in which there is a maximum density of secondary dendritic
branches immediately distal to the tufts, whereas the density, for obvious geo-
metrical reasons, soon has to decrease in outer zones due to sparse further
branching of the dendrites. The importance of this for synaptic connexions
has been mentioned previously (Tembo1 1967) and a hypothesis on the modes
and geometry of synaptic linkage has recently been based on it by Szent-
AGOTHAI (1967). Although —as we shall show in forthcoming papers on the
synaptic ultrastructure of this nucleus — the whole distal part of the dendrites
is covered with synaptic contacts, it is the region of the secondary branches in
the dense parts of the tufts that has the largest number of postsynaptic differ-
entiations in the form of short spine-like processes. Characteristic exam [iles of
these are shown in Figs 5 and 6. The nature of these short blunt side-branches
in various thalamic or geniculate nuclei has been discussed repeatedly (Szent-
agothai 1963; Majorossy et al. 1965; Tombol 1967; Eccles et al. 1967). It
has been shown that the short blunt outgrowths demonstrated in Fig. 5 are
characteristic postsynaptic structures. They have generally a group of mito-
chondria or at least a single mitochondrion in their ends and have been termed
by Szentagothai (1963) for distinction from dendritic spines “dendritic pro-
trusions”, or “digits” (in the cerebellum) by Fox et al. (1967). Somewhat more
distally these protrusions become larger and more slender, so that they are
more closely resembling spines. However, as true spines are rarely found in the
EM picture of dendrites believed to belong to Type 1 cells, it is probable that
they are still “protrusions” or “digits”. It is obvious that in the dense parts
of the tufts the postsynaptic surface is considerably increased by these out-
growths.

The axon of the Type 1 neurons is a thick smooth process originating from
a distinct cone of the cell body (Figs 2 and 4). After a tortuous initial course it
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leaves the thalamus through the anterior peduncle. In perfusion Kopsch prep-
arations of adult brains the axon can rarely be traced very far, obviously due
to its myelin sheath, which surrounds it at 50 —100 p distance from its origin.
In the classical rapid Golgi method carried out according to Valverde’s modi-

Figs 5 and 6. Short blunt side branches of Type 1 cell dendrites (arrows). These branches are
not spines but rather so-called protrusions. Thorn-like structures on more distal parts of the
dendrites as incompletely stained terminal knobs. Same material as Figs 1—4

fication, in newborn or very young kittens but sometimes also in the perfusion

Kopsch preparations (Fig. 7) one can recognize an initial collateral — already
described in the sensory relay nuclei (Tembo1l 1967) — which terminates in
the close neighbourhood of the cell.

Type 2: the small Golgi Il interneurons. This cell type is somewhat less fre-

guent than Type 1 in perfusion Kopsch preparations of the adult, but still
common in most of our material. Although quantitative estimates should not
be made with such highly selective methods as the Golgi procedure, one has the
feeling that the number of these small interneurons is somewhat larger than
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Fig. 7. Type 1 thalamo-cortical relay neuron. Arrow points to delicate initial collateral of tlie
axon. Incompletely stained thorn-shaped boutons terminaux are well seen on lower dendrites.
Material as Figs 1 4

Fig. 8. Golgi Il type internuncial cell with axon that begins immediately to arborize (right

upper quadrant). Dendrites of this cell are “wavy” and have an irregular branching pattern.

Numerous drumstick shaped spines are seen on the dendrites; they become increasingly numer-
ous towards the periphery of the dendrites. Same material as Figs 1—4
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in the sensory nucleiYPL YPM, where according to the estimate of McLardy
(1963) on Nissl staining the interneurons would attain ratios of 1 :3 —1 :5 as
compared to the thalamo-cortical relay (TCR) cells.

The cell bodies of these cells are of a rounded or ovoid shape, less than
20 /t in average diameter. Few (3—5) main dendrites take origin from the cell
bodies. Instead of the consequently radial direction of the dendrites in Type 1
here the dendrites have a wavy course from the very beginning (Fig. 9), or
sometimes simply irregular (Fig. 8) with secondary branches given at right
angles. In the beginning the dendrites are smooth, but soon small spine-like
processes appear, having the characteristic drum-stick shape (Figs 8 and 9).

Fig. 9. Same Type 2 cell as in Fig. 8. Arrow points to characteristic spine. Profuse arborization
of axon can be seen at right. Two-month-old cat, perfusion Kopsch procedure

They are sparse and shorter in proximal parts of the dendrites and are becom-
ing increasingly numerous, longer and of more elaborate pattern in distal parts
of the dendrites (Tombol 1967). These processes closely resemble true spines,
but in the EM picture the number of true axon spine synapses — so character-
istic of electron micrographs of the cerebral cortex or the molecular layer of
the cerebellar cortex, — is unexpectedly small (Tombo1l 1967). One has, of
course, to be cautious in making quantitative estimates by simply looking at
electron micrographs as one is easily led astray by not being able to predict
from the selective Golgi pictures how large a fraction of the whole tissue space
appearing in the EM ought to be occupied by the “spiny branchlets” of the
Type 2 cells in the thalamus. These branchlets are obvious enough in the Golgi
picture, but they may constitute such a tiny fraction of the whole tissue space
that the spine synapses disappear among larger elements. Thus we have not
been able to decide whether or not to consider these processes true spines. The
dendrites are considerably longer than the Type 1 neurons; they reach often
400 p or more. The dendritic arborization pattern is “wavy” as termed by
Ramon-Moliner (1962).
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The axon readily stains with the perfusion Kopsch procedure end is thus
obviously unmyelinated (Figs 8, 9). Jt arises generally from the proximal part
of one of the dendrites, seldom from the cell body itself. Not far from the cell
body it begins to arborize and all of its branches arborize repeatedly. Although
the axon branches are not confined to so rigorously limited spaces than the
cerebral cortex often is, and the branching does not exhibit any regular pat-
tern, no branch of the axons appears to leave the territory of the nucleus. On
the contrary the dense part of the arborization reaches less far than most of the
dendrites do. There is, therefore, sufficient justification for considering this
cell type a Golgi Il type neuron.

Figs 10 and 11. Fusiform medium size cells (Type 3) with faintly determined dendritic arbori-
zation pattern. Incompletely stained boutons terminaux on all dendrites

Type 3:fusiform cells. They are mostly medium in size, although their
diameter varies considerably, few dendrites originating predominantly on the
opposite ends of their fusiform cell body (Fig. 10). These main dendrites arbor-
ize by dichotomy and give rise to straight secondary and to few tertiary bran-
ches of irregular radiate course. The dendritic arborization is sparse and the
cells resemble the generalized cell type of the reticular formation. As described
by Leontovich and Zhukova (1963) the majority of the cells in the so-called
non-specific nuclei of the thalamus is of this type, however, they invade also
the specific nuclei. They are found sporadically also in the DM. Their coarse
axon arises from the cell body or from one of the principal dendrites, gives off
numerous collaterals, hut has always a larger main branch which leaves the
nucleus. It has not been possible to trace any axon from this type of neuron to
its final destination. The same kind of cell has been described recently by
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SCHEIBEL and ScHEIBEL (1966a) in various nuclei of the thalamus, particularly
in the VPL, and has been labelled “integrator cell”.

The spine-like structures that cover the surface particularly of the sec-
ondary dendrites have no drum-stick heads hut taper off into a pointed tip.
Such “pseudo-spines” that occur in large numbers on Type 1 neurons have

Figs 12 and 13. Medium size Type 4 cell. Axon seen in Fig. 13 can be traced to longer distance.
Profusely branching initial collaterals indicated by arrows. Same material as Figs 1—4

been interpreted by our group as incompletely stained axo-dendritic boutons.
This explanation is in accord with the EM picture.

Type 4: Golgi-like cells with long axon. These cells are of medium size
(20 —25 p cell body diameter), their dendritic tree resembles closely that of the
Golgi Il (Type 2) interneurons from which they differ by having more numerous
primary dendrites and consequently a multangular cell body. The dendrites
have somewhat coarser but the same kind of short spine-like side branches of
drumstick shape (Figs 12, 13) which become increasingly numerous in more
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distal parts of the dendrites. Their axon arises either from the cell body (Fig.
12) or from one of the principal dendrites and immediately begins to give off
numerous collaterals that are always thinner than the main axon. The latter
can always be traced beyond the borders of the DM nucleus. In perfusion
Kopsch (adult) material it is, of course, difficult to trace axons at distances,
hut this type of cell could also be identified in Valverde modifications of the
rapid Golgi procedure in a few days old kittens (Fig. 13). In these preparations
the main branch of the axon could be traced in several instances in caudo-
ventral direction, where it was seen to join the periphery of the fasciculus
retroflexus. The numerous thinner collaterals of the main axon appear to
arborize within the DM nucleus itself. While working on the VPL, we have not
been aware of this kind of cell (TomBOL 1967) so that some, mainly of the larger
interneurons that have not been identified on the basis of their axons as really
local i.e. Golgi Il type cells, may in fact belong to this hitherto not sufficiently
recognized cell group.

2. Termination of thalamo-petal fibre systems in the MD nucleus

As mentioned in the chapter on Material and methods the classical rapid
Golgi procedures are excellent for tracing fibre systems and their preterminal
arborizations, while not quite satisfactory for establishing the real mode of ter-
mination of the axons and their synaptic contacts. Whether this is due mainly
to the fact that the synaptic structures are not sufficiently developed orwhether
they do not stain well in very young animals is not quite clear. The perfusion
Kopsch procedure, conversely, is excellent for staining the terminal axon
ramifications and synaptic contacts in the adult or near adult thalamus, but
shows little of the axons and their preterminal branchings. This account is
based mainly on perfusion Kopsch preparations, but also series of young kittens
prepared according to the Valverde modification of the rapid Golgi procedure
and Nauta preparations of adult degeneration material have been examined
for additional information.

Four different types of afferent fibres can be distinguished both according
to direction of entry into the DM nucleus and according to their character and
pattern of arborization: (a) Relatively coarse ascending fibres entering the
nucleus from the ventro-medial direction; (b) axons of medium size running in
medio-lateral direction; (c) corticothalamic fibres; (d) thick fibres entering
from the ventro-lateral direction. Neither afferent nor efferent fibres of this
nucleus arc forming solid bundles while entering or leaving the nucleus and there
are no major bundles which would simply traverse this as in the case of many
other thalamic nuclei. The fasciculus retroflexus marks the border of the nucleus
hut apart from being joined by few of DM-efferents — axons of Type 4
neurons — and some afferents, it has no specific relation to the nucleus.
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Figs 14 to 17. Arborization of (a type) axons arriving from the ventral direction. Parental
fibre is indicated by arrow in Fig. 14. Drawing in Fig. 17 shows complete arborization of the
fibres indicated in Fig. 14

(a) The relatively coarse fibres entering from the ventro-medial
tion can be seen to arrive at the level of the nucleus from the rostral, straight
ascending and from the caudal directions. The caudal fibres usually join the
fasciculus rctroflexus. As sites of origin various mediobasal regions of the brain
have to be considered such as the posterior hypothalamic area and supra-
mammillary nuclei (Le Gros-Clark, 1932); lateral septal nuclei, anterior part
of the medial forebrain bundle and ventral tegmental regions (Guillery 1959);
and also, the amygdaloid complex (Nauta and Yalenstein 1958). — Reach-
ing different depths of the DM during their ascent, the coarse afferents begin
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to give off thin preterminal branches establishing an irregular plexus throughout
the nucleus (Figs 14—17). The same afferent may send branches to medial as
well as lateral regions of the thalamus. The terminal arborizations of these fibres
are shown in Figs 15 and 16. The endings themselves are of two kinds; some
of the thin terminal axons form sinusoid or leaf-like terminal expansions

Figs 18 and 19. Medium size (6 type) fibre entering the nucleus from the lateral side

(Fig. 15), while others break up into several fine branches each of which ter-
minates in one or sometimes a row of successive knob-shaped thickenings
(Fig. 16).

(b) Axons of medium size, entering the nucleus from the lateral side,
have smooth contours and irregular expansions into a w:ide field of the nucleus.
The terminal branches of the fibres are lost from sight after having given rise to
brush-like arborizations into straight very fine fibres (figs 18, 19). No sugges-
tion can be offered concerning the possible source of these fibres except the
vague possibility that they arrive from the pallidum (Le Gros-Clark 1932)
or the amygdaloid complex (Nauta and Valenstein 1958).

(c) Cortico-thalamic fibres have been identified only tentatively on the
basis that entirely similar fibres in the ventrobasal complex have been shown
by the degeneration method, to be of cortical origin. The preterminal parts of
these fibres are most characteristic, having a straight or undulating course
and very typical spine-like side branches which terminate in tiny knobs
(Figs 20, 21, 22). As these fibres can be observed over considerable lengths in
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great abundance in frontal sections of the brain, one might assume that they
are the branches of larger corticothalamic fibres expanding within frontally
oriented disks of the thalamus. This kind of radiate preterminal expansion of
corticothalamic fibres has been shown by Scheibel and Scheibel (1966a, b)
and the preterminal axons with their spine-like terminals demonstrated in
Figs 20, 21, 23 might well be parts of this diskoid branching of descending
cortical fibres.
(d) Coarse fibres entering the DM nucleus from the ventro-lateral side

have an arborization pattern that resembles that of specific afferents in the
ventrobasal complex (Figs 23, 24, 25). The large fibres have smooth contours

Figs 20 to 22. Straight preterminal axons giving off short terminal side branches (c type).
There was some evidence in the YPL that such fibres are of cortical origin

up to their terminal expansions. The terminal expansions are large multiple
thickenings, sometimes grape-like or otherwise resembling the so-called ro-
settes of the mossy fibres in the cerebellum (Figs 23, 24). Their likeness to the
lemniscal afferents of the VPL as well as the direction from which they appear
to come has raised the possibility that they might originate from the medial
lemniscus. Indeed there can be found rows of degeneration fragments in the
DM after lesions in the dorsal column nuclei of the medulla oblongata (Figs
26, 27). The fragments are not too abundant and also not very large as one
would expect from the large size of the preterminal fibres. Thus the question
of the origin of these fibres cannot be settled unequivocally.
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Figs 23 to 25. Coarse fibres (d type) entering the I)M nucleus from the ventro-lateral side.
Their terminal arborizations resemble that of the specific afferents in theVPL- YPM. 2—3-
month-old cat, perfusion Kopsch procedure

Figs 26 and 27. Nauta fragments in DM of adult cat 5 days after lesion in dorsal column nuclei

3. Local interneuronal connections

(a) Connections established by the axons of Golgi 11 type neurons. As al-
ready mentioned, the axons of Golgi type interneurons (Type 2) arborize in
the neighbourhood of the cell body. Arborization begins sometimes not farther
than 4—5/i from the origin of the axon. Often the first branches of the axon
are very delicate collaterals and the main branching of the axon begins a few
microns distally. The axonal branching is profuse, although not so dense than
is usual in the cerebral cortex. Most of the arborizations are well inside the
territory reached by the dendrites of the same cell. This often gives the im-
pression as if the synapses would be established with the dendrites of the cell
of origin, as has been displayed in many illustration of the cerebral cortex and
designers of nervous network models have built in such connections in their
logical networks. It is, however, almost impossible to tell on the basis of the
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Fig. 28. Relations between Golgi Il type interneuron (left) and thalamo-cortical relay cell
(right). Axon ramifications of the Golgi cell are establishing contacts with dendrite of relay
neuron (upper arrow). They are also in close relation to the cell body (lower arrow)

Figs 29 and 30. Drawing and microphotograph of Type 4 neuron. The drawing shows ramifi-
cation pattern of initial axon branches. Main branch of axon leaves the DM. Valverde modifi-
cation of the rapid Golgi procedure, 3-day-old kitten

Golgi picture whether any contact observed is in reality a synapse. In the cere-
bellar cortex, where the situation is uniquely favourable for the identification
of synapses belonging to various neurons both on the light and the electron
microscopic level, there is no indication of synapses established with own
dendrites. One should, therefore, treat this observation with scepticism until
conclusive evidence has been offered. Synaptic, or at least very close, contacts
can be observed between Golgi axon branches and dendrites (Fig. 28) of Type 1
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projective neurons. Whether occasional intimate relations to the cell bodies
(Fig. 28) are true synapses is difficult to decide, particularly on account of the
scarcity of axo-somatic synapses in the EM picture of large cells. The abundant
grape-like terminal expansions of Golgi Il type axons observed recently in the
lateral geniculate body (Szeimtagothai et al. 1966) have not been found in the
MD. This might indicate that synapses in this nucleus are generally not of
glomerular character. As has been shown in the LGB (Szentagotiiai et al.
1966) the Golgi axon endings are mainly participating in the complex glomeru-

Fig. 31. Axon terminal ramification and distal part of dendrite engaged in forming a synaptic
glomerulus. Such synaptic glomeruli are rather scarce in the DM

lar synapses. Final conclusions on synaptic relations should, however, be re-
served for the forthcoming EM analysis of this nucleus.

(b) Connections established by the collaterals of Type 4 cell axons. Collat-
erals are given in abundance by the main axon branch in the close neigh-
bourhood of the cell of origin (Figs 29, 30). The further branching of these
initial collaterals does not significantly differ from that of the Type 2 axons.
Their contacts are also similar mainly to the dendrites of Type 1 or Type 3
cells. From the beaded character of the terminal collateral branches and occa-
sional close contacts with dendrites one gets the impression that synapses are
established either with dendrites by means of small solitary terminal knobs
or with dendritic spines in “crossing-over” contacts.

(c) Connections of initial axon collaterals of thalamocortical projection
(Type 1) cells. Observations of such initial collaterals in adult or near adult
material are scarce, so that it is difficult to get information concerning their
further course and their terminal arborizations. They seem to arborize soon
and to give rise to delicate terminal branches entering the fine neuropil of the
nucleus (Fig. 7).
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Discussion

The present observations are considered a preparatory step to further
studies using both degeneration and EM methods, first separately and then
in combination. However, to be able to combine degeneration and electron
microscopy effectively, one has to have a clear knowledge (1) of the architecture
of the nucleus under study, and (2) of its main fibre connections. These studies
satisfy as yet only condition (1), while in consideration of the scarcity of data
particularly on afferent fibre connections, systematic studies are needed for
fulfilling condition (2).

Recent studies on the architecture of various thalamic nuclei (Leointo-
vich and Zhukova 1963; Scheibel and Scheibel 1966a, b, ¢c; Tombol 1967)
bave convincingly shown how little confidence can be placed into pure cyto-
architectonies, apart from some basic (and quite important) quantitative in-
formation on numbers and densities of various kinds of cells. Unfortunately,
for a reliable differentiation of cells in the Nissl picture — if at all possible — a
previous thorough Golgi analysis of the region on adult material is an essential
condition. It is thus to be expected that future Nissl studies conducted in
knowledge of the more recent Golgi information will be rewarding. Although
remarkable attempts have been made by the classical cytoarchitectonie schools
to elaborate the Nissl technique further by making plastic reconstructions of
cells and their main dendrites, thiscumbersome procedure can hardly substi-
tute Golgi studies. Gihr (1964) has distinguished 11 cell varieties with the pro-
cedure. However, it becomes obvious from Golgi studies that rough form, size
and initial dendrite patterns are of limited value for the subdivision of neurons
in various groups if compared with the decisive criteria: the whole dendritic
arborization, spines or spine-like structures and character, and ramifica-
tions of the axon. Due to the high selectivity of the Golgi procedure it is of
course always possible that one or more important kinds of cell have not yet
been observed, or that cells classified in a single group will later be subdivided
into two or more subgroups on the basis of hitherto unknown criteria. But
granted this possibility of later corrections, we may still be confident that some
of the major neuron types and some of their relations have been understood
correctly.

As it appears from the present study, in gross Golgi architecture the DM
nucleus does not differ significantly from that of the specific sensory relay
nuclei VPL, YPM or from that of the Va, YL. The same cell types can be ob-
served although probably their relative numbers are different. Also, the neuro-
pil formed by several kinds of terminal axon ramifications, apart from being
more delicate, with more fine preterminal fibres and small terminals, is not
principally different from that of the sensory relay nuclei. Thalamic mossy
fibres which are so characteristic of the anterior (Cajal 1911) and particularly
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of the posterior lateral group of nuclei PL and pulvinar (Majorossy et al.
1965) are practically lacking. The large sinusoid terminal expansions or rosettes
of the mossy fibres are found mainly in nuclei possessing complex glomerular
synapses. As few such glomerular structures can be seen in the Golgi picture,
like the one shown in Fig. 31, it may be assumed that glomerular synapses will
not be found in large abundance in this nucleus. This is, however, not certain
and final conclusions on minute synaptic structures should be drawn only from
EM studies.

From the similarity of the Golgi architecture one can nevertheless extra-
polate as much that the vast majority of synapses might be rather small axo-
dendritic boutons. Axosomatic synaptic contacts are rare in theVPL (Toémbol
1967), particularly on the larger cells. On small cells which may be identified
as Golgi Il type cells in the YL, boutons contacting the cell body surface are
more frequent, although one has to look for them thoroughly in order to lind
a few. The initial parts of the principal dendrites are also practically devoid of
synaptic contacts. From the region of the first branching of the dendrites down
to the finest branches the whole surface of the dendrite is covered by synaptic
contacts. This is probably the case also in the DM, as judged from the short
blunt dendritic protrusions (Figs 5, 6), which are known to be specific post-
synaptic sites of thalamic neurons. They are most abundant in the regions of
the dendritic tufts. On the smaller secondary and tertiary dendrites both of
Type 1 and Type 3 cells (Figs 6, 7, 11) there are many thorn-shaped “spines”,
which according to all EM evidence in the VPL, VPM, VL are incompletely
stained boutons (Tombol 1967; Ecoles et al. 1967), so that it is certain that
there are terminal knobs in the DM. As mentioned in the description of Type
2 and Type 4 cells, the long drumstick-shaped side branches may be real spines.
True axon-spine synapses can be observed — although not in abundance —
in most specific thalamic nuclei. It is probably due to the relatively long and
often curved shafts of the spines that it is difficult to trace them back to den-
drites. As the number of Type 2 and Type 4 neurons is quite considerable in
this nucleus, a thorough EM analysis might furnish important information on
the minute synaptic relations of these cells.

So far as one can judge from the Golgi architecture, processing of infor-
mation might occur according to similar elementary mechanisms as in the
VPL, YPM, VA and VL. The delicacy of the neuropil, the large number and
diffuse arrangement of small terminal knobs of mostly axodendritic localiza-
tion, indicate that considerable convergence from the various scarcely known
afferent pathways may be required for bringing the TCR neurons to action.
The abundant connections of Golgi Il type neurons with TCR neurons suggest
that inhibitory shaping of the activity patterns of TCR neurons might
be an important feature of transmission. The existence of initial collat-
erals of TCR neurons and their probable connections with Golgi 11
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type interneurons indicate the presence of a recurrent inhibitory pathway
introducing a phasing of discharges by recurrent inhibition, as has been shown
by Andersen et al. (1964a, b) and Eccles et al. (1964) in the sensory relay
nuclei. This has probably a similar anatomical basis (Témbs1 1967). — Although
afferents with large terminations confined to circumscript regions of the neuro-
pil appear to be rare, the dendritic tree of the TCR neurons with its tufted
arborization pattern and the density of dendrites of the same cell in a shell
surrounding the nucleus of 40 —80 /n radius leads to the inference that the TCR
neurons might be stimulated effectively by the axon ramifications having
terminals in this shell. In spite of the delicacy of the neuropil this might ensure
specific patterns of transmission of small groups of TCR neurons having over-
lapping “shells” in the above sense. These possibilités have recently been dis-
cussed from the geometric point of view for the sensory relay nuclei by Szent-
Agotnai (1967). His considerations can be applied with minor adjustments to
the DM. Such speculations on the possible functional grouping of neurons in
this nucleus should, however, be reserved for the future when more informa-
tion on the EM architecture and on fibre connections will be availabe.
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ZELLULARE UNI) SYNAPTISCHE ORGANISATION
DES DORSOMEDIALEN THALAMISCHEN KERNS

T. TOMBOL

Die Zelltypen und die synaptische Architektur des dorsomedialen thalamischen Kerns
der Katze wurden in den klassischen Golgi-und Kopschschen Perfusionspréaparaten untersucht.
Vier Zelltypen sind zu beobachten: 1. thalamokortikale Verbindungszellen (relay cells); 2.
Interneuronen Golgi Il Typs; 3. fusiforme Zellen mit aspezifischer dendritischer Arborisation; 4.
mittelgroBe, den Zellen 2. Typs &hnliche Zellen mit einem langen und zahlreiche kurze Fortsétze
enthaltenden Axon. Es lassen sich vier verschiedene Arborisationstypen der afferenten Fasern
differenzieren; in bezug auf den Ursprung stehen noch keine, in jeder Hinsicht stichhaltigen
Angaben zur Verfugung. Nach eingehender Erdrterung der zwischen den verschiedenen Zell-
typen bestehenden durch Axonkollaterale oder kurze Axonen gebildeten Verbindungen findet
auch die funktionelle Rolle der neuropilen Architektur eine kurze Besprechung.

OPFAHW3ALNA KNETOK W CMHAMNCOB JOPCOMEAVA/IbHBIX AAEP TANAMYCA
T. TEMBEN

Tunbl KNETOK U apXUTEKTYpa CUHANCOB B JOPCOMEAMA/bHBIX ifpax Tanamyca WUCCnefo-
Ba/INCb Ha KOLUKAX HAa OCHOBE K/JACCUYeCKMX MpenapatoB [0/bMKM W MePQy3UOHHBIX Npenapa-
ToB Konwa. [laeTcs onvicaHue 4 TUNOB KNeTOK: 1. Tanamo-KOpTUKa/ibHble NepedaToyHble KNeTKu;
2. NPOMEXYTOYHbIE HePOHbI TNa MoNbaxn 11 3. BepeTeHo06pasHble KNETKM, UMetoLne Hecre-
LMGMYECKNIA PUCYHOK eHAPUTUYECKOK ap6opu3aLmni; 4. KNeTKU cpeaHeli BeIMUMHBI, HanoOMWHa-
tOLLVE TMN 2, OJHAKO C OHUM [/IMHHBIM aKCOHOM 1 MHOXECTBOM KOPOTKUX BeTBei. MOXHO pas-
/NYaTh YeTbipe PasMYHbIX BUZa ap6opus3auun aggepeHTHbIX BOMOKOH, OAHAKO WX TOYHOE
NPOUCXOX/EHWE ELLE HeJ0CTATOUHO BbISICHEHO. [MOAPOGHO ONMCHIBAKOTCS B3aUMHbIE CBSI3U MEXIY
PazNUYHLIMU KIETOYHBIMM TWUMaMK, OCYLLECTB/ISIEMble KOPOTKMMM akcoHamu. [laeTcs KpaTkoe
06CyXeHNe (YHKLMOHANLHOW pONu HEApOnuIbHOW apXUTEKTYpbI.

Dr. Teréz Tombo1; Anatdmiai Intézet, Budapest IX., TGzolté u. 58, Hungary
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ENZYME HISTOCHEMICAL STUDIES
ON KIDNEYS PRESERVED IN VITRO BY
HYPOTHERMIA AND HYPERBARIC OXYGEN*

K. Batogh, jr.** and |. Besznyak***

(Received July, 27, 1967)

Rat kidneys were kept for 24 hours under hypothermia at ambient pressure or
under hyperbaric conditions (60 Ib. per sq. inch oxygen pressure). For comparison,
kidneys were stored for 24 hours at room temperature (20° C). The tissues were subse-
quently studied for the distribution of DPNH and TPN H diaphorase, dihydrolipoic, lactic,
isocitric, succinic, glucose-6-phosphate and //-hydroxybutyric dehydrogenase activities.
The microscopic appearance of kidneys and the histochemical distribution pattern of
a given enzyme were characteristic and consistently uniform within one experimental
group. Swelling, disintegration of architecture and marked loss of enzymatic activity
were seen in kidneys kept at room temperature. These changes were less prominent in
kidneys stored at 4° C. The best preservation of structure and enzymatic activity was
seen in kidneys kept under hypothermia combined with hyperbaric oxygen. These data
are supported by the findings of previous transplantation studies with similarly stored
kidneys. The present results indicate that preservation of viability of tissues is closely
related to their biochemical and structural integrity.

Current interest in organ transplantation from cadavers has raised several
important technical problems. One of these is the preservation of organs until
transplantation. For this purpose several methods of tissue storage have been
considered theoretically feasible, and promising results have been obtained
by the application of hyperbaric oxygenation in combination with hypothermia.
Indeed, the preservation of human cadaver kidneys has been attempted by
these means [11]. Various organs of dogs have been used in similar transplanta-
tion studies by the Minnesota group [18], and by others. These investigators
reported the successful preservation of canine hearts [1, 3], lungs [4], kidneys
[15, 16, 17, 21, 23], and small intestine [10, 20, 22] for 24 hours or more by
the combination of hypothermia and hyperbaric oxygen.

It is not fully understood by what mechanism(s) organs are preserved
under these circumstances. The present study was undertaken to correlate
preservation of cell integrity with enzyme activity in organs kept under hyper-
baric oxygen and hypothermia. Histochemical techniques were employed to
study the microscopic appearance of kidneys and the distribution pattern of
certain oxidative enzyme systems.

*This work is dedicated to Professor Joseph Bah» on the occasion of having completed
five decades in the service of science.

** Assistant Professor of Pathology, Harvard Medical School, Boston, USA.

*** Research Fellow in Surgery, Tufts University, 1964 1965. Permanent address:
Department of Cardiovascular Surgery, Budapest Medical School, Budapest.
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Materials and methods

Conditions of tissue storage were similar to those in the previous study [16], in order
to permit a meaningful comparison between the histochemical findings and the results of the
kidney transplantation experiments. For convenience, however, rat tissues were used instead
of dog kidneys. Healthy adult male rats were kept on a regular laboratory diet and water ad
libitum. The animals were decapitated and their kidneys were removed in toto without stripping
their capsule. The kidneys were cut in half with a sharp razor blade and the samples were
divided into four groups, consisting of twelve tissue blocks each.

Group |. Controls. Kidneys were frozen on dry ice and immediately used for histochemi-
cal reactions.

Group Il. Storage at 20° C. Kidneys were kept in physiological saline solution at room
temperature (20° C) under ambient pressure for 24 hours.
Group IIl. Hypothermia. Tissues were stored in cold (4° C) physiological saline solution

under ambient pressure for 24 hours.

Group 1V. Combined hypothermia and hyperbaric oxygen. Kidneys were preserved similar
to Group Ill, but under hyperbaric conditions (60 Ib. per sq. inch 0 2 pressure).

After 24 hours, the specimens from Groups II, Il1, and 1Y were removed from the saline
solution and briefly blotted on filter paper. Afterwards, they were frozen on dry ice, together
with the fresh tissue controls from Group I. All tissue blocks were mounted to be cut in a cry-
ostat (—18° C)at 20 [n. The frozen sections were mounted on clean coverslips, thawed, and briefly
dried at room temperature. Afterwards, multiple sections were utilized from each block for the
histochemical demonstration of one of the following enzymes.*

DPNH diaphorase [30], TPNH diaphorase [30], dihydrolipoic dehydrogenase [2],
lactic dehydrogenase [25], isocitric dehydrogenase [26], succinic dehydrogenase [24], glucose-
6-phosphate dehydrogenase [26] and /?-hydroxybutyric dehydrogenase [25].

Nitro-blue tétrazolium was used as the final electron acceptor in all histochemical reac-
tions. This tétrazolium salt precipitates as a dark blue, water and fat-insoluble diformazan at
the sites of enzymatic reduction [24]. The theoretical and practical aspects of the employed
histochemical techniques have been discussed elsewhere [28]. All incubations were terminated
by replacing the media with 10% neutral formalin. The fixed sections were mounted with
Kaiser’s glycerol-jelly and examined under the light microscope.

Control sections to rule out nonspecific reactions were incubated in media from which
only the individual substrates were omitted. The sections failed to reveal enzymatic activity.

Results

In fresh kidneys (Group 1) oxidative enzyme activities were localized
in the cytoplasm of the tubular epithelium throughout the cortex and the outer
zone of medulla, whereas the glomeruli and the inner zone of medulla (papilla)
contained little or no demonstrable diformazan.

* Abbreviations used. ATP — adenosine triphosphate. DPNH —reduced diphosphopyri-
dine nucleotide. TPNH —reduced triphosphopyridine nucleotide.

Fig. 1. Histochemical distribution pattern of succinic dehydrogenase activity in rat kidney.
Sites of enzymatic activity are indicated by diformazan deposits that appear black in this
picture. Enzyme activity is almost entirely limited to the tubular epithelium of the cortex and
the outer zone of the medulla. Unreactive glomeruli appear as small blank dots. The inner zone
of the medulla (papilla) is also negative (right edge) X 14. (a) Group I. Fresh kidney processed
immediately after sacrificing, (b) Group Il. Kidney stored at room temperature for 24 hours.
Notice marked swelling and disintegration of cortex, with striking loss of enzyme activity.
(c) Group Ill. Hypothermia (4° C) preserved considerable enzyme activity in comparison to
(b), although the cortex appears markedly swollen, (d) Group IV. Hyperbaric oxygen with
hypothermia preserved more enzyme activity than hypothermia alone. The parenchyma also
appears swollen. The distribution pattern of succinic dehydrogenase approximates the normal.
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The microscopic appearance and histochemical distribution pattern of a
particular enzyme was characteristic and consistently uniform within one
experimental group. The kidneys in Group | showed the normal enzyme pat-
terns (Fig. la) similar to those described in the original histochemical methodol-
ogy reports. The other groups showed lesser degrees of activity than the cor-
responding normal values of all enzymes. In addition, all stored kidneys
(Group Il —1V) were oedematous. The most marked swelling and disintegration
of the architecture was seen in kidneys kept at room temperature for 24 hours
(Group I1); this was accompanied by the lowest enzyme activity (Fig. Ib).
More enzymatic activity was seen in kidneys kept at 4° C (Group I11) (Fig. Ic).
Among the experimental groups, the best preservation of structure and the
relatively highest enzyme activity was observed in kidneys kept at 4°C under
60 Ih. per sg. inch 0 2pressure (Group 1V) (Fig. Id). The visual evaluation of
enzyme activities in the histochemical reactions could be summed up as follows

Group | > Group IV > Group Il )> Group II.

Discussion

In a previous study [16], one of us (I. B.) found that dog kidneys could
he preserved in an electrolyte solution for 24 hours in a refrigerator pressure
chamber maintained at 4° C and 3 to 5 ATA 0 2 following which they were
replanted as autographs into the pelvis of the host. Two to three weeks after
replantation, contralateral nephrectomy was performed. In a series of 27 ani-
mals receiving transplants preserved in this manner, there were 12 long-term
survivors. When examined six to eight months following contralateral ne-
phrectomy the survivors were apparently healthy. At the same time hypothermia
or hyperbaric oxygen alone failed to preserve viability of kidneys. Similar
observations were made by the Minnesota group on a variety of canine organs
[18].

It was evident from the transplantation studies that hypothermia com-
bined with hyperbaric oxygen must preserve considerable amounts of oxida-
tive enzyme activity in the kidneys. This was confirmed by the present results
because substantially more oxidative enzyme activity was demonstrable in
rat kidneys stored under hypothermia and hyperbaric oxygen than with either
hypothermia or hyperbaric oxygen alone. In contrast to our results, Cawiue et
al. [5] reported no significant changes in the histochemical distribution pattern
of acid and alkaline phosphatase, succinic dehydrogenase and DPNH dia-
phorase activities in dog kidneys preserved up to 17 hours in cold (4° C)
Hanks’ solution at ambient pressure.

Little is known about the mechanisms involved in the preservation of
structure and function of tissues under the described experimental conditions.
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It is well known that hypothermia lowers metabolic activity anti thus de-
creases oxygen consumption of tissues in vivo as well as in vitro. Hyperbaric
oxygen, likewise, depresses oxygen consumption [7,27], inhibits tissue respi-
ration and oxidative phosphorylation, i.e. ATP production under aerobic
conditions [14, 29]. In addition, the activity of succinic dehydrogenase [7,
31] and other enzymes, particularly of those containing —SH groups, have
also been shown to be inhibited by hyperbaric oxygen [6, 8, 9, 12—14, 31 —34].
Recent data indicate that hyperbaric oxygen also appears to be involved in
the electron transfer chain [6]. In general, it has therefore been believed that
hyperbaric oxygen sustained viability of organs in vitro by these mechanisms.
This view was challenged by Litienei et al. [19], who reported that canine
hearts stored for 24 hours under hypothermia and hyperbaric oxygen, nitrogen
or helium all resumed a coordinated ventricular beat after revascularization.
The findings in 15 preserved hearts suggested that oxygen is apparently not es-
sential for preservation of organs in vitro, since an inert gas such as nitrogen
or helium also maintained viability of the hearts. The results of Lit1enei et al.
indicate that a combination of hypothermia and high gas pressure influences
the rate of respiration and glycolysis of the cells in such a way as to minimize
or delay irreversible cell damage and death, even in the absence of oxygen.

Obviously, a histochemical study of this nature cannot provide answers
concerning the mechanisms involved in the maintenance of organ viability.
However, itpermits light microscopic observation of structuresand simultaneous
visual evaluation of histochemical enzyme reactions. The results of this study
suggest that preservation of the viability of tissues closely parallels their mor-
phological and biochemical integrity.
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HISTOCHEMISCHE ENZYMUNTERSUCHUNGEN DES UNTER
HYPOTHERMIE IN HYPERBAREM SAUERSTOFFDRUCK KONSERVIERTEN
NIEREN

K. BALOGH jr. und I. BESZNYAK

Rattennieren wurden 24 Stunden bei Hypothermie unter normalem Druck sowie in
hyperbarem Sauerstoff konserviert. Zu Vergleichszwecken wurden Kontrollnieren 24 Stunden
bei Zimmertemperatur (20° C) aufbewahrt. Nachfolgend wurden die Gewebe auf ihre DPNH-
und TPNH-diaphorase-Gehalt, ferner auf die Dihydrolipoid-, Milchs&ure-, Isozitronensaure-,
Sukzinat-, Glukose-6-phosphatase- und 3-Hydroxybuttersdure-Aktivitdt untersucht. Das
mikroskopische Bild der Niere und die histologische Verteilung des jeweiligen Enzyms waren
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in den einzelnen Versuchsgruppen charakteristisch und konsequent identisch. Anschwellen.
Desintegration der Struktur und ein merklicher Verlust an enzymatischer Aktivitdt wurde in
den bei Zimmertemperatur konservierten Nieren festgestellt. Diese Ver&dnderungen waren
weniger ausgeprégt in Nieren, die bei 4° C gehalten wurden. Struktur und Enzymaktivitéat
blieben am besten erhalten, wenn man die Nieren unter Hypothermie in hyperbarem Sauerstoff
konserviert hatte. Diese Angaben fanden eine Bestdtigung durch die Ergebnisse der friheren
Transplantationsversuche von &hnlich konservierten Nieren. Die gegenwé&rtigen Ergebnisse
weisen darauf hin, dal das Erhalten der Lebensfahigkeit der Gewebe eng mit ihrer biochemischen
und strukturellen Integritdat zusammenhéangt.

MMCTOXVIMWYECKOE VICCNIELOBAHUE 3H3VIMOB B MOUKAX, XPAHAEMbIX
in vitro B YC/IOBU/SAX MUMOTEPMUM W TUMEPBAPVUYECKOIO JABJIEHUS
KVIC/TOPOJA

K. BANOIr MN. n N. BECHbAK

MOYKM KPbIC XPaHWIMCh B TeYeHMe 24 UacoB B YC/IOBMSIX TUMOTEPMUM MPY HOPMa/IbHOM
[aBeH N cpebl WM Npy Tynepbapryeckmnx YeroBrsIX (aaBneHve Kucnopoga 60 (yHTOB/KB.
WHY). B Lenax cpaBHeHUS! KOHTPOSIbHbIE MOYKA XPaHUMCL B TedeHe 24 YacoB Npyi KOMHATHOM
Temnepatype (20 °C). lNocsie 3TOro B TKaHsX MoYeK GbUn onpesenieHbl pacnpesesieHne DP M |
n 'TPN H-anadopasbl M aKTUBHOCTb AWTMAPONIMMONAOB, MOJIOUHOM KUC/OTbI, W30/IIMOHHON
KMCMOTbI, SIHTAPHOM KUCMOTbI, F/OKO3-6-hocthata 1 3-rMapOKCUMAc/IsiHOM KMCNoTbl. B npe-
fenax OTAeNbHbIX rpynn MMKPOCKOMMYECKas KapTuHA MOYeK M FUCTOXUMUMYECKOE pacripeje-
NeHVie OTAEMbHBIX 3H3VMMOB ObUM XapaKTepHbIMU 1 MOC/ef0BaTe/TbHO OfiHO0BPasHbIMK. Haby-
XaHwve, Je3vHTerpaumsi MOCTPOEHUS! M 3aMeTHast MOTepsi (hepMEHTATVBHOA aKTVMBHOCTU Obin
BbISB/IEHbl B MOYKAX, XpaHseMbIX Mpy KOMHATHOM Telvlnepa%pe. 3TN V3MEHEHVST BbUIN MeHee
BbIpaXeHHbIMY B MOYKaX, XpaHsieMbl npy TemnepaType B 4 °C. CTpyKTypa 1 (hepMeHTaTVIBHas
aKTVBHOCTb COXPaHSIIMCh JTyullie BCEr0 B MOYKaX, KOHCEPBMPOBaHHbLIX MY MOMOLLM FMMoTep-
MU B COUETaHWM C MUNep6apUyecKM KCMIOPOAHBIM JaB/eHVeM. 3TV aHHbie ObUT MOATBEPXK-
[JeHbl pesy/bTaTamMy NMPEXHWX 3KCMEPMEHTOB M0 Mepecajike MOYKM, XpaHsieMoli Npy NOA06HbIX
YCNoBUsIX. Pe3ynbTaTbl HACTOSLLWX UCCMEA0BAHNIA YKa3bIBAKOT HA TO, YTO COXPAHHOCTb YKM3He-
Croco6HOCTM TKaHel TeCHO CBsi3aHa C MX OMOXVMUYECKOM W CTPYKTYPHOW LENIOCTHOCTBHO.

Dr. Karoly Balogh, jr.; Dep. of Pathology, Massachusetts General Hos-
pital, Harvard Medical School, U.S.A.
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Budapest, Hungary
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HAEMORRHAGIC PANCREATITIS INDUCED
BY ELASTASE*

J.J. Molnar, |.J. Schneider, S. Tindel, D. Shapira and D. State

(Received July 29, 1967)

1. 75 mg of pancreatic elastase in 15 ml distilled water was infused into the
pancreatic ducts of dogs. 2. Shortly after the infusion acute haemorrhagic pancreatitis
developed in all 14 dogs. 3. Significant vascular changes were present in the elastase-
induced pancreatitis, similar to those described by Rich and Duff in 1936. 4. According
to literary data and our own material, vascular changes were less prominent in the
trypsin-infused pancreases than in the elastase-infused ones. 5. It is suggested that
the commercial trypsin used in 1936 by Rich and Duff was not free of elastase and the
vascular changes described by these authors were due to the elastase admixture rather
than to the trypsin itself. 6. bor the experimental production of haemorrhagic pancrea-
titis in dogs, trypsin-free crystalline elastase is strongly recommended.

The recognition of enzymes and their role in health and disease has long
preceded their names and chemical purification. Pancreatic juice was said to
be used by the noted John Hunter [1] for the debridement of infected wounds.
The theory, that pancreatic juice is the disease-producing factor in acute
haemorrhagic pancreatitis, was proposed almost a century ago by Kiebs [2].
Opie, the father of the common channel theory [3, 4], claimed that trypsin is
responsible for the peculiar necrosis of the pancreas in acute haemorrhagic
pancreatitis. Rich and Duff [5] proved that the haemorrhage in that condi-
tion results from a type of necrosis of the vessel walls in the pancreas, which
can easily be reproduced by pancreatic juice as well as by crystalline trypsin.
In later paper [6] the same authors emphasized the similarity between acute
necrotizing vasculitis induced by trypsin, and the small vessel changes in
human hyaline arteriosclerosis.

The study of the necrotizing effect of trypsin on the vessel walls was reop-
ened by the discovery and crystallization of another proteolytic enzyme from
the pancreas. Balé and Banga [7] isolated an enzyme from a watery solution
of fat-free pancreas, and named it elastase on the basis of its powerful action
on the removal of elastic fibres from the walls of arteries. The possible role of
elastase in human arteriosclerosis has been duly investigated [8], and extensive
biochemical studies clarified its mode of action on elastic fibres [9], but no
experiments have been reported on the role of elastase in acute haemorrhagic

*This work is dedicated to Professor Joseph Bald on the occasion of having completed
five decades in the service of science.
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pancreatitis prior to our presentations [10, 11]. In this paper we summarize
our unpublished results and establish a definite role of elastase in experimental
haemorrhagic pancreatitis.

M aterials and methods

Twenty fasting mongrel dogs of both sexes, weighing 15 to 22 kg were used in the experi
ments. After intravenous sodium pentobarbital anaesthesia a midline abdominal incision was
made to expose the body of the pancreas. The accessory pancreatic duct (which is the major
pancreatic duct in dogs) was identified and cannulated with the largest polyethylene catheter
possible (Fig. 1). The catheter was advanced 2 cm into the intrapancreatic portion of the duct,

Common Du

Catheter

Duodenum

Fig. 1. Anatomy of duodenum and pancreas in dog with catheter inserted into major pancreatic
duct

and secured with a silk ligature. Reflux of clear pancreatic juice occurred in every instance,
indicating that the catheter was properly inserted. Under sterile conditions, a solution of 75 mg
pancreatic elastase dissolved in 15 ml distilled water, as prepared by the method of Grant
and Robbins [12], was allowed to drip via the catheter into the pancreatic duct. Assays of
this preparation yielded 160 elastolytic units per mg. In six control animals a solution of 15 ml
of distilled water was used. The elastase solution was slowly elevated above the animal until
the hydrostatic pressure was sufficient to initiate flow into the pancreatic duct. The required
pressure ranged from 40 —60 cm water, and the duration of flow varied from 15 to 30 minutes.
At the conclusion of the infusion the catheter was removed, and both sides of the pancreatic
duct were ligated. All animals were sacrificed five hours after the completion of the infusion,
and the whole pancreas from each was removed for gross and microscopic study. All tissues
were immediately fixed in ten per cent buffered formalin and representative sections were
taken from each pancreas. The tissues were embedded in paraffin and subsequent sections
stained with H&E and van Gieson elastic preparations.
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Results

The 14 elastase infused dogs developed striking gross changes. Approxi-
mately one hour following the completion of the infusion, progressive oedema,
congestion and confluent haemorrhages appeared on the surface of the pan-
creas, resembling the early changes in human haemorrhagic pancreatitis. The
haemorrhages were prominent adjacent to the infusion site and extended
throughout the body and the tail of the pancreas. In multiple cross sections
these changes involved most of the parenchyma along the interstitial septa.
In three animals gross foci of peripancreatic fat necrosis were present. The
six control animals showed minimal oedema and hyperaemia of the pancreas.

Microscopic examination showed wide, swollen interstitial septa infiltrat-
ed by leukocytes, dilated veins and irregular areas of wide spread haemorrhages
destroying the acini (Figs 2, 3). Vascular changes were prominent and varied
according to the size of the artery. In the larger arteries the internal elastic
membrane was uncoiled and appeared frayed (Fig. 4). In the medium sized
muscular arteries fibrinoid-like necrosis of the Avail with loss of clastica and
muscularis was seen occasionally (Fig. 5). Hyaline degeneration or complete
dissolution of the vascular structures was frequent, often producing an un-
stained outline of the arteriole (Fig. 6). Fresh thrombi were found in the me-
dium sized veins. The pancreatic duct and its branches were usually intact,
their mucosa surfaces uninvolved, but inflammatory cells were occasionally
seen in their lumen. In addition to the three animals which showed gross foci
of fat necrosis, four more displayed microscopic evidence of fresh peripancre-
atic fat necrosis (Fig. 7). All control animals were studied histologically and
showed some extravasation of blood near the incisional margin, with mild
oedema and vascular dilatation, but the classical vascular and inflammatory
changes were absent in the remaining tissue.

Discussion

The role of proteolytic enzymes in the pathogenesis of acute haemorrhagic
pancreatitis has been investigated by several authors [13, 14, 15, 16, 17, 18,
19, 20]. It is generally agreed that intrapancreatic activation of the inactive
zymogens to proteolytic enzymes will produce the characteristic autodiges-
tion of the pancreas. The histological reaction to this autodigestion would
then be the classical morphological appearance of acute haemorrhagic
pancreatitis. Of the three well known proteolytic enzymes of the pancreas
(trypsinogen, chymotrypsinogen, procarboxypeptidase), only trypsinogen was
usually selected for these studies, because its conversion to trypsin is necessary
for the liberation of the other two enzymes.
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Fig. 2. Oedematous interstitial septa dividing the pancreatic lobules. Dilated veins and scat-
tered migrating inflammatory cells. H&E X 60
Fig. 3. Widespread haemorrhagic areas extending into the lobules, destroying the acini. H&E
X 60
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Fig. 4. Portion of a large artery. The internal elastic membrane is frayed. H&E X 200
Fig. 5. Fibrinoid necrosis in a medium size artery. 11&K X 200
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Fig. 6. Shadow of a small arteriole in the centre of haemorrhage. H&E X 360
Fig. 7. A focus offat necrosis surrounded by acute inflammatory exudate in the peripancreatic fat
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The pathology of pancreatitis produced by autodigestive trypsin was
studied by Rich and Duff [5]. They emphasized first the presence of vascular
changes, and suggested that the haemorrhage was the result of the peculiar
vascular necrosis produced by the action of escaped pancreatic juice. It was
shown furthermore that not only pancreatic secretion, but purified crystalline
trypsin at the site of injection anywhere in the body, will give rise to similar
vascular necrosis and haemorrhages found in cases of haemorrhagic pancreatitis.
The question of how specific these vascular changes are, as described by Rich
and Duff, certainly becomes an interesting point, since our experiments with
elastase showed similar if not identical vascular changes. In recent studies,
Beck et al. [21] compared the morphological appearance of hile-induced and
trypsin-induced experimental pancreatitis in dogs, and concluded that no
difference was seen histologically in the two groups one hour after the experiment
had been started. They found no free trypsin in the bile-induced cases, but
definite proteolytic activity in the trypsin-induced group, only in the first
15—20 minutes, and noted a remarkable absence of any conspicuous vascular
necrosis. They found vascular necrosis only in the centre of extensive paren-
chymal necrosis. The vascular changes seemed to show a parallel course with
the duration of the experimental damage. They therefore concluded that the
vasculitis in bile- or trypsin-induced experimental haemorrhagic pancreatitis,
was probably secondary to the parenchymal damage. The frequently cited
Rich and Duff experiment involved three cases of experimentally produced
haemorrhagic pancreatitis. In one case they used bile, and in the other two
cases they used commercial trypsin. Since crude trypsin can be used as a source
for purified elastase [22], it is more than probable that the commercial pan-
creatic trypsin (Fairchild Bros, and Foster, New York City) as utilized by
Rich and D uff in their 1936 experiments, contained other proteolytic enzymes
and most probably a generous amount of elastase. The peculiar vascular changes,
therefore, could be attributed to the elastase-contaminated commercial
trypsin, rather than to trypsin alone. As Beck et al. [21] pointed out, the
vascular changes in trypsin-induced acute pancreatitis are rather mild and
secondary, and in our experience [23] they were almost non-existent at the
same period when elastase-induced cases already showed advanced vascular
necrosis. In a recent study Wanke et al. [24] used a battery of enzymes to
produce pancreatitis in rats. Among others, they injected elastase into the
pancreatic duct of two rats, but failed to produce the changes we have induced
in dogs.

The pathogenesis of acute haemorrhagic pancreatitis is still obscure.
When a morphological lesion, so unique in appearance and so classical in mani-
festations and in some of the biochemical alterations, can be produced experi-
mentally by at least fifty different techniques, it is probable that none of them
is the right one to apply for human cases. With the introduction of more sensi-
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tive biochemical tests and by improved laboratory facilities, we hope that in
the future some of the serum levels of enzymes and their inhibitors will be
measured, and we will obtain a better understanding of the natural course
of human haemorrhagic pancreatitis. Until that time, however, we strongly re-
commend that a simple technique for the experimental model of haemorrhagic
pancreatitis be used by the infusion of elastase at physiological pressure into
the pancreatic ducts of dogs.
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DURCH ELASTASE HERBEIGEFUHRTE HAMORRHAGISCHE PANKREATITIS
J. J. MOLNAR, 1. J. SCHNEIDER, S. TINDEL, D. SHAPIRA und D. STATE
I.1n die Ausfihrungsgédnge der Bauchspeicheldrise von Hunden wurden 75 mg Pan-
kreaselastase in 15 ml destilliertem Wasser infundiert.

2. Bei allen 14 Hunden entwickelte sich bald nach der Infusion eine akute hdmorrhagi-
sche Pankreatitis.
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3. Bei der durch Elastase herbeigefubrten Pankreatitis waren signifikante GefaRvcréan-
derungen zu beobachten, die den von Rich und Duff im Jahre 1936 beschriebenen &hnlich
waren.

4. Die GefdRverédnderungen in der Bauchspeicheldriise nach Trypsininfusion waren
weniger ausgepragt als nach Elastaseinfusion.

5. Es wird angenommen, daf das 1936 von Rich und Duff benutzte handelsibliche
Trypsin nicht frei von Elastase war, und daB die durch diese Autoren beschriebenen GefaRver-
&nderungen eher durch die Elastasenbeimischung als durch das Trypsin selbst herbeigefihrt
waren.

6. Es wird empfohlen, fir die experimentelle Erzeugung einer hdmorrhagischen Pankrea-
titis an Hunden Trypsin-freie kristalline Elastase zu verwenden.

FEMOPPATMUECKUA MAHKPEATUT, BbI3BAHHbIN 3NACTA30M

N. W. MONbHAP, N. . WHEWAEP, C. TUHAEN, A. WANWPA n . CTENT

1. B NpoTOKM NOMKeNyAOo4YHON >enesbl cobak aBTOpbl MPOBOAUAM BfMBaHWe 75 mr
MaHKPeaTMYeCcKoii 31acTasbl, pasbasneHHbIX B 15 M1 QUCTUNIMPOBAHHOW BOAbI.

2. CKopo nocne BAWBaHWS pasBUACA OCTPbIA remopparnyeckuii NaHKpeaTuT Yy BCeX
14 cobak.

3. Mpu naHKpeaTuTe, BbI3BAHHOM 3M1acTa30i, HabnNOAaIMCb LOCTOBEPHblE W3MEHEHMS
COCY/0B, NOAOGHbIE U3MEHeHUsAM, onucaHHbIM Puu 1 fagd B 1936 rogy.

4. CornacHo nuTepatypHbIM faHHbIM W COBCTBEHOMY MaTtepuany aBTOPOB W3MEHEHWA
COCY/0B NOMKeNy[04HO Xenesbl 6blIn MeHee BbIPaXXEHHbIMW MOCe BANBAHMA TPUMCUHA, Yem
nocne BBefeHMA 31acTasbl.

5. Tpegnonaraetcs, 4To0 NPUMeHeHHbIA Puy 1 Qaddom B 1936 rogy MmeroLwmiics B npo-
[aXe TPUNCUH He 6bin CBOBOAHLIM OT 371aCTasbl, M YTO OMUCAHHbIE STUMK aBTOpaMy M3MEHEHNS
COCY[10B OblIfN BbI3BaHbl CKOpPee MPHMECHIO 3/1acTasbl, YeM CaMiM TPUMCUHOM.

6. [lns aKcnepuMeHTa/IbHOrO CO34aHNs remopparnyeckoro naHkKpeatuTa y cobak peko-
MeHAYeTCA NMPUMEHATb KPUCTANNIMYECKYIO 3nacTasdy, He COAepXallyto NMpUMECh TPUMCUHA.

John J. Mornar

irai J. schneider Dep. of Path, and Surgery, Albert Einstein Coliege of
Seymour Tindel Medicine Bronx Municipal Hospital Center, New York,
Daniel Shapira N. Y. 10461

David State
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THE POSTNATAL TRANSFORMATION
OF THE PINEAL GLAND*

N. A. Kerényi and K. Sarkar

(Received July 29, 1967)

Postnatal transformation of the pineal gland has been shown on human material.
The transformation begins at birth and is complete at 2—3 weeks of age, producing a
characteristic mosaic arrangement. The mosaic pattern becomes less prominent at
about six months and disappears completely at 9—12 months. An analogy has been
noted between the postnatal transformation of the pineal gland and the postnatal in-
volution of the foetal zone of the adrenal cortex. Although the two processes are differ-
ent in morphogenesis they show a striking parallelity in regard to their progress, being
related to the age of the infant as well as to certain pathological conditions such as
congenital cyanotic heart disease. The authors propose to use this phenomenon as an
experimental model to facilitate a better understanding of the postnatal transformation
of the pineal gland.

Philosophers and scientists have been trying for two thousand years to
give the pineal gland a metaphysical or a physiological role. Considering the
smallness of the organ, it is surprising how much space it has occupied in both
speculative and scientific literature. Histological as well as physiological
conceptions in regard to this organ have frequently changed. During a span
of more than twenty centuries, the theories about the epiphysis reflect the
leading ideas of medical science, often under the influence of philosophical
conceptions. First, it was stated that the epiphysis functions as an organ of
meditation enabling man to remember his past life. According to Herophilos
of Alexandria [1], the pineal gland acts as a sphincter controlling the stream
of thoughts. Galeno in 1562 [2] described the epiphysis and he regarded this
organ as a gland with internal secretion. Descartes [3] saw in the pineal the
noblest of all organs, the seat of the soul. Magendie [4] suggested that the
epiphysis is an organ for reflex regulation of the cerebrospinal fluid and of
intracranial pressure. The pineal was also considered as a rudimentary organ,
supposedly of sensory nature and related to the third eye of Lacertidae.
In 1898, Otto Heubner [5] published a case report of a young boy who had
shown precocious puberty and was found to have a pineal tumour. At the
beginning of this century, Marburg [6] was the first to suggest that the mam-
malian epiphysis would have an endocrine function related to the development
of sexual organs. According to Marburg, the epiphysis inhibits sexual develop-

* This work is dedicated to Professor Joseph BarQOon the occasion of having completed
five decades in the service of science.

Ada Morphologica Acaderniae Scientiarum Hungaricae 16, 1968



224 N. A. KERENYI and K. SARKAR

ment. At the time of puberty, atrophy of the pineal gland begins and sexual
maturation takes place. This theory was somewhat supported by the fact that
tumours destroying the epiphysis were often associated with precocious puber-
ty. There were observations to the contrary, however, and countless experi-
ments either administering pineal extracts or, at the other extreme, performing
pinealectomy, failed to yield conclusive evidence one way or another [4].
Standard endocrine tests designed to determine the possible glandular functions
of the pineal were also inconclusive.

A review of the literature on pineal tumours by Kitay [7] showed that
most of the tumours associated with precocious puberty were not really pineal
in origin but were either tumours of supporting tissues or teratomas. On the
other hand, tumours associated with delayed puberty were, in most cases,
true pineal tumours. Both Bargmann [8] and Horanyi [9] have demonstrated
that the epiphysis does not necessarily atrophy after puberty; it has also been
stated that the appearance of calcification does not alter the function of the
pineal gland [10].

In 1958, Lernek et al. [11] achieved a major breakthrough. An earlier
observation by McCora and Ariren [12] that bovine pineal extract would
blanch the skin of the tadpole, was re-examined by Lerner’s group, and as a
result they isolated melatonin; the structure of this compound is N-acetyl-5-
methoxytryptamine. Melatonin produces a contraction of the pigment granules
in melanocytes. In 1960, A xetrod and W eissbach [13] discovered the enzyme
hydroxyindole-O-methyltransferase and showed this to be responsible for
catalyzing the transformation of N-acetyl serotonin to melatonin. In mammals,
only the pineal gland can synthesize melatonin and hydroxyindole-O-methyl-
transferase is found to be present only in the pineal gland. Melatonin is an
antagonist of the melanocyte-stimulating hormone (MSH) [14].

The pineal suddenly became a centre of interest. The number of publica-
tions dealing with different functions ofthe epiphysis multiplied with remark-
able speed. It was demonstrated that the minimum rate of rat pineal blood
flow per gram exceeds all endocrine organs with the exception of the neuro-
hypophysis [15]. Experiments have indicated that the pineal gland synthesizes
serotonin during the day and melatonin at night [16]. It was demonstrated
that the pineal gland probably secrets a substance that inhibits some aspects
of gonadal function [17]. In the past few years, the epiphysis has become known
to be a light-dependent biologic clock that, amongst other functions, exercises
control over sexual maturation in mammals [18]. The epiphysis was identified
as a fourth neuroendocrine transducer, over and above the previously recog-
nized three neurosecretory systems (hypothalamus — posterior pituitary,
hypothalamus — anterior pituitary, adrenal medulla) [19].

This fast progress in discovering the functions of the pineal gland was in
no way matched by any significant amount of new information as far as the
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morphology of the pineal gland is concerned. With the exception of a recent
study by Gyorkey et al. [20], practically no attempt has been made to corre-
late the biochemical findings with the morphology of the gland.

Examination of the human epiphysis is one of the most neglected sub-
jects in pathology. Even in otherwise well completed autopsies, the pineal is
often not examined. Since the detailed study of Rio-Hortega in 1932 [4] few'
data have been published [1, 9, 21] and none of these took notice of an ex-
tremely important morphological feature; namely, the postnatal transformation
of the pineal gland. The excellent work of Globus and Sibert [22] touches
upon the phenomenon, and Dorothy Russell [23] also mentions it in her text-
book on tumours. The most detailed textbooks or recent complete reviews of
the morphology of the epiphysis fail even to mention this important morpho-
logical feature [1, 24, 25].

This striking paucity of information and the continuously growing recog-
nition of functions of this important organ have prompted our investigations.
Their main purpose was to throw fresh light on the morphological appearance
of the pineal gland of the newborn and the infant, with particular emphasis
on the postnatal transformation of the gland.

Materials and methods

Five hundred unselected pineal glands from all age groups, including 100 from neonates
and infants under one year of age, were examined. All material was fixed in buffered formal-
dehyde. Each gland, whenever feasible, was divided, either vertically or horizontally; one half
was embedded in paraffin and the other half was used for the preparation of frozen sections.
This, of course, often could not be carried out in the newborn and foetal epiphyses, where a
decision had to be made either for embedding in toto, or using the whole gland for frozen section.
In a number of cases, ultra-thin sections were also examined. A few of the foetal and postnatal
glands were cut and studied serially. The following staining methods were used: Haematoxylin-
eosin, phosphotungstic acid-haematoxylin, PAS, Prussian blue reaction, Masson’s trichrome,
Reticulin, van Gieson, Verhoeff’selastin, von Kossa, Cajal’s stain, Hortega’sand Bielschowsky’s
silver impregnation method.

Results

The shape of the neonatal pineal gland in the first few weeks of life is
rather irregular, and its relative size is much smaller than that of other endo-
crine organs at the same age. Its dimensions are usually less than 0.3 cm
except the length which may be 0.3—0.6 cm. The pineal gland in neonates is
situated deep in a hollow, bounded by the corpora quadrigemina. No habenulae
can be demonstrated and the gland is somewhat similar to a sessile skin tag
with poor demarcation towards the base. In the first six months of life the
shape of the pineal gland gradually becomes ovoid. However, the adult gross
appearance with the habenulae can hardly ever be demonstrated before one
and a half years of age.
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Fig. 1. Section of pineal body of infant at three weeks illustrating the so-called mosaic ap-
pearance. Haematoxylin-eosin X 125

Fig. 2. Higher magnification of the section of the pineal body shown in Fig. 1 to illustrate the
structure of “mosaic appearance”. Haematoxylin-eosin X 315

Acta Morphologica Academiae Scientiarum Hungaricae 16, 1968



POSTNATAL TRANSFORMATION OF THE PINEAL GLAND 227

Fig. 3. Higher magnification of the section of pineal body shown in Figs 1 2, to demonstrate
cellular details. Haematoxylin-eosin X 800

Fig. 4. Section of pineal body of infant six months of age to show the somewhat less marked
but still preserved mosaic pattern. Small cyst-like structure filled with thin PAS positive
material is seen at the left margin. Haematoxylin-eosin X 125
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The architectural changes observed by microscopical examination are
even more striking. The first few days of postnatal life are marked hy profound
alterations in the histology of the pineal gland. A characteristic pattern of
clear areas surrounded by narrow zones or bands of deeply staining cellular
elements slowly emerges. Although this pattern is not present at the time of
birth it invariably develops by the end of the third postnatal week. The devel-
opment of this so-called mosaic appearance is independent of the maturity

Fig. 5. Higher magnification of pineal body shown in Fig. 4, to demonstrate the still preserved
lines of the relatively smaller, strongly chromophilic cells separating the groups of central paler
and larger cells. Haematoxylin-eosin X 315

of the newborn and it develops in surviving premature infants as well as in
fully mature neonates. The mosaic appearance is due to the aggregation of
rather large and pale cells into round and polygonal masses, which are separat-
ed from one another by anastomosing narrow bands of densely packed smaller
cells with chromatin-rich nuclei. The majority of the nuclei of the pale cells is
irregularly ovoid in shape, and the cells are loosely distributed. On the other
hand the peripheral bands of smaller cells are closely packed with chromatin-
rich nuclei and with very little cytoplasm (Figs 1 to 3). These smaller cells
are somewhat similar in size and in appearance to lymphocytes. There are,
however, transitional forms between the large pale cells in the centre and the
small chromatin-rich cells at the periphery. The mosaic appearance is fully
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Fig. 6. Section of pineal body of an infant aged nine months illustrating the almost complete
loss of the mosaic arrangement through a marked decrease in the number of the small dark
cells. Haematoxylin-eosin X 125

Fig. 7. Higher magnification of the section of pineal body shown in Fig. 6 to demonstrate the
break-up of the mosaic arrangement. Haematoxylin-eosin X 315
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Fig. 8. Section of pineal body of a newborn at 24 hours showing the absence of the mosaic
arrangement. Haematoxylin-eosin X 125

Fig. 9. Section of pineal body of an infant with cyanotic congenital heart disease, aged four
weeks. The mosaic arrangement is absent. Haematoxylin-eosin X 125
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Fig. 10. Higher magnification of the section of pineal body shown in Fig. 9 to demonstrate
irregnlar gland-like spaces. Haematoxylin-eosin X 315
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developed by three weeks of age and it is very well preserved until approxi-
mately 6 months of age, at which time the pattern is gradually becoming less
well-defined (Figs 4—5). By 9 months of age there is an almost complete loss
of the mosaic arrangement. The number of the small dark cells is markedly
decreased. The aggregates of the larger and paler cells in a few areas are still
partially fringed by semilunar bands but in other areas the difference between
the two cell groups has completely disappeared. The small cells seem to assume

Fig 12. Higher magnification of the section shown in Fig. 11, to illustrate details of the “glo-
meruloid structure”. Haematoxylin-eosin X 800

a new character, becoming elongated and more and more similar to fibroblasts.
The pale, large cell aggregates on the other hand are becoming smaller and
more chromopliilic (Figs 6—7). In contrast to adult pineals where both capil-
laries and small arterioles are present, only capillaries are seen in the neonatal
pineal gland. They are easily observed within the central pale cell conglomer-
ates, but their presence in the darker zone is doubtful. As the parenchymal cells
mature they develop thin argyrophil cytoplasmic processes. In the perikaryon
clusters of tiny rods and dots resembling the blepharoblasts of ependymal cells
are demonstrable by phosphotungstic-acid haematoxylin staining. A moderate
number of fibrillary astrocytes are also present. At about 18 months of age
the characteristic adult type of architecture is becoming more and more appar-
ent. At 2% to 6¥2 years of age the general topography of the mature pineal
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gland is completely developed. Isolated alveolar nests of cells are separated by
connective tissue septa. Corpora acervuli, cyst formation and other morpholog-
ical signs of “degeneration” begin to appear as early as 3 years of age. The
presence of septa, which give the gland a pseudoalveolar or lohulated architec-
ture, varies from one pineal to another and also shows variations within the
same gland. In most cases the septa are thicker in the distal (posterior) area
than in the basal (anterior) part; the lobulation is also more distinct in the corti-
cal (peripheral) zone than in the medullary (central) zone. In three pineal glands
from blind subjects the interlobular septa were very thin or absent. Although
the small number examined does not allow any firm conclusion, this observa-
tion seems worth recording.

As mentioned previously, the mosaic arrangement is absent at the time
of birth (Fig. 8) and invariably develops by three weeks of age in normal or
premature infants. This development is markedly delayed in infants with
congenital cyanotic heart disease. The mosaic arrangement in these cases may
still be absent as late as 4 weeks after birth. The pineal gland of the newborn
with congenital heart disease shows irregular gland-like spaces or “glomeruloid
structures (Figs 10 to 12).

Discussion

The postnatal transformation of the pineal gland is a well-defined mor-
phological process which according to our observations takes place on a prede-
termined schedule. The development of the so-called mosaic arrangement starts
at dramatic speed immediately after birth. The transformation is not dependent
on maturity because it starts at once in both premature and fullterm infants.
The characteristic mosaic pattern will be demonstrable in most cases in the
first post-natal week and the mosaic arrangement will be fully developed by
three weeks of age. The appearance shows little change from the first to sixth
months. The epiphyses at the above period are characterized by usually round
conglomerates of larger, loosely arranged, less chromopbilic cells, separated by
continuous anastomosing bands of smaller, densely packed cells, with chroma-
tin-rich nuclei and a narrow rim of cytoplasm. Although these small cells re-
semble lymphocytes and appear to be quite distinct from the central groups of
cells, they probably represent immature forms of the larger cells and transitions
can be demonstrated between the two forms.

After six months of age the continuity of the small anastomosing bands
of cells is beginning to break up. They gradually become larger, elongated,
lighter staining and somewhat similar to the central cells. By the end of 9
months, only remnants of the mosaic structure are left.

It is extremely interesting to note the analogy between the above de-
scribed postnatal transformation of the pineal gland and the postnatal involution
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of the foetal adrenal cortex. This is not an analogy in morphogenesis hut an
analogy regarding the sequence of events that takes place immediately after
birth. The involution of the foetal adrenal cortex starts at birth, irrespective
of the maturity of the neonate. The involution is more or less complete within
three weeks. Remnants of the foetal cortex, however, can be demonstrated up
to 9—12 months. Lanman [26] has reported that in infants with cyanotic
congenital heart disease, there is a delayed involution of the foetal adrenal
cortex. As demonstrated above, a similar delay of postnatal transformation
of the pineal gland occurs in infants with cyanotic congenital heart disease.

There are further evidences that both adrenal cortex and medulla may be
related to the pineal gland. In rats reared in darkness a progressive activation
of the epiphysis and of the glomerular zone of the adrenal cortex has been
demonstrated. There is a remarkable similarity in many ways between the
pineal organ and the adrenal medulla as regards structure and function; both
are of neural origin and have a characteristic cell type that receives autonomic
innervation; both receive a high fraction of the cardiac output and contain
pharmacologically active amines as well as an almost unique methylating
enzyme producing epinephrine in the adrenal and melatonin in the pineal [1].

The postnatal transformation of endocrine glands is poorly understood.
The central nervous system seems to play an important role in the development
of the foetal zone of the adrenal cortex. The foetal zone is absent in anencephalic
monsters and it is also absent in cases of “anencephalic type” of hypoplasia of
the adrenal [27]. Efforts at a better understanding of this phenomenon were
frustrated by the difficulties of finding suitable experimental animals. Amongst
mammals only the primates and larger felidae are reported to have a foetal
adrenal cortex similar to that in man [26]. The postnatal transformation of the
pineal gland occurs also in rodents and it can be studied in commonly used
experimental animals. Considering the close relationship between light stimu-
lation and the function and morphology of the pineal, the authors
intend to conduct experimental studies, trying to influence the postnatal
transformation of the pineal gland by keeping the experimental animals in
constant darkness using a variety of methods (enucleation, suturing the eyes,
dark room without surgical interference). The characteristic mosaic arrange-
ment of the postnatal transformation of the pineal gland lends itself to an
easy evaluation using light microscopy and simple staining procedures.
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POSTNATALE TRANSFORMATION DER ZIRBELDRUSE

N. A. KERENYI und K. SARKAR

Die postnatale Transformation der Zirbeldrise wurde an menschlichen Material unter-
sucht. Sie beginnt bei der Geburt und ist im Alter von 2—3 Wochen vollendet, wobei eine cha-
rakteristische Mosaikstruktur entsteht. Das Mosaikmuster ist im Alter von etwa 6 Monaten
weniger merkbar, und im Alter von 9 12 Monaten verschwindet es vollkommen. Zwischen der
postnatalen Transformation der Zirbeldrise und der postnatalen Involution der fotalen Zone
der Nebennierenrinde wurde eine Analogie festgestellt. Obwohl die beiden Prozesse morpho-
genetisch verschieden sind, zeigen sie eine auffallende Parallelitdt ihrer Progression mit dem
Alter des Kindes sowie auch auf gewissen pathologischen Verhéltnissen wie z.B. der Zyanose
bei angeborenen Herzfehlern.

Die Erscheinung wird als experimentelles Modell zum besseren Verstandnis der post-
natalen Transformation der Zirbeldriise empfehlen.
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MOC/IEPOAOBOE MPEOBPA3OBAHVIE LUMLLIKOBUAHOW >KE/E3bI
H. A KEPEHb/ n K LLUAPKAP

ABTOpPbI BbIABAIM Ha Ye/I0BEUYECKOM MaTepriasie Moc/iepogoBoe NpeodpasoBaHme LLMLLIKO-
BUHOW Yene3bl, HAUMHAIOLLIEECS MPU POXAEHW U KOHYaroLLeecs B 2—3-Hee/lbHOM BO3pacTe,
npyYeM MosyyaeTcsl XapaKTepHoe Mo3anyHoe CTPoeHVe. B 0KO/o 6-MecsiuHOM Bo3pacTe Mo3any-
HOCTb MeHee 3aMeTHa 1 K 9—12-Mecs4HOMY BO3pacTy OHa COBEPLLIEHHO McyesaeT. Mexxay mocrne-
POAOBbIM MPeobpasoBaHMeEM LUMLLIKOBUAHOW >efie3bl M MOCMEPOLOBOA NHBOMIOLMEN (heTaslbHOM
30Hbl KOpbl HafMOYeUHNKOB Oblia BbIsIB/IEHA aHa/orust, XOTs 3TV MPOLECChI B OTHOLLIEHWM MOp-
thoreHesa paz/inuHbl, OHY MOKa3bIBAKOT MOPasUTE/TbHBIV MapaslieNI3M B OTHOLLIEHWW MPOrpeccyt-
poBaHWS, Kak C TOYKM 3peHUst Bo3pacTa fAeTeld, TakK M OTAeNbHbIX MaTO/IOMMUeCKUX YC/I0BUIA,
Hanp., BPOXAEHHbIX MOPOKOB cepAla C paHHVM LiaHO30M.

ABTOpPbI Mpej/iaratoT UCMOb30BaTb 3TOT (EHOMEH B KA4eCTBE 3KCMepUMEHTasIbHOM Mo-
[enn NSt BbIICHEHVS1 MOC/NIEPOAOBOr0 NPeo6pasoBaHMs LUMLLIKOBUAHON eresbl.

N. A. Kerényi; Division of Anat. Path. Dalhousie Univ., Halifax, Nova
Scotia, Canada

K. Sarkar; Resident Physician, Pathology Inst., Dalhousie Univ., Halifax,
Nova Scotia, Canada
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SULPHATASE ACTIVITY IN HUMAN EPIDERMIS
AND VARIOUS TUMOURS

Klara Vezekényi

(Received May 15, 1967)

In normal skin the live layers up to the stratum granulosum show uniform
sulphatase activity while that of the stratum corneum is weak. The activity in eccrine
perspiratory glands and follicles is high, in sebaceous glands very high. In capillary en-
dothel weak, in inflammatory tissue elements intensive activity was observed. Sul-
phatase activity in benign epithelial tumours and basalioma was w'eak, in malignant
epithelial tumours, intensive. Connective tissue tumours behaved differently. Tumours
of neural origin and pigment tumours displayed high activity. Pigmented tumour cells
and melanophages were sulphatase negative.

The localization and role of enzymes acting on various sulphate esters
in plant, animal and human tissues have been studied by numerous authors.
As to sulphatase activity in human epidermis and related tissues, however,
only the paper of Hewitt et al. [5] was available. Among the enzymes belong-
ing to this group, phenyl and arylsulphatases are detectable by histochemical
methods. Roy [9] and Dogson et al. [3] differentiated three types of sulphatase.
The occurrence of these enzymes varies in the different animal species.
It is supposed that enzyme types A and B are lysosomal, while type C is mi-
crosomal, in origin. According to Roy [11] the three types cannot be differen-
tiated liistochemically, as they all act on the same substrate. Woohsmann
and Brosowski [14] claimed that the use of various inhibitors makes it possible
to distinguish the three types.

Huggins and Smith [6] have shown that the concentration of arylsul-
phatases is 6 to 8 times higher in rat tumours than in normal tissues. The purpose
of the present experiments was to study sulphatase activity in normal skin
and in tumours originating from different dermal elements.

Materials and methods

A total of 97 specimens removed in local lidocaine anaesthesia was examined: 6 normal
skin specimens, 5 specimens from inflammatory conditions (scleroderma, lichen ruber planus,
vasculitis nodularis) and 86 specimens from different tumours. The diagnoses are shown in
Table 1.

Estimation of sulphatase activity was performed by the azo-dye method of Rutenberg
et al. [12J. As formalin fixation inhibits sulphatase activity in human tissues, 15 to 20// thick
frozen sections were prepared. As human tissues do not split benzoyl-naphthyl sulphate [4],
potassium 6-bromo-2-naphthyl sulphate (Mann Research Laboratories, New York) was used
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at pH 6.1. Diffusion was prevented by supplementing the incubation medium with sodium
chloride. The optimal incubation time was 2 hours at 37° C. Coupling of the azo dye was
performed at 4°Cin 25 ml 0.05 M phosphate buffer pH 7.6 containing 25 mg Diazo Blue B [7].

High sulphatase activity was indicated by a blue colour reaction. Weak reactions were

characterized by a red colour. Sometimes the reaction product dissolved in lipids with red
colour.

Control specimens incubated without substrate gave no colour reactions.

Table 1

Distribution of specimens

Benign and malignant .
epithelial tumours Melanotic tumours

Condyloma acuminatum 1 Naevus pigmentosus 8
Papilloma 2 Melanoma 5
Naevus verrucosus ]

Naevus sebaceous 1 Connective tissue and other tumours
Verruca seborrh eica 9

Keratoacanthoina 6 Fibroma 3
Keratoma seniel ° Fibrosarcoma 1
Basalioma 15 Histiocytoma 3
Carcinoma spinocellulare 16 Neuroma 1
Carcinoma mixturn 1 Neurofibroma 1
Carcinoma medullare 1 Haemangioma °
Metatypic carcinoma 2 Granuloma fungoides 1
Bowen type carcinoma 1

Adenocarcinoma 1

Hidradenoma 1

Carcinoma mammae 1

Results

Normal skin and inflammatory conditions. The stratum corneum showed
no or a weak activity. In hyperkeratosis in the so called intermediate zone
was the strongest reaction observed. In other (from the basal to the granular)
layers a similar blue colour reaction appeared in the cytoplasm (Fig. 1).
W ithin the cytoplasm activity was not uniform: two active zones were situated
around the nucleus and beside the cell membrane. Under high power the intra-
cellular bridges seemed to react positively. The basal layer reacted weakly or
not at all if melanin was present in larger amounts. In acanthosis no significant
changes were observed.

Among esodermal elements activity was highest in the sebaceous glands,
especially in peripheral undifferentiated cells but differentiated cells, too, were
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Fig. 11. High sulphatase activity in proliferating neuroma
nerve fibres
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definitely positive. The red colour in the centre of the lobes was probably caused
by dissolved reaction products. Sometimes the structure of the gland Avas
indistinguishable owing to the intensive colour reaction (Fig. 2).

The outer root sheath of follicles showed higher activity than the epithe-
lium. The hair shaft was mostly stained red.

Sulphatase activity in sweat glands (Fig. 3) was somewhat higher than
in the epithelium. Secretory cells of the alveoli contained coarser, the cells
lining the ducts finer, blue granules. A faint diffuse staining was observed in
unstriated muscles and in the endothelium of capillaries. Cellular elements
in inflammatory infiltrations showed high activity. Connective tissue fibres
and cells never contained sulphatase under normal conditions.

Benign and malignant epithelial tumours. In condyloma acuminatum
sulphatase activity was somewhat higher than in normal epithelium. Papil-
lomas and naevus verrucosus behaved as the normal epithelium. Sebaceous
gland lobes in naevus sebaceus displayed intensive activity.

In verruca seborrhoeica the basal cell-type epithelial proliferation showed
stronger activity than the normal epithelium; the intensity of the reaction
was, however, not uniform (Fig. 4). In pigmented areas the reaction was weak:
it was stronger around keratinization centres. Keratinized parts were bright
red in colour. In keratoacanthoma the epithelial lobes reacted similarly as or
somewhat stronger than the normal epidermis, the outer parts stained inten-
sively, in others the cytoplasm contained coarse granules. Keratinous pearls
stained red (Fig. 5). Senile keratoma behaved similarly to normal epithelium.

There was no difference in sulphatase activity between solid, adenoid,
cystic, superficial and keratotic forms of basalioma. The reaction was sometimes
stronger in the outer rone of cells (Fig. 6). Highly pigmented parts in pigmented
basalioma gave weak or negative reactions.

In spinocellular carcinoma, sulphatase activity Avas stronger than in
normal epithelium, especially in the outer cell rows of tumour nests and in less
differentiated areas. The reaction sometimes revealed coarse granules. Kera-
tinous pearls stained red. In a spinalioma developing from the wall of an epi-
thelial cyst the keratinized parts contained cells that maintained their inten-
sive sulphatase activity.

In metatypic carcinoma sulphatase activity was intensive (Fig. 7) and
quite especially so in medullary carcinoma. In mixed carcinoma the activity
corresponded to the prickle or basal cell character of various parts. In sections
prepared from a Bowen type carcinoma high sulphatase activity was revealed.
Extremely strong reactions were observed in some larger cells (clumping cells).

In a case of hidradenoma activity was moderate. Tumour cell nests of a
rectal adenocarcinoma spreading to the skin showed increased activity and the
metachromatic substance produced by the tumour also gave a blue colour
reaction (false positivity?).
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In a skin metastasis of breast cancer, the tumour cell nests situated
among the fibrous bundles of the corium were strongly positive (Fig. 8).

Melanotic tumours. Nevus cells in compound and dermal types of nevus
pigmentosus showed high activity. Pigmented nevus cells gave weak or nega-
tive reactions. In the cytoplasm of some cells the reaction was gnanular.
Melanophage cells were negative.

In melanoma and its métastasés (Fig. 9) the tumour cells, with the excep-
tion of pigmented ones, exhibited strong activity, sometimes of granular ap-
pearance. Eventual segregated cells in the epithelium over the tumour, were well
distinguishable from the epithelial cells by their higher activity.

Tumours of connective tissue and other origin. In cell-rich fibromas the
reaction was weak and diffuse. A similar diffuse, but stronger reaction was
observed in dermatofibrosarcoma protuberans.

The cellular elements in histiocytoma usually displayed an intensive
activity (Fig. 10). In a neuroma the tumour tissue composed of fibrous
bundles were highly active (Fig. 11).

In neurofibroma the reaction was strong and diffuse. The endothelial
lining of cavernous haemangiomas showed weak activity. In the infiltrative
stage of granuloma fungoides the cellular elements gave a coarse granular
reaction.

Discussion

There are only assumptions as to the physiological role of arylsulphatases.
In certain processes the arylsulphates may act as sulphate donors. The prob-
lem is rendered more difficult by the fact that of various arylsulphates detected
in urine only tyrosine sulphate has been demonstrated in normal tissues [3].

The finding that arylsulphatases are able to sulphatate a number of ste-
roids, especially dehydroepiandrosterone; less intensively androsterone, testo-
sterone, oestrone, pregnanolone, etc. [10] indicates their role in steroid metabo-
lism. For this reason they are often referred to as steroid sulphatases.

A further interesting observation is that the sulphatase activity is higher
in the tissues of male than of female animals [2, 14]. According to Huggins,
and smitn [6] the highest activity can be observed in liver, spleen and kidney.
The degree of sulphatase activity in various organs varies with the animal
species.

It has been supposed that arylsulphatase plays a part in sulpliatation
of polysaccharides [5] although it is not identical with sulphotransferase [16].

The present studies have shown that sulphatase activity can be detected
in all cellular elements of the skin. Nuclei of cells and connective tissue are
negative. As to normal skin, our results were almost identical with those of
Hewitt et al. [5]. The live layers of the epidermis from the basal layer to the
stratum granulosum showed uniform positivity. In the stratum corneum activ-
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Fig. 1. Uniform distribution of sulphatase activity in normal Fig. 2. High sulphatase activity in sebaceous gland
epidermis from stratum basale to stratum granulosum

Fig. 3. Sulphatase activity in the alveoli of an eccrine sweat Fig. 4. Uneven reaction in verruca seborrhoeica. The reaction
gland is somewhat stronger than in normal epidermis



Fig. 5. Sulphatase activity in keratoacanthoma; it is similar Fig. 6. Sulphatase activity in basalioma
as or. in the outer row of cells, slightly more intensive than,
in normal epidermis. Keratinous pearls stain red

Fig. 7. High sulphatase activity in metatypic carcinoma Fig. 8. Sulphatase activity in the tumour cell groups of a
skin metastasis of breast cancer
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ity was weak. This finding differs from data concerning the epidermal distri-
bution of other hydrolytic enzymes which usually accumulate in the so-called
intermediate zone [13].

In the alveoli of sweat glands, ducts and the outer root sheath of follicles
activity was marked, and most marked in sebaceous glands.

No sex difference in activity has been revealed but this might have been
due to difficulties in quantitative evaluation of the histochemical reactions.
In agreement with the finding of Austin and Bischer1 [1], leukocytes in
inflammatory infiltrations showed strong sulphatase positivity.

In benign epithelial tumours the activity was similar to, or somewhat
higher than, in the normal epidermis.

Malignant epithelial tumours were usually characterized by increased
activity. Basaliomas were exceptions in this respect; in these tumours however,
other enzymes also fail to exhibit increased activity [13].

Melanotic tumours exhibited high sulphatase activity. In melanoma the
reaction was stronger than in pigmented naevi. Pigmented tumour cells either
in the above tumours or in seborrhoeic verruca and pigmented basalioma, simi-
larly to melanophage cells, were mostly negative.

The behaviour of connective tissue tumours was not consistent. Fibrosar-
coma showed weaker activity than benign histiocytoma. Tumours of neural
origin (neuroma and neurofibroma) were highly active. As shown in rats by
W oohsmann and B kosowski [14] the medullary sheath of nerve fibres contains
sulphatase.
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SULFATASEAKTIVITAT DER MENSCHLICHEN EPIDERMIS
UND VERSCHIEDENEN TUMOREN

KLARA VEZEKENYI

Die Sulfataseaktivitdt der normalen und entzindlichen Haut sowie verschiedener
Tumoren wurde untersucht.

In der normalen Haut zeigen die lebenden Schichten der Haut bis zum Stratum granulo-
sum dieselbe Aktivitat, die Hornhautreaktion ist jedoch schwach. Die Reaktion der ekkrinen
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SchweiBdrisen und der Follikel ist lebhaft, am intensivsten reagieren die Talgdrisen. Die
Reaktion des Kapillar-Endothels ist schwach, die der entziindlichen Elemente dagegen stark.
Gutartige Epithelneubildungen und Basaliom verfigen Uber eine schwache AKktivitat,
bosartige Epitheltumoren dagegen ber eine gesteigerte. Die Aktivitdt der Bindegewebege-
schwilste ist verschieden, die der Nerven- und Pigmenttumoren indessen lebhaft. Pigmentierte
Tumorzellen und Melanophagen sind in dieser Beziehung als negativ zu bezeichnen.

AKTNBHOCTb CYJ/Ib®ATA3blI B 3NMMAEPMUNCE
M B PA3JIMYHbBIX OMNYXONAX YE/OBEKA

K. BESEKEHW/

ABTOpPOM Oblna nccnegosaHa akKTMBHOCTb Cy]'lebaTafibl B HeBpE,qVIMOIZ 1 BOCMaNUTENbHOM
KOXXe 1 B onyxonsd.

B HeBpe,qVIMOVI KOXX€ >XMBbl€ C/IOH 3aNnUTENINA NOKa3bIBakdT A0 3EPHUCTOr0 CNnoA O0aMHaKo-
BYIO aKTUBHOCTb, pe€aKumna porosoro cnos cnab6as. OKpVIHHbIE MOTOBbIE XXefesbl U (*)OI'II'IVIKyI'IbI
[0al0T MHTEHCUBHYHK peaKuWio, aKTUBHEE BCEIT0 OKa3a/iuCb Ca/lbHble YXXENE3bl. 3H,D'0TEI'IVII7I Kanwun-
NAPHbLIX COCYA0B AaeT cna6y|o, BOCNa/InTeNIbHbIE 3NIEMEHTbI KNETOK — CU/TIbHYHO0 peakLuunto.

Iﬂ,06[f)OKal-I(-Z‘CTBeHHble onyxonun anutenna un 6a3a/IMOMbl NOKa3blBaKOT cna6y|o, 3/10Ka-
YECTBEHHbIE OMNYyX0/N INNTENMNA — MNOBbILLUEHHYHO aKTUBHOCTbL. nOBeQ'EHVIe COEANHUTENBHOTKAH-
HbIX onyxoneVl HeoanHakoBoe. AKTUBHOCTb HeﬁpOFEHHbIX onyxonenm n MenaHoM 04Y€Hb MHTEH-
CuBHa. [MTMrMeHTUpPOBaHHbIE OMyX0neBble KNETKN U MenaHoq)aer [atoT OTpMUAaTENbHYH peakuuio.

Dr. Klara YezekEnyi; Debrecen 12, Hungary
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Institute of Pathology (Director: Prof. J. Ohmos), University Medical School, Szeged

TWO RARE FORMS OF TUMOUR
IN THE HYPOTHALAMO-HYPOPHYSIAL SYSTEM

INFUNDIBULAR CHORISTOMA AND GLIOBLASTOMA
INFILTRATING THE PITUITARY*

D. Bara and P. Lantos

(Received July 5, 1967)

Two cases have been reported. The first was that of a 62-year-old female with an
infundibular choristoma which did not affect the hypothalamus and the short portal
vessels, thus did not lead to necrosis of the anterior lobe, and allowed the passage of
part of the neurosecretory fibres of the supraopticohypophysial tract. The second case
was that of a female aged 40 with Central Recklinghausen’s disease due to a hypothalamic
spongioblastoma. This had caused amenorrhoea and diabetes insipidus then transformed
into a glioblastoma and invaded the major part of the hypophysis.

Two cases of tumour are reported below. They were of interest on account
of their rare occurrence and their relation to pituitary function.

Choristoma of the hypophysial stalk. Mrs. Z. S., a patient aged 62,
suffering from carcinoma of the sigmoid, was subjected 5 days before her death
to resection of the colon and adhaesiolysis in Szeged Hospital No. 1. Exami-
nation of the removed specimen (Dr. |. Térék) revealed an exulcerated adeno-
carcinoma. The direct cause of death was general peritonitis. Other essential
findings established post mortem were postoperative atelectasis of the lower
pulmonary lobes; degeneration of the parenchymal organs; subendocardial
haemorrhage; acut splenic hyperplasia; and cachexia.

As a secondary finding, necropsy revealed behind the chiasm at the initial
part of the stalk a greyish-white node, the size of a cherry stone, from which
the narrow stalk advanced towards the neurohypophysis (Fig. 1). The hypotha-
lamus was not compressed by the tumour. The node consisted of large cells
oval or rounded and for the most part indistinctly demarcated, with a finely
granulated, faintly eosinophilic structure and small nuclei.

Small groups of such cells are sometimes observable in the neural lobe
and infundibulum. Their origin is unknown. Some authors regard them as
neurogenous elements, others as degenerated basophilic cells (onkocytes).
From these cells small tumours may arise; they were termed choristoma by
Sternberg (1921) and P rieser (1922). Other terms suggested by later authors
are adenoma deriving from anterior lobe cells (Leffi1er, 1930); granular-cell
pituicytoma (Feyrter, 1949); tumourette tumour (Lathy and Kringter, 1951,

* Based oil a paper read at the Congress of the Hungarian Society of Pathologists,
Szeged, 1966.
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Shanktin, 1953); granular-cell myoblastoma (Hartanda, 1953). Including
minor tumour-like cell aggregations of microscopic size the incidence of choris-
toma amounts to 17% according to Shankrtin (1953) and 6.4% according to
Luse and Kernohan (1955)

Apart from some episodes of vertigo which occurred three or four months
before the patient’s death and could well be attributed to other causes, the
tumour suspending the hypophysio-hypothalamic connection did not cause

Fig. 1. Choristoma of the hypophysial stalk

any symptoms. The thyroid weighed 21.4 g and displayed medium dilated acini
mostly lined with cuboid cells, eosinophilic colloid in the lumen, and an increase
of interstitial connective tissue. The ovaries weighed 4.2 g. They contained
corpora albicantes and hyaline-walled vessels. The adrenals weighed 9.3 g,
with discernible cortical layers, slight nodular hyperplasia and areas of depleted
lipoid. In the adenohypophysis the ratio of distribution on the basis of 2000
cells was 63.3% chromophobic, 26.1% eosinophilic, 10.6% basophilic. PAS
preparations presented 12.1% PAS positive and 87.9% PAS negative cells.
Thus the number of acidophilic colls was near the lower limit of normal.
The practically negative findings explain themselves through the observations
of Dandy (1940), X uereb et al. (1954) and R usser (1956) that high stalk
injuries leave the main substance of the anterior-lobe parenchyma intact since
blood supply is ensured by the short portal vessels in the lower part of the
stalk.
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Fig. 2. Some swollen fibres of the supraopticohypophysial tract in the peripheral portion of
the choristoma. 4% neutral formol fixation, aldehyde-fuchsin, X 224

Fig. 3. Large Herring bodies. Aldehyde-fuchsin, X 896
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There was neither polyuria nor polydipsia. Pre-operative serum electrolyte
values were: Na 132, K 4.9, CI 102 meq/1l. The haematocrit value was normal.
Aldehyde-fuchsin staining, however, indicated a considerable swelling of certain
fibres of the supraopticohypophysial tract, with large Herring bodies both in
the choristoma and the infundibulum (Figs 2, 3). According to the general
view, this finding probably points to a stasis of neurosecretion or in other
words that the ADH cannot reach the neurohypophysis. Similar observations
were made in humans by Marirer (1955), St1oper and Adams (1956) as well
as Korpassy (1960). On the other hand, the neurohypophysis showed no
atrophy and contained a normal quantity of secretion. Since a number of thin
neurosecretory fibres were revealed amidst the choristoma cells, we assume
one part of the supraopticohypophysial tract fibres made their way across the
tumour into the neurohypophysis and retained their secretion-transporting
function. Post-mortal phenomena have unfortunately rendered the magnocel-
lular nuclei of the anterior hypothalamus unamenable to a closer cytologic
study.

Glioblastoma infiltrating the hypophysis. Sch. 1., a 40-year-old female
patient had had amenorrhoea six months, polydipsia and polyuria (appr.
5 litres daily) four months before death. Examination at the Municipal
Hospital of Mako revealed a low specific gravity of the urine which, together
with the result of water deprivation and chlorothiazide tests in the absence of
renal disease, ruled out other types of polyuria and confirmed the diagnosis
of diabetes insipidus. Excessive emaciation and neurologic symptoms were
also observed. With the suspicion of a diencephalic tumour she was admitted
to the Department of Neurology of the University Medical School, Szeged
12 days before her death. By that time the former symptoms of polydipsia
and polyuria were not striking, whereas several subcutaneous nodes and café
au lait spots appeared in the hyperpigmented skin. These symptoms together
with the result of skin biopsy (Dr. A. Teszegi), allowed to establish the diag-
nosis of neurofibromatosis. The patient’s neural symptoms grew worse but no
neurosurgical intervention could be risked on account of the patient’s weak
general condition.

Post-mortem examination revealed a tumour which had destructcd the
whole of the hypothalamus and invaded the surrounding mesencephalon, with
haemorrhages (Fig. 4) and some parts presenting the picture of spongioblastoma
(Fig. 5). Elsewhere the tumour was more abounding in anaplastic cells; there
were regressive changes, pseudorosettes, a pseudopalisading of cells and capilla-
ry proliferation (Fig.6), all this apparently pointing to a fusiform glioblastoma.
The brain and the hypophysis were removed separately. No normal stalk tissue
was seen. Adhering to the surface of the hypophysis (weighing 1.2 g) as well
as to the stalk orifice was a piece of grey tissue; this proved to be a tumour
which had spread from the environment through the capsule and destroyed the
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Fig. 4. Tumour in the hypothalamus and environments, with local haemorrhages

Fig. 5. Structure of spongioblastoma shown in Fig. 4; 4% formol, haematoxylin-eosin, X 224
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Fig. 6. Changes pointing to glioblastoma: cell abundance, necrosis, pseudopalisading of cells,
and capillary proliferation, in the tumour shown in Fig. 4. Haematoxylin-eosin, X 35

Fig. 7. Loose tumour tissue in the vicinity of a narrow strip of adenohypophysial parenchyma.
4% formol, PAS orange, X 113. A: adenohypophysis, T: tumour
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greater part of the parenchyma. The peripheral portion of the tumour [»re-
sented the picture of glioblastoma. There was a remaining 1 to 1.5 mm wide
strip of adenohypophysis tissue; progressive oedema in its vicinity did not
allow a reliable evaluation of the spongious tumour (Fig. 7). There was also a
small area of fibrous, cell-rich neurohypophysis-like tissue, void of secretion.
Hi,»ening follicles or yellow bodies were seen neither in the left ovary (8 g) nor
in the right one (40 g) but in the latter there was a walnut sized haemorrhagic
cavity with no lining. Dilated acini abounding in colloid with a flat lining of
epithelium were present in the thyroid (60 g). The adrenals (15 g) presented
distinct cortical layers. A large amount of lipoid was identifiable with Oil-Red
O in the fasciculate zone. Some portions of the zona glomerulosa appeared
thicker than wusual. Among the post-mortem findings, bilateral hypostatic
pneumonia and a high degree of cachexia deserved attention.

Patients suffering from neurofibromatosis are known to present a variety
of endocrine symptoms for which the responsibility is attributed to a gene
lesion developmental disorder respectively, as the essential causative factor
(Szondi et al. 1925), to increased STH release (Hallervorden, 1952), to
circulatory disorders due to endarteritis and periarteritis, or to a state of excite-
ment or injury of the peripheral vegetative nerves (Reubi, Cit. Orthner,
1955). In a morphologically distinct group are listed those cases (including
the one just dicussed) which are known as central Recklinghausen’s disease
(Orthner, 1955) and are due mostly to a so-called chiasmatic (optic or hypo-
thalamic) spongioblastoma.

In our case there were some special features such as the transformation
of the hypothalamic spongioblastoma into fusiform glioblastoma; the infiltra-
tion of the hypophysis by the tumour; and the improvement of the diabetes
insipidus owing to a gradual destruction of the adenohypophysis.

We are indebted to Professor Dr. Huszak and Head Physician Dr. D. Szabo, for the
records of the patients.
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SELTENE NEUBILDUNGEN IM HYPOTHALAMUS-HYPOPHYSE-SYSTEM:
CHORISTOM DES HYPOPHYSENSTIELS, FERNER »ZENTRALER
RECKLINGHAUSEN FALL« MIT TUMOROSER INFILTRATION
DER HYPOPHYSE

D. BARA und P. LANTOS

Zwei seltene Sektionsbefunde werden erdrtert: Im ersten Fall (62jahrige Frau) handelte
es sich um ein hochliegendes, kirschgroRes Hypophysenstiel-Choristom, das den Hypothalamus
nicht komprimierte, keine Adenohypophysennekrose verursachte, da die sog. kurzen portalen
GefdlRe intakt blieben. Ein Teil der neurosekretorischen Fasern des Tr. supraopticohypophyseus
zeigte einen normalen Verlauf. Stellenweise bildeten sich wegen der keulenférmigen Anschwel-
lung einiger dieser Fasern dagegen riesige Herringsche Korper. Im zweiten Fall fuhrte ein
mit Hypothalamus-Spongioblastom einhergehender »zentraler Recklinghausen« bei einer 40-
jahrigen Frau zu Diabetes insipidus. Der Tumor umwandelte sich in ein Glioblastom und infil-
trierte den groBeren Teil der Hypophyse.

PEAKWE ONYXO/N B TMMOTANAMO-TUMO®NIAPHOW CUCTEME: XOPUCTOMA
HOXKW TUMNO®U3A U (LEHTPAJIbHBIN PEKIVHITAY3EH. C OMYXO/IEBOU
VMHOUABTPALUMEN TUMNODPUSA

O. BAPA n MN. NAHTOW

CoobLiatoTes fiBa PefKuMX HabMoAeHNs Ha BCKPLITUM: BbICOKO T0KANM3MPOBaHHas Xopi-
CTOMa HOXKU rvnotnsa BENMUYNHON C YePELUHEBOW KOCTOUKM Y 62-NeTHEl XeHLyHbL. OnyXosb
He CXUMana OKPYXAMLLero runoTanamyca, 0CTaBufia TaK Ha3. KpaTKuMe BOPOTHbIE COCY/bl
He3aTPOHYTLIMM, U, Cefj0BaTebHO, He Bbi3Ba/la HEKPO3a MepefHeil oA U MponycTuia YacTb
HeliPOCEKPETOPHbLIX BOMIOKOH CYNPaonTUKOrMMO(uM3apHOro TpakTa. 3T BOMOKHA MecTamu
KO/b60BMAHO Habyxanm M 06pa3oBajMCh FUraHTCKue Tenblia eppuHra. BTopoii cnyuai, ato
(«UgHTPa/bHbIA PeKNnHITay3eH» CO CrOHrMo6nacToMoii runoTanamyca, npuBoaAMBLIMIA y 40-neT-
Heli XXEHLLMHBI K CUHAPOMY HecaxapHOro MoyeusHypeHus.. Onyxosib npeoGpasoBasack B Fu-
0671aCTOMY M MPOHUK/A B 6O/bLUYI0 YaCTb FUNogu3a.

Dr. Dénes Bara ;I(

i X érbonctani Intézet, 8zeged, Hun ar
Dr. Péter Lantos g g ¥
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D’Arcy Thompson: On Growth ami Form

Abridged Edition. Ed. J. T. Bonner, Cambridge Univ. Press 1966. — 346 Pp., 181 Illustrations,
2 Plates.

Thompson’s book on growth and form appeared first in 1917 and was subsequently
published in amplified form in 1942. The present volume is a reprint of the 1961 edition.

There are two features to show that the book was originally written in 1917. First, it
contains numerous data which reflect biological concepts as they were SO years ago, concepts
which have since either been overshadowed or sunk into oblivion by new knowledge and new
notions, although they are still worthy of note. Second, some of the interpretations, if viewed
from the angle of present knowledge, are obsolete as certain problems have since been solved
by molecular biology and genetics.

The work under review is interesting and instructive nevertheless because it analyses
functions governing growth and form from the angle of physics and mathematics, and treats
them not statically but dynamically. The problems dealt with in the work direct attention to
some aspects of evolution which have recently been more or less neglected.

The book contains 10 chapters. The following are of especial interest.

Chapter Il discusses dimensional problems. It is through mathematical relationships
that absolute and relative size, surface, body weight and extension are projected onto the
body’s heat and energy balance, on nutrition, on kinetic phenomena (jump, flight) and on the
function of sense organs, etc. It is also in a physical sense that the question involves problems
regarding the upper and lower limits of the size of organisms.

Chapter 111, dealing with cell forms, is highly interesting, although it treats the subject
somewhat mechanistically. The author recognized the significance of surface tension and mem-
brane tension, the analogy of splashes and drops, he analysed the surfaces of revolution, and
raised the problems of asymmetry and anisotropy at a time when scientific analyses were
still lacking in these respects. The author attempts to substantiate his arguments by biological
examples, e. g. on protozoa, but it is now clear that he is actually presenting models.

Chapter IV on tissue forms, cell aggregates, the evolution of organic forms and space-
filling, is likewise interesting and instructive. The wide range of this chapter includes Darwin’s
pertinent theories as also Leduc’s diffusion models and the branching of blood vessels.

Dealing with the connections between mechanical stress and form, Chapter VIII ap-
proaches the problem of mechanical efficiency. The question of primariness in the matter of
structural-functional correlations is, in the main, treated somewhat mechanistically. In the
concluding parts of the book the attention is directed to the whole of the organism, and the
author refers to the evolutionary aspect of phylogenesis. All this shows his awareness of the
fact that the formative development and change of the various parts of the organism are no
isolated phenomena.

The logical connection between the foregoing and Chapter 11X, the most interesting one
of the book, is, thus, quite evident. Chapter 1X namely deals with the theory of transformation
and the phenomena of relative growth (allometry). The problem is approached by mathem at-
ical formulas and the Cartesian system of co-ordinates. Starting from a deformation of the
rectangular co-ordinates, the author turns to the systems of radial co-ordinates, and analyses
the formative evolution and transformations of living systems mathematically, and refers to
the significance of the three-dimensional co-ordinate systems. The mannerin which the examples
are derived from a deformation of rectangular co-ordinates is really a classical one; the
serial examples illustrate the laws of allometric growth and facilitate their analysis.

The preface written by J. T. Bonner, the editor of the book, as also his footnotes contain-
ing references to recent papers are lending an up-to-date spirit to D’Arcy Thompson’s work.

Although somewhat obsolete, the book makes very interesting reading and shows well
that however rapidly science is advancing, the study of forgotten works is always instructive
and useful.

Gy. Kiszely
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Anltti U. Arstila: Electron Microscopic Studies on the Structure and Histochemistry
of the Pineal Gland of the Rat

Supplement to “Neuroendocrinology” Vol. 2. (S. Karger, Basel—New York, 1967), 101 Pp.,
72 Figs.

This little monograph presents an excellent summary of present knowledge on the
pineal body. The author’selectron microscopic and histochemical studies have clarified numer-
ous controversial problems arisen in context of this endocrine gland.

The text, on a total 67 pages, includes seven chapters. Chapter 1is a short introduction,
summarizing the main structural and functional aspects of the pineal body. Chapter 2 describes
the author’s electron microscopic findings; this is perhaps the most valuable part of his work.
Correlating his own results with well-selected references, he concludes that the pineal body
contains three different cell types, i.e. dark and light main cells and interstitial cells. An unequi-
vocal and persuasive differentiation of the three cell types is presented, based on their submi-
croscopic features. Inconsistently with the majority of authors, Arstila states that the interstitial
cells are special parenchymal cells, definitely differing from the glial elements of the central
nervous system. Chapter 3, dealing with histochemistry, discusses the hydrolytic enzymes of
the pineal body. The main cells of this gland exhibit acid phosphatase, aryl-sulphatase and
thioacetic acid esterase activities, but do not give positive alkali phosphatase and cholinesterase
reactions. In Chapter 4 is described the ultrastructure of pineal nerve fibres. A short experi-
mental part appended to this chapter discusses the submicroscopic changes taking place in the
nerve fibres under the influences of various experimental interventions such as bilateral cervical
sympathectomy, treatment with reserpine or oxypertine. In Chapter 5 are presented the conclu-
sions drawn by the author. Chapter 6 contains a concise description of the contents, whereas
Chapter 7 a compilation of carefully selected references, including more than 150 papers.

The demonstration material (Chapter 8) includes 72 figures arranged in 18 plates and
occupies 37 pages. Except for 2 schematic drawings, the whole material consists of original
electron micrographs and light and electron microscopic pictures of histochemical reactions.

B. Mess
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NEUROBIOLOGY OF INVERTEBRATES

Proceedings of a Symposium held at the Biological Research
Institute of the Hungarian Academy of Sciences (Tihany)
September 4—7, 1967

Ed. by J. Salanki
In English « Approx. 480 pages <« Cloth

The thirty-four papers presented in this volume and written
by specialists in the field of invertebrate neuromorphology,
neurophysiology and zoology give an account of recent re-
sults in searching the nervous system of annelids, molluscs,
crustaceans and insects.

Studies of the first part present mainly submicroscopical and
histochemical investigations from the viewpoint of functional
morphology of structures involved in neural regulation. Pa-
pers of the second part, devoted to elementary processes and
to chemical specificity at cellular level, are partly of bio-
physical, partly of pharmacological interest. The third part
contains papers discussing selected problems of active sub-
stances and enzymes in the nervous system and heart, and
also transport of materials along nerves. The fourth part
includes studies on neural integration, especially on problems
of learning and control of behaviour.
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INVOLVEMENT OF THE OPTIC SYSTEM IN
EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS
IN THE DOG

T. Maros and L. Lazar

(Received August 4, 1966)

Changes occurring in the optic system of dogs in the course of experimental
allergic encephalomyelitis have been studied under the light microscope. The optic
apparatus was found to he involved as frequently as in cases of human demyelinating
encephalomyelitis and multiple sclerosis. Also, a symptomatic morphological change
appeared early in this area.

i lie fact that the optic apparatus is affected early and frequently might he due
to the close connection between neuroglia and connective tissue in the retrobulbar por-
tion of the optic nerve. An important role in the development of demyelination and
sclerotic foci is attributed to the reactive and astrocytic interfascicular oligodendroglial
elements. The conspicuous frequency of perivascular processes in the occipital pole
seems to he connected with increased functional vasomotor activity.

Frequent morphological changes in the optic system are characteristic
of experimental allergic encephalomyelitis (EAE). Such changes sometimes
give rise to conspicuous manifestations such as irreversible or temporary blind-
ness, while sometimes the changes cannot be observed by routine methods
because no objective symptoms are present.

Since damages of the optic system arc frequent in multiple sclerosis as
also in other human demyelination diseases [15], it seemed justified to study
it in the ENIE of dogs. The study was designed in order to investigate the fac-
tors which determine the nature of the morphological changes and to establish
why they occur so frequently in certain parts of the optic system.

Material and method

Twenty mongrel dogs of both sexes and different ages were used. The model experiment
by which EAE was induced as well as the observed neurological symptoms and morphological
changes have been described earlier [18, 19, 21]. Eyeball, optic nerve, optic chiasma, optic
tract and occipital pole of the animals were removed, fixed in a 1: 10 solution of formol and
bromformol, and stained with haematoxylin-eosin, Masson’s method, myelin stain and silver
impregnation (for the demonstration of neuronal and glia elements).
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Results

Clinical symptoms. In 3 animals bilateral complete blindness accompa-
nied by the absence of pupillary reflexes was observed, while disorders of
vision manifesting themselves indirectly were registered in 6 animals. They
fell wed with the eyes non-existent objects moving in the air, or snapped at
non-existing flies, a phenomenon indicative of scotoma; some of them missed
the offered food, presumably owing to diplopia. All these animals displayed
ophthalmo-leucoencephalitic lesions that were frequently combined with acute
myelitis. Changes in the optic apparatus were observed in nearly all animals
irrespective of whether they displayed manifest signs of disturbed vision.

Circulatory disturbances were observed in the optic system of 10 animals.
Localization and frequency of the gross changes are listed in Table I.

Table 1
Affected areas

Optic tic - Occipital

rerve c%sma Optic tract pole
HYPEraBmMia oot 8 8
Minor haemorrhage 10 1 1 7
Haematoma ..ooecooomeeeeereeneeereoee 2
Foci of haemorrhage and malacia......... 2

Changes in the optic nerve affected the retrobulbar space in the first
line. In one of the cases extravasated blood surrounded the eyeball and coursed
between the sheaths of the optic nerve as far as the optic chiasma. In an-
other case the entire white substance around the calcarine fissure turned
into an extensive soft focus.

Microscopic picture. The morphological changes characteristic of EAE
[18, 19], could all be found in the optic apparatus.

Mixed perivascular foci appearing at the different stages of myelin
sheath destruction were registered in the following parts of the optic appa-
ratus.

(i) Retrobulbarly, 1 cm behind the lamina cribrosa (11 dogs)

(ii) In the optic chiasm (5 dogs)

(iii) In the optic tract (9 dogs)

(iv) In the optic radiation (16 dogs). In these, demyelination was the
predominant phenomenon in 10 cases, vascular and perivascular phenomena
in 5 cases, cerebral oedema and aswelling of the myelin sheath in one animal.

Conspicuous signs of demyelination were observed in the optic nerve,
optic chiasma and optic tract in 12 animals.
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Fig. 1. Vesicles of different sizes in the ganglionic layer. Mallory’s stain. Eyepiece, 6 X, Lens,
24/0, 42

Nature arid frequency of changes

(@) Retina. This organ occasionally showed microscopic haemorrhages
and frequently perivascular lymphocytic-plasmacytic infiltrations, precisely
corresponding to those described by Fog [6] in multiple sclerosis.

Retinal phlebitis and periphlebitis were also observed, likewise phenom-
ena known from multiple sclerosis [9]. Nevertheless, most ganglion cells
were of a normal aspect, and it was the appearance of serous microcysts which
pointed to the circulatory disturbance (Fig. 1).

Reactive forms of the macroglia without signs of essential reorganiza-
tion of the other retinal elements were frequent in the chronic phase. Thicken-
ing of the adventitia, a constant concomitant sign, made the blood vessels
visible to the naked eye in the form of stripes.

(b) Optic nerve. Connective tissue proliferation a practically constant
occurrence, was followed by glial hyperplasia and then by gliosis or even focal
sclerosis. Gliosis and cicatrization were most pronounced in the retrobulbar
portion of the optic nerve, and especially in the immediate vicinity of the
lamina cribrosa (Fig. 2). Proceeding towards the chiasma, the cicatricial as-
pect of the widening connective tissue septa became gradually less pronounced
and the number of interfascicular glial elements (mostly oligodendroglia) grew
gradually lower (Fig. 3).

1* Acta Morphologien -cudemiae Scientiarttrn Hangaricae 16, 1968
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Fig. 2. Retrobulbar part of optic nerve. Note marked gliosis between widened connective
tissue septa. Silver-carbonate impregnation. Eyepiece 6 X, Lens, 24/0, 42

The neuroglia of mixed composition (oligodendroastrocyte) (Fig. 4), as
seen in the incipient phase, was in the course of demyelination (Fig. 5) grad-
ually replaced by typical astrocytes which formed compact glial scars at the
level of and next to the lamina cribrosa.

(c) Chiasm and optic tract. Changes here were less marked, myelin
lesions — precursors of demyelination — were of reversible character, sclerotic
foci were scattered and appeared later (Fig. 6). The interfascicular neuroglia
showed hyperplasia, sometimes with the predominance of oligodendroglial
cells and sometimes with that of astrocytes.

(d) The lateral genicular body showed in some cases marked hyperergic
perivasculitis (with or without bleeding) which was usually confined to earlier
foci of demyelination or sclerosis.

(e) Optic radiation. Exudative perivascular foci, frequently accompanied
by microscopic haemorrhages, were practically constant phenomena. Beside
haematogenic and adventitial elements, microglial cells were also involved in
the perivascular infiltrations (Fig. 7), and this to a greater extent than in the
other parts of the optic apparatus. Predominance of microglial elements was
found to he a constant phenomenon also in foci of demyelination formed in
the acute phase of the disease. Microglial reaction was weakest in the optic
nerve where the majority of cellular elements appeared to he of oligodendro-
glial origin.
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Fig. 3. Sclerotic focus with proliferation of neuroglial elements. Silver-carbonate impregnation.
Eyepiece. 6 X, Lens, 24/0, 42

Fig. 4. Reactive transformation of oligodendroglial cells, suggestive of astrocytes. Silver-
carbonate impregnation. Eyepiece 6 X, Lens, 24/0, 42

frta Morphologica Acadcmiao Scientiarurn Hungaricae 16, 1968
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Fig. 5. Middle portion of optic nerve. Abundant myelin globules indicative of demyelination
Myelin stain. Eyepiece, 6 X, Lens, 24/0, 42

Fig. 6. Optic tract near to the chiasm. Weak staining reaction indicates advanced demyeli
nation. Myelin stain. Magnif.: Eyepiece 6 X, Lens, 6/0, 16
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Fig. 7. Occipital pole, white matter. Perivascular infiltrates alternating with zones of diffuse
cell infiltration. Silver-carbonate impregnation. Eyepiece, 6 , Lens, 6/0, 16

Zones of glial reaction were larger during the reparative phase in the
optic radiation than elsewhere. Polynuclear giant macroglial structures were
frequently seen in the zones around the circumscribed or diffuse foci.

Changes in the optic nerve were often accompanied by hyperergic -
frequently necrotizing processes occurring in the spinal cord or in the brain
stem. Involvement of the occipital pole was usually associated with changes
in the other parts of the hemispheres.

Discussion

The fact that both the optic nerve and the spinal cord are damaged in
EAE a feature characteristic also of human optic neuromyelitis [24J
might be due to the abundance of mesenchymal elements in these organs. A
common factor is presumably responsible for the simultaneous occurrence of
hyperergic processes in the spinal cord and the optic nerve. Structural proper-
ties of the perivascular connective tissue and the neuroglial limiting mem-
branes are probably in the background of the phenomenon. This assumption
seems to be supported by the observation that the pathologic processes take
preferably place in the retrobulbar segment of the optic nerve and in the vi-
cinity of the lamina cribrosa, areas rich in tissue elements of mesenchymal
origin.

lein  Morphologica Icntlrmiac Scienliiriim Hungariaié I(> 1968



260 T. MAROS and L. LAZAR

The peculiar reactivity of the optic neuroglia and its connection with
the connective tissue is made obvious by some phylogénie and ontogénie data.
The neuroglial apparatus undergoes notable changes during the development
of the connection tissue system of the optic nerve. The most significant change
consists in the appearance of increasingly numerous differentiated (fibrous)
glial elements. For instance, the optic nerve of Petromyzon is devoid of support-
ing connective tissue, and the neuroglia is represented only by axially arranged
ependymal cells. In amphibians and reptiles, astrocytes appear with the in-
crease in perivascular connective tissue [10, 27], to be followed by intrafas-
cicular plasmatic astrocyte structures [2, 25]. The interfascicular rows of neuro-
glia in birds consist almost exclusively of oligodendroglia [1]. Interfascicular
connective tissue septa make the glial structure of the optic nerve still more
intricate in mammals [7]. The connective-tissue apparatus in the optic nerve
of mammals of the higher orders is even more complicated and abundant [32]
which leads to an overwhelming predominance of astrocytes in man [17, 31],
with an almost complete absence of microglia [3].

The development of the optic nerve presents a number of further in-
teresting features. In the human newborn the neuroglial apparatus in the
optic nerve consists almost entirely of oligodendroglia, and il is in the course
of connective tissue growth that astrocytes emerge in increasing numbers [3].
They appear first at the level of the lamina cribrosa [4, 29, 30].

W hile, according to our observations, oligodendroglia is predominant
in the optic nerve of young dogs, astrocytes and transitory forms appear in
increasing numbers with advancing age.

Similar transitory structures have been observed in man not only from
the optic nerve but from the optic chiasm and the optic tract as well [3, 17,
31]. We are in agreement with other authors [23] that oligodendroglia and
astrocytes of the optic nerve are but two varieties of the same neuroglia.

The neuroglial structure, the development of which is correlated with
the growth of the supporting connective tissue is in our opinion a decisive
factor in the optic (retrobulbar) localization of the process. To the same factor
might he due the fact that sclerotic foci develop along the subpial connective
tissue and around the connective tissue sheath of the central artery of the
retina.

The neuroglial reaction leading to astrocytic gliosis and then to sclerosis
is presumably induced by the inflammatory process in which the mesenchymal
elements are involved; this is particularly probable the optic system where the
interconnection between neuroglia and adventitial connective tissue is espe-
cially close [5].

Some further factors may also have a part in the retrobulbar localiza-
tion of demyelinating processes, thus a hyperaesthesia of the myelin, reactive
changes of which occur sooner near the lamina cribrosa than elsewhere. Ear-
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lier studies have shown [13, 22] that the myelin sheath showed the earliest
changes at the junction of myelinated and unmyelinated segments of the nerve
fibre.

Reactive cell types of the interfascicular neuroglial rows may play a sig-
nificant role in processes occurring independently of the connective tissue septa
and the blood vessels [11, 12]. These foci, precursors of sclerosis, remain long
reversible, especially in the chiasm and the optic tract. The regenerative power
of the optic apparatus, observed in lower animals [26, 28] may likewise be due
to the same structural properties, i.e. the absence or low number of connective
tissue septa and astrocytic elements.

Functional changes in local circulation, too, seem to play an important
part in the localization of allergic and hyperergic processes. There are data
concerning the existence of a correlation between the localization of the said
processes and functional factors [8]. It is perhaps owing to a similar mechanism
that circulatory disorders such as hyperaemia, haemorrhage and inflammatory
processes are marked in the optic apparatus. The functional stresses to which
the human optic system is more exposed than that of other species may be
regarded as another reason why multiple sclerosis so frequently occurs in the
optic apparatus.

Conclusions

The optic system is nearly always affected in the experimental encepha-
lomyelitis of dogs. Microscopic changes are usually demonstrable even if the
optic apparatus shows no pathological signs. Lesions appear in most cases in
the optic nerve and the occipital pole, hut the retina and sometimes even the
optic chiasm, the optic tract and the lateral geniculate body may also be in-
volved. The process mostly resembles an optic neuromyelitis.

A correlation presumably exists between the site of the changes and the
morphological properties of the affected areas. The fact that pathologic pro-
cesses arise early and frequently in the retrobulbar segment of the optic nerve
may be due to the close connection between the richness of supporting con-
nective tissue and the rows of interfascicular neuroglia. Reactive and astro-
cytic oligodendroglial elements are presumably important factors in early
demyelination and sclerosis, and it is the optic system that seems to sustain
the earliest damage.

The frequency of perivascular processes in the occipital pole may be due
to increased vasomotor activity in connection with functional stresses. This
might be even more significant in human pathology than in animal experi-
ments.
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BETEILIGUNG DES NERVUS-OPTICUS-SYSTEMS BEI EXPERIMENTELLER
ALLERGISCHER ENZEPHALOMYELITIS VON HUNDEN

T. MAROS und L. LAZAR

Die morphologischen Verdnderungen des Nervus-opticus-Systems bei experimenteller
allergischer Enzephalomyelitis von Hunden wurden mit lichtmikroskopischen Methoden unter-
sucht. Das Nervus-opticus-System nimmt am ProzeB ebenso héaufig teil, wie bei der akuten
demyelinisierenden Enzephalomyelitis und der Sclerosis multiplex des Menschen. Es scheinen
dabei auch symptomfreie morphologische Verédnderungen frihzeitig aufzutreten.

Fir die haufige und frihe Lokalisation des pathologischen Prozesses im Nervus-opticus-
System werden die im retrobulbdren Abschnitt des Sehnerven wahrnehmbaren intimen Bezie-
hungen zwischen der Glia und dem Bindegewebe verantwortlich gemacht. In der frihzeitigen
Entstehung der Démyélinisations- und Skleroseherde wird den reaktiven und astrocytoiden
Oligodendroglia-Elementen der interfaszikuldaren Glia-Reihen eine bedeutende Rolle zuge-
schrieben. Die auffallend hdufig vorkommenden perivaskuldren Prozesse des okzipitalen Pols
werden mit der funktionellen Vasomotorik in Zusammenhang gebracht.

YYACTUE CWCTEMbI 3PUTE/IBHOIO HEPBA B 3KCMEPUMEHTAJIBHOM
ANNErPUYECKOM SHLE®ANTIOMUNENTNTE ¥ COBAK

T. MAPOI1l v N. NA3AP

OBbIYHBIMY MUKPOCKOMMUYECKMMI METOaMU UCC/e0BaHNs 6binn 13ydeHbl Mopdosoru-
UECKMe W3MEHEHUS! CHCTEMbl 3pUTENILHOTO HepBa MpW 3KCMEPUMEHTAILHOM anfepruyeckom
3HUedanommennte y cobaku. CUCTeMa 3pUTENBHOTO HEPBa y4acTBYET B MPOLECCE Tak e 4acTo,
KaK 1 Npu OCTPbIX AEMUEVHU3NPYIOLWNX 3HLedaoMMeNnnTax yenoBeka. Kaxkercs, uTo 3aech
CPaBHWUTENIbHO PaHO Pa3BMBAIOTCA TakXXe GECCUMMNTOMHbIE MOP(ONOrMYECKUE N3MEHEHUS.

Kak npeanonoxuTenbHy0 NPUUMHY Y4acToi U paHo pa3BMBAOLLECS NoKanu3auuy narto-
JIOFMYECKOT0 MPOLiecca B CUCTEME 3PUTENILHOTO HEepBa, aBTOPbI BblABWTAalOT PO/ib TECHbIX CBS3EH
MEXAY Tneil U CoefMHUTENbHON TKaHbIO, HABMIOAAEMbIX B PETPOBYIb6APHOM YUACTKe 3pUTeb-
HOrO0 HepBa. B paHHeM pasBUTUM 0OYaroB AEMUENMHU3ALMM U CKepo3a 3HauMTelbHas posib
NPUNUCLIBAETCS PEAKTUBHBIM U aCTPOLMTOMAHBIM 3/IEMEHTAM O/INTOfEHAPOT NN MeX(acLMKynsp-
HbIX PAJOB FnW. MMepuBacKyNApHbIe MPOLIECCH], NOPasUTeNbHO HacTO Mopaxaroline OKLmMnu-
TaNbHbIW MOMOC, aBTOPbI NPUBOASAT B CBSA3b C YHKLMOHANLHOW Ba30MOTOPUKOIA.

Dr. Tibor Mmaros ) Tirgu-Mures (Roumania)
Dr. Laszl6 Lazar ( Gh. Marinescu str. 38.
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DEGRANULATION OF TISSUE EOSINOPHIL
LEUKOCYTES

G. Kelényi
(Received February 20. 1967)

(Preliminary report)

It is known that after phagocyting bacteria or ingesting antigen-anti-
body complexes [1 2] the eosinophil leukocytes may undergo degranulation.
The submicroscopic features of this process are not known, although eosi-
nophils with a decreased number of granules in the intestinal mucosa have been
reported [3]. In electron micrographs of cells from pleural effusion, pemphi-
gus blister and from tissues with a high number of eosinophil leukocytes such
as lymph glands in Hodgkin’s disease, gastric polyps, skin tissues in pemphi-
gus, we have noted eosinophil leukocytes with a decreased number of granules,
some of them containing no more than 4 to 10 granules per whole cell profile,
i.e. 1to 3 granules per 10 /i of cytoplasm. Mature human blood and bone mar-
row eosinophils showed an avarage number of 7 to 15 specific granules per
10 w2 of cytoplasmic area.

When searching for the mechanism which leads to degranulation of the
eosinophil leukocytes, we observed electron microscopic changes in the gran-
ules, suggesting that these alterations might be related to the degranulation of
the cells.

The tissues were fixed in 1% osmium tetroxide in 0.15 M phosphate buffer pH 7.2, isoton-
ized with 7.5% sucrose, and after dehydration in ethanol they were embedded in Araldite (Ciba,
Basel). | Itrathin sections were stained either with uranyl acetate (saturated solution in 70%
ethanol) for 15 seconds, or with potassium permanganate (5%, solution in distilled water) for
5 seconds, and with lead citrate [4]. When examining a large number of tissue and exudate
eosinophils we often found granules in which the externum or matrix seemed to be not so dense
and compact as in intact forms, resulting in reversed densities of the granules, i.e., in contrast to
uranyl acetate-stained normal granules, the crystalloids appeared to be denser than the ma-
trices. In others the matrix had become looser and a fine granular-vesicular structure appeared.
Seemingly more altered forms showed ruptures in the granule membrane with a scattering of
some of the vesicular elements into the cytoplasm. The number of granular-vesicular and disrupt-
ed granules varied from cell to cell in the same tissue. Generally, of 3 to 5 adjacent eosinophils
1 or 2 exhibited a number of altered granules, whereas the granules in the others seemed to be
intact. Parallel to these changes of the matrices, some ofthe crystalloids at first slightly increased-
in density as measured by densitométrie tracings of the electron micrographs across crystal-
loids of neighbouring normal and altered granules. Later, during the complete disintegration of
the granules, the crystalloids normally disappeared (Figs 1 3).

In some of the material, disruption of the eosinophils and ingestion by
macrophages of the cell fragments containing a certain number of granules
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were seen. In granulomatous tissues, in peritoneal exudate cells and in the
oestrous uterus of rats similar phenomena were observed [5—7]. The number
of altered forms was as high among the extracellular granules (Fig. 4) as in
the seemingly intact, non-disrupted cells; the degree of their alteration, how-
ever, was slight when compared with the phagocyted granules which frequently
showed granular-vesicular matrices and disintegration.

Fig. 1. In some of the specific granules (arrows) the crystalloids seem to be denser than the
matrices, i.e., their densities are reversed when compared with normal granules. Magn.:
approx. X9000

Figs 1—4. Eosinophil granulocytes from pemphigus blister fluid (Fig. 1) and from a lymph
gland in Hodgkin’s disease (Figs 2—4). Osmium tetroxide-Araldite; stained with uranyl
acetate (Figs 1—3) or potassium permanganate (Fig. 4) and lead citrate

In human and rat eosinophil leukocytes of the bone marrow and blood
such changes occurred rarely. Postmortal alterations of the cells kept at room
temperature for 1 to 12 hours after removal of the tissues were different.

Uranyl acetate-stained ultrathin sections, or tissue blocks stained with
phosphotungstic acid [9] or uranyl acetate during dehydration, showed elec-
tron dense matrices and electron lucent crystalloids. In lead citrate or po-
tassium permanganate-stained ultrathin sections of osmium tetroxide-fixed
material reversed densities were observed, viz. electron dense crystalloids
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Fig. 2. Two granules (arrows) show loose, granular-vesicular matrices; their membranes
seem to be intact. Magn.: approx, x 15 000

Fig. 3. Besides unaltered specific granules there is one in the centre of the field with granular-
vesicular matrix and loosened membrane. At arrow, discontinuity of the granule membrane
may be seen. Magn.: approx. X 14 000
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and electron lucent matrices. However, the granular alterations, although
less pronounced, could still be recognized.

In the light of these staining characteristics of the eosinophils, the two
different types of densities observed in the granules of one and the same ma-
terial by Weltsh and Geer [10], Ghadially and Parry [11] and H udson [8]
might be indicative of different functional states or are the result of fixation
and staining procedures. In our study the reversal of granule densities was the
sign of an alteration leading to the disintegration of the granules.

Fig. 4. Disrupted eosinophil granulocyte. Some of the granules (arrows) show granular-
vesicular matrices and disrupted membranes. Magn.: approx. X9000

As to the possible functional significance of the changes of the eosino-
phil granules, it may be assumed that during their disintegration, which may
be initiated by intragranular peptidases, active substances, enzymes are libe-
rated. The observation of seeman and Parade [12] that acid phosphatase
was inactive in seemingly intact granules with dense and compact matrices
but active in granules whose matrices were slightly less dense and compact,
support this assumption.
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THE ULTRASTRUCTHRE OF DIFFERENTIATING CELLS
OF THE HEART MUSCLE IN THE STATE OF MITOTIC
DIVISION

P. P. Rumyantsev and E. s. Snigirevskaya

(Received April 15, 1967)

An electron microscopic analysis of the mitotic figure in the developing rat myo-
cardium (3, 5, 15, 19 day embryos and 2—3 day old rats) has revealed in all phases of the
division of muscle cells the presence of bundles of hexagonally arranged myofilaments
and specialized contact structures (intercalated discs and/or desmosomes). There is a
partial disappearance of Z-discs and disorientation of myofilament bundles after onset
of the metaphase, hut no complete dedifferentiation of dividing myocardial cells.

Hence the current theory of myogenesis stating that DNA synthesis and mitosis
are inhibited after the onset of elaboration of contractile proteins is not applicable to the
cardiac muscle cells. These results are in agreement with the previously obtained evi-
dence of 3H-thymidine incorporation into the nuclei of the heart muscle cells containing
some mvofibrils.

Myogenesis attracts the attention of investigators not only as a special
problem but as one of the models for the analysis of cytodifferentiation as a
whole 119, 25, 30].

In the recent decade the concept concerning the way of nuclear multi-
plication [4, 7, 9, 45] and its relation to synthesis of cell specific proteins
[4, 19, 25, 30, 37, 45] in the course of myogenesis has been intensively revised
using modern methods of cytological analysis. The following statements have
been formulated.

1 DNA synthesis and mitoses occur only in non-differentiated separate
myoblasts; 2. the onset of synthesis of contractile proteins is accompanied by
a stable repression of genes controlling the multiplication of the muscle cell;
3. the pictures previously regarded as numerous amitoses are found to be in
fact dependent on the shifting, clumping, rotation of neighbouring nuclei,
on the folding of their membranes, etc.

The above conclusions have been derived solely from the investigation
of somatic muscles in vitro, during regeneration or in the course of their nor-
mal histogenesis.

It must be stressed that no peculiarities concerning the relationship of
proliferation and differentiation processes in the developing heart muscle
cells have been taken into account.

Since the publication of the works by Hoyer [20], Godi1ewski [14] and
Schockaert [36] many investigators have, however, described and illustrated
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mitotic figures frequently observed in the fibres of the growing heart muscle
[27, 33, 34, 39].

The evidence yielded by light microscopy shows that in the myocardial
fibres division takes place in centrally located muscle nuclei; a certain number
of myofibrils are usually observed in the surrounding of the chromosomes [34].

In full accord with these facts the analysis of 3H-thymidine incorporation
has shown that in the myocardium the DNA synthesizing nuclei are located
within the myofibril containing muscle fibres. The index of labelled nuclei
reaches 10—12% even in newborn rats after a single administration of precur-
sor and up to 40—50% if repeated injections of 3H-thymidine are given. Only
for 15-day-old rats does the index practically attain the zero level [33, 34].

The above data evidently contradict the concept of absolute competition
and mutual exclusivity of auto-and lieterosynthesis in muscle cells [4, 19, 25,
30, 37]. It should, however, he noted, that this statement may only he convinc-
ing if confirmed by ultrastructural data, light microscopy being unable to
resolve the membranes of individual cells and to prevent errors concerning the
tissue nature of proliferating elements [30]. Thus, the nuclei in the S phase
which seem to he localized “inside” muscle fibres containing myofibrils, may
in fact belong to a non-differentiated myoblast or even to a connective tissue
cell pressed between the processes of muscle fibres.

The purpose of the present work was to study the ultrastructure of muscle
fibres containing mitotic figures in the growing myocardium and to determine
whether chromosomes and myofibrils are actually localized within the bound-
aries restricted by a common plasma membrane of the same cell.

Among the numerous works dealing with the electron microscopy of a
developing [18, 28, 29, 35, 40, 41, 42) or cultivated [8, 22, 43, 44] myocardium
only wonifarth-Botterman [44] gave a picture of the dividing cell, which
he regards as a myoblast despite the absence of any specific morphological
traits (e.g. myofibrils). muir [29], makes a causal mention of mitoses of myo-
cardial cells which contain myofibrils giving no illustration whatever. It is
even doubtful whether this statement of muir reflects electron microscopic
observations. On the contrary, wainrach and soteto [42] describe numerous
mitoses in heart myoblasts of young chick embryos stressing the fact that no
myofibrils could be found in such cells. w eissenfers [43] states that during
division of cardiac muscle cells around the mitotic figure one can see only the
sarcoplasmic masses, the myofibrils being completely dissolved. In spite of
the fact that this paper is dealing with the submicroscopic structure of the
heart muscle in vivo and in vitro w eissenfe1s presents only light microscopic
pictures of dividing myocardial cells saying that the rare occurrence of mitoses
in the heart muscle makes the finding of mitotic figures under the electron
microscope practically impossible. Indeed, in the chick embryo myocardium
the mitotic index does not exceed 3.15% for all the stages of development [15].
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in the course of myocardial histogenesis in the rat the index is reduced from
2.5% to 1.3% during the period from the 15th day of embryonal life up to
birth [34]. This low incidence of mitoses in ultrathin sections is the reason why
in electron microscopic investigations into the myogenesis of skeletal muscles
[1, 2, 10, 13, 17, 31] the question of mitotic figures has never been discussed
and no illustrations have been presented.

Material and method

Pieces of heart ventricle (1- 2 eu. mm) from 13—15 19-day white rat embryos and
newborn rats (2—3 days after birth) were fixed with cold 1% OsO., at pIT 7.4. After dehydra-
tion in alcoholic series the pieces were embedded in butyl-methyl-metacrylate (8 : I) and in
some cases in Araldite. Staining was done during dehydration by the addition of uranyl acetate
and phosphotungstic acid to 96% alcohol, and in sections with uranylacetate and lead citrate
solutions. Sections on copper grids covered with formvar film were examined under the JKM-5g
electron microscope. Micrographs were taken at 3000 -12,000 magnification and subsequently
enlarged to the desired size. In the majority of cases, with 3—4 hrs of work we could reveal no
more than one or at most two mitotic figures. The present paper deals with the observation of
several dozens of mitotic figures located within cardiac muscle fibres in all the stages of myo-
cardii.l histogenesis.

Kesults

The most conspicuous trait of mitotic figures as seen under the electron
microscope is the presence of chromosomes the sections of which appear as
moderately contrasted granulated filamentous masses devoid of any membrane
coating (Figs 1, 2, 3). A separate distribution of individual chromosomes (Fig.
2) occurs as well as their superimposition (Fig. 3) in which case there art* ex-
tended masses of chromosomal material, in longitudinal and tangential sec-
tions the chromosomal substance often looks like a bundle of innumerable spi-
ralized threads. Taking into account some typical changes of the cytoplasmic
structure during cell division (rounding and swelling of the cell body, slightly
increased density of cytoplasmic matrix as compared with non-dividing cells,
etc.) often helps to reveal mitotic figures under the electron microscope. In
some cases it is much more difficult to determine precisely the phase of divi-
sion in ultrathin sections than in the case of light microscopic preparations.

Early prophase cells until the onset of nuclear membrane desaggregation
can be detected owing to the appearance inside the nucleus of numerous chro-
mosomes (Fig. 1) which differ in size and are randomly outlined masses of
chromatic material present in some non-dividing nuclei. The late prophase,
meta- and anaphase cells may he identified in the case of a well-oriented
section due to the typical distribution of chromosomes in the cytoplasm
(Figs 2, 3).

Whatever the plane of section it is easy to reveal telophase cells. The
electron microscope permits to visualize not only the *“packing” of chromo-
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Fig. 1. Nucleus of heart muscle cell of 19-day-old rat embryo at the stage of early prophase.
C — chromosome, Mf — myofibrils, M — mitochondria. The arrows mark a group of electro-
dense structures, probably indicating the onset of nucleolar desaggregation. X 10 700

simes which form compact masses, hut also the reconstruction process of the
nuclear membrane of which flattened vesicles and cisternes originating prob-
ably from elements of the endoplasmic reticulum and chromosomal cluster
surface (Fig. 4) are quite typical. The components of the mitotic apparatus,
centrioles and spindle filaments, are seldom revealed as the former is usually
beyond the plane of section, and the latter is well preserved only after some
special procedures (see ref. 3, 16). Anyhow, lead citrate staining in some cases
reveals spindle filaments in the form of typical microtubules [3, 16, 26, 32]
about 200 A in diameter (insertion in Fig. 4). In a great number of mitotically
dividing cells observed at different stages of myocardial development, the
cytoplasm contained bundles of typical myofilaments among which thick
myosin threads about 150 A in diameter and sometimes thin filaments of
50 A were clearly visible (Figs 2, 3, 4). Cross sections of such bundles reveal a
hexagonal pattern of individual filaments (Fig. 3) characteristic of myofibrils
[21]. The larger bundles of myofilaments are frequently located at the polar
region of dividing muscle cells (Fig. 3). Closer to the equatorial zone, the ac-
cumulation of sarcoplasmic masses pushes the myofilament bundles towards
the surface membrane. As a result, they are distributed in this zone as a very
thin discontinuous layer and in the section only a few myofilaments (Figs 2, 3)
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Fig. 2. Metaphase in heart muscle cell of 13-day-old rat embryo. Mf — myofibrils; C chro-
mosomes some of which appear as paired structures: M mitochondria. X9700. Insertion
enlarged portion of myofibril seen at right upper corner of Fig. 2. x 40 000

can be seen usually. In many a case one may observe myofilaments in the close
proximity of the chromosomal substance, this may be due to the tangential
plane of the section. Unlike the non-dividing heart muscle cells the mitosis
is characterized as a rule by a more disordered orientation of myofilament
bundles which results in the transverse, oblique as well as longitudinal sec-
tioning of such bundles in the adjacent regions of the cytoplasm (Figs 3, 4).
Moreover, the subdivision of myofilament bundles into sarcomeres by contrast-
ing Z-lines was unfrequent during mitosis, it mostly occurred before the
metaphase. It must, however, be stressed that in the early prophase (Fig. 1)
no appreciable change in myofibrillar structure can be detected. In the late
telophase we hardly ever found typical Z-discs (Figs 2, 3, 4), a fact strikingly
distinguishing the myofibrillar apparatus of the dividing cells from that of
interkinetic ones where Z-discs are usually prominent. The partial disappear-
ance of Z-discs including their membranous component [12], is indicated by the
fact, too, that in the metaphase the myofilament bundles sometimes are to be
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Fig. 3. Anaphase in heart muscle cell of 19-day-old rat embryo. C — chromosomes; M mi-
tochondria. In the left upper corner myofibrils of one adjacent cell are seen. X 16 000. Inser-
tion: detail of the polar part of an anaphasic cell, representing disordered myofilament (Mfl)
bundles which are sectioned longitudinally, transversally (arrows) and obliquely. X 37 000
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Fig. 4. Telephase chromosomes (C) in heart muscle cell of a 2-day-old rat. On the surface of the

chromosomes, membranous coating reconstituting the nuclear envelope is visible. Mfl myo-

filament bundles. x 45 700. The figure inserted at the upper right represents another portion of

the same mitotic cell where double profiles of spindle filaments (arrows) near the chromosomal
(C) material are seen. x 56 200
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subdivided into sections of about the same length as that of sarcomeres in
myofibrils of adjacent non-dividing cells; some rarefications instead of absent
Z-lines were seen here. The partial or even complete disappearance of some
Z-lines may play an important role in the above-described disorientation of
myofilament bundles.

The second typical trait enabling us to identify the tissue nature of di-
viding heart muscle cells is the persistence at the boundary of a great number
of such cells, special contact structures, desmosomes and/or primitive inter-
calated discs. This persistance of desmosome-like structures prevents the mi-
totic cell from a complete rounding off and from the loss of its association
with the neighbouring ones. The tendency for such a separation is shown by
the frequent divergence particularly in the equatorial region of membranes of
mitotic and adjacent muscle cells, resulting in the formation of some kinds
of boundary lacuna. Sometimes such lacunae are found to be crossed by cy-
toplasmic bridges rich in myofilaments which belong to dividing or on the
contrary, to the adjacent non-dividing cells. A similar persistence of desmo-
somes preserving the zones of close contact between dividing and interkinetic
cells, was observed in the epidermis [6].

The fact that dividing muscle elements are frequently considerably
larger than mesenchymal mitotic cells is used as an auxiliary criterion helping
to distinguish the two kinds of cell. The ultrastructure of mitochondria in
mitotic and interkinetic myocardial cells seems to be rather similar; the mean
size of organelles, the number of their cristae, and the degree of matrix con-
trast are typical for the given stage of histogenesis. By the time the chromo-
somes have settled in the equatorial plane the mitochondria become located
as two separate complexes on both sides of the metaphase plate closely to
the polar zones of the cell (Fig. 2). In ana- and telophase cells, many mito-
chondria move toward the equatorial zone (Fig. 3) wherein they are distrib-
uted between daughter cells after the end of division. The elements of en-
doplasmic reticulum to which vesicles originating from the dissolved nuclear
membrane are probably added [32] form in the metaphase and the early ana-
phase two “caps” on both sides of the equatorial plate. The walls of these
vesicles are as a rule smooth membranes not covered with ribosomes. We also
found in some of dividing cardiac muscle cells, small isolated tubuli lying
beyond the *“caps”, which belong to the “rough” type of endoplasmic retic-
ulum observed in a number of interkinetic embryonic myocardial cells [28J.
Smooth membrane vesicles forming sometimes small isolated groups might
originate from the Golgi elements. More than once, in meta- and anaphase
cells, we observed lysosome-like granules with the contrast content surrounded
by membranes.

Large lipid drops frequently observed in myocardial cells usually were
not present during mitosis. Randomly distributed in cytoplasmic granules
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150—250 A in diameter may represent both free ribosomes and glycogen;
sometimes it is rather hard to distinguish them.

The comparison of mitotic figures of heart muscle cells at different
stages of myocardial histogenesis has shown that all the above-mentioned
traits may occur irrespective of a differentiation level of the muscle cells be-
ginning to divide. At later stages of development a somewhat increased num-
ber of myofilaments and hence of their bundles has only been observed.

Discussion

Ultrastructural analysis of mitotic figures in the developing myocardium
has wholly confirmed the evidence of light microscopy [33, 34, 36] showing
that karyokinetic division is accomplished in cardiac muscle cells which have
accumulated some amount of myofibrils. The data obtained arc in full accord
with our previous observations concerning the incorporation of 3H-thymidine
into the nuclei of cardiac muscle cells in the course of differentiation [33, 34].
Taking into account the current concept of myogenesis [4, 19, 25, 30, 37], it
would be reasonable to assume that 3H-thymidine is incorporated not into
the nuclei of partially differentiated cardiac muscle cells but into those of
persisting primitive myoblasts intimately connected with the cells containing
myofibrils. In such a case, however, it is difficult to understand the way by
which the numerous myofilaments, desmosomes and cardiac muscle cells
may be elaborated during a period G2 lasting in the embryonal myocardium
2—2.5 hours [33, 34]. Moreover, at the investigated stages of histogenesis we
found no cells the ultrastructure of which would have made us to regard them
as primitive non-differentiated myoblasts without any myofibrils. All these
data have made us to discard the hardly probable suggestion that DNA syn-
thesis and mitoses take place in different categories of heart myogenic elements
and to state that both these fundamental acts of the cell cycle are well com-
patible with a certain degree of differentiation of myocardial cells.

The obtained evidence permits of quite a different interpretation of the
concepts developed by some investigators [5, 19, 25, 37] concerning the com-
petition of contractile protein synthesis and reduplication of DNA and divi-
sion of nuclei during myogenesis. This competition was commonly interpreted
as an absolute one, i.e. complete cessation of DNA synthesis and mitosis in
the myogenic cell just after it begins producing myosin and actin [19, 25, 30,
37]. This view was based solely on the analysis of skeletal muscle histogenesis.
The above electron microscope evidence and the previously obtained autora-
diographic data [33, 34] have shown that in the developing myocardium there
is no similar “absolute” form of competition between cell reproduction and
differentiation. The interference of these processes may be revealed during
myocardial histogenesis only as a step by step withdrawing from the mitotic
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cycle of an increasing number of muscle cells which have accumulated some
“critical mass” of contractile proteins [33, 34]. The gradual increase in the
duration of the mitotic cycle periods in more differentiated cardiac muscle
cells [33, 34] shows that these cells must overcome some difficulties when pro-
viding for multiplication processes simultaneously with a progressive accu-
mulation in the cytoplasm of specific proteins. Perhaps the different forms of
competition between the processes of cell reproduction and differentiation
are not necessarily based solely on the repression of genes controlling the for-
mer of these processes (the synthesis of DNA polymerase, proteins of mitotic
apparatus, etc.) just after the onset of elaboration of specific proteins as it is
suggested by Holtzer et al. [19, 30, 37]. It is quite possible that the cell is
not able to supply with sufficient energy both these processes simultaneously,
especially if differentiation proceeds very rapidly. Thus, may be the case in
skeletal muscle histogenesis as compared with that of the myocardium the
cells of which accumulate myosin and actin much more gradually.

The structure of tissue elements may also play a significant role in the
determination of the degree of competition between the processes of differen-
tiation and reproduction. In the course of formation of giant plasmodial fibres
of skeletal muscles, these processes may easily be separated spatially, the
non-differentiated myoblast being the cell for reduplication, while the multi-
nucleated fibre formed by fusion of myoblasts is limited to the accumulation
of specific proteins [19, 25, 30]. However, according to Zhinkin and Andre-
eva [45] and Kitiyakara and Angevine [24], 1—2 hrs after 3H-thymidine
injection one can see labelled nuclei even in myofibril-containing multi-nucleat-
ed fibres of developing skeletal muscles. These data call for a revision of cur-
rent views concerning the relationship between the proliferation processes and
the synthesis of specific proteins during histogenesis of that type of muscle.
An indispensable condition of such a revision is the analysis of skeletal muscle
histogenesis at the ultrastructural level which is the only way to exclude errors
concerning the presence or absence of protoplasmic continuity between the
proliferating cell and the multinucleated fibre.

It is premature to decide if one can interpret as a sign of “dedifferentia-
tion” the changes in the structure of specialized components of the heart
muscle cell which accompany mitosis such as the partial disappearance of
Z-lines, desorientation and possible dissolution of apart of myofilament bundles,
and some simplification of intercalated disc structures. A brief note in the
abstract of the paper of Kasten et al. [23], stating that cultured rat heart
muscle cells continue to contact during mitosis, indicates that if some “de-
differentiation” would indeed take place, it is not enough pronounced. In
any case, the preservation during division of a great number of myofilament
bundles and of specialized contact structures, even if simplified and disordered
to some degree, must facilitate the rapid redifferentiation of postmitotic cells.
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Owing to the difficulties in finding mitotic figures in ultrathin sections,
further investigations are necessary to elucidate many important details of
karyokinetic division in myocardial cells (such as nuclear membrane desaggre-
gation in the prophase, cytokinesis in the telophase, partial disappearance and
restoration of Z-discs, etc).

Studies on the ultrastructure of the developing myocardium failed to
present reliable suggestions concerning amitoses of its muscle nuclei observed
by a number of investigators mainly during the postnatal histogenesis [27,
39]. A rarely observed occurrence of two close “paired” nuclei in the same cell
may be interpreted as a result of sectioning of an infolded nuclear membrane
or of the absence of plasmatomy in the late telophase, especially if the numerous
recent data speaking against amitoses in the developing skeletal muscle fibres
are taken into account [4, 7, 9, 25, 38, 45].
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ULTRASTRUKTUR DER DIFFERENZIERENDEN MYOKARDZELLEN WAHREND
DER MITOSE

P. P. RUMJANZEW und E. S. SNIGIREWSKAJA

Die elektronenmikroskopische Analyse der Kernteilung im Myokard von 3, 5, 15 und
19 Tage alten Rattenembryonen und 2—3 Tage alte Ratten zeigte in samtlichen Teilungsphasen
der Muskelzellen das Vorhandensein von Biindeln aus hexagonal geordneten Muskelfasern und
spezifischen Kontaktstrukturen (Interkalarscheiben und/oder Desmosomen). Nach Einsetzen
der Metaphase 1aRt sich ein teilweises Schwinden der Z-Scheiben und eine Desorientation der
Muskelfaser-Bundeln, jedoch keine vollkommene Dedifferentiation der in Teilung begriffenen
Myokardialzellen beobachten.

Die Ubliche Theorie der Muskelgenese, nach der die DNA-Synthese und die Mitose nach
dem Einsetzen des Aufbaus kontraktiler Proteine eine Hemmung erleiden, 1aRt sich daher auf
die Myokardzellen nicht anwenden. Diese Ergebnisse stimmen mit der friilheren Beobachtung
Uberein, dak in die Myofibrillen enthaltenden Zellkerne des Myokards 3H-Thymidin inkor-
poriert wird.
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YNbTPACTPYKTYPA ANPPEPEHLNPYHOLWMNXCA KNETOK MNOKAPAA BO BPEMA
MUTO3A

n n pYymMmauueEB n E. C. CHUTUPEBCKAA

3NeKTPOHHOMUKPOCKONUYECKWIA aHanu3 AeneHns KNeTOK B Pa3BMBAOLLEMCS MUOKape
(3, 5, 15 u, 19-gHeBHble 3apofbilin M 2—3-AHEBHbIE KpbICbl) MOKa3an BO BCeX (pazax AeneHus
MbILLEYHBIX KMIETOK Ha/n4mMe MyyKoB U3 rekcaroHa/ibHO pa3MeLLeHHbIX MbILLEYHbIX BOOKOH U
CMEUN(UYECKNX KOHTAKTHBIX CTPYKTYp (MHTEpKanspHbIX AUCKOB u/unn gecmocom). [locne
Hayana MeTahasbl BbISB/ISEMO YaCTUYHOE WCYe3HOBEHWe Z-[WCKOB W [e30pUeHTauus My4ykoB
MbILLEYHbIX BO/IOKOH, OfHaK0 MO/HON AeAnddepeHUmaLny enawmnxcs MMoKapananbHbIX KNeTok
He Habntogaetcs.

CnepoBaTenibHO, 00OblYHAsA TEOPWS O MUOTEHe3e, COrMacHO KOTOpoi cuHTes APK n muTo3
Moc/e Havana NPoM3BOACTBA KOHTPAKTUbHBLIX 6ENIKOB MOTEepPrneBatoT TOPMOXKEHUE, B OTHOLLEHWN
MVOKapAnanbHbIX KNeTOK HecOCTOoATeNbHA. TV pe3y/bTaTbl COOTBETCTBYIOT NPEXHWUM Habnto-
[eHnAM, YTO B Afpa KNeTOK MUOKapaa, CoAepxXatlne Muothnopunbl, BcTpeusaetcd 3H-TUMUAMH.

P. P. Rumyantsev . ..
Leningrad, F-121, pr. Makiina, 32, USSR
E. S. Snigirevskaya
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1Y10NOAMINERGIC INNERVATION OF EXTRA- AND
INTRACEREBRAL VESSELS

T. Donath

(Received May 30, 1967)

As judged from the complete lack of surrounding nerve elements that would give
fluorescence effect with the Falck-Hillarp technique, intracerebral vessels have no adren-
ergic innervation. The sparse adrenergic nerve plexus of the piai vessels gives few side
branches to the initial portion of the intracerebral vessels, which can be traced only for
about a few tens of microns as far as the vessels are ensheathed by the leptomeninx.
A cellular sheath having a strong autofluorescence of unknown nature continues along
the intracerebral course of the vessels.

Literature on cerebral vessels is highly controversial. Early observers
(Koettiker, 1896; Hunter 1900, Lapinsky, 1913) described nerves joining
vessels that enter into the brain tissue, while others (Berger, 1924; Hassin,
1929) failed to find nerves along the intracerebral vessels. Later Crark [1929,
1934], Penfield [1932], Chorobski—Penfield [1932], Grigorieva [1932],
Humphrey [1939], Bakay [1941], Hadjiolov et al. [1954] and Hagen [1955]
demonstrated pictures of an abundant cerebral vascular innervation. On this
basis, however, stenr [1957] took for granted the direct nervous regulation
of intracerebral vessels. More recent studies using the electron microscope
(Peasf;—Mollinari [1960], Samarasinghe [1963, 1965]) did not give any
support to the assumption of an innervation of the intracerebral vessels.
While H agen reported nervous elements to penetrate into the media and even
to reach the intima forming a terminal reticulum, the electronmicroscopical
pictures did not reveal nerves in the adventitia of the intracerebral vessels.

The problem of the tonic regulation of extra- and intracerebral vessels
is of crucial importance for cerebral blood circulation. It would be, therefore,
decisive to show, whether the cerebral vessels have any vasomotor nervous
regulation, or whether, as found recently in the retina, the tonus of the ves-
sels lacking innervation might be regulated by chemical mechanisms (Ho-
gan—Feeney [1963]; or, alternatively, as surmised by Fog [1939]), by simple
autoregulation of the contractile elements through mechanical forces.

The usual way of investigating the innervation of intracerebral vessels
was to examine silver stained sections. Impregnation, however, seems not to
be an appropriate method for the detection in the cerebral tissue of the peri-
vascular nerve fibres. This is on the one hand due to the fact that the nerve
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cannot be differentiated with certainty from the argyrophilic connective
tissue, and on the other hand, that the intensely argyrophile central nervous
tissue appears to consume all the silver available for impregnation, so that
nothing is left for the delicate and less argyrophilic vasomotor fibres. Thus,
identification of the nerves depends mainly on the judgement of the investi-
gator. Furthermore, silver stains do not permit any conclusion concerning
the functional character of the fibre.

Method

The present study being concerned exclusively with the monoaminergic fibre system, the
highly sensitive and specific fluorescence method was used. Instead of the usual histological
sections it was found advantageous to study the innervation on vessels extracted from the
cerebrum. Blocks having a surface area of approximately 0.25 sq.cm were excized from the
basis and from the convex lateral surface of the rat and cat brain. Starting from the midline
(Fig. 1) the cerebral substance was scraped off from the blocks that were placed on the slides
with their meningeal surface. Vessels entering from the meningeal fragment into the cerebrum
became thus attached to the slide extending in centipede-like manner in lateral direction. This
technique allowed to study the extracerebral vessels of the pia mater, their branches entering
into the cerebral tissue, and also the intracerebral parts. The nerve elements of the basilar artery
and of the large cerebral arteries were also examined in cryostat and frozen-dried sections. For
the examination of the monoaminergic nerves of the vessels the method of Falck et al. (1962)
was applied, using the condensation of paraformaldehyde gases with catecholamines, i.e. norad-
renaline, dopamine or 5-hydroxytriptamine, in the form of a specific highly fluorescent sub-
stance (3—4 dihydroxyisoquinoline) (Corrodi, Fuxe, Dahlstrém, Norberg, Malmfors).
Using 5 rats for each variation, 4 and 12 hours prior to sacrifice MAO inhibition was induced
with 100 mg/kg nialamide and monoamine depletion with 5 mg/kg reserpine.

Fig. 1. Diagram of method for removing brain tissue from extra- and intracerebral vessels. The
piai surface of excised blocks is placed on the surface of the slide (a), the brain tissue is removed
as indicated in (b) and the preparation dried as a membrane (c)
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Results

Large and medium sized arterioles in the pia mater are surrounded in
their whole course by a nerve plexus showing a strong specific green fluores-
cence. The sparse reticulum of this plexus consists of wavy varicose fibres,
with more intensive fluorescence at the sites of the varicosities (Fig. 2). The
fibres forming the plexus are nearly identical in thickness. Density of the
plexus is more marked in the angles of ramifying vessels (Fig. 3). The number
of nerve elements showing fluorescence is significantly smaller than in vessels
from other regions of the same character and size. This difference is well seen
in Figs 4 and 5 comparing two small arteries of the same caliber (50 /i) having
the same source of sympathetic supply (Sup. cervical ganglion) in the pia
(Fig. 4) and a ciliary artery (Fig. 5).

The nerve plexus is situated on the outer surface of the muscular layer
beneath the thin adventitia characteristic of piai vessels. The nerve fibres do
not seem to enter the deeper strata of the media, nor do they show specific
terminations on individual muscle cells. As shown also by electron microscopy,
the neuromuscular contact is effected simply by not too intimate contacts
between fibres emerging from the plasma of the Schwann cells and muscle

Fig. 2. Sparse plexus of varicose fibres exhib- I"ig. 3. Monoaminergic nerve plexus is some-
iting characteristic green fluorescence. Cat. what denser at the angles of vascular rami-
Paraformaldehyde reaction. 200 X fications. Pia mater. Rat. Paraformaldehyde

reaction. 140 X
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Figs 4 —5. Vegetative plexus of piai (Fig. 4) and ciliary artery (Fig. 5) of identical calibre
(50 /I in diameter). Adrenergic nerve supply of the piai vessel is remarkably poor as compared
with other vessel of similar calibre. Rat. Paraformaldehyde reaction. 140 X

Fig. 6. Cross section of basilar artery. Tran- Fig. 7. Cross section of basilar artery. After
sected monoaminergic nerve fibres running treatment with monoaminooxidase inhibitor
between the outer muscle layer and the ad- (nialamide) the fluorescence becomes consid-
ventitia. Rat. Cryostat section. Paraformal- erably stronger and causes much scattering
dehyde reaction. 200 X of light. Rat. Cryostat section. Paraformal-

dehyde reaction. 200 X
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Fig. 8. The vessel entering into the cerebrum
is joined for a few tens of microns by 1 2
nerve fibres detached from the vascular plexus
and seemingly having free terminations. In

wnekvation 28't

Fig. 9. Intracerebral vessel, lacking mono-
aminergic innervation with elongated cells
having ovoid nuclei, arranged parallel to the
vessel longitudinal axis. The coarse plasma

granules of the cells show a vivid fluores-
cence. Cat. Paraformaldehyde reaction. 400 x

the further intracerebral portion, lacking

monoaminergic innervation, there are cells

showing an intensive orange fluorescence.
Cat. Paraformaldehvde reaction. 140

cells crossed by the fibres. There are also individual fibres which have no di-
rect relation to vessels and which terminate freely in the piai tissue.

In the cross-section pictures of the basilar and middle cerebral arteries
the cross sections of 10—20 adrenergic fibres or perhaps fibre bundles can be
seen (Fig. 6) corresponding to vasomotor nerves that run predominantly lon-
gitudinally along the outer surface of the media.

In animals pretreated with MJIO inhibitor, the nerve cross sections show
a strong diffuse scattering of fluorescence, obviously due to accumulations of
larger amounts of catecholamines (Fig. 7).

The arterioles entering into the cerebrum are for only about 1—3 mm
joined by 1—2 fibres detached from the nerve plexus of the piai vessel, which
then soon taper off and are lost from sight. Whether they terminate freely or
only lose their catecholamine contents cannot be judged on the basis of this
material. On the further intracerebral portion of the vessels no nerve fibre
giving a specific fluorescence is discernible.
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From the very place of the cessation of innervation, however, cells are
seen having an orange fluorescence (Fig. 8) around the arterioles about 15—
30 Mmin diameter. Morphologically, these cells, having an elongated form and
ovoid nuclei, are arranged parallel to the vessels. Fluorescence is due to the
coarse granulation of the plasma, the nuclear area appears empty. This granu-
lar fluorescence, an autofluorescence present also in untreated preparations,
does not show any changes after administration of either reserpin or nialamide

(Fig. 9).

Discussion

From the above findings it seems that the adrenergic innervation of the
piai vessels is rather poor if compared with that of other vascular regions.
It seems nevertheless to be sufficient to induce, experimentally, vasoconstric-
tion by direct stimulation. On the other hand, long-distance effects, such as
transection of the cervical sympathetic, injection of procaine into the superior
cervical ganglion, etc., do not seem to cause any significant change in cerebral
circulation.

The number of nerves around the main arterial stems of the brain is
much larger and only slightly less than in other arteries of similar size. As the
nerves are in immediate contact only with the outer muscle cells, for the me-
dia as a whole there is no possibility of direct neural transmission. On the
basis of neuropharmacological experiments it may be assumed that deeper
situated muscle cells may be reached by the transmitter substance through
diffusion. This diffusion theory of chemical transmitter has been advanced for
the femoral artery by Dorezer (1966). Alternatively, excitation exercized by
the nerve elements on the outer layer of muscle cells may directly propagate
to the deeper rows. As shown in the semi-diagrammatic Fig. 10 by the adrener-
gic fibres, the vessels entering into the cerebrum are joined up to the point
where the vessel is still surrounded by its leptomeningeal sheath. According
to the electronmicroscopical findings of Samarasingnhe [1965] this portion
«— in spite of being situated in the brain tissue — should be considered essen-
tially still of extracerebral character. In this region the nerve fibres are found
between the adventitia consisting of a single cellular layer and the outer
muscle cell-layer. Between the adventitia and the leptomeningeal sheath,
consisting similarly of a single cellular layer, there is a cleft, the Virchow-
Robin space.

Onwards from the site where the two cellular layers merge into one single
cellular coating and the intracerebral portion proper begins, no adrenergic
nerve fibre has been observed. The single cellular coating of the vessels shows
a strong autofluorescence orange in colour. Whether this cell row belongs to
the adventitia or to the leptomeninx and whether the cells with respect to their
origin are transformed glial cells or of mesenchymal character (mast cells,
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Fig. 10. Semi-diagram matic stereoscopic view of the monoaminergic innervation of extra- and

intracerebral vessels, a) Leptomeninx; b) Extracerebral portion of vessel; ¢) Virchow-Robin's

space; d) Intracerebral portion of vessel; e) Transections of adrenergic nerves: f) Adrenergic
fibre; g) Intensive fluorescence of cytoplasm

macrophages) cannot lie decided. Nor has been elucidated the chemical nature
of the autofluorescent granules (Fireischhauer, 1964).

The lack of an adrenergic innervation of the intracerebral vessels cor-
roborates the physiological and clinical observations according to which no di-
rect neurogenic constrictor effect seems to exist. The only possible involvement
of the sympathetic innervation in the regulation of cerebral circulation is
a remote and not very significant effect exercized through the extracerebral
(piai) vessels. The contractile cells of the true intracerebral vessels appear to
rely mainly on direct chemical and humoral stimuli and other local factors.
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MONOAMINOERGISCHE INNERVATION DER EXTRA- UND
INTRAZEREBRALGEFASSE

T. Donath

Geurteilt nach dem totalen Fehlen von umgebenden Nervenelementen, die bei Unter-
suchung mit der Falck-Hillarpschen Methode eine Fluorescenz geben wiirden, besitzen die Intra-
zerebralgefédBe keine adrenergische Innervation. Das spérliche adrenergische Nervengeflecht der
leptomeningealen GeféRe gibt eine geringe Anzahl von Nebenédsten zum Anfangsabschnitt der
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Intrazerebralgefdfe ab, die sich jedoch nur bis zu einer Entfernung von etwa einigen Zehntel-
mikronen verfolgen lassen, dort werden sie durch die Leptomeninx verdeckt. L&ngs der intra-
zerebralen Gefale 14Bt sich eine zellenférmige Scheide mit starker Autofluoreszenz unbekannter
Natur beobachten.

MOHOAMWWMOEPT MYECKAA WHHEPBALWA BHE- N BHYTPUMO3IrOBbIX
CcOoCyaoB

T. L ownaT

Cyas no TOTa/lbHOMY OTCYTCTBUIO OKPY>AOLLMX HEPBHbIX 3/1EMEHTOB, MOKa3blBAKLLMX
npy ccreaosaHni MeTofoM ®anbk—Xunnapna (OPECLEHLIMI0, BHYTPUMO3IOBbIE COCY/AbI He
VMEIOT aipeHeprveckoli MHHepBaLwu. Pefkoe agpeHepruuyeckoe HepBHOE CMeTeHME COCY/Z0B
TBEPZOI MO3roBO 060MI0UKM OTAAET HEMHOTOUMC/IEHHbIE BOKOBbIE BETBM K HauYa/lbHOMY Y4acTKy
BHYTPMMO3rOBbIX COCYJ0B, KOTOpble MOXHO MPOCMEAUTb HAa PAcCTOSIHAM /Wb B HECKO/IbKO
[EeCATKOB MWKPOHA, TAe Cocyabl NMPUKPbIBAKOTCS TBEPAO MO3roBoii 060/104KoiA. BAonb BHYTpU-
MO3rOBOF0 X04a COCYZOB BbIsIB/ISEMA K/IETOYHAs 000/I0YKa C CUMbHOM aBTO(MMOOPECLEHLME
HEW3BECTHOW MpYpofbI.

Dr. Tibor Donath; Budapest, IX.., T@zolt6 u. A8, Hungary

Acta Morphologica Acudemiae Scientiarum Hangaricae 16, 196fi






Acta Morphologien Acad. Sei. hung. 16 (3), pp. 295 303, 1968

Institute of Surgical Anatomy and Operative Surgery (Director: Prof. T. Kartinger)
University Medical School, Pécs

OCCURRENCE OF SPECIFIC TISSUE ELEMENTS
SEVERAL YEARS AFTER ALLOPLASTIC VASCULAR
REPAIR

G. Bartos
(Received July 6, 1967)

Vascular prostheses of various kinds have been applied to dogs in order to study
the behaviour of vessel-specific tissue elements in the area of regeneration between the
1st and the 8th postoperative year. Smooth muscle cells, elastic fibres and endothelium
were present in the adequately nourished parts of the regenerated area even after several
years. Their number - especially that of elastic fibres was found to diminish with
advancing time, i.e. with the progress of fibrosis in the outer and inner envelope.

Literature on experimental vascular replacement contains few papers
on the qualitative problems of morphogenesis. As regards the question as to
whether structures characteristic of vascular tissue are formed in the area
of the graft, Voorhees et al. [10], the pioneers of vascular prosthetics,
described that the inner sheath of prostheses was lined by endothelinm-like
cells, whereas they found no smooth muscles and elastic fibres either in fresh
or in old preparations. These findings were subsequently confirmed by most
authors, particularly Meijne [6], Mackenzie [5] and Stump et al. [8] who
verified these observations, especially those concerning the endothelium, by
silver nitrate impregnation.

Petry and lleberer [7] observed smooth muscle-like cells in the inner,
and to a less extent also in the outer, layer enveloping the prostheses. They
saw no elastic elements or saw them only in the form of poorly developed in-
distinct fibres. In addition to confirming these observations in respect of smooth
muscles, Jeldinek et al. [3, 4] demonstrated the presence of elastic fibres in
the area of regeneration. Apart from identifying smooth-muscle cells and
elastic fibres by current staining procedures, they differentiated them by a
special polarization method. Florey et al. [1] in experiments on monkeys
demonstrated microscopically and submicroscopically the presence of all three
vessel-specific tissue elements in the inner envelope.

Excepting the experiments of Voorhees et al. the period of observation
was less than a year in those of the aforesaid authors so that no convincing
data are available as to the later survival of the specific elements formed in the
graft-area. On the other hand, later authors [2, 9, 12, 13] deal only with the
endothelium so that the last communication of Voorhees [11] is unique in
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this respect: examining an eight-year old graft, he found smooth muscle and
elastic fibres in the newly formed intima at the boundary between the host
vessel and the prosthesis.

M aterial and method

Employing various kinds of vascular prostheses (some of our own design), thoracic and
abdominal aortic substitution and aorto-subclavian bypass were performed on 117 adult mon-
grel dogs. Details regarding surgical technique and vascular prostheses have already been
described [14, 15]. The observation period lasted from one day to eight years. Sections 6 to 12 /1
thick were embedded in paraffin or celloidin and paraffin, stained with haematoxylin-eosin,
azan, orcein, orcein-ironhaematoxylin, further by the method of Endes and Masson.

Results

Group | (76 cases with observation periods of one day to one year).

Two to three-weck-old preparations. In highly porous grafts an inner
layer of young granulation tissue developed, in the newly formed intima
elastic fibres had formed (Fig. 9). The inner surface was covered by a row of
flat endothelioid cells, while other cells of the inner sheath were still undiffer-
entiated. Many preparations displayed on the outside, at the boundary be-
tween media and neoadventitia as also in the latter, clearly visible bundles of
sometimes undulatory elastic fibres.

Three-month old preparations. Besides elastic fibres, also the endothe-
lium was well observable (Fig. 1). The superficial zone of the neointima con-
tained moreover a large number of spindle-shaped cells [3] which stained like
the smooth muscles of arterioles of the neoadventitia and those of the aorta.

Six-month old preparations. A network of elastic fibres was present in
all three layers. Fig. 10/a presents the picture of a network of elastic fibres in
the superficial zone of a highly porous prosthesis, while delicate elastic fibres
in the media covering the inner aspect of the prosthesis can be seen in Fig.
10/b. A bundle of elastic fibres in the neoadventitia of a moderately porous
prosthesis is shown in Fig. 11. With the use of loose prostheses, many smooth-
muscle-like cells, intensively reacting with Endes’ stain, could be seen in the
neointima (Fig. 4). Similar cells were observed in the media on both sides of
the prosthesis.

Group 1l (32 cases with observation periods from one to three years).
Smooth-muscle cells and elastic fibres were found in this group also. Compared
with Group |, the elastic fibres were less marked in the inner sheath. They
could often be identified only after the inner envelope had been detached
from the synthetic material. Development of elastic fibres was more pro-
nounced in the neoadventitia of the outside. It contained an undulatory elastic
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Fig. 1. Endothelial cells in a 3-month prep- Fig. 2. Endothelium of neointima. Three-year
aration. Haematoxylin-eosin. 630 x preparation. Iron haematoxylin-eosin. 280 x

Fig. 3. Smooth muscles in the neointima (sine). Three-month preparation. Azan. 630 x
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Fig. 4. Smooth muscles in the neointima. Six-month preparation. Endes’ stain. 280 X

Fig. 5. Smooth muscles in the neointima. Three-year preparation. Ilaeinatoxylin-eosin. 450 X
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frig. 6. Smooth muscles in the neointima. Seven-year preparation. Endes’ stain. 280 X

plate in a one-year preparation. In the same preparation, the superficial zone
of the inner envelope contained a syncitium of smooth-muscle cells, similar
to those of the host vessel.

In three-year old preparations the elastic fibres of the inner sheath were
poorly developed. Highly porous prostheses were exceptions in this respect
(Fig. 2). Conditions in the outer sheath were approximately the same as in
one-year preparations. In contrast to elastic filtres, a fairly large number of
smooth-muscle cells was found in the superficial zone of the neointima and a
smaller amount in the media of all types of prosthesis (Fig. 5).

Group Ill (9 cases with observation periods of four to eight years).
Elastic fibres in the inner sheath were still poorer and could he demonstrat-
ed only on the isolated lining as can he seen on the four-year preparation
presented in Fig. 12. It was likewise in a deep layer of the isolated inner sheath
that elastic fibres were observed around the nutrient vessels of a five-year
preparation. Smooth-muscle cells were well visible in four-year preparations
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Fig. 9. Elastic fibres in the neointima. Sixteen-day preparation. Orcein. 120x

Fig. 10/a Elastic fibres in the neointima. Six-month preparation. Orcein-ironhaematoxylin.
280 X
Fig. 10/b Elastic fibres in the inner longitudinal zone of the media. Six-month preparation.
Orcein-ironhaematoxylin. 280 X
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Fig. 7. Smooth muscles in the neointima. Four-year preparation.
Masson’s stain. 120x

Fig. fi. Smooth muscles in the host aorta from Fig. 7. Masson’s
stain. 120 x
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Fig. 11. Elastic fibres in the neoadventitia. Six-month preparation. Orcein. IS

Fig. 12. Elastic fibres in the neointima (plane section from the isolated inner sheath). Four-
year preparation. Orcein. 120 X
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(Fig. 7). As regards shape and staining, these cells were similar to the corre-
sponding cells of the host vessel (Fig. 8).

In 7 to 8-year preparations, there were few elastic fibres in both the
inner and the outer envelope, whereas smooth-muscle cells could be observed
in the superficial zone of the inner sheath both in the middle and at the pe-
riphery of the prosthesis (Fig. 6).

Discussion

It is evident from the foregoing that vessel-specific tissues persist around
vascular grafts for several years, although their amount diminishes with ad-
vancing time. This applies to elastic fibres in particular whose dwindling is
presumably hastened by progressing fibrosis of the inner and outer sheaths.
The observations have proved the presence of elastic fibres in the neoadven-
titia, a phenomenon to which no reference has been made in earlier communi-
cations which contain likewise no mention of the delicate elastic fibres some-
times presentin the media. The number of smooth muscles and elastic fibres was
highest in the well-nourished zones of the graft area, e.g. in the superficial
layer of the inner sheath, in the outer zone of the media on the outside of the
prostheses, further in the neoadventitia.
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SPEZIFISCHE GEWEBSELEMENTE MEHRERE JAHRE NACH
ALLOPLASTISCHER GEFASSTRANSPLANTATION

G. BARTOS

Verschiedene GefdRprothesen wurden Hunden eingepflanzt und die Verdnderungen der
gefdlspezifischen Gewebselemente im Regenerationsbereich vom ersten bis zum achten post-
operativen Jahr verfolgt. In den addquat erndhrten Teilen des regenerierten Bezirks waren
sogar nach mehreren Jahren noch Muskelzellen, elastische Fasern und Endothel zu beobachten.
Ilhre Anzahl, insbesondere die der elastischen Fasern, nahm mit der Zeit, d. h. mit dem Fort-
schreiten der Fibrose der inneren und auReren GefaBhaute, ab.
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CMNELIM®NYECKVE TKAHEBBIE S/IEMEHTbI UEPE3 HECKO/IbKO J1El
MOC/E ANNOMNACTUNYECKOWM TPAHCITJIAHTALUUM COCY/OB

. BAPTOLW

ABTOpbI MM/IAHTMPOBaIN cobakam pasnnyHbE NMpPOTeE3bl COCYA0B N B obnactn pereHepa-
un cneagnnn 3a USMeHEHUAMA COCMEI.OCI'IELI,I/IQJI/I‘-IECKI/IX TKaHEBbIX 3/1EMEHTOB, Ha6mo,qaeMb|x B
TeYeHVe BOCbMM JIET MOC/ie orepaumn. B yacTax ¢ afekBaTHbIM NiuTaHeM B pereHepMpOBaHHoﬁ
obnactn Aa>Ke 0 UCTEYEHUN HECKOJIbKUX JIET BbIAB/AEMbI MbILLEYHbIE KIIETKW, 3/1aCTUYECKNE
BOJIOKHA W 3HA0TENMU. VX 4nCno, B YaCTHOCTW, KOJIMYECTBO 3/1aCTUYHbBIX BOJIOKOH, C TEUEHVEM

BPEMEHW, TO €CTb, M0 Mepe MPOrPeccMpoBaHNs (Mbpo3a BO BHELLIHE M BO BHYTPEHHEN 060/104-
Kax COCyfj0B, MOHUXaNoCh.

Dr. Gabor Bartos; Pécs, Széchenyi tér 5., Il1. Sebészeti Klinika, Hungary
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EFFECT OF ULTRAVIOLET LIGHT ON THE EPIDERMIS
1.

HISTOCHEMISTRY OF CELL RESPIRATION
AND PHOSPHORYLATION

Eva Szabo and Irén Horkay
(Received July 7, 1967)

Histochemical changes induced in the epidermis by exposure to UV-light, have
been studied.

(1) Following the administration of a single large dose of UV-light, succinic de-
hydrogenase activity increases during the first hours in the basal-cell layer and the
stratum granulosum. It disappears from the latter, but increases further in the prickle-
cell and the basal-cell layers at the appearance of parakeratosis. Activity is vigorous in
the entire epidermis, and especially so in the stratum granulosum, at the desquamation of
parakeratosis.

Acid phosphatase activity increases during the first hours in the stratum granu-
losum and the stratum corneum, and becomes very intensive in the entire epidermis at
the development of parakeratosis, to decrease during desquamation.

Non-specific esterase activity is intensive in the parakeratotic nuclei.

(2) Repeated administration of single erythema doses of UV-light moderately
increases succinic dehydrogenase activity in the entire epidermis, especially in the stra-
tum granulosum. Acid phosphatase activity is pronounced in the hyperkeratotic zone
and in the stratum granulosum.

(3) Absorption of UV-rays by the stratum granulosum, by promoting cellular
metabolism, induces quicker and imperfect nuclear degeneration and gives, thus, rise to
the development of parakeratosis.

Small doses of UV-light induce, on the other hand, hyperkeratosis because the
amount of imparted energy does not suffice for impairing cellular activity.

Irradiation of the skin by UV-light induces disturbances in the metabo-
lism of the epidermis. The enzymatic phenomena in the background of such
disturbances were studied in detail by Hanke (1] who examined the histo-
chemical effect of UV-rays of different wavelengths and doses on tin* web of
frogs and the skin of mice. He found that, after a certain period of latency,
enzymatic activity was especially increased in tin* wavelength range between
280 and 320 in//. He did not regard the reaction as specific since any impart-
ment of energy gives rise to similar reactions in every cells. It was, on the
other hand, emphasized by paniers et al. [2] that exposure to UV-light in-
duces cellular degeneration. Prior to degeneration they observed no histochem-
ical change pointing to enzymatic disturbances. Once the process of degen-
eration had started, glycogen synthesis increased without a simultaneous in-
crease in succinic dehydrogenase and acid phosphatase activities. Other authors
[3, 4] studied the cellular metabolism of glycogen and proteins with a view
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to making inferences concerning enzymatic changes in the skin due to UV-
light.

In earlier communications [5, 6] we have quoted authors who have point-
ed out that irradiation by UY-light produces changes in cellular metabolism.
The question has not been settled whether these changes are anabolic or cat-
abolic in nature.

Cell respiration is one of the decisive factors influencing cellular metab-
olism. Different enzymes (cytochrome oxidase, dehydrogenase, etc.) consti-
tute, each, a separate link in the chain of biological oxidation; they are most
active where the processes of metabolism are most vigorous [7, 8].

Again, phosphatases play a significant role in intermediary carbohydrate
metabolism, in the composition and decomposition of nucleic acid. Acid
phosphatases are especially active in the stratum granulosum, a phenomenon
justifying the conclusion that they are involved in physiological Kkary-
orrhexis. Their activity is enhanced under pathologic conditions such as the pro-
cesses associated with parakeratosis [9, 10]. Nuclear degeneration is deter-
mined also by other enzymes, e.g. DNA-depolymerase, aminopolypeptidase,
tyrosinase. These enzymes are responsible for the physiological degeneration,
i.e. keratinization of the epidermis.

The present experiments were designed to study cell respiration and pro-
cesses of phosphorylation by examinations of tissue enzymes in order to ob-
tain data regarding the metabolic changes induced in the epidermis by expo-
sure to UY-light.

Material and method

Obtaining and treatment of specimens has been described earlier [5, 6]. After preparing
3to 5 U unfixed frozen sections (partly in the cryostat) from the skin specimens, they were stud-
ied for succinic dehydrogenase [11], cytochrome oxidase [12], alkaline and acid phosphatase
according to Goemeéri [13] and Vadasz [14], non-specific esterase [15], aminopolypeptidase [16],
and tyrosinase [17].

Results

Group I. Irradiation with 4 erythema doses of UV-light

After 4 to 6 hours. Succinic dehydrogenase activity was increased in the
basal-cell layer and in the stratum granulosum (Fig. 1) as compared with the
normal skin’s reaction (Fig. 2). No cytochrome oxidase activity was observed
at this time. Acid phosphatase was increased in the stratum lucidum, and a
narrow zone of increased activity was found in the stratum cornerum as well
(Fig. 3). For comparison, normal acid phosphatase activity of the epidermis
is shown in Fig. 4. Aminopolypeptidase activity was normal.
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Fig. 3. Gluteal skin 4 hours after irradiation with 4 erythema doses. Acid phos-
phatase reaction, naphthol method. Activity appears only in the form of a double
hand in the stratum corneum and the stratum lucidum

Fig. 4. Gluteal skin. Control. Acid phosphatase reaction, naphthol method. Activity
is present only in stratum corneum



Fig. 9. Gluteal skin after eight irradiations with a single erythema dose. Acid
phosphatase reaction, naphthol method. Increased activity in stratum granulosum
and corneum









Fig. 7. Gluteal skin 24 hours after irradiation with 8 erythema doses. Alkaline
phosphatase reaction, Gomori’s method. Increased activity in stratum corneum and
in the cytoplasm of certain cells in the deeper layers of the epidermis

Fig. 8. Gluteal skin after eight irradiations with a single erythema dose. Succinic
dehydrogenase reaction. Activity is displayed by the basal-cell layer only



. 5. Gluteal skin 48 hours after irradiation with 4 erythema doses. Intensive
non-specific esterase activity in parakeratotic layer

. 6. Gluteal skin 8 days after irradiation with 1lerythema doses. Strong succinic
dehydrogenase activity in basal-cell layer






Fig. 1. Gluteal skin 4 hours after irradiation with 4 erythema doses. Succinic de-
hydrogenase reaction. Increased activity in basal-cell layer and stratum granulosum

Fig. 2. Gluteal skin. Control. Succinic dehydrogenase activity in basal-cell layer
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After 48 hours. Succinic dehydrogenase activity at this time was espe-
cially vigorous where parakeratosis had not yet developed. No cytochrome
oxidase activity was observed. Acid phosphatase activity was intensive in
the area of parakeratosis. Non-specific esterase activity was marked in pa-
rakeratotic nuclei (Fig. 5).

After 72 hours. Succinic dehydrogenase activity was increasing anew
in the basal layer, and the activity of acid phosphatase involved also the prickle-

cell layer.
After 5 to 6 days. Succinic dehydrogenase was most active in the basal
layer, and — advancing upward — formazan crystals were practically no

longer demonstrable in the stratum granulosum (Fig. 6). Acid phosphatase
and non-specific esterase were most active in the stratum granulosum and the
parakeratotic zone. No cytochrome oxidase activity was registered.

After 12 days. Neither acid phosphatase nor non-specific esterase activ-
ity was marked in the desquamating parakeratotic layer. On the other hand,
succinic dehydrogenase in the stratum granulosum showed normal values.

Group 11. Irradiation with 8 erythema doses of UV-light.

After 6 to 12 hours. Dehydrogenase of acid phosphatase activity was
marked in the upper layers of the epidermis.

After 24 hours. Dehydrogenase was present in traces only while acid
phosphatase activity increased further in all layers. Alkaline phosphatase
activity was considerably increased (Fig. 7).

Group Il1. Irradiation with 8 x 1 erythema dose,

Dehydrogenase activity increased almost imperceptibly in the basal-
cell layer and in the lower part of the stratum granulosum (Fig. 8); increase
in acid phosphatase activity was likewise modest in the stratum granulosum
and the stratum corneum (Fig. 9). Non-specific esterase activity seemed to be
increasing in the stratum granulosum.

Discussion

It has repeatedly been reported [18, 19, 20] that the activity of enzymes
involved in processes of oxidation and phosphorylation is increased in condi-
tions associated with parakeratosis and acanthosis. It has moreover been shown
that thickening of the horny layer caused by UV-light is an aspecific change
[20, 21]. Metabolic phenomena connected with these processes are, therefore,
of the same nature as those observed in parakeratosis of a different aetiology.

Absorption of UV-light accelerates cellular activity in the epidermis, a
phenomenon which being determined by the special function of each layer
manifests itself differently in the various strata. Enzymatic activity, after
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increasing during the hours following irradiation, disappears almost com-
pletely after the formation of the parakeratotic layer. Cell respiration, and con-
sequently also cellular activity, are accelerated by the absorption of energy
which leads to imperfect nuclear degeneration and parakeratosis. Thus, UV-
liglit absorbed by the basal-cell layer increases cell respiration and accordingly
promotes nuclear division. In the last phase of regeneration following UV-
irradiation, i.e. in that of desquamation, the parakeratotic layer is thrown
off by the newly formed hyperkeratotic scales since the formation of the hyper-
keratotic layer requires an increased rate of nuclear degeneration in the stra-
tum granulosum. As pointed out by Miescher [21], habituation to light, i.e.
thickening of the keratotic substance, results if the epidermis is exposed to
repeated small doses of UV-rays. Formation of the hyperkeratotic zone de-
pends on a constant slight stimulation of epidermal metabolism.

The phosphorylation reactions are in harmony with those of oxidative
enzymes. Acid phosphatase activity is intense in the keratogenic zone even
before the development of parakeratosis, a phenomenon which admits of the
assumption that UV-rays induce anabolism or catabolism in a direct manner.
The appearance of the double band in the compact stratum corneum and the
stratum granulosum seems to support this assumption. Subsequently, with the
development of parakeratosis acid phosphatase activity is enhanced over the
entire epidermis, a phenomenon which is likewise non-specific, it being present
in other parakeratotic conditions, too.

Repeated administrations of small doses of UV-rays also increase epi-
dermal phosphatase activity.

The present experiments justify the conclusion that UV-irradiation
directly promotes cellular metabolism, both anabolic and catabolic reactions.
These enzymatic reactions start those metabolic changes which result in the
visible but no longer specific morphological picture.
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DIE WIRKUNG DER UV-BESTRAHLUNG AUF DIE EPIDERMIS

I11. Histochemie der Zellatmung und der Phosphorylationsprozesse

E. SZABO und I. IIORKAY

Bei der Untersuchung einiger histochemischer Verdnderungen der Oberhaut nach UV-
Bestrahlung wurde festgestellt:

1. In den ersten Stunden nach einmaliger Bestrahlung mit groReren UV-Dosen erhdht
sich die Succinodehydrogenase-Aktivitat im Str. granulosum und im Str. basale; hei der Ent-
stehung der parakeratitischen Hornschicht verschwindet sie aus dem Str. granulosum, wéahrend
sie im Str. spinosum und Str. basale gesteigert ist. Nach Abschilferung der Parakeratose l&Bt
sich in der gesamten Oberhaut, vor allem aber im Str. granulosum starke Aktivitdt nachweisen.

In den ersten Stunden nach der Bestrahlung steigerte sich die Aktivitat der sauren Phos-
phatase im Str. granulosum und Str. corneum, beim Entstehen der Parakeratose war sie in der
gesamten Oberhaut sehr erheblich und bei der Abschilferung nahm sie ab. In den parakcrato-
tischen Kernen war eine starke nicht-spezifische Esterase-Reaktion nachweisbar.

2. Nach mehrfacher UV-Bestrahlung mit 1 ED war die Succinodehydrogenase-Aktivitat
der Oberhaut méaRig und im Str. granulosum ausgeprégt gesteigert. Die Aktivitat der sauren
Phosphatase war dagegen in der hyperkeratotischen Hornschicht und im Str. granulosum
intensiver.

3. Die im Str. granulosum absorbierten Strahlen induzierten durch die Steigerung des
Zellstoffwechsels einen schnelleren und unvollkommenen Kernabbau und bewirkten das Ent-
stehen der parakeratotischen Hornschicht. Auf Wirkung kleiner UV-Dosen erfolgte die Bildung
des hyperkeratotischen Keratins aus dem Grunde, weil die Energievermittlung zu gering war
um eine pathologische Verdnderung der Zellfunktion herbeizufihren.

in

OENCTBUE YNbTPAGWOMETOBLIX NIYUEWN HA 3NUAEPMUC

E. CABO n . XOPKAW

Mpu WccnefoBaHWM TUCTOXMMWYECKUX W3MEHEHW, BO3HUKAMOLWMX B 3NuiepMe mMocre
06/1y4eHNs yNbTPaMUONETOBLIMIA Sly4aMu, GblI0 YCTaHOB/IEHO:

1 B nepBble Yacbl Mocie OAHOKPATHOro 061yyeHuUs 6onee 60/bLLUON A030l yNbTpaduo-
NETOBbIX flyYeil aKTUBHOCTb CYKLMHOAErNApOreHasbl MoBbIWAETCS B 061acTU Str. granulosum
M basale. ITpy pa3sBUTAM MapakepaTUTUUYECKOTO POTOBOIO C/I05 OHA MCYE3aeT U3 Str. granulosum
a B 06nacTu Str. spinosum U basale OHa ycunueaetcs. Mpw WenylweHWM napakepaTosa BO
BCEli HaZKOXMWLE, & OCOBEHHO B Str. granulosum HabMOAAETCS CWUMbHASA aKTUBHOCTb.

B nepBble yackl Noc/e 06/yueHUs peakLusi KUCMoi (ocgaTtassbl yCMIMBaeTCs B 06/1acTy
Str. granulosum W corneum, MNPV pPasBMUTUM MapakepaTo3a OHa BO BCEl HAJKOXMWLE OYeHb
3HaUMTENbHA, @ NPU LUENYLIEHUM OHA YMEHbLLAETCS.

B napakepaTUTWYecKUX sApax HabnogaeTcs OueHb CWU/bHas Hecneuuduyeckas acTe-
pasHas peakLus.

Mocne MOBTOPHOrO NPUMEHEHUs 06/yUYeHUs YNbTPAPUONETOBLIMU yYamMu [030i4,
BbI3bIBAIOLLEN 3pUTeMy, BO BCell HafKOXWLe HabMoAaeTcs He3HauMTeNbHOE YCUIeHUe peak-
UMiA CYKLMHOZErnaporeHasbl, NpuyemM B 061acTW Str. granulosum €€ aKTUBHOCTb 6osee 6bl,
paXKeHa.

Peakuun Kucnoii thocgatasbl Gonee BbIpaXeHbl B 0671aCTU TMMNEPKEPATO3HOr0 POroBOro
cnoss n Str. granulosum.

3. Jlyun, mornowjaemble B Str. granulosum, BbI3bIBAtOT MyTeM MOBbILLEHUS KIETOUYHOIO
06MeHa BelLieCTB 6osiee GbICTPbI M HEMOJHBIA pacnag sfep v NPUBOAST K 06pa30BaHWIO nepe-
KepaTo3HOro PoroBoro C/os.

O6pa3soBaHNe rMNepKepaTo3HOro POrOBOrO CNOS HACTynaeT Noj BAUAHWEM He6GOoNbLINX
[03 YNbTPadMoneTOBLIX lydeld NMOTOMY, YTO Mepefiaya SHepruy HesHaunTeNbHa M HeJ0CTaTouYHA
AN TOro, UTO6bl BbI3BaTh NATOMOMMYECKOE N3MEHEHUS! (DYHKLIMM KIETOK.

Dr. Eva Szabo; Hospital of County Fejér. Székesfehérvar, Hungary
Dr. Irén Hokkay; Debrecen, Bdérklinika, Hungary
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THE GOLGI ARCHITECTURE OF CLARKE’S COLUMN

M. Réthelyi

(Received September 22, 1967)

A Golgi study of Clarke’s column in the kitten has confirmed the existence of two
types of neurons viz. [1] main cells, giving rise to the dorsal spinocerebellar tract (DSCT)
fibres, and [2] border cells, small interneurons with short axons and resembling Golgi
Il type neurons. Three kinds of dorsal funiculus afferents could he distinguished, all of
which are primary sensory neuron collaterals. One group could he identified (a) as la
(muscle spindle) afferent collaterals, another (b) as Ib (Golgi tendon organ) collaterals
and a third (c) as probably of cutaneous origin. While groups (a) and (c) terminate in
the larger dorsomedial sector of the column, group (b) terminates exclusively in a smaller
ventrolateral sector. It is inferred that the Clarke neurons that convey muscle spindle
information are different and differently located from those that carry Golgi tendon
organ information. Mutual synaptic interrelationships of the Clarke column neurons, and
some geometric patterns of synaptic arrangements are considered.

Apart from the early cytoarchitectonie descriptions our knowledge of
the dendritic and axonal architecture of Clarke’s column is mainly based on
the classical Golgi descriptions of the spinal cord (v. Lenhossék, 1895; R a-
mon y Cajal, 1909). The fundamental and rather peculiar structural properties
of this nucleus — viz. (1) the '‘close” character, i.e. sharp restriction of the
dendritic arborizations to the confines of the nucleus; (2) the predominantly
longitudinal orientation of its dendrites; (3) the origin of axonal collaterals,
terminating in this nucleus, from the medial part of the dorsal funiculus,
whereas little if any connections are established between the general axonal
neuropil of the other spinal grey matter and that of the column; and (4) the
axons of the main cells running towards the dorsal superficial region of the
lateral funiculus, where they form the dorsal spinocerebellar tract (DSCT) -
emerge clearly from these descriptions. Interest has been aroused by the first
electrophysiological studies on synaptic transmission in this nucleus (Grund-
fest and Campbell, 1942; Lloyd and Mclntyre, 1950), which appeared to
show a good agreement with the subsequent observations by Szentagothai
and Albert (1955) on the peculiar synaptic arrangement between large calibre
primary afferents and the Clarke neurons. A successive series of investigations
into the electrophysiology of the DSCT hy Lundberg and co-workers (La-
porte et al., 1956; Laporte and Lundberg, 1956; Lundberg and Os-
CARssoN, 1956; llolmquist et al., 1956; Lundberg and Winsbury, 1960;
Lundberg and Oscarsson, 1960) using unit level recordings revealed that,
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apart from a powerful synaptic articulation with la and partly also of Ib pri-
mary afferents, not only the afferent but also the intrinsic connections of the
column are more complex than hitherto imagined. Cutaneous primary affer-
ents are found to contribute presynaptic stimulation to these neurons.— Clear
signs of interneuronal, partly inhibitory, activity indicate that either the
column is entered by presynaptic axons other than primary afferents, or there
are interneurons within the column itself. Small cells situated predominantly
on the surface of the column have been described earlier (Ramén y Cajal,
1909) but nothing essential is known about the distribution of their axons.
SzentAgothai (1961a) made an attempt to explain the synaptic arrangement
in the light of the new physiological observations with consideration to the
postulate of having inhibitory synaptic connections. Anatomical information,
however, particularly with respect to Golgi architecture, was still not at the
level required for such an undertaking. Recent Golgi reinvestigations of var-
ious regions of the CNS, prompted by the increased demand for such data
by the wealth of new physiological information and encouraged by the demands
of electron microscopy, have brought forward a great abundance of new de-
tails of importance lacking from the classical descriptions. The present paper
aims at a reinvestigation of the Golgi architecture with special consideration
(1) of the cell types; (2) of the origin from the white matter and distribution
within the column of various types of axons or collaterals; (3) of the initial
course of Clarke cell axons, particularly possible initial collaterals and their
synaptic relations; (4) of the synaptic interrelations of the Clarke neurons,
and aims, finally (5) at an understanding of the geometric design of this region.

M aterial and methods

The spinal cord of newborn, 3and 7 days old kittens was treated according to the classical
rapid Golgi procedure with repeated impregnation. 60—70 micron thick sections from the lower
thoracic and upper lumbar segments were cut in the transversal, the sagittal and the horizontal
planes with reference to the natural posture of the cat. (These expressions are consequently
used both in the text and the legends of the figures.) — For experimental degeneration purposes
dorsal root ganglia or L,, were removed in adult cats. Four or five days later the animals
were killed, the brain and the spinal cord were fixed in 4% neutral formalin. Frozen sections
were prepared from the upper lumhar and lower thoracic part of the cord in the three cardinal
planes and the sections were subjected to the Nauta procedure.

Results

(1) The cell types of Clarke's nucleus

For the study of the cell bodies, their axons and dendritic arborization
pattern sections in both longitudinal planes — sagittal and horizontal —
are best suited, whereas little, if any, information of significance can be gained
from transverse sections. Both cell types mentioned by Ramén y Cajal
(1909) have been found in our sections.
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a) Focal cells (“cellules focales” — the so-called Clarke or DSCT neurons).
The cell body is rather large, of spheric or irregular ellipsoid form (Figs la, Ib,
Ic). It appears from the sagittal as well as from the horizontal sections that
the dendrites leave the soma in two opposite directions, i.e. cranial- and caudal-
wards, and after some initial deflections run parallel with the spinal cord
axis. The length of the dendritic tree is roughly equal in the two directions.
According to measurements of 14 focal cells, the whole span of the dendritic
tree is 400 —500 microns in length. As the dendrites are confined in width to
a strip 70—80 microns wide, the average focal cells occupy longitudinally
oriented cylindrical spaces. The dendrites are surrounded by thin axons
running parallel to them, as pointed out by Szentagothai and Albert (1955)
(Fig. Id).

b) Border cells (“cellules marginales ou limitantes”). These cells accord-
ing to their names, are localized predominantly at the border of Clarke’s
nucleus (Figs 2a, 2b). The cell body is small, and as a rule fusiform with lon-
gitudinally oriented axis. The dendrites take their origin on the upper and
lower poles of the cell with large trunks, which soon divide into two, three
or occasionally more branches (Figs 2a, 2b, 3a, 3b). The dendrites have a
much less regular course than the dendrites of the main Clarke cells making
it difficult to reduce the space occupied by the dendritic tree to any simple
geometrical form. The total dendritic span of these cells in longitudinal di-
rection varies between 300 and 400 microns and the dendrites have spines of
characteristic drumstick shape (Fig. 2c). The axons stain readily anil originate
from one of the dendritic trunks near the cell body, as has been described by
Famon y Cajal (1909). The axons immediately begin to arborize and cannot
be traced outside the territory of the nucleus (Figs 2d, 3b).

(2) Origin from the white matter and distribution within the column of afferent
axons or collaterals

Three different types of dorsal funiculus collaterals can be observed in
the studied Golgi material viz. (a) collaterals (or axons) that appear to termi-
nate exclusively in Clarke’s column (b) collaterals to the intermediate region
and to the ventral horn, giving only side branches to the column; and (c)
collaterals to the dorsal horn yielding side branches to Clarke’s nucleus. — No
other preterminal axons arising from any other part of the grey matter that
would enter the column have been observed. On transverse sections Clarke’s
nucleus appears as a round or sometimes as a somewhat elliptic territory.
The fibres entering the nucleus, the majority of which are obviously collaterals
of primary afferents, arise exclusively from the dorsal funiculus (Figs 4a, 4b).
The three different sets of dorsal funiculus collaterals, and a fourth set of collat-
erals to the medial part of the ventral horn that arc seen frequently and that
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Fig. 1. The focal or main cells, their dendrites and supposed axons. Focal cells (indicated by

arrows) are seen in horizontal (a) and in sagittal (b) and (c) sections, 180 X (d). Dendrite sur-

rounded by a number of parallel axons, 1250 X. (e) and (f) axons, running in transverse direc-

tion. Their beginnings are indicated by ringed arrows, ic = initial (recurrent) collaterals. The

medial (left) and lateral borders (right) of Clarke’s nucleus are marked by double arrows. Note

the initial collaterals tending towards the borders of the column. 500 X — Rapid Golgi proce-
dure, (a) — (d) 7-day-old, (e) and (f) 3-day-old kitten
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Fig. 2. Form and axonal arborization of the border cells (a) Horizontal section of Clarke’s
column. The right margin of the photograph corresponds to the midline. Border cell situated
close to the medial border is indicated by arrow, 180 x. (b) Horizontal section with Clarke’s
column of both sides. Midline is marked by dashed line, arrow indicates a border cell. 180 X (c)
Dendrite of border cell, note characteristic drumstick shape spines. 1250 X (d) Axonal arbori-
zation of a border cell in photomicrograph (left) and in a camera lueida drawing (right); ax

axon. 1250 x Rapid Golgi procedure; (a), (b) and (d) 7-day-old, (c) 3-day-old kitten
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Fig. 3. Shape and axonal arborization of a border cell, (a) Sagittal section with border cell.

180 X (b) The same cell under higher power. Note axonal arborization (ax axon) around the

parent cell. Dotted line surrounds a terminal expansion belonging to the same axon. 1250 x -
Rapid Golgi procedure, 3 day-old kitten
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Fig. 4. Transverse section of the spinal cord with Clarke’s nucleus (a) Clarke’s nucleus is
outlined by dotted line, a set (a) of collaterals arising from the dorsal funiculus (df), some
other fibres (fp) are passing by the lateral border of the nucleus. Note lack of stained nerve
fibres and terminals in the ventrolateral sector of the nucleus on the left side; cc the ependy-
mal wall of the central canal. 180 X (b) Same as (a) at higher magnification (500 X) A bundle
of collaterals arising from the dorsal funiculus (df) are giving terminal expansions to the ven-
trolateral part of Clarke’s nucleus and to the adjacent grey matter. The latter are marked by
arrows (at bottom right). These collaterals correspond to set (b). Rapid Golgi procedure, new-
born kitten
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strictly avoid giving any connections to the column are shown in Fig. 5. All
collaterals and branchings shown in Fig. 5 are exact tracings of fibres from our
preparations.

a) Collaterals directed exclusively to Clarke’s nucleus. These collaterals
arise from the medial and rather deep part of the dorsal funiculus. Upon
reaching the dorsal border of the column the more lateral ones turn into later-
al, the medial ones into medial direction and before giving penetrating
branches to the nucleus run for some distance around its dorsal circumference
(Fig. 5a). Collaterals arising from sites in between often give rise to two
branches, from which one runs around the dorsal border of the column in medial
and the other in lateral direction. The further course of these fibres being lon-
gitudinal, it cannot be traced in transverse sections, so that sections in the
sagittal and horizontal planes have to be consulted. As seen from Fig. 7 there
is good reason to assume that the large axons, having both themselves as well
as their terminal branches a longitudinal course strictly within the column,
belong to this group. The axonal neuropil of the column derives to consider-
able extent from these large longitudinal axonal branches that are mainly
ascending, but to some extent also descending branches of the original dorsal
funiculus collaterals mentioned at the beginning of this paragraph (Figs 7b,
7c). As seen from Fig. 8 these large, longitudinal preterminal axon branches
can be traced along distances of 500—600 microns, so that their real length
may be much greater. They are giving at frequent intervals side branches that
terminate with multiple bulbous thickenings in close neighbourhood of the
preterminal longitudinal axon. There is a remarkable topical arrangement of
these collaterals in two respects: (i) the collaterals arising in lateral parts of
the dorsal funiculus area are giving rise to this set enter the lateral parts of
the column, whereas those arising from medial points enter predominantly
medial regions of the nucleus; (ii) this set of collaterals terminates only in the
dorsomedial 23—34 of the column, whereas a ventrolateral sector of —s
2/3 of the nucleus is left completely free (Figs 4a, 5a).

b) Side branches of collaterals to the intermediate region and the ventral
horn. The second set of collaterals shown in Figs 4b and 5b differs entirely
from those described under (a), but particularly in being parts of collaterals
directed to grey regions other than Clarke’s column. They arise from a region
of the dorsal funiculus distinctly lateral from that giving rise to set (a). They
curve around the lateral border of the nucleus and begin to break up into
branches at the base of the dorsal horn. Some of these branches enter Clarke’s
nucleus from its ventrolateral or lateral side and terminate in its already men-
tioned ventrolateral sector. In sagittal or horizontal sections the longitudinal
course of these branches can seldom be distinguished from other axonal
branches, as shown in Fig. 7a. The branches entering Clarke’s nucleus do not
appear to represent the main termination sites of these collaterals as some
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Fig. 5. Diagram showing the different sets — (a), (b) and (c) of primary afferents which
contact Clarke’s column and a fourth set (d) — passing by the column at its lateral side.
Explanation in text

of them can be traced clearly to medial parts of the ventral horn. There is
no convincing evidence of their having synaptic contacts with motoneurons.
One may safely state that the bulk of synaptic contacts by these collaterals is
established in laminae V, VI, VII and VIII of Hexed (1954), i.e. only in the
medial parts of the first three of these layers. Quite similar results are gained
from Nauta preparations. Fig. 6. shows a transversal section of the spinal cord
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Fig. 6. Transverse section of the spinal cord at L, five days after having removed the ipsilateral
spinal ganglion L4 (for orientation see inset at left top). Degenerated fragments can be seen
exclusively in the ventrolateral sector of Clarke’s nucleus and in the grey matter lateral to the
nucleus. Dotted line indicates the confines of Clarke’snucleus. 500 X.— Adult cat, Nauta procedure
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in Lj. Spinal ganglion L, was removed in this animal. Clarke’s nucleus is pres-
ent upwards from L:i, but degenerated fibres appear only at L,. Degenerated
fragments are seen on the ventrolateral part of Clarke’s nucleus and on the
adjacent grey matter. Comparing this picture with the corresponding Golgi
preparation (Fig. 4b) the similarity is conspicuous. It emerged from all of our
Nauta series — particularly well visible in horizontal sections that preced-
ing from aft to front the degenerated fragments appear first at the lateral
border of the column and upwards gradually spread in medial direction, which
would be in good agreement with the description given by SzENTAGOTHAI
(1961b). However, the exclusive occurrence within the ventrolateral sector
of the column of degeneration fragments in the lowermost segment might in-
dicate that set (b) of collaterals enters more caudally than set (a.)

In Fig. 5d a group of collaterals entirely similar in origin and initial
course is shown having no connection with Clarke’s nucleus. In the Golgi
preparations, the two sets (b) and (d) might easily be mistaken for being one
set. However, if, as it was done in Figs 5> and 5d, the collaterals are separ-
ated on the basis of the criterion whether or not they have side branches to
Clarke’s column the difference between the two sets becomes apparent. While
set (b) has a rather indiscriminative mode of termination in a wide but still
defined area, set (d) has a circumscript termination area in the intermedio-
medial nucleus of the earlier authors (medial part of lamina VIl of Rexed).
The degeneration pictures shown recently by Szentagothai (1966) doubtlessly
prove that these collaterals derive from primary afferents.

(c) Collaterals to the dorsal horn. Although relatively rare in this material,
one can find collaterals originating from the most medial portion of the dorsal
funiculus that run horizontally towards the centre of the dorsal horn (lamina
IV of Rexed). During their course through the dorsal border of the column
they give off small side branches, which enter and probably after some
longitudinal course within the column — terminate in the dorsal sector of
that nucleus. The course of these collaterals would be fairly characteristic of
cutaneous primary afferents, if it were not for the extremely medial origin of
the collaterals in the dorsal funiculus. But, as is the case also with the collat-
erals of set (a), they take origin from the ascending dorsal funiculus fibres
only several segments above their entrance into the cord, which may account
for their medial position in the dorsal funiculus.

(3) The initial course of Clarke cell axons

The origin of the main cell axons failed to show in the Golgi series. In
horizontal sections rather coarse axons could, however, be traced running in
transverse direction from the interior of Clarke’s nucleus, towards its lateral
border and further in the same direction towards the lateral funiculus. On the
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basis of their initial course these axons can be recognized with fair probability
as the axons of the focal cells. They issue initial collaterals much thinner
than the parent axons both inside and outside the column. Some of the former
approach the margin of the column, where they turn into longitudinal direction.
Their terminations could not be observed directly; they appear to contribute
to the longitudinal axonal neuropil of the column (Figs le, If).

Origin, arborization and termination of the border cell axons are easier
to observe. They originate from one of the main dendritic trunks near the cell
body. After a short tortuous course — as already mentioned they begin to
arborize into branches of equal size, which soon divide repeatedly giving rise
in a similar manner to an axonal arborization in the neighbourhood of the
parent cell (Figs 2d, 3b). This arborization is oriented predominantly longitudi-
nally and strictly confined to the territory of the column. The delicate terminal
expansions of these axons can be seen in abundance within small distance from
the cell of origin (Fig. 3b). This type of axonal arborization closely resembles
that of Golgi Il type nerve cells. It could of course be argued whether such
cells can justly be called true Golgi Il type neurons. They are certainly local
internuncial cells without any indication of any axonal branch reaching other
grey regions. Admittedly, the axonal arborizations of many true Golgi Il
type neurons, especially in the cerebral and cerebellar cortex, are denser and
restricted to smaller territories or the arborization territory has a more strictly
determined shape. These are, however, differences of degree only. Entirely
similar local interneurons were described earlier and their significance has been
recently brought into focus by the studies of Szentagothai et al. (1966),
Tombotr (1967) and Szentagothai (1967b) in the thalamus and geniculate
bodies. They were referred to by these authors always as Golgi Il type cells.

(4) The synaptic interrelations of Clarke column neurons

As Clarke’s column consists of two types of nerve cells, both of which are
giving off initial collaterals inside the nucleus, various possibilities of local
neuronal coupling have to be considered. Quantitatively, there seems to be a
considerable difference between the richness of arborization of the average

Fig. 7. Dorsal funiculus collaterals entering Clarke’s column as seen in sagittal sections. In
both photographs as well as in the drawing, dorsal is to the right and ventral to the left. The
dorsal funiculus (df) is seen in (b) and (c) but to save space it had to be omitted in (a), (a) Dorsal
funiculus collateral (indicated by arrows) which runs through Clarke’s column giving off a thin
secondary branch (indicated by ringed arrows) to its ventral part. This collateral is, therefore,
supposed to belong to set (b). Double arrows indicate the dorsal and ventral borders of Clarke’s
column. 500 x (b) Dorsal funiculus collateral (left in photomicrograph indicated by arrows -

and right in drawing) divides on reaching the dorsal border of the column and the branches
begin to run cranial- and caudalwards. The longitudinally oriented branches soon give off
side branches. 500 x (c) Similar kind of collateral, having only an ascending course in the
column. Having reached the column it yields terminal branches. 500 x . Both in (b) and (c)
double arrows mark the dorsal border of Clarke’s column. Rapid Golgi procedure, 7-day-old

kitten

Irin  Mor/tlwlofrica  Icaileminr Scirn/i.irum 1lununrimr /6, 1968



324

idu

M. RETHELY!I

Morphologien Aeidemiue Scientinrum Hungaricae 16, O6!1



THE GOLGI ARCHITECTURE OF CLARICE’S COLUMN 325

border cell axon and the sparse branching of the main cell initial collaterals.
However, if the larger number of the main neurons and the weak staining
qualities of these axons are considered, the impression may be misleading.
Exact cell counts of the two cell types might help to a better understanding
of the possible mutual synaptic relationships.

Considering the mutual interconnections of the two types of neurons the
following four possibilities have to be envisaged.

(@) The initial axon-collaterals of the main cells may terminate on the
border cells. From the mentioned fact that most of these collaterals tend to
arborize in the marginal zone of the column (Figs le, If) this proposition is
most probable.

(b) These collaterals might contact other main cells. There is no way to
exclude this possibility on the basis of the present material, and Szentagothai
and Arvert (1955) have in fact assumed this type of connection from their
degeneration material. However, they then failed to consider the existence of
local interneurons within the column, which could well explain the persistence
of terminal knobs in completely deafferented columns. Although Ramon y
Cajar advanced the theory that initial collaterals tend to terminate on the same
kind of cell, this view has not been substantiated by recent histological stud-
ies (e.g. Szentagothai, 1967a) and also physiological evidence seems to
favour the assumption that initial collaterals contact local interneurons
(Ecotes et al.,, 1954; Andersen et al.,, 1964; a general discussion of this ques-
tion for the Purkinje cell has been given in Chapter I1X by Eccres et al.,
1967).

(c) The axons of the border cells may contact the focal cells. This is not
ijuite evident — although highly probable — from our results. The function
of the border cells could be either inhibition or excitation within a restricted
area around the nerve cell. Electrophysiological investigations (Laporte et
al., 1956; HoLMQUisST et al., 1956; Curtis et al., 1958., Jansen et al.,, 1966) lcd
to the assumption of excitatory or inhibitory interneurons intercalated be-
tween the primary afferents and the focal cells. The border cells would fit well
into such a concept as they certainly receive synaptic contacts from primary
afferents. As they arc of Golgi Il type, they could very well be, at least partly,
of specific inhibitory character. As according to proposition (a) the border cells
receive the initial collaterals of the main (focal) cells, the two propositions (a)
and (c) together would involve the possibility of recurrent inhibition (or facili-
tation) as shown to exist in the dorsal column nuclei and in the thalamic
nuclei.

Fig. 8. Long ascending collateral in the neuropil of Clarke’s column. Longitudinally oriented
axonal neuropil of Clarke’s column. A single larger axon, probably a collateral of a primary
afferent (set (a)) is shown in the drawing at right with its side branches and terminal knobs.

Arrows indicate the point where the branches originate. Rapid Golgi procedure, 3-day-old
kitten
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(d) The axons of the border cells might terminate on other border cells.

The histological data seem to support this assumption, although the evidence
is not conclusive. On the analogy of the specific nuclei of the thalamus and
especially of the lateral geniculate body (Szentagothai et al., 1966) the as-
sumption holds a fair amount of probability. Mechanisms of disinhibition or
disfacilitation, if they were present, could well be explained on this structural
basis. Further electrophysiological and electronmicroscopic studies might
help to clarify these interesting issues.

Fig. 9. Diagram illustrating the geometrical aspects of Clarke’s column as discussed in Para-

graph 5, with indication of synaptic interrelation between the two cell types. FC = focal cell:

DSCTa = axon of focal cell composing the fibres of the dorsal spinocerebellar tract; Rec.

coll. = recurrent collateral originating from the focal cell axon; BC = border cell; BCa = axon

of the border cell; P. aff. = primary afferent axon. This diagram has been developed from the

earlier one of Szentdgothai (1961a), where the possibility of interneurons within Clarke’s
column itself was not taken into consideration
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(5) The geometric design of Clarke's column

It has been mentioned that the form of the focal cell dendritic trees can
he reduced to the shapes of cylinders with longitudinally oriented axis. As the
column varies between 150 and 250 microns in diameter and as the main cell
dendritic tree measures about 70—80 microns in transversal diameter in the
ideal case seven such cylinders (one in the core and six in the surrounding
mantle) could he accomodated within the column without major interlacing
of the dendritic arborizations. The cells are shifted relative to each other in
longitudinal direction in random fashion and there is also no continuity of the
cylindric spaces belonging to several cells in the longitudinal direction. How-
ever, the predominantly longitudinal orientation of the axonal neuropil
within the column permits to draw certain important conclusions on synaptic
geometry. It has been recognized by Szentagothai and Aibert (1955) and
later again emphasized by Szentagothai (1961a) that the primary afferent
axon collaterals ascend for considerable distance within the column and estab-
lish repeated and very large contacts with the dendrites they accompany in
almost “climbing fibre” like fashion. This view is supported essentially by the
Golgi observations, although certain smaller differences have to he mentioned.
As shown in Fig. 8, a single primary afferent collateral can he traced for over
500 microns distance, and in reality it is obviously much longer. It gives off
several preterminal branches of predominantly longitudinal orientation. From
the position of the terminal thickenings of these preterminal branches it can
well be imagined that they are in contact mainly with the same or with sev-
eral longitudinal dendrites of the same focal cell. Assuming this to be the case
with the collateral shown in Fig. 8 (right) one would arrive at around 50 or
more boutons given to the same cell by a single primary afferent. Considering
the density of primary afferent preterminal branches ascending through any
cross section of the column —as it appeared also from the degeneration pictures
of Szentagothai and Arvert (1955) one should assume each of the
dendrites to be thoroughly buried in a tangle of preterminal branches running
parallel and giving contacts of “boutons terminaux” and “boutons de passage”.
This then would correspond to the high power picture seen in Fig. Id. The data
available at present do not permit similar speculations to he made on the affer-
ent and efferent contacts of the border cells. However, as their axonal ar-
borizations are also longitudinally oriented, the synaptic relations between bor-
der cells and focal cells may be of essentially similar character. These main
features of synaptic geometry are diagrammatically illustrated in Fig. 9 using
also the information presented by Szentagothai and Airvert (1955) and
Szentagothai (1961& and b)
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Discussion and conclusions

The general geometric features of synaptic connectivity having been
discussed in paragraph (5) it now remains to make an attempt at correlating
the structural observations with some of the more recent physiological find-
ings concerning impulse transmission through Clarke’s column. The general
conclusions drawn by Szentagothai and Arbert (1955) and Szentagothai
(1961b) on a rather powerful kind of synaptic articulation between primary
— probably mainly la — afferents that are in good agreement with physio-
logical observations will not be discussed here. Very little if anything could be
added from the histological point of view at the present stage and the author
hopes to be able to return to this problem on the basis of EM and degeneration
studies.

Perhaps the most relevant new observation, from the functional point
of view, is the separation of two different territories in Clarke’s column, receiv-
ing an entirely different input from primary afferents. The larger dorsomedial
part of the column receives relatively coarse primary afferent collaterals (set
(a) of collaterals) that are exclusively directed to Clarke neurons. As judged
from their origin from a relatively medial region of the posterior funiculus,
the primary afferents giving rise to these collaterals have entered the spinal
cord several segments below the origin of the collaterals. In addition they are
arranged approximately in the somatotopic relation described by Szent-
agothai (1961b) on the basis of secondary degeneration after cutting dorsal
roots, which in itself is ample proof of these collaterals being of primary sen-
sory origin. As the same sector of the column receives also side branches of
collaterals directed to the centre of the dorsal horn (set (c) of collaterals), the
most obvious explanation of this would be that set (a) are the collaterals of
la primary afferents and set (c) the cutaneous afferents, both of which have
been shown to contact Clarke neurons (Lundberg and Oscarsson, 1960).
The separation, however, of cells contacted by muscle spindles and cutaneous
afferents cannot be deduced from the Golgi observations. That set (a) are
obviously the la afferents follows also from the fact that this set contacts the
considerable majority of Clarke neurons, as it emerges also from physiological
experiments (Lundberg and Oscarsson, 1956).

As little if any convergence is observable at the level of the Clarke neu-
rons from la (muscle spindle) and Ib (Golgi tendon organ) primary afferents
(Lundberg and Oscarsson, 1956; Jansen et al.,, 1966), the assumption is
close at hand to consider set (b) of collaterals as being derived from the Ib
primary afferents. This is also supported by the facts that (i) the number of
Clarke neurons contacted by the (b) collaterals can hardly be more than one
third of the total cell population, which agrees well with the 36% given by
Lundberg and Oscarsson (1956); (ii) the first collaterals given from any seg-
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ment during their ascent are type (b) collaterals (Fig. 6) which again are in
accord with the observations of Oscarsson (1957).

The fact that secondary neurons of the DSCT belonging to the muscle
spindle afferents and those belonging to the Golgi tendon organ pathway have
separate territories is in itself of considerable interest and may give some clue
to the design of further physiological experiments. Of even more significance,
however, is the observation of the additional connections of Ib primary afferent
collaterals in medial parts of the intermediate grey matter (lamina VI, VII)
and in lamina V111 of the ventral horn. As it will be shown in a forthcoming
paper, the far majority of nerve cells giving rise to crossed ascending ventro-
lateral funiculus fibres is localized in this very region of the grey matter. It is,
therefore, interesting to speculate whether these Ib collaterals are contacting
cells originating from the ventral spinocerebellar tract or those from the spi-
nothalamic tract or possibly both. This kind of reasoning should not, however,
be carried too far for the present as the main dorsal funiculus fibres of both
la and Ib afferents can have — and obviously have — other collaterals in
other levels to entirely different regions of the grey matter. The fact, therefore,
that any collateral giving rise to terminal branches ending around different
cells tells us something in the positive sense, but collaterals directed towards a
single group of cells does not give any useful information in the negative sense.
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GOLGI-ARCHITEKTUR DER CLARKESCHEN SAULE

Die Untersuchung der Clarkeschen Saule von Katzen mit dem Golgischen Impréagna-
tionsverfahren bestdatigte das Vorhandensein von zwei Neuronentypen, u.zw.
1. der Hauptzellen, aus denen die Fasern des Tractus spinocerebellaris dorsalis ihren Ausgang
nehmen, und der Randzellen, kleiner Interneuronen mit kurzen Axonen, die den Neuronen vom
Typ Golgi Il &hnlich sind. Es konnten. drei Typen der dorsalen afferenten Strdnge identifi-
ziert werden: a) afferente kollaterale Aste (Muskelspindeln, Typ la), b) Kollateralen (Gol-
gisches Sehnenorgan, Typ Ib) und c) der Typ c, die vermutlich aus der Haut stammt. Wé&h-
rend die Gruppen a) und c) im groReren dorsomedialen Sektor der Saule endigen, endigt die
Gruppe b) ausschlieBlich im kleineren ventrolateralen Sektor. Es wird angenommen, daf
sich die Clarkeschen Neuronen, die die Information an die Muskelspindel Gbermitteln, von den
jenen Clarkeschen Neuronen unterscheiden, welche die Information an das Golgische Sehnen-
organ weiterleiten und auch verschieden lokalisiert sind. Die wechselseitigen Beziehungen der
Neuronen der Clarkeschen Sdule und einige geometrische Muster der Synapsenverteilung wer-
den besprochen.

APXNTEKTYPA TONbAXW AOP3A/IBHOIO AAPA CMMHHOIO MO3rA
M. PETXENN

MeToziom okpacku MonbXu AOP3abHOr0 A4pa CMMHHOIO MO3ra aBTop BbISIBAM Y KOLLIKU
Hannyne ABYX TWUMOB HEMPOHOB, a UMEHHO 1. rnasHbix kneTok, OT KOTOPbIX OTXOAAT BONOKHA
[op3anbHOro cnMHHOMOo3roBoro Tpakta (ACMT) u 2. kpaesbie kneT kn, HEBONbLUME MPOMEXY-
TOYHbIE HEe/POHbI, C KOPOTKMMU aKCOHaMM W HEeMPOHbI, HanoMUHatowme Tun Fonboxm 11 Yaanoch
naeHTUdMUMpoBsatb 3 TMNa Aop3anHbiX aphepeHTHbIX MYYKOB: a) MbllUeYHble BepeTeHa Tuna la,
ahhepeHTHbIE KONNaTepasibHble BETBU, 6) KOAMaTepanu Tuna 16, CyxoxunbHblii opraH Monbmku,
W) TUN 8, NPEAMNONOKNTENBHO KOXHOIO MPOUCXOXAEHNS. MyYKn a) 1 s) OKOHYalOTCS B bonee
KPYynHOM, AOP30MeAMabHOM CEKTOpe [0P3a/bHOro ffpa CrAWHHOrO MO3ra, B TO BpeMs Kak
rpynnae/KOHYaeTCA UEKIOUUTENTBHO J1ULLL B MEHbLLEM, BEHTPOIATePa/IbHOM CEKTOpe. Monaraercs,
4TO HeiipoHbl Knapka, nepefatowiye MHHOPMALMIO MbILLEYHOMY BEpPeTeHY OT/IMYAlTCA OT Tex,
KOTOpbIE NepesaroT MHPOPMaLIMIO CYXOXWUNbHOMY OpraHy [Mob[Xu, ¥ YTO OHW Pa3NINYHO IOKaNu-
30BaHbl. O6CYX4atoTCA 060H0AHbIE CUHANTUYECKME B3aVMOOTHOLLEHUS HEpPOHOB [0p3a/bHOro
fpa CNMHHOIO MO3ra M HeKOTOpble reoMeTPUYEeCKMe PUCYHKM pacrpefefieHns CUHarcos.

Dr. Miklés Retheryi; Budapest IX. Tlzolté u. 58., Hungary
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STRUCTURAL BASES OF BLOOD FLOW REGULATION
IN THE SMALL INTESTINE

J. Vajda, T. Kapésa and Z. Herpai

(Received November 20, 1967)

A study performed with the aid of various injection techniques (corrosion cast
and transparent injection specimens) and silver stains on the small intestine in man
and some laboratory animal species (cat and dog) revealed an abundance of arterio-
venous (AV) anastomoses. Some of their specific sites of localizations, their various
kinds and their rich nerve supply are described. Arterial and venous arborization pat-
terns are thoroughly analyzed and their possible functional significance discussed.
Abundance of AV anastomoses and the rich nerve supply either of the anastomoses or
their approaches point to their significance in the regulation of blood flow. Venous
valves were encountered only in the arcade zone of the mesenteric veins. The common
veins of drainage of groups of 10—16 villi and their strange relation to the dense ar-
terial capillary plexus of the submucosa are thought to be of crucial significance in
the development of venous stasis in the mucosa.

Introduction

The exceptionally high and additionally very variable metabolic require-
ments of intestinal absorption over the whole surface of the small intestine
enlarged in gigantic proportions by the villi — have their reflections in
the density and complexity of the structural substrates of circulation. Blood
flow considerably increases during digestional processes and considerably
decreases in starvation. Observations according to which the oral parts ofthe
jejunum are the best supplied whereas blood flow gradually decreases towards
the colon are indicative of the close correlation between circulation and ab-
sorption.

The mesenteric area, being also a region of blood storage, plays an im-
portant role in the control of blood distribution in the whole organism. One of
the main instruments in the peripheral regulation of blood flow are arterio-
venous (AV) anastomoses. Spanner (1931) and Schumacher (1938) were
among the first to describe direct connections between arteries and veins in
the mesentery and the intestinal wall, an observation confirmed later by many
others. By way of these AV anastomoses the blood supply of the portal system
may be increased considerably. Bypassing the capillary bed by a considerable
fraction of intestinal blood flow might restrain the usual fall in blood pressure
at levels ensuring the sufficient speed of portal circidation.
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The aim of the present examinations was to elucidate some of the mor-
phological bases of the local control of blood flow in the intestinal wall and the
mesentery.

Material

The studies were performed on the small intestine of the cat, the dog and of man.
Human material was obtained from fresh cadavers and from sections of surgically removed
intestine. From this we only used parts not showing major pathological changes and to which
the mesentery with sufficiently long vessels were attached.

Technical procedures

Preference was given to procedures offering the possibility of direct studies in three
dimensions.

1) Arteries and veins were injected separately with filtered Indian ink diluted 1 : 10
with distilled water and kept at body temperature. Both arterial and venous systems were
thoroughly cleaned of blood by perfusion with physiological saline to which papaverine had been
added, it being impossible to inject arteries or veins of the villi without the previous use of
spasmolytic drugs. Filling of the vessels was controlled in both cases under the dissecting
microscope and was continued until complete blackening of the villi. The intestines thus
injected were examined after clearing according to Spalteholz (1914).

2) Corrosion specimens were obtained by injection of PYC-powder diluted in equal
amounts with acetone and cyclohexanon. After administration of papaverine chloride (0.01
g/kg) and 5% heparin (I ml/kg), the animals were overnarcotized with ether. After exposure
of the abdomen and the thoracic cavity the animals were placed into water of 37° C and the
vessels of the head, extremities and of the kidneys were ligated. A cannula was introduced into
aorta and vena portae and the whole intact vascular system of the abdominal viscera was
perfused under low pressure from the aorta with physiological saline of body temperature.
After completion of the perfusion, cyclohexanon was injected from the aorta until it appeared
at the lumen of the portal vein. At first about 10— 15 ml of completely colourless 2% PVC
dilution was used for injection. According to our experience this concentration ensures the
filling up of the finest capillaries and extravasates can be avoided by injecting at low pressure.
Injection was then continued with plastic solution of the same concentration but stained red
by adding powdered dye if the injection was made from the aorta, and blue if the injection
was made in the reverse direction, i.e. from the portal vein. Finally an additional 10 ml of a
5% coloured dilution was injected into the larger vessels. The dye could thus diffuse from the
more concentrated contents of the larger vessels towards the thinner dilution injected at
first. Under stereomicroscopic control of the villi, pressure was slowly raised until their tips
had stained red and their basal parts blue. Prior to the polymerization of the resin, a glass or
plastic tube of adequate thickness was introduced into the lumen of the intestine in order
to maintain its cylindrical shape. Corrosion of the tissue was then performed by placing
parts of the intestine and their mesentery into diluted and then gradually more concentrated
hydrochloric acid. After thorough washing, the remaining coloured casts of the vessels were
subjected to examination under a dissecting microscope.

3) In each case pieces of the mesentery and as a control also sections of the intestine
were examined with Gross-Schultze’s silver impregnation method.

Results

Numerous AV anastomoses are present between primary side branches
of the main radial arteries and veins of the mesentery. Their number increases
especially in the region of the arches and immediately centred to the arches.
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Fig. J. AV anastomoses in the mesentery of Fig. 2. AV anastomoses with ring-shaped

tile cat. Silver nitrate impregnation. A ar- thickenings at their origin in the mesentery

tery. V vein, S connecting branch spi- of the cat. Silver nitrate impregnation.

rally twisted at its origin A artery. V vein. R connecting branch
emerging with a ring-shaped thickening

AV anastomoses may be divided into two groups, those that start with
spiral loops (Fig. 1) and others having ring-shaped thickenings (Fig. 2). In the
former kind the arterial limb turns into the venous limb without any appre-
ciable change in width. In the connections having ring-shaped thickenings the
arterial limb narrows down before turning into a vein. The ring-shaped
thickening on the initial portion of the AV anastomosis is caused by an in-
crease in the number of smooth-muscle elements. In the immediate vicinity of
thickenings, and even among the muscular elements, numerous unmyelinated
fibres may be discerned.

From the rich nerve plexus accompanying the mesenterial arteries abun-
dant branches take off at the sites of the AV anastomoses, to attach themselves
closely to the vessels connecting the artery and the vein (Fig. 3). The smaller
arteries of the mesentery exhibit characteristic coils, which are never seen in
the accompanying veins (Fig. 4). No change of the lumen occurs in these coils.
The terminal mesenterial vessels arising from the arcades separate into three
distinct groups, two immediately below the two surfaces of the mesentery
continue subperitoneally to both sides of the intestine, whereas the central
group enters the wall of the intestine directly and supplies the mesenterial
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Fig. 3. Nerve fibres in the mesentery of the Fig. 4. Loops at the mesenteric artery of
cat accompanying AV anastomoses which the cat. Silver nitrate impregnation. A —twist-

emerge with ring-shaped thickening. Impreg- ed artery, V = vein taking a straight course
nation after silver nitrate injection of the not following the loops of the artery.
arteries. A artery. V vein, N — nerve N nerve joining the vascular bundle
accompanying the vascular bundle, F - nerve

fibres adjoining the artery. AV = anasto-

mosis. Arrangement of the nerve fibres that
join the connecting branch is seen, as well
as the thickening of the initial part of the
anastomoses. Owing to the silver nitrate in-
jection the lumen is dark in colour

one third of the total circumference of the intestinal wall (Fig. 5). Numerous
interarterial connections are found in the arcade zone mainly between the
arteries. They either simply join (Fig. 6) or are connected by smaller branches
which thus form islands (Fig. 7). Many AY anastomoses occur in this dense
vascular plexus. Two smaller branches arising from arteries often join into a
short common trunk before entering the vein (Fig. 8). These AV anastomoses
are regularly present between the vessels of the central group, in both plastic
casts and Indian ink injection specimens (Fig. 9). Their lumen measures
0.3—0.5 mm in diameter.

The vessels running along the intestinal wall i.e. the lateral group vessels,
after a short initial course proceed in the suhserosa. Above them a fine capillar
network is formed, which issues postcapillary veins radially (Fig. 11). Reaching
the middle zone of the lateral surface the arteries divide into two branches,
the larger of which divides into the muscle layer, whereas a thinner one con-
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Fig- ¥- AV anastomoses arranged in groups Fig. 10. ANl anastomoses in wall of human
on the mesenteric border of the intestine of intestine. The arterial system was injected
the cat. Preparation cleared after the arterial with diluted India ink as described in Fig.
system had been injected with India ink. 9 then the specimen was cleared. A ar-
A artery, V vein, C connections. The tery, V vein, C connections. The venous
India ink has flown through the connections system defectively filling up through the
into the veins and has filled them up connections is seen, as well as the triad ar-
tery — connecting branches conveying
veins which form a ring

tinues below tin* surface towards the antimesenteric border. On the very place
of division AV anastomoses (Figs 10, 12) are characteristically established be-
tween almost each larger arterial branch and its accompanying veins. These AV
anastomoses are wider than those in the arcuate zone. The smaller arterial bran-
ches proceeding towards the antimesenteric border are often connected by
delicate coiled transversal branches. In the antimesenteric region, the arteries
from the two sides are having abundant mutual interconnections (Fig. 13).

While penetrating through tin* muscle layer the arteries are flattened
corresponding to the directions of the muscle cells and literally squeeze them-
selves through the muscle bundles (Fig. 14). The capillary network formed in
the muscular layer is sparse, whereas the plexus of the submucosa is of extreme
richness (Fig. 1S). The skeleton of the submucosal plexus is formed by arteries
of about 0.2 mm thickness, the interarterial space being occupied by thin cap-
illaries. Only few larger veins traverse this purely arterial plexus.

The larger vessels of the submucosal plexus break through the lamina
muscularis mucosae where on its interior surface they are arranged into a
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Fig. 17. Arterial capillaries in the intestine Fig. 19. Cross-section of intestinal villi in
of the cat. Specimen cleared after the arterial the cat. The almost hexagonal form of the
system has been injected with India ink un-  cross section and the cross sections of the
der the dissecting microscope, taking care capillaries arranged on the surface of the
that the India ink should not pass into the villi is seen. The emerging conveying veins
venous plexus. The central twisted arteriole are indicated by an arrow

of the villus is seen, as well as its mantle-like

division on the surface of the villus. AV anas-

tomoses on the basic part of the villus are in-
dicated by an arrow

dense tangential arterial meshwork rich in anastomoses. The meshes of the
larger branches are interconnected by a dense capillary network. The central
arterioles of the villi take their origin from the anastomosing branches (Fig.
16) of this plexus. They arise from its main branches in tufts supplying 10—15
villi and proceed directly towards their tips. The central arterioles of the villi
have side-branches — well discernible also in human material — that emerge
near the base of the villi. In larger villi occasionally two or even more central
vessels are present. The arteriole runs, having but few secondary side branches,
up to the peak where it branches in characteristic fountain shaped fashion
forming a descending mantle-like plexus below the surface of the villus (Fig.
17) . The capillary network of the whole villus is an arterial one in the apical
third, becoming venous in the basal two-thirds (Fig. 18). In purely venous
corrosion casts the apical part of the villi remains unfilled giving a character-
istic pattern of open tubes (Fig. 23). At the base the side branches of the cen-
tral arteriole form AY connections within the villus itself. In venous Indian
ink preparations the superficial venous plexus of the villi is well discernible,
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Fig. 21. Venous system of the intestinal wall Fig. 22. Magnification of Fig. 21. Number |
of the cat in cross-section. Preparation clear- shows the situational plane of the lamina
ed after the veins have been injected with muscularis mucosae. The conveying vein
diluted India ink. The arrangement of the crossing over the submucosa (indicated by

venous plexuses is observable. L  submuco- an arrow) and collecting the venous branches
sa, in which the crossing venous stems are seen: emerging from 10- 16 villi. Number 2 indi-
2 muscular layer, with conveying veins cates the venous plexus between the sub-
running between muscle bundles; 3 larger mucosa and the muscular layer

conveying venous stem proceeding towards
the surface

which arriving at the hase of the villi becomes progressively a hexagonal lattice
(Fig. 19) with the main draining veins arising from the angles. There is a sim-
tlar venous network in the layer of the Lieberkihn crypts (Fig. 20) with
the difference that here the central arterioles are lacking. The venous plexus
of 10—16 villi are collected at the level of the lamina muscularis mucosae into
larger stems of drainage. These veins which depending on the density of the
villi collect blood from a smaller or greater area of the mucosa (Figs 21, 22)
are crossing the profuse arterial capillary network of the submucosa radially.
In the muscular layer they accompany the flat ribbon-like coiled arteries and
finally the veins pass under the serosa where they take up the blood from the
stellate branches of the subserous network and then join the arteries in pairs.

Venous valves occur only in the veins of the arcade zone (Fig. 24),
while none are found in the veins of the intestinal wall proper. Additional
valves are encountered in mesenterial veins in close neighbourhood of lymph
nodes.
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Discussion

In spite of all their limitations, corrosion and transparent injection spec-
imens if combined are especially well suited for the examination of the vascu-
lar system. The first method yields clear information about the three-dimen-
sional architecture, while the latter shows the relations of the vessels to their
surroundings.

According to the present observations, the vascular bed of the small
intestine is a highly complex system that owing to its manifold internal con-
nections may be particularly adapted to fundamental changes in direction as
well as to those in various functional parameters of blood flow according to
actual requirements. Particular significance can be attributed to the various
kinds of anastomoses. They have been divided by Schumacher (1938) and
Tischendorf (1948) into two large groups. This subdivision is in agreement
with the types found in the present study, while other authors distinguished
a larger number of different kinds of anastomosis.

The third type, the one described by Staubesand (1950), as resembling
those of the carotid glomus, was not met with in this study.

The significance of AV anastomoses lies primarily in the possibility to
increase the venous reflux and consequently accelerate local blood circulation.
Additionally, as stressed by Patzert (1942), AY anastomoses might serve as
a device to secure appropriate distribution of blood in various parts of the
intestinal wall. Decrease of arterial pressure might be the main purpose of
the anastomoses of the lateral subperitoneal arteries. These anastomoses are
arranged at the sites immediately before penetrating into the muscular layer.
Contraction of the circular muscle layer obviously — as can be surmised also
from their flattened shape — blocks blood flow towards the depth and diverts
the blood tOAvards the veins situated in the subserosal area. The reflux may even
increase in the mesenterial veins during the peristaltic wave due to increased
flow through the AY anastomoses.

An important fact, especially in the case of diseases involving local
changes of the mucosa, is that the common veins of drainage from the mucosa
perforate the profuse capillary network of the submucosa. All pressure changes
within the submucosal arterial plexus have their repercussion on blood flow
of the perforating veins, including a complete suppression of circulation. In
this latter case stasis may occur in the collecting area of the veins.

There is no difference of any significance in vascular architecture be-
tween the animal species examined and man.
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STRUKTURELLE GRUNDLAGEN DER BLUTSTROMREGELUNG IM DUNNDARM

.1 VAJDA, H. HAPOSA und Z. HEHPAI

Im Dinndarm von Menschen, Katzen und Hunde wurden mit Hilfe von verschiedenen
Injektionsmethoden (Korrosions- und transparente Injektionsprdparate) sowie Silberimpra-
gnation zahlreiche arterio-vendse Anastomosen beobachtet. Die spezifischen Lokalisations-
stellen, verschiedenen Arten und die reiche Innervation dieser AV-Anastomosen werden
beschrieben. Ihre Anzahl, reiche Nervenversorgung sowie auch die ihrer Umgebung weisen
auf eine Bedeutung in der Steuerung des Blutkreislaufs hin. Venenklappen fanden sich nur
in der Arkadenzone der Mesenterialvenen. Die gemeinsamen Venen der aus 10 16 Zotten
bestehenden Gruppen sowie ihre eigentiimlichen Beziehungen zu den dichten arteriellen Ka-
pillargeflecht in der Submucosa haben vermutlich eine entscheidende Bedeutung in der Ent-
stehung der Venenstauung in der Mucosa.
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CTPYKTYPHbBIE OCHOBbI PEryndaunn KPOBOTOKA B TOHKOW KWLKE
. BAVOA, T. PATOLWLA n 3. XEPMAW

WccnenoBaHre TOHKOW KMLLIKM YenioBeKa U MOAOMbITHLIX XUBOTHBIX (KOLUKM U CO6aKm)
C MOMOLLbIO Pa3HbIX UHBEKLMOHHBIX METOA0B (KOPPO3MOHHbIE MpenapaThbl U Mpo3payHble UHbEK-
LMOHHbIE MpenapaTtbl), a TakKXe KpacuTeneil cepe6pa, BbISIBUIO MHOTOYWC/IEHHbIE apTepuo-
BEHO3HbIE aHAcTOMO3bl. [laeTcsi OMMcaHWe CreUM@UUYECKUX MECT I0KaM3alnuu, pasinuHbIX
BWZI0B apTepPrO-BEHO3HbIX aHACTOMO30B, & TaKXe UX 6oraToii MHHepBauuu. Mogpo6HO aHaNU3npy-
l0TCH apTepuanbHble 1 BEHO3HbIE apbopu3aLun U 06CYXAaeTcs UX NPeAnonoXuTensHas dyHK-
LUMOHaNbHAsA PONb. 3HAUMTENIbHOE YMCIO W 6oraTas MHHepBaLMs apTepuro-BEHO3HbLIX aHACTo-
MO30B U UX OKPY)XXEHUS YKa3blBAlOT Ha 3HA4YeHWe MOCMeAHUX NpU Perynsuum KpoBOTOKAa. BeH-
Hble K/anaHbl 06Haé)y>|<e|-|b| NNWb B 30HE AYrM Me3eHTepuanbHbIX BeH. CocToslme U3 rpynn
10—16 BOPCHHOK 00LLME BEHbI U UX CMELMGIYECKME CBA3W C TYCTbIM apTepuabHbIM Kanuaasp-
HbIM CMIETEHWEM B MOAC/M3VCTON MPELNONOXUTENBHO UMEIOT PELLAIOLLIEE 3HAUEHWE NPU BO3HUK-
HOBEHUM 3aCTOS BEH B C/IM3UCTOIA.

Dr. Janos Vajda
Dr. Tibor Raposa Builapest IX., T(izolté u. 58., Hungary
Dr. Zsolt Herpai
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Fig. 20. Venous plexus in the layer of the

Lieberkihn crypts of the villus. Correspond-

ing to the basic part of the crypts and the

villi, the honey-comb-like design of the ve-
nous plexus is well discernible

Fig. 23. Intestinal villi of the cat. Cor-
rosion preparation after injection of the
veins with PVC. At the sites indicated by
arrows the peak of the villus, supplied with
arterial capillaries, has not filled up

Fig. 24. Cast of venous valve found in

intestine of cat.

Corrosion preparation of

the arterial and venous systems filled up

with red and blue PVC. The venous con-

veying stem, as well as at the sites indicat-

ed by arrows, the negative cast of the ve-
nous valve, are seen



Fig. 14. Corrosion preparation of the arte-
ries perforating the muscular layer in the
intestine of the cat. The arterial system has
been injected with red PVC. At the site part
indicated by an arrow the twisted course of
the artery corresponding to the muscle fibres
may he observed and also the flattened
state of the latter

Fig. \(). Central arterioles of tin* villi in the

intestine of the cat. Corrosion preparation

after injection with stained PVC. In the

area bordered by the dotted line the cen-

tral arterioles of about 10 16 villi emerge
from the same common stem

Fig. 15. Cross section of a corrosion pre-
paration of the intestine of the cat. 1
central arterioles of the villus, 2 capil-
lary plexus of the mucosa and the submu-
cosa. The arteries forming the skeleton of
the submucosal plexus are indicated by an

arrow. 4 flattened, twisted arteries cross-

ing the muscular layer, 4 — superficial con-
veying vein

Fig. [Ifi. Corrosion preparation of villi in

the intestine of thecal, after the simultane-

ous injection of the arterial and venous sys-

tems with red and blue stained PVC at

identical pressure. The peak of the villi

stained red. the basic two-thirds blue, cor-

responding to the arterial and venous sys-
tems, respectively









Fig. 8. AV anastomoses emerging with two
thin arterial stalke on the mesenteric bord-
er of the intestine of the cat. Corrosion pre-
paration after the simultaneous injection of
the arteries with red, and of the veins with
blue stained PVC. A — artery, V — vein,
C = connecting branches. The arrow points
to an ampullar dilatation before the flow-
ing into the vein

Fig. 12. AV anastomoses in the intestinal

wall of the cat. Corrosion preparation of

the arterial and venous system simultane-

ously injected with red and blue PVC.

Ked artery, blue = vein. The connecting

branch, indicated by an arrow, is transpa-
rently thin

Fig. 11. Subserous vascular plexus in the
intestine of the cat. Corrosion preparation
after injection of the vascular system.
A = arteries running under the subserous
plexus. At the site indicated by an arrow
a fine capillary network is formed which
continues radially into postcapillary veins

big. 13. Interarterial connections of the
antimesenteric border of the intestine of
the cat. Corrosion preparation of the vas-
cular system after injection with PVC. The
antimesenteric border is indicated by a
dotted line. A - arteries. It is seen that

without any change of width — the ar-
teries pass into another with an almost

straight course



Fig. 5. Arterial and venous plexus in the mesenteric bord-
er of the intestine of the eat. Corrosion preparation of the
mesenteric and intestinal vessels after injection with PVC.
Red arteries running to the intestine, blue = veins

Fig. (. Interarterial connections on the
mesenteric border of the intestine of the
dog. Red arteries in which arrows indi-
cate the direction of the blood flow, C -in-
terarterial connection in which  depending
on changes of pressure prevailing in the two
arteries direction of the blood flow might
turn

Fig. 7. Islands formed by the interarterial
connection on the mesenteric border of tin;
intestine of the cat. A = arteries with the
direction of the blood flow indicated. C
interarterial connections acting as pres-
sure-equalizers. The mesenteric border is in-
dicated by a dotted line
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Department of Forensic Medicine (Head: Prof. Dr. 1. Gy. Fazekas), University Medical School,
Szeged

EFFECT OF ALCOHOL ON THE CORTICOSTEROID
FRACTIONS IN RAT TISSUE EXTRACTS*

1. Gy. Fazekas and A. T. Fazekas

The authors investigated the effect of subcutaneously injected alcohol on the
corticosteroid fractions of rats’ various tissue extracts. The steroid fractions were re-
vealed hy chromatography developed in alkalic solution of tétrazolium blue and they
were estimated quantitatively, too. As compared with the values of control animals the
total corticosteroid content of all tissues decreased in the first hour after alcohol ad-
ministration; this was followed by an increase after 2 and 3 hours and hy an expressed
decrease again after 5 and 6 hours. The number of corticosteroid fractions varied in
the organs, having been the highest in the liver [9] and skeletal muscle 110]. The amount
of steroids related to the unit weight of tissues was found to be highest in the adrenals,
in the heart and in the kidneys. The changes in the total amount of corticosteroids
after alcohol administration are described to changes in adrenal activity. The authors
discussed the possible explanations of different steroid content of various organs after
the use of alcohol and the ways of alcohol effects on steroid metabolism.

It has been shown that tissue extracts derived from any of the organs
of rabbits or dogs contain glucocorticoid and mineralocorticoid activity
[4—35] which, in a series of paper chromatographic analyses of rat [53, 54]
and guinea pig [68, 69] tissues proved identical with various corticosteroid
fractions. These observations provided ample evidence that, under physiolog-
ical circumstances, the various organs and tissues are able to store cortico-
steroids (peripheral corticosteroid hormone depot). Experiments in this labora-
tory have shown that administration of alcohol to intact [55, 56] and adrenal-
ectomized rats [51, 52, 57—60], and to humans [66, 67], causes an initial rise
in the corticosteroid (corticosterone, hydrocortisone) content of peripheral
blood, which is followed by a substantial diminution. The adrenal corticoste-
roid fractions of the rat were demonstrated to decrease in the first hour, then
markedly to increase during the second to third hour, returning successively
to control values or somewhat below them in the course of the following 8 to
10 hours [64, 65].

It is a well established fact that alcohol enhances the secretory activity
of the adrenals [48, 49, 51, 52, 59, 60], while corticosteroids have been shown
to increase the activity of alcohol dehydrogenase in the liver [43—47] and
catalase activity in peripheral blood [70—73], thus, the adrenal gland and

* This work is dedicated to Professor Joseph Balé on the occasion of having completed
five decades in the service of science.
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corticosteroids seem to play an important part in the oxidative destruction
of alcohol. In view of these results it appeared interesting to investigate the
effect of alcohol on the corticosteroid fractions of various tissue extracts.
The question seemed to bear some importance not only from the point of view'
of alcohol and corticosteroid metabolism, but also from the toxicological,
endocrinological, and pathological aspects.

The present paper deals with results obtained in the rat.

M aterials

Experiments were performed on 260 male Wistar rats weighing 150 to 200 g, kept on a
standard diet. The animals were treated in separate groups of 20 rats each. Five groups, i.e.
100 rats, served as controls. Rats of the control groups were killed by decapitation every morn-
ing at 9.00 a.m., without any previous treatment; the organs of these rats were immediately
removed and stored for 2 hours at —10° C. The experimental animals received at 9.00 a.m.
0.8 g per 100 g body weight of alcohol in a 20% aqueous solution, subcutaneously. One, 2, 3,
4, 5, 6, 8, and 10 hours after the injection of alcohol, the animals were killed by decapitation,
one whole group on each subsequent occasion. The organs were removed and the identical ones
pooled, stored at —10 C for 2 hours, and then homogenized. The various organs and tissues
were extracted, and their corticosteroid content estimated by a semiquantitative paper chro-
matographic method. The weight of the tissue samples was the same in the control and experi-
mental groups, and attained the following extremes: adrenal, 0.5 to 0.9 g; brain, 25 to 32 g:
lungs, 20 to 37 g; heart, 10 to 15 g; spleen, 10 to 20 g; liver, 70 to 130 g: kidneys, 22 to 35 g:
skeletal muscle, 200 to 280 g.

Methods

Tissue extracts were prepared by the methods of Bush and Ferguson [1, 2J and
Endroczi [3a], originally described for blood and adrenal tissue, respectively, and modified
by us in several respects. In order to remove chromogens, purification chromatography was
undertaken inthe Bush 5 system, using Whatman’s No. 3 paper; the material was then rechro-
matographed in the Bush 5 system, allowing cortisol, cortisone, corticosterone, and 11-deoxy-
corticosterone standards (1, 2, 2.5, 5, and 10 /jg) to run parallel with the extracts. Chromatogra-
phy in the latter system took 6 and a half hours, after which the chromatograms were allowed
to dry at room temperature. The starting line was indicated by a mark in ultraviolet light,
and the chromogen impurities which gave a white fluorescence were also noted. The material
thus prepared was developed in a 9 :1 mixture of 2 N sodium hydroxide and 0.1% aqueous
tétrazolium blue. Within a few minutes, the steroid compounds possessing a 17-alpha-keto-
side chain appeared in the form of blue formazan spots of varying intensity. By comparing
the colour intensity of th? spots derived from the tissue extracts with that of the standard
preparations it was possible to determine the Rf values. Quantitative estimation was under-
taken by measuring the extension and colour intensity of the formazan spots. The chromato-
gram was then dried under an infrared lamp for 45 to 60 min. This procedure converted the
whole chromatogram into dark violet, rendering the formazan spots no more distinguishable
from other areas of the paper. On drying at 70 to 80° C the alkaline fluorescent reaction ap-
peared, which is given only by steroids with a 3-oxo-delta-4 side chain.

The dried chromatogram was then exposed to ultraviolet light, using an analytical
quartz lamp and a UG 5 filter. The spots showing yellow fluorescence were roughly compared
with the spots given by the reference standards. On basis of the Rf values and the results
obtained by comparing the two kinds of reaction, the corticosteroid content of the spots was
calculated and expressed in fig per 100 g tissue weight. The spots which gave the tétrazolium
blue and the alkaline fluorescent reactions, and to which no reference standard was available,
were designated as compounds Xt, X2 X3 X4, X,, X(, and X-; these coupounds, on basis of
their Rf values, could be identified with a certain risk of uncertainty; in the Tables a question
m ark serves to indicate this circumstance.
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Corticosteroid fractions in fig

Tétrazolium blue r: +
NaOll r.:

per 100 g in the tissues of control

Tétrazolium blue r: +

Tabic |
rats without alcohol treatment. Rf values,

Tétrazolium blue r:

tétrazolium blue reaction, NaOll reaction (fluorescence) and the corresponding

Tétrazolium blue r: + Tétrazolium blue r. +

standards

Tétrazolium blue r.:

Ea
NaOll r NaOH r. Naoll r. 1 NaOoll r NuOH r.: +
Rf.: 0.10 = X, hexahydro- Rf.: 0.13 = X2tetrahydro- Rf.: 0.18 = X)) tetrahydro- Rf.: 0.29 = Cortisol + Rf.: 0.42 = X. aldosterone Rf.: 0.47 = cortisone
Organs cortisone? cortisone . cortisone ,
Group of animals Group of animals Group of animals Group of animals Group of animals Group of animals
11 2 1 3 4 5 11 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 o 5 1 2 3 4
Adrenals — — - _ 271.4 270 262 272 282 - - — - — _ _ _ _ _ _ _ _ _
Brain - - - - - - - - - - - - - - - - - - - — - - - - - - — —
Lungs — - - _ - - - - - - - - — 0.3 0.4 0.6 0.3 0.5 - - - - - - -
Heart — — — — — — — — — — — — 1.0 1.2 0.8 15 0.6 — — — — —
Spleen — — — — — — — — — — — — — 0.8 — 1.0 1.5 0.8 — - — — —
Liver 0.2 0.5 1.0 2.2 3.8 0.2 0.4 0.5 0.2 0.3 — — — — — 1.4 2.3 1.8 3.2 3.8 2.4 2.0 2.4 2.0 2.4 0.6 0.9 0.8 0.6
Kidneys — — — — — — — — — — — — — — 0.4 1.2 0.3 0.3 0.3 — — — — — 3.8 4.8 6.1 4.9
Skeletal muscle 1.0 2.0 0.5 0.5 1.0 0.2 0.2 0.2 0.2 0.2 0.5 0.4 0.6 0.5 0.5 0.3 0.3 0.2 0.4 0.3 0.3 0.2 0.2 0.3 0.2 1.8 1.0 1.2 1.0
Tétrazolium blue r.: + Tétrazolium blue r.: + Tétrazolium blue r.: + Tétrazolium blue r.: | Tétrazolium blue r.:
NaOll r.: + NaOll r. blue fluorescence NaOll r.: NaOoll r.: NaOH r.:
Rf.: 0.58 = X6 tetrahydro- Rf.: 069 = Xetetrahydro- Rf.: 0.72 = X7dihydrocor- Rf.: 0.80 = corticosterone Rf.: 087 = 1l-desoxy-17-
corticosterone ? costerone ? tisone ? hydroxy corticosterone ?
Group of animals Group of animals Group of animals Group of animals Group of animals
1 2 3 4 5 1 1 2 3 4 5 1 2 | 3 4 5 1 2 3 4 5 1 2 3 4 5
Adrenals 452.8 230 87.7 160 200 452.8 155 235 80 600 543.2 577.8 735 620 240 2717.3 1552 1315.7 1123 1000 815.2 540 380 675 200
Brain 4.9 3.3 3.3 2.9 3.4 2.0 3.7 7.2 1.9 10.0 — 8.9 7.9 3.7 3.8 17.8 1.6 3.6 4.8 7.6 7.1
Lungs 4.7 4.3 3.8 0.5 0.3 9.4 6.3 0.4 15 5.0 - — — — — ! 109 5.0 4.0 3.0 3.3 6.3 2.0 3.4 4.2 5.0
Heart 9.5 3.5 4.5 6.2 7.3 19.0 12.4 6.5 9.0 7.9 — - - — — 19.0 10.0 4.2 18.1 3.4 14.3 8.2 6.4 2.7 0.8
Spleen 7.6 8.7 4.2 6.6 6.5 19 10.2 6.4 5.2 10.0 — — — — 15.4 4.1 3.0 4.4 5.0 7.7 3.9 5.3 8.8 25
Liver 1.4 2.0 1.6 0.9 0.2 1.0 0.8 1.2 0.5 0.4 — — — — 2.9 4.2 2.5 3.0 1.2 2.9 3.4 3.5 2.0 3.8
Kidneys 3.2 2.8 2.4 1.7 5.0 9.4 4.6 7.4 5.4 10.0 — - — — 16.9 8.0 6.2 7.3 8.3 11.3 5.8 4.8 3.6 3.4
Skeletal muscle 1.3 1.2 0.9 0.7 0.5 1.5 1.4 0.9 0.6 0.2 — — — — 14.0 2.7 3.1 2.5 15 2.0 3.0 2.7 2.0 3.0



Table 111

Corticosteroid fractions in fig/per 100 g in the tissues of rats 1—10 hours after injection of 0.8 g/100 g of aelhyl alcohol

Tétrazolium blue r.: - Tétrazolium blue r.: £ Tétrazolium blue r.: + Tétrazolium blue r.: -f

NaOll r. = yellow fluorescence NaOHr. = — NaOH r.: yellow fluorescence NaOH r.: yellow fluoresceence

Rf.: 0.13 = X2= tetrahydrocortisol? Rf.: 0.18 = X3= tetrahydrocortisone? Rf.: 0.29 = cortisol Rf.:042 = x 4= aldosterone?

after hours alcohol after hours alcohol after hours alcohol after hours alcohol
1 2 3 4 5 6 8 10 1 2 3 4 5 6 8 10 1 2 3 4 5 6 8 10 1 2 3 4 5 6 8 10

Adrenals 216.6 472.5 — — — — — — — 189.9 — - i — - _ i - 202.7 — - - 56.8 — 71.8 97.4
Brain - - - — — - — — — — — — — — — 1.8 - — 5.3 — — — — — — — — — _ _ _
Lungs — — — _ - _ _ 0.3 — — — - — 2.7 — _ _ - - - - - - - — -
Heart _ _ _ _ _ — _ 0.4 _ _ _ _ _ _ 3.4 _ 6.0 _ _ _ _ _ _ _ _ _ _
Spleen 2.7
Liver — — — — - - - - - - - 1.8 - - - 2.0 - - 1 — - - _ _ _ _ _ _
Kidneys - - - — — — — 0.5 — — 4.2 _ — — 0.6 _ _ 9.1 _ _ _ _ _ _ _ _ _ 1.6
Skeletal muscle _ — _ 0.9 — — — — — 2.8 0.9 1.0 1.7

Tétrazolium bluer.: + Tétrazolium blue r.: + Tétrazolium blue r.. Tétrazolium blue r.: +

NaOH r. = yellow fluorescence NaOH r. = yellow fluorescence NaOH r. = blue fluorescence NaOH r.: = yellow fluorescence

Rf.: 0.47 = cortisone RI': 0.58 = X5= tetrahydrocorticosterone Rf.: 0.69 = X6= tetrahydro-17-hydroxy-II-desoxyeorticosteronc? Rf.: 0.72 = X7= dihydrocortisone?

after hours alcohol after hours alcohol after hours alcohol after hours alcohol
1 2 3 4 5 6 8 10 1 2 3 4 5 6 10 1 2 3 4 5 6 8 10 1 2 3 4 5 6 8 10
S —

Adrenals _ _ _ - - 202.7 206.8 144 .4 714.2 56.8 23 1197.6 649.3 540.4 1034.4 72.2 285.7 340 — 119.8 161.3 - 772.8 — — — - —
Brain —_— —_— — — — - — — — 5.8 4.9 3.1 — 2.7 2.4 7.4 - 3.5 3.1 - 14 5.2 — 3.8 — - - - —
Lungs —_— _ —_— —_— —_— — —_— 0.7 5.5 — 6.9 e 5.1 — 3.5 3.6 6.1 4.0 5.1 —_ —_ 1.2 3.6 — — — — — — —_
Heart — - - — — — e e — 13.8 12.8 — 8.1 — 9.7 4.7 6.4 10.3 12.8 — — 1.6 — 6.9 — — - - —
Spleen —_— —_— — —_— — — — — 8.1 10.3 115 10.1 — 10.7 8.1 10.0 115 6.0 - - 4.2 — — — - —
Liver 1.0 - — — — — — — 2.1 0.9 0.1 — 0.9 — - 15 1.4 3.9 1.3 0.3 - 1.4 - 0.5 — — - -
Kidneys — — — — — — — 2.0 35 3.5 111 6.6 6.5 — 6.8 2.7 15 1.7 3.2 5.3 2.6 - 4.1 3.4 2.3 - — — - -
Skeletal muscle 0.5 — — — — _ — 1.3 3.0 1.2 11 1.9 3.0 2.7 3.0 0.6 0.5 _ 2.2 1.0 _ 1,2 - _ _ _

Tétrazolium blue r.: -

Tétrazolium blue r.: +
NaOH r.: yellow fluorescence

NaOH r.: yellow fluorescence

Rf.: 0.80 = corticosterone Rf.: 0.87 = lI-desoxy-17-hydroxycorticosterone?

after hours alcohol after hours alcohol

1 2 3 4 5 6 8 10 1 2 3 4 5 6 8 10
Adrenals 608.2 3448.3 4173.1 257.1 56.8 459.7 1796.4 2164.5 270.2 517.2 293.6 642.8 — — 179.6 108.2
Brain 1.9 8.5 7.7 6.3 0.9 4.7 8.5 8.7 1.8 — 0.4 — — — 2.7 0.7
Lungs 7.7 8.0 3.4 0.3 19.2 9.3 11.8 12.7 3.7 6.7 1.7 — — — 2.7 2.9
Heart 4.3 17.2 17.1 8.6 4.5 8.0 12.2 7.8 6.4 55 8.5 — — — 3.2 —
Spleen 10.8 12.5 23.0 12.1 2.5 8.6 6.4 2.5 6.5 10.0 3.8 — — — — 2.1
Liver 15 2.8 2.0 — 1.2 1.1 2.7 1.5 1.5 — 1.2 — — — 1.3 1.6
Kidneys 5.5 5.8 12.7 6.7 2.2 6.0 8.5 33.8 2.9 1.4 6.3 — — — 5.1 5.0
Skeletal muscle 2.1 7.0 3.0 1.8 4.7 9.0 5.7 8.1 11 2.3 15 — — — 1.8 0.3



EFFECT OF ALCOHOL ON THE CORTICOSTEROID FRACTIONS

The method has a range of error of about £m 10 to 15%. The method used for extraction
in this study proved to have an efficiency of about 60 to 70% thus, approximately 30 to 40%
of the total corticosteroids present in the tissues had escaped detection. Accordingly, the ex-
tracts analysed by the above chromatographic method, contained only about 60 to 70% of
the corticosteroids present in the tissues and organs.

Results

Table | summarizes the corticosteroid fractions present in the tissue
extracts of control rats not receiving alcohol; all values were computed for
100 g of wet tissue weight. The results were expressed in micrograms, deter-
mined on basis of the tétrazolium blue and NaOH reactions. In all the 5 con-
trol groups the adrenals contained 5 fractions of corticosteroids: tetrahydro-

TOTAL STEROID

hour

corticosterone (Rf 0.58), tetrahydro-17-hydroxy-ll-desoxycorticosterone?
(Rf = 0.69), dihydrocortisone? (Rf 0.72), corticosterone (Rf 0.80), and
Il-deoxy-17-hydroxy-corticosterone ? (Rf = 0.87). Tetrahydrocortisol (Rf

0.13) could be detected in a single. Tt is remarkable that compounds having
Rf values of 0.10, 0.18, 0.29, 0.42, and 0.47 should not have been detected in
the adrenal tissue extracts, although these compounds were present in some
of the other organs analysed in this study. It should be stressed that the com-
pounds with Rf values of 0.58, 0.69, 0.80 and 0.87, were invariably present in
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Fig- 2

Fig. 3

the adrenals and all other organs and tissues, while those with an Rf of 0.72,
only in the adrenals. The values obtained for the corticosteroid content of
different organs and tissues of the control rats were in agreement with the data
obtained by us in previous studies [53, 54].

Table Il shows the corticosteroid fractions of the tissues and organs of
the control rats, arranged according to the hormone content of the various

Acta Morphologica Academiae Scientit Hungaricae 16, 1968



‘9T eeouebunH wnienualog Jelwapedy uaibojoydion epl-

4961

Rf

0.10
0.13
0.18
0.29

0.47
0.58

0.72
0.80
0.87

Compound

Xj = hexahydrocortisone?

X2 = tetrahydrocortisol?

X3 = tetrahydrocortisone?

cortisol

Xj aldosterone?

cortisone

X 5= tetrahydrocorticoste-
rone

Xfi= tetrahydroxy-17-hyd-
roxy 1l-desoxycortico-
sterone

X. = dihydrocortisone?

corticosterone

1l-desoxy-17-hydroxycorti-
costerone

Total steroid content

Adrenal

2714+ 71

226.1 ->-137.4

304.5+214.9
543.2 —91.3

Heart

1.0+ 0.2

6.7+2.3

2%

1541.6 + 307.7 10.9+7.4

522.2 + 265.3
3409.0

6.5+5-2
36.0

Table

Corticosteroid fractions in the order of Rf values and total steroid content of control male rats

Kidney

Total corticosteroid content

Spleen

6.7+3.5

6.7+4.4

6.3+5

56+1.3
26.3

Brain

3.9-0.7

No

188

8.6+5

4.9+2.5
22.3

Lung

0.4+0.1

2.7+ 22

4.5 ->-36
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17.0
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Table IV

Total corticosteroid content in fig per 100 g in the tissues of control rats and rats 1—10 hours

SIg,?ild Total steroid content in /xg per 100 g in alcohol
content of
Organ con}rol
F)%trsl % Ih 2h 3h 4h
Adrenals 3409.0 2486.6 5206.7 5671.7 1898.8
Heart 36.0 20.9 53.7 57.2 8.6
Liver 32.6 14.5 14.7 33.3 31.9
Spleen 26.3 36.2 39.3 49.8 28.2
Brain 22.3 12.9 8.5 21.2 19.6
Lungs 17.4 26.0 18.7 17.1 0.3
Liver 16.4 9.6 5.1 7.3 6.4
Skeletal muscle 12.0 10.5 16.2 7.5 4.4
Total steroid content of organs
without adrenals 163.0 130.6 156.2 193.4 99.4
in per cent 100 80.1 95.8 118.6 60.9
Change in /zg per 100 g 0 19.9 4.2 18.6 -39.1
Fotal steroid content of organs in-
cluding the adrenals/ig per 100 g 3572.0 2548.9 5362.9 5865.1 1998.2
in per cent 100 71.3 150.1 164.1 55.9
Change in /rg per 100 g 0 - 28.7 + 50.1 + 64.1 44.1

organs. The total corticosteroid content of the different organs of the rat is
also shown.

Table 11l summarizes the changes observed in response to 0.8 g/100 ¢
body weight of 20% alcohol in the corticosteroid content of the various tissues
and organs, as checked at different points of time between 1 and 10 hours after
alcohol administration.

Table 1V shows the total corticosteroid content of the different tissues
and organs of the rats receiving 0.8 g/100 g of alcohol subcutaneously, as com-
pared to parallel values obtained in the control groups. The time course of the
changes occurring in response to alcohol was as follows. Total corticosteroid
content of all the organs and tissues attained 163.0 pg/lOO g in the control
animals, which in the first hour after alcohol administration was reduced to
an average of 130.6 fig. This was followed by an increase to 156.2 fig and 193.4
fig after 2 and 3 hours, respectively, thus, the maximum rise was obtained 3
hours after alcohol treatment, and the increment attained 30.0 /ig/100 g,
18.4% of the initial value. Four hours after the administration of alcohol,
however, total corticosteroid content diminished to an average of 99.4 fig/100 g,
then to 64.7 fig and 46.7 fig after 5 and 6 hours, respectively. The greatest
reduction was, thus, observed 6 hours after the injection of alcohol, and it
attained 116.3 //g, i.e. 71.3% of the control value. Eight hours after alcohol
administration an average of 105.9 /tg/100 g was recorded, while after 10 hours,
136.9 /ig/100 g. This latter value was still less by 23.4 pg/100 g (14.3%) than
the initial value.
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after the injection of 0.8 g/MO g aelhylalcohol

. Maximal change in total steroid content
treated rats. Hours after the giving of alcohol

Inereas Decrease
sh 6» 8h 10h pg per 100 g per cent jig per 100 g per cent
510.4 482.7 3365.4 3181.7 2262.7 : 66.3 2927.0 85.8
12.6 8.0 26.7 12.5 +21.2 58.8 28.0 77.7
11.3 6.0 24.5 48.5 + 15.9 + 48.7 26.6 81.5
2.5 8.6 6.4 19.5 + 235 89.3 23.8 90.4
4.0 4.7 15.3 17.0 - 18.3 82.0
24.3 9.3 19.3 23.5 + 8.6 49.3 17.1 98.2
2.5 1.1 4.0 45 - 15.3 92.0
75 9.0 9.7 14.1 + 4.2 35.0 7.6 63.3
64.7 46.7 105.9 139.6 + 30.0 : 18.4 116.3 71.13
39.6 28.6 64.9 85.6
60.4 71.4 35.1 14.4
575.1 529.4 3471.3 3321.3 2293.1 + 64.1 3042.6 85.1
16.1 14.8 97.1 92.9
23.9 85.2 2.9 7.1
Discussion
Asshown in Table Il, in the untreated control rats the adrenals invariably

contained 5 corticosteroid fractions, while 1 fraction was found only occa-
sionally. The skeletal muscle of these animals contained 10 fractions, while the
liver 9 fractions, the kidneys 6 fractions, the heart, spleen, and lungs 5 fractions
each, and the brain 4 fractions. Thus, skeletal muscle and the liver contain the
greatest number of corticosteroid fractions.

The total amount of steroids as computed for unit of tissue weight was
highest in the adrenals, then in the heart (36.0 pg/100 g), the kidneys (32.6
pg/100 g), while smaller quantities were found in the spleen (26.3 pg/100 g),
brain (22.3 pg/I()0 g), lungs (17.0 pg/100 g), liver (16.4 pg/100 g), and the least
in the skeletal muscle (12.0 pg/100 g).

The high corticosteroid content of cardiac muscle might in some way be
related to the high activity of the heart, while the high steroid level found in
the kidneys to the excretory function of this organ. The low steroid content
of the liver is in all probability a consequence of the high rate of steroid de-
struction in this organ, and this might he responsible for the presence of
these corticosteroid fractions. Skeletal muscle contained 10 corticosteroid frac-
tions hut the total steroid content per unit of tissue weight was the lowest
(12.0 /ig/100 g), a finding difficult to explain. Considering, however, that the
total steroid concentration in skeletal muscle amounted to one third of that
in cardiac muscle, the lower steroid content of skeletal muscle may he related
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to its lower activity level as compared to heart muscle. Further investigations
are required to check this assumption.

The fact that the liver and the skeletal muscle contained 5 corticosteroid
fractions, the kidneys 2, and the heart, spleen, and lungs 1, which were not
present in adrenal tissue extracts can he ascribed to the conversion of adrenal
steroids in these organs, while the presence here of other corticosteroid com-
pounds (cortisol, cortisone, aldosterone?) indicates that steroid hormones are
elaborated in organs other than the adrenals, too. This assumption needs fur-
ther confirmation.

The data in Table Il are in accord with results obtained in previous
studies [53, 54].

Table 1V indicates that 1 hour after the administration of alcohol the
total corticosteroid level was reduced in the adrenals, heart, kidneys, brain,
liver, and skeletal muscle, and elevated in the spleen and lungs. In view of
our earlier finding according to which alcohol causes a rise of the plasma cor-
ticosteroid level, it seems reasonable to assume that the observed reduction of
the total steroid content of the adrenals and other organs in response to alco-
hol was due to a release of these compounds into the blood, leading to a deple-
tion of the tissue stores. Two and 3 hours after the administration of alcohol,
the total steroid content of the various tissue extracts exhibited a substantial
rise which could be accounted for by the increased adrenocortical activity.
This is in agreement with the observation that blood steroid levels undergo a
further increase during this period [55, 56], allowing an augmented accumu-
lation of these compounds in the various tissues. The total corticosteroid con-
tent of most of the organs exhibited a substantial reduction 4, 5, and 6 hours
after the injection of alcohol; this might have been the result of diminished
adrenal activity, as indicated by a previous study where corticosteroids had
been detected in blood plasma and adrenal tissue [55, 56, 63, 64, 65].

It is evident, that the diminution of adrenocortical activity 4 to 6 hours
after the administration of alcohol and the consequent reduction of the total
corticosteroid content of the various tissues are not without effect on the func-
tion of these organs and the whole organism. Thus, for example, the cardiac
muscle contained only 77.7% of the corticosteroids found in the normal rats
6 hours after the administration of alcohol; as already mentioned, after the
adrenals the heart muscle contained the largest amount of corticosteroids
per unit of tissue weight. This observation may bear some practical importance.
It has been shown previously [36, 37] that 121 of a total of 137 patients (88%),
who had died of acute cardiac failure, had some alcohol in their blood. This
observation calls for a study in this direction of the mechanism of acute car-
diac death.

The total corticosteroid content of the brain after the administration of
alcohol showed parallel changes with that of the adrenal ¢1anas; the values
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were always below the control level. The diminution in response to alcohol
might he related to the diminished functional capacity of the central nervous
system and the loss of consciousness during alcohol intoxication. The reduction
in total corticosteroid content was substantial: 1 hour after the administra-
tion of alcohol it was reduced by 42.2% (from 23.3 to 12.9 fig per 100 g),
after 2 hours by 61.8% (to 8.5 fig per 100 g). Although there was a subsequent
rise in the course of the 3rd and 4th hours, despite the considerable increase
in adrenocortical activity during this period, the values still remained far below
normal values, and at 5 to 6 hours a further diminution to 4.0 and 4.7 fig/100 ¢
occurred, i.e. an 82% decrease as compared to the control values, and 8 to 10
hours after the administration of alcohol, the values were still depressed.

The progressive diminution of the total steroid content of the liver, which
amounted to 92% at 6 hours, and the reduced values observed during the 2nd
and 3rd hours when adrenocortical activity was transiently elevated, were
probably due to the augmented metabolism of steroids in response to alcohol.
The reduction of total steroid content after alcohol seems to be inconsistent
with the observations of Kanai [74] and earlier results from this laboratory
[49, 50], according to which the administration of alcohol, similarly to glu-
cocorticoids [75], was increasing the glycogen stores of the liver. The reducing
effect of alcohol on the total hepatic steroid content and the augmenting effect
of alcohol and corticosteroids on its total glycogen, point to an eventual corre-
lation between the enhanced destruction of corticosteroids and the formation
of glycogen. On basis ofthe present as well as previous results it seems reason-
able to assume that this holds true also for the skeletal muscle, on alcohol
administration a similar diminution of the total corticosteroid level was asso-
ciated with an increase in glycogen content, with the difference that in the
2nd and 10th hours there was a 35 and 12.5% increase of total steroid concen-
tration, respectively, all remaining values being considerably depressed; the
maximum reduction, observed at 4 hours, amounted to 63.3%.

A satisfactory explanation for the increased corticosteroid content of
splenic extracts 1, 2, 3, and 4 hours after the administration of alcohol (with
a maximum increase of 89.3% in the 3rd hour) could not he obtained in this
study. A considerable reduction, similar to that observed in other organs,
followed this initial rise which was maximal (90.4%) in the 5th hour, hut even
10 hours after the injection of alcohol the values were 25.8% belowrthe control
level.

The lungs contained significantly more corticosteroid at 1, 5 and 10
hours than the controls did, although both in the 1st and 5th hour the adrenal
hormone content was substantially depressed, indicating a reduced activity
of the gland. In contrast, 4 hours after the administration of alcohol, a reduc-
tion was observed in the total corticosteroid level of the lungs which was the
greatest of all the organs tested, amounting to 98.2%. During the 2nd and 3rd
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hours when adrenal activity was maximal, the lungs contained corticosteroids
in amounts which were not significantly different from the control values.
A satisfactory explanation for this observation is lacking. The mechanisms
underlying the above changes and their eventual consequences are beyond
the scope of this paper, and the data obtained are insufficient for such conclu-
sions to be drawn. It should first be established whether the observed changes
in the corticosteroid fractions are specific to alcohol, or other stressor agents
are likewise capable of eliciting alterations in the steroid content of various
organs, eventually alterations of different character. It would be important to
determine whether the repeated administration of alcohol, or prolonged stress
effects would cause a change in the corticosteroid fractions of the tissues and
organs, particularly the adrenals, and whether there is any difference in the
responses given to the various stressor impacts. These and other questions
can be answered, of course, only on the basis of further investigations.

It has been established by stevens et al. [78] and Conn et al. [3] that
delta-4,3-ketosteroids are conjugated with glucuronic acid on the A ring in the
liver of mice. They also showed that liver and kidney extracts are capable of
binding corticosterone in increased amounts as compared to other organs.
As the rat adrenal produces corticosterone in the highest amount of all the
steroid hormones, this compound may be bound in the various organs as a
glucuronide ester, is accumulated in the cells in this form, and liberated from
this bond in response to stressor stimuli such as alcohol. Compatible with this
assumption is our previous observation [61, 62] that both intact and adrcnal-
ectomized rats exhibit increased serum beta-glucuronidase activity after the
administration of alcohol. It is possible that the organism, by increasing plas-
ma beta glucuronidase activity enhances the liberation by specific hydrolysis
of glucuronic acid-bound steroid stores. The corticosteroids thus liberated enter
the blood stream together with free glucuronic acid. This latter forms with
alcohol a glucuronide, thereby reducing its toxicity, while the free steroids
enhance the metabolization of alcohol partly by increasing the activity of
alcohol dehydrogenase in the liver [43—52, 55, 57, 58, 65] and augmenting
catalase activity in blood [70—73].
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WIRKUNG DES ALKOHOLS AUF DIE CORTICOSTEROIDFRAKTIONEN
IN RATTENGEWEBE-EXTRAKTEN

I. GY. FAZEKAS und A. T. FAZEKAS

Die Wirkung von subkutan injiziertem Alkohol auf die Steroidfraktionen wurde in ver-
schiedenen Rattengewebe-Extrakten untersucht. Die Steroidfraktionen wurden nach chro-
matographischer Trennung in alkalischer Tetrasoliumblau-L&sung entwickelt und quantitativ
bestimmt. Der Gesamtcorticoidgehalt nahm in der ersten Stunde nach der Alkoholverabrei-
chung in allen Geweben ab, 2 bis 3 Stunden danach erfolgte ein Anstieg und 5 bis 6 Stunden spé-
ter eine ausgeprédgte Abnahme. In deneinzelnen Organen war die Zahl der Steroidfraktionen
unterschiedlich, in der Leber wurden 9 und in den Skelettmuskeln 10 Fraktionen gefunden.
Bezogen auf das Einheitsgewicht der Gewebe war der Steroidgehabt in den Nebennieren, im
Herzen und in den Nieren am hdchsten. Die nach Alkoholverabreichung beobachteten Verédn-
derungen des Gesamtsteroidgehalts werden der verdanderten Nebennierenaktivitat zugeschrie-
ben. Die moglichen Ursachen des unterschiedlichen Steroidgehalts in den verschiedenen Orga-
nen nach Alkoholgaben und die Mechanismen der Alkoholwirkung auf den Steroidmetabolis-
mus werden besprochen.
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JENCTBME AZIKOIONA HA OPAKLNN KOPTUKOCTEPOMAOB B BbITAKKAX
TKAHEN KPbICbI

N. 4. PASEKALL n A T. DASEKALL

ABTOpbI VCCMENOBA/IN [ACTBUE MOAKOKHO BBEAEHHOMO a/iKoronist Ha (pakumm KopTu-
KOCTEPOMOB B BbITSDKKAX Pa3/INUHbIX TKaHeli Kpbicbl [POBOAMIOCH TaKKe KauecTBEHHOE
onpe/esnieHne oTaeNbHBIX PPaKUMiA. o CpaBHEHMIO C BeNMUMHAMM  KOHTPOJIEH B MepBbiid uyac
rocne BBeEHUS a/IKOrosis BO BCEX TKaHSIX Hab/tofasiocb MOHWKEHME OOLLEro COAepsKaHWs
KOPTUKOCTEPOMAOB. M0 MCTeYeHMM 2 1 3 YacoB C/IEAOBa/I0 MOBbILLEHME M Yepe3 AasibHelilme
5 1 6 YacOB — OMsITb BbIPAXXEHHOE TMOHVDKEHME. YMCNO KOPTUKOCTEPOUAHBLIX (PPaKLiA B OT-
JeNbHbIX OpraHax 6bIo Pa3/IMUHBLIM, HAVBLICLLES UMC/I0 6bIT0 BbISB/IEHO B MeYeH E)) W B CKeSIeT-
HolA MbiLLLe (10). B nepeBofe Ha eaMHILY Beca TKaHei KOMMUeCTBO CTEPOMIOB 0Ka3asioCh BbILLE
BCEro B HaAMouYeYHMKaX, B CEpALE W B MouKax. VI13MeHeHMs 06LLIEr0 KONMUECTBA KOPTUKOCTEPOU-
0B, Hab/oaeMble Mocsie BBEAEHUS aIKOro/s, NMPUMMCLIBAKITCS M3MEHEHSIM aKTVUBHOCTY HaAro-
UEYHVIKOB.

Rr. 1. Gyula #azexas bzeged, Kossuth La'éos sugarat 40, Fungary
Dr. A. Tibor Fazexas 1 i e 6 J
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RENAL VASCULAR CHANGES IN CHRONIC RENAL
INSUFFICIENCY

P. Gomori, I. Munkacsi, E. Szalay, l. Varga and B. Zotnai
(Received October 5, 1967)

The kidney of 38 patients who had died of chronic uraemia has been injected
with polyvinyl chloride dissolved in a mixture of cyclohexanol and acetone, and corrod-
ed in hydrochloric acid. In the preparations spindle formation on the vessels, micro-
aneurysms in the arterioles, strictures, mostly at the origin of the arteries, complete
arterial obliteration, appearance of spiral and tortuous vessels were observed. There
was extensive glomerular destruction, while the afferent and efferent arterioles became
recanalized at the vascular pole of the disintegrating glomeruli, a process that led to the
formation of aglomerular vessels. The latter were able to ensure tubular blood supply
and to maintain tubular activity after the destruction of glomeruli. In addition to these
phenomena, recapillarization was observed. It is suggested that grave vascular changes
accompanying chronic renal failure are due to hypertension; therefore, drug treatment
of renal hypertension is recommended. A correlation was revealed between the gravity
of renal vascular changes and the gravity of changes in the eyeground.

Examinations of corrosion preparations of the kidney of seven patients
as also the results of related animal experiments were described in previous
communications [2, 3]. The kidneys of five patients who had died of chronic
glomerulonephritis were found to have undergone characteristic changes
such as extensive destruction of the glomeruli followed by recanalization of
the afferent and the efferent arterioles with the formation of aglomerular
vessels at the site of the degenerating glomeruli, which ensured tubular blood
supply after glomerular destruction. No such changes were observed in two
patients who had succumbed to subacute glomerulonephritic uraemia.

Corrosion preparations made post mortem from the kidneys of 47 patients
have been examined in the present study.

Material and method

38 of the 47 patients died of chronic uraemia, while 9 had been suffering from essential
hypertension or a nephropathy which did not result in uraemia so that they died of some other
disease such as heart failure or apoplexy.

Corrosion preparations were made according to the method of Munkacsi [6], with
Zolnai’s modification [10] in some cases. INPiN of patients who had died of uraemia usually
exceeded 100 to 120 mg per 100 ml, while creatinine clearance amounted to, or was less than,
10 to 12 ml/min. All patients were isosthenuric, and the clinical manifestations were those of
chronic uraemia. Both kidneys were removed after death; one for corrosion, the other for his-
tological study. The present paper deals only with cases in which the clinical diagnosis agreed
with the histological diagnosis. Diagnosis of chronic pyelonephritis was based on the histolog-
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ical criteria described by Kimmelstiel [4]. Polyvinyl chloride dissolved in a mixture of
cyclohexanol and acetone was injected into the renal artery according to Munkécsi’s tech-
nique [6]; the kidney was corroded inconcentrated hydrochloric acid, and the preparation exam-
ined under a stereomicroscope. The following diseases were diagnozed in 38 patients who had
died of uraemia: 14 cases of chronic glomerulonephritis, 5 cases of subacute glomerulonephri-
tis, 7 cases of chronic pyelonephritis, 2 cases of Kimmelstiel-Wilson’s syndrome, 2 cases of
renal scleroderma, 3 cases of malignant hypertension, 4 cases of amyloidosis, one case of essen-
tial hypertension combined with secondary renal failure. In addition, 9 patients were examined
who had no chronic renal failure: five had essential hypertension or arteriosclerosis, two had
renal scleroderma and two had lupus erythematodes. The cause of death in these cases was
apoplexy or cardiac failure.

Results

Corrosion preparations showed the following differences between nor-
mal (Figs 1, 8) and diseased kidneys.

(1) Spindle-like vessels. The lumen of major vessels, e.g. the interlobar
and interlobular arteries, the arciform arteries, showed spindle-like dilatations
and strictures. The latter were no local myogenic constrictions but consisted
in an initial dilatation and gradual narrowing of the vessels so that the lumen
showed an uneven surface (Fig. 2).

(2) Microaneurysms. Encountered chiefly in the arterioles (interlob-
ular and afferent), these presumably represented a later stage of the spindle-
like change. In these microaneurysms the lumen was uneven and displayed
superposed, irregularly arranged dilatations and constrictions. The vessels
had ceased to have a uniform lumen as also the tendency to narrow towards
the periphery; they usually ended with an abrupt obliteration (“stop”) or con-
tinued suddenly as thin structures of spiral or tortuous course (Fig. 3).

(3) Strictures, obliterations, “stops”. Usually in combination with spindle-
like or microaneurysmal vessels, a constriction was visible at the origin of
the arteries, although it sometimes occurred at a greater distance as well.
Obliterations of this kind completely occluded some minor vessels, suddenly
forming “stops”. Their end portion was always rounded (Figs 4, 5).

(4) Spiral and tortuous vessels. These occurred in cortex and medulla
alike. They dominated the picture in cases of renal cirrhosis whatever its origin.
The development of such vessels is presumably due to parenchymal contrac-
tion, a phenomenon well known from histological preparations. It may be pro-
duced experimentally by ligation of the renal artery and is known to occur
under physiological conditions in the renal pelvis, the ureter and the uterus,
while it has not been observed in the renal parenchyma under normal condi-
tions. The vasa recta, too, took a spiral form (Fig. 6).

(5) Glomerular degeneration and aglomerular vascularization. The delicate
intraglomerular loops were destroyed, while the part around the vascular
pole persisted. The afferent vessel formed a microaneurysm at the pole so that
the vestigial glomerulus showed a chicken-leg ramification. With advancing
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Fig. 1. Vascular cast from normal kidney showing; interlobular artery and glomeruli.
PVC corrosion preparation. 100 X

Fig. 2. Spindle-form interlobular artery and degenerated glomeruli. PVC corrosion prepara-
tion. 120 X . a spindle-form artery
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Fig. 3. Afferent arteriole showing microaneurysms, and degenerated glomerulus.
PVC corrosion preparation. 300 x

Fig. 4. Marrowing and vascular “stop”. PYC corrosion preparation. 300 x

a narrowing at the origin of vas rectum
h -=incomplete filling of afferent arterioles

degeneration, the afferent vessel became increasingly narrow, then disappeared,
so that the glomerulus ceased to fill and the vessel ended in a “stop”. If vas-
cular degeneration was restricted to the glomerular capillaries, the afferent
vessel communicated with the efferent one at the vascular pole which led to
the formation of aglomerular vessels. These developed at an early stage, dur-
ing capillary destruction. In a previous paper we have described aglomerular
vessels which had developed in rabbits with chronic Masugi nephritis, whereas
no such vessels were found in the case of acute Masugi nephritis (Figs 7, 8,
9a, 9b).
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Fig. 5. Narrowing at the origin of interlobular artery. PVC corrosion preparation. 120
a narrowing

Fig. 6. Spiral interlobular artery, with de- Fig. 7. Aglomerular arteries at the basal part
generated and hypertrophied glomeruli. PVC of an interlobular artery; note glomeruli in its
corrosion preparation. 300 Xx peripheral portion. PVC corrosion prepara-

tion. 120 X

(6) Glomeruli of various sizes. Hypertrophic and small degenerated glo-
meruli were found side by side right from the initial phase of glomerular de-
generation.

(7) Capillarization. New capillaries may form in chronic renal failure.
While the glomerular capillaries are degenerating, the afferent arteriole may
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Fig. 8. Normal vascular pole of glomerulus. PYC corrosion preparation. 220

a — afferent arteriole,

Fig. 9/a. Afferent-efferent communication at
vascular pole of degenerated glomerulus. PVC
corrosion preparation. 200 X. a vas affe-

rens. b = afferent-efferent communication,
¢ — vas efferens
Acta Morphologien Academiae Sciential Hungaricae

b efferent arteriole

Fig. 9/b. Afferent-efferent communication at
vascular pole of degenerated glomerulus. PVC
corrosion preparation. 200 X, a - vas affe-

rens, b = vas efferens, c¢c = afferent-efferent
communication, d = degenerated glomerulus
16, 1968
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Fig. 10/a. Gapillarization of afferent arteriole. PVC corrosion preparation. 120 x.
a capillaries of afferent arteriole

Fig. 70/6. Capillarization of interlobular arteries. PVC corrosion preparation. 220
a = capillaries, 6 interlobular artery
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emit at the vascular pole or at the side of the interlobular vessels new capil-
laries which anastomose extraglomerularly with the postglomerular capillaries
(Figs 10a, 10b).

Discussion

The joint occurrence of the above changes was found almost exclusively
in patients who had died of chronic uraemia due to chronic glomerulonephri-
tis (14 cases). Although patients suffering from subacute glomerulonephritis
had died likewise of uraemia, it was only in a single such case that the describ-
ed changes were observed; this patient survived, however, a whole year after
the onset of the disease. The said anomalies are to be found also in cases of
chronic pyelonephritis but not as regularly as in chronic glomerulonephritis,
a phenomenon possibly due to the fact that it is in the interstices that the
pathological process takes place. Ljungquist (5] observed numerous aglo-
merular vessels in cases of pyelonephritis. As regards the material of this
study, one of the hypertensive patients who had had secondary renal failure
and three patients with malignant hypertension who had died of chronic ur-
aemia, likewise displayed all the changes described above. Aglomerular vascu-
larization has moreover been described also in hypertension without renal
insufficiency [8]. It occurs also in the kidney of aged persons likewise with-
out renal insufficiency. While no aglomerular vascularization was observed in
patients with Kimmelstiel-W ilson’s syndrome, their kidney contained a great
number of disintegrating juxtamedullary glomeruli which would probably have
disappeared owing to recanalization. A case of renal scleroderma has already
been reported from this department by Urai et al. (9]. Another patient with
scleroderma who was admitted subsequently and who died of chronic uraemia,
exhibited the same changes as those accompanying chronic glomerulonephritis.
We had two patients who were suffering from scleroderma, whereas their urine
showed no pathological signs, their renal function was normal, and it was
some other disease to which they succumbed. Corrosion preparations of their
kidney showed numerous aglomerular vessels and a recanalization of the affer-
ent and the efferent vessels, although neither of them had renal failure. These
two cases were similar to those of hypertensive or senile patients in whom
the number of aglomerular vessels is increased without chronic renal failure.
The cause of this phenomenon is obscure, but it shows that not only essential
hypertension or old age but also scleroderma is able to increase the number of
aglomerular vessels without renal failure. We found numerous destroyed glo-
meruli and recanalized aglomerular vessels in two patients with lupuserythemato-
des who had died of uraemia, although changes of this kind are considerably
less frequent in such cases than in chronic glomerulonephritis. Four patients
suffering from amyloidosis exhibited likewise extensive glomerular destruction
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and aglomerular vascularization; as in chronic glomerulonephritis, the une-
ven filling of vessels, their constriction and deformation were observed in
these cases as well. No difference between primary and secondary amyloidosis
was revealed. Aglomerular vascularization in essential hypertension without
renal failure, as described by Trueta et al. [8], occurred also in the present
material.

The present experiments have shown that renal vessels suffer significant
structural changes in chronic renal failure. Aglomerular vascularization, ob-
servable in aged and hypertensive persons even without renal insufficiency, is
not without pathological significance. Formation of aglomerular vessels, re-
canalization of the afferent and efferent arterioles following glomerular de-
struction evidently ensure tubular blood supply. This is probably the reason
why, in contrast to acute renal failure, there is no tubular necrosis in chronic
renal insufficiency, and it is presumably for this reason that, after the impair-
ment of glomerular activity, the tubules are able to reabsorb and to excrete
certain substances such as carbamide, creatinine or phosphate [1]. Another
observation of clinical interest wvvas that with recapillarization the renal
vessels underwent grave structural changes such as the formation of spindle
microaneurysms, and, still more important obliteration of minor vessels.
It is obvious that the destruction of minor vessels leads, in itself, to a
further glomerular degeneration independently of the primary disease. Hy-
pertension, a concomitant of glomerulonephritis, is the presumable cause of
these structural changes. In the present material no correlation was found
between the duration of hypertension and the changes in the renal vessels,
and it was the more surprising that a marked positive correlation occurred
between the gravity of vascular lesions and the gravity of the eyeground find-
ing.

Considering that, in general, pathological changes in the fundus indicate
a grave prognosis of hypertension, the present results may be construed as a
warning that blood pressure should be controlled in renal hypertension in the
same manner as it is done in essential hypertension, and this the more so as
lesions of the renal vessels appeared to be extremely grave in all cases where
haemorrhage, retinitis, or oedema were found in the eyeground. It is possible
that, as in the eyeground, hypotensive treatment may retard the process in
the renal vessels as well.
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VERANDERUNGEN DER NIERENGEFASSE BEI CHRONISCHER NIEREN-
INSUFFIZIENZ

P. GOMORI, I. MUNKACSI, E. SZALAY, I. VARGA und /1. ZOLNAI

An den Nieren von 40 an chronischer Urdmie verstorbenen Kranken wurden mittels
in Aceton und Cyclohexan geléstem Polyvinylchlorid Korrosionsuntersuchungen vorgenommen.
An den Korrosionspraparaten wurden folgende Verdnderungen nachgewiesen: spindelférmige
GefaBentartung, Entstehung von Mikroaneurismen an den Arteriolen, Verengerungen, zu-
meist an der Ursprungsstelle der Arterien, véllige Obliteration der Arterien, spirale und ge-
wundene Gefale, und eine bedeutende Destruktion der Glomeruli. An den Gefalpolen der zer-
storten Glomeruli lieB sich jedoch die Rekanalisation der Vas afferens und efferens beobachten,
das zur Bildung von aglomeruldren GefaRen gefiuhrt hat. Diese aglomeruldren GefédRe hatten
die Blutversorgung der Kandlchen auch nach der Zerstérung der Glomeruli und damit auch
die Tubuldrfunktion gesichert. Neben den obigen Verdnderungen war eine Neubildung der
KapillargefdRe zu sehen. Die Ansicht wird vertreten, daB fir die bei chronischer Nieren-
insuffizienz auftretenden schweren GefdBverdnderungen die Hypertonie verantwortlich ist,
und daR es unerlaBlich sei, die renale Hypertonie medikamentds zu behandeln. Die Schwere
der Verédnderungen der NierengefdRe steht mit dem AusmaB der Verdnderungen des Augen-
grundes in Korrelation.

M3MEHEHMA COCYAOB MOYEK MPU XPOHWYECKOW MOYEYHOW
HEOOCTATOUHOCTU

Mn. TEMEPU, U MYHKAUU, E. CAIAN, N BAPTA u B. 30/THAN

Ha noukax 40 60/bHbIX, YMEPLLIVX BCMEACTBUE XPOHWMUECKOM YpeMuu, GbInn NpoBeaeHb
KOPPO3VOHHbIE UCCIEA0BAHISI C MOMOLLIHO MOSMBUHIXIIOPUAA, PACCTBOPEHHOO B CMECH aLeToHa
W UMIKIOreKcaHoHa. Ha Koppo3unoHHbLIX MperapaTtax 6biii 06Hapy»KeHb| CeytoLLye M3MeHEHMST:
BepeTEHHOOOPA3HOE MepPepOXKaeHe COCY0B, Ha apTePVONax PasBUTHE MUKPOAHEBPU3MA, CYXKEHMS,
B GO/bLUMHCTBE C/lyYaeB B MeCTe OTXOAa apTepuid, MosHasi oGMTepaums apTepuid, MosiBMeHve
CrVpaneBUAHBIX U M3BUIMCTBLIX COCyAO0B. KOppo3vioHHbIe MperapaTbl MOKa3asu 3HAUMTEbHOe
pa?gJymeHme K/y6O4KOB, OfIHAKO, B MecTe COCyda MCTOro MOMtoca PaspyLLEHHbLIX KITy604KOB
Hab/itofaeTcs peKaHam3aLusl adpepeHTHbIX 1 30ePeHTHBIX COCYI0B, UTO MPMBOAUT K otig(;)aso-
BaHWII0 arfiomMepy/sipHbIX COCYI0B. 3T arfioMepy/isipHbIe Cocybl 1 Moc/e paspyLLeHUs KybouKa
06eCreuMBaloT KPOBOCHAMKEHME KaHa/TbLEB U MX (yHKLMIO. KpoMe BbILLEYKA3aHHbIX M3MVe-
HEHWIA HabMIJANIoCh TaKkkKe HOBOOOPAa30BaHYIE KanWNIAPHBIX COCY/0B. 10 MHEHMIO aBTOpOB
OTBETCTBEHHOM 3a TSHKe/Sble M3MEHeHUs! COCY/OB, HaG/MIOAaEMbIe MPU XPOHMYECKON HeaocTaTou-
HOCTW MOYeEK, M0 BeeVi BEPOSITHOCTM C/IeAyeT CUMTATb MMMEPTOHMIO, W MOSTOMY HEMPEMEHHO HY)XXHO
NPOBOAWTL MeAMKAMEHTO3HOE fleueHVe PeHarbHol rnepToHuK. CTereHb TSHKECTU V3MEHEHWIA,
0bOHapPY>KMBaeMbIX Ha MOYeUHbIX COCYAAX, HAXOAWUTCS B KOPPESALMM C BbIPaXKEHHOCTLIO M3Me-
HEHWSI TNla3Horo aHa.

Dr. P&l Gomori

Dr. Istvdn Munkacsi

Dr. Elemér Szalay Budapest VIII., Szentkiralyi u. 46, Hungary
Dr. Istvdn Varga

Dr. Balazs Zolnai
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Section of Pathology (Head: A. Kalle¢), Janos Hospital, Budapest

BRONCHIOLAR EMPHYSEMA AND RELATED
DISEASES*

A. Kallo

Author reviewed the literature on bronchiolar emphysema. On the basis of these
data and his own experiences he stressed the significance of both dysplasia and inflam-
mation in the pathogenesis of such diseases as muscular cirrhosis, leiomyosis, fibro-
cystosis, bronchiolectasis and multiple vascular lesions of the lung.

The first report to deal with the condition termed bronchiolar emphy-
sema was that of Siebert and Fisher from 1957 [15], although the term it-
self was coined by Loeschke [13]. Comprehensive surveys of the pertinent
studies have been presented in several papers [1, 2, 4, 7, 9, 10, 14].

Although bronchiolar emphysema is mostly found in aged persons, it
has also been observed in children, and even congenital and foetal cases have

been mentioned [3, 16].

Morphology

The postmortem findings are most characteristic provided bronchiolar
emphysema is not associated with some other disease.

The lungs are heavy and enlarged; their nodular surface resembles that
of the cirrhotic liver (Fig. 1). The nodules are normally hobnailsized and soft
as if they would contain air or some fluid. The lungs are rubber-like and small
nodes can be palpated in them.

The cut surface of the lungs shows cysts of variable extension, density
and size which make it appear cystic if the pores are large, and honeycomb-
like if they are small (Fig. 2). The pores may be so minute as to be perceptible
only if inspected under the microscope.

Connective tissue proliferation can be seen around the holes (pericystic
fibrosis); this is why the condition is sometimes termed fibrocystic lung.
Interstitial haemorrhages may complicate the picture. Inflammatory signs

*This work is dedicated to Professor Joseph Balé on the occasion of having completed
five decades in the service of science.
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Fig. 1. Nodular surface of cirrhotic lung

may be observable; it depends on whether the changes outlined in the forego-
ing are accompanied by secondary inflammation in the unaffected portions
of the lung or in the dilated portions themselves, and if so, on the extent of
the inflammatory process.

Most authors emphasize the bilateral and diffuse character of the disease,
whereas our own observations have not proved either of these phenomena to
be necessary concomitants of the condition.

Right heart hypertrophy has been registered in all grave forms; it is so
characteristic a concomitant of the pulmonary changes at issue that they
should always be taken into account in cases of cor pulmonale.

The microscopic picture, too, is characterized by the presence of cysts
of different shapes, sizes and origins. In the cases reported under the term
bronchiolar emphysema, the bronchi were distended in the first place. Accord-
ing to our observations, the dilatations occur in both the lower and the upper
respiratory tract. Bronchiolar emphysema is frequently accompanied by al-
veolar ectasis characteristic of vesicular emphysema. There were cases in
which dilatation of the proximal respiratory tract was accompanied by
distensions in the lower respiratory segments (bronchiectasis -f- bronchiolecta-
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Fig. 2. Cut surface of inicrocystic lung

sis, - panbronchiectasis). These are borderline cases, transitions from common
upper multiple bronchiectasis to vesicular and bronchiolar emphysema.

The inner surface of the cysts is coated by ciliated or unciliated, cylindri-
cal or squamous epithelium. The character of the epithelial lining may be radi-
cally modified by repeated inflammations. The dilatations are either empty
or may contain mucous matter, clotted protein-rich serum, cellular elements
with eosinophils and sometimes giant cells, further detritus.

Authors are unanimous in stating that the wall of the dilatations con-
tains no cartilage. We sometimes encountered vestigial lamellae of cartilage in
dilated segments, and sometimes the chondral portion was absent from the
wall of dilatations which would otherwise have been classified as parts of the
upper respiratory tract. It is generally difficult to determine the exact segment
in which the dilatation has been formed.

Though to a less extent, the foregoing applies to the mucous glands of
the respiratory path and the goblet cells of the epithelium as well.

The faulty construction of myoelastic component is the most
conspicuous.

The elastic system of the air trays and lungs showed changes in all cases.
The most frequent phenomenon was a decrease in the amount or a fragmenta-
tion of elastic fibres in the wall of the dilated segments. The opposite, fibro-

S Irin Morphologien Acndemiae Srirnlinrnm Hungaricae H> 196N



366 A. KALLO

Fig. 3. Periectatic lymphoid cell infiltration and adenomatoid structure originating from
the hronchiolization of ducts, atria and alveoli. (Low power)

Fig. 4. Leiomyotic dystopy in infiltrated pulmonary ground substance (Low power)

Acta Morphologica Academiae Scientiarum Hungaricae 16, 1968



BRONCHIOLAR EMPHVSEMA 307

Fig. 5. Bundles of muscle tissue, dilated bronchioli and vessels in the lung, without inflam-
matory signs

elastosis, may, however, also occur. Remnants of desintegrated clastic fibres
are situated around the dilatations in the form of irregular bundles and clus-
ters. Changes in the elastic elements may occur also in the interstitial space
or around the alveoli.

Changes in the smooth muscles are even more characteristic and more
frequent (Fig. 4). Such changes may even dominate the picture, as expressed
by the terms, myomatosis cystica pulmonum or muscular cirrhosis of the lung.

Smooth muscle anomalies may appear as hypoplasia, hyperplasia, or
with an irregular arrangement of the fibres. They are most frequent in the
wall of dilatations. The muscular layer may be defective, irregular or missing.
The missing elements are sometimes still near the dilatation but no longer in
the wall of the distended segment: they are scattered over the interstitial
space in a haphazard fashion and possibly also in the fibrotic tissues. Less
frequent is a scattered or diffuse proliferation of smooth muscles (Fig. 5).
Although such cases, too, belong to the category of cystic changes, it is better

Ada Morphologica Acadvmiav Scienliarum Uungaricae 16. 1966



368 A. KALLO

Fig. 6. Cavernous angiomatosis in fibrotie ground substance

to distinguish them by some special term, such as myomatosis or pulmonary
leiomyosis. Extreme forms of this kind [12] may constitute a transition to
Bourneville’s syndrome; they belong to the category of tumorous prolifera-
tions (hamartosis, hamartoma) rather than to those characterized by hyper-
trophy.

In addition to the changes of myoelastic elements, inflammation and
consequential fibrosis may develop around the dilated portions of the airways.

Haemorrhages are frequently seen in the unaffected pulmonary paren-
chyma, while there are many sideropherous and coniphagous cells in the al-
veoli. The disposition to haemorrhage is due to the peculiar lesions which affect
both the major and the minor vessels. Manifestations of this nature form a
transition to multiple pulmonary aneurysms and arteriovenous fistulae which,
too, may be accompanied by bronchiectasis.

Only two authors ascribed significance to these vascular phenomena.
Fanconi [6] described a case in which capillary proliferation was so intensive
as to justify its qualification as angioreticulosis. The phenomenon was classi-
fied by Uehtinger as a congenital developmental disturbance of the capilla-
ries. A similar case was described by Goitden and Bronk [8]. In one of our
cases the change resembled cavernous hepatic angiomatosis (Fig. 6). Consid-
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ering that vascular phenomena of such extent and aspect have not yet been
reported, it seemed justified to describe this angiocavernous form of the
honeycomb lung.

Pathogenesis

According to certain authors the changes in question are of inflammatory
origin, others attribute them to dysplasia, and still others accept both factors
as pathogenic. We share the latter view. Reports on the occurrence of the
described phenomena in foetuses, neonates and in whole families argue in
favour of the theory of dysplasia [3, 5, 16]. To this the obvious objection is
that, if dysplasia is a decisive pathogenic factor, why does the disease so fre-
quently arise at advanced age.

While acknowledging the significance of dysplasia, the inflammatory
factor must also be considered, especially from the point of view of the pro-

fig. 7. Follicular (lymphoid cell) infiltration around dilated bronchiole. The surrounding
alveolar parenchyma is comparatively intact (Initial inflammatory phase)
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Fig. 8. Fibrocystic lung under medium power. Note slight inflammatory infiltration and
dystopic Jeiomyosis in the fibrotic ground substance, without alveolar parenchyma

gression of the disease. Inflammation was practically present in every published
cases in each of those observed in our material.

It is especially with an infiltration of lymphoid elements around the dilat-
ed parts that inflammation starts in the initial phase (Figs. 3 and 7). Certain
authors ascribe such phenomena to viral infections and regard the bronchiolec-
tasis rather than the infiltrative inflammation as the secondary manifestation.
The more extensive, more serious and more frequently recurring the inflam-
mation, the more rapid and extensive the development of fibrosis. While
dysplasia is the basis and condition of the disease, inflammation and fibro-
sis are the chief factors in its progression. By expansion and subsequent shrink-
age the fibroplasia gradually constricts and then destroys the alveolar pa-
renchyma (Fig. 8). With advancing fibrosis, the respiratory surface becomes
more and more restricted, and the clinical symptoms of malignant dyspnoea,
of chronic obstructive ventilatory disturbance will be dominant.

Discussion

The morphological picture of emphysema in the classic sense of the term
is often at variance with the clinical syndrome of chronic diffuse obstructive
ventilatory disturbance. In general, disorders of this kind are characterized by
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structural irregularity and cystic transformation of pulmonary tissue. Most
authors emphasize the development of vesicles (cystic and honeycomb lungs),
others point to smooth muscle anomalies (Iciomyosis, muscular cirrhosis).
In recent communications the term bronchiolar emphysema is being used and
dysplasia and inflammatory changes are considered the pathogenic factors.

Our observations have convinced us that, in spite of the multiplicity of
terms and the diversity of morphological changes, these cases represent differ-
ent varieties of asingle disease entity. The tissue anomalies manifest themselves
with dilatations at different points of the respiratory tract, and with disor-
ders of the smooth muscles (Iciomyosis, elastofibrodysplasia). Diseases referred
to as leiomyosis, fibrocystosis, bronchiolectasis as well as certain related forms
of bronchiectasis and multiple vascular lesions are, essentially, but varieties
of a particular group of dysplasie conditions, manifestations of emphysema
in a wider sense of the tegcm, accompanied by chronic diffuse obstructive ven-
tilatory disturbance. If the said varieties originate chiefly from dysplasia,
susceptibility to it may play some part in the development of the classical,
vesicular form of emphysema.

The syndrome at issue is not as rare as would seem from the available
data. Although typically bilateral and diffuse forms are rare, non-diffuse atyp-
ical forms are fairly frequent. They easily escape notice at post-mortem exam-
ination, especially if morphological signs of classical emphysema are present.
Although such mixed forms are more frequent than genuine emphysema
textbooks hardly refer to them.

In order to differentiate between classical emphysema or some atypical
manifestation, it is necessary to study the material histologically whenever
pulmonary disease is associated with progressive dyspnoea (“chronic diffuse
obstructive ventilatory disturbance”) and whenever cor pulmonale is diagnosed
postmortem even if there are gross signs of classical emphysema.

The term emphysema covers, thus, a wider range than the term in its
traditional sense. Apart from the alveoli also prealveolar air passages may
undergo dilatation and so give rise to atypical forms of emphysema. Looked
at from a morphological angle, variants of this kind may be in the background
of chronic diffuse obstructive ventilatory disturbance quite as frequently as
is the classical form. Such a wider interpretation of emphysema will reduce
discrepancy in the interpretation of chronic obstructive ventilatory disturbance
and its pathomorphology. Since these morphologically less explored entities are
in the background of the problem of the so-called “bronchitic emphysema”,
a broader definition of the term cannot fail to result in a satisfactory morpho-
logical interpretation of bronchiolar emphysema.
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DAS BRONCHIOLAREMPHYSEM UND DIE DAMITVERBUNDENEN KRANKHEITEN
A. KALLO

Nach einer Ubersicht der Literaturangaben iiber das Bronchioliremphysem wird auf

Grund eigener Beobachtungen die Bedeutung der Dysplasie und der Entzindung in der Patho-

genese von Krankheiten, wie Muskelcirrhose, Leiomyose, Fibrozystose, Bronchiolektasie und
multiple Gefdschadigungen der Lunge hervorgehoben.

OM®UN3EMA BPOHXWON W CBA3AHHLIE C HEW 3ABONEBAHWA
A. KANO

Mocne o63opa MTEPATYpPHBIX AaHHbIX 06 3M(U3eMe 6POHXMOM BbIJBUTAeTCA Ha OCHOBE
3TWX JaHHBIX W COGCTBEHHBIX Hab/IOAeHiA 3HadeHWe ANCMAa3UN 1 BOCMANeHNs B naToreHese
3a60/1eBaHUIA, KaK LIMppO3 MblLLL, MelioM1o3, (hMBPOKIUCTO3a, BPOHXMONEKTA3NN N MHOXECTBEH-
Hble MOPaXeHMWs COCYJ0B NErknx.

Dr. Antal Kallé; Budapest XII., Diésarok 1. Janos Koérhaz, Hungary
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Morphologie von Wirbelsdule und Brustkorb
Primatologia, Handbuch der Primatenkunde. Vol. IV. No. 4
F. Ankel

VIl -} 120 pp., 69 figures, 1table. Price: sFr. /DM 53. — Ed. Karger, Basel -New York, 1967

Examination of the spinal column, the characteristic structure of vertebrates, is an
importantobject of comparative anatomy. Changed locomotion and the development of manipu-
lative activity, consequences of the formation of the vertical spine were decisive factors in
the evolution of the human species; they raise new problems concerning the phylogenesis and
ontogenesis of the spinal column, problems that can nowadays be approached by qualitative
methods.

Dispensing with a discussion extending to the whole widely ramifying subphylum of
Vertebrata, Ankel’s monograph deals only with the morphology of the vertebral column and
the chest of Primates, further with a functional interpretation of the data so obtained.

Relying on investigations concerning half apes (Tupaia, Lemur, Galago, etc.) and apes
(Cebidae, Callithricidae, Cercopithecoidea, Hominoidea), further on literary data, Ankel an-
alyses the general structure of the spinal column and the vertebrae, and discusses the special
features of the spine of the various simian species.

A separate chapter contains a comparative description of the costae and the sternum.

It is not sufficient to base a functional analysis of the vertebral column and the chest
on the osseous structure alone. The skeleton itself is a passive structure which, to become
active, needs the cooperation of muscles and ligaments. The latter cause a steady change in
the mutual arrangement of the vertebrae so that it is a concerted action of the active and pas-
sive factors which determines kinetic phenomena.

The author starts from the principle that the functional adaptation of the bones exerts
a morphological effect on the vertebrae, the mechanic units, so that a comparative analysis
of the bones admits of functional conclusions.

The manner in which the osseous spinal column is exposed to pressure, traction and
bending varies according to the various modes of locomotion. Although the mechanical utiliza-
tion of the spinal column shows considerable differences among the Primates, the differences
do not manifest themselves with corresponding deviations in the structure of the axial skeleton.

Careful analysis of the various simian species allowed to conclude that the axial skele-
ton of Primates is a structure which may be generalized in the sense that it is able to satisfy
multiple functional requirements or, in other words, that, while Primates may be divided
according to different types of locomotion, their axial skeleton shows a common structure.
It is worthy of especial note that, despite a decisive change in the locomotion of humans, the
vertebral column of man is hardly different from that of monkeys. Analysis of the bones con-
stituting the axial skeleton revealed no differences in regard of sex.

Owing to careful morphological and functional analyses, Ankel’s monograph is a valu-
able contribution to primatological research work.

T. Donatii
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Humerus, Ulna und Radius der Simiae

Vergleichendmorphologische Untersuchungen mit Bericksichtigung der Funktion
R. Knussmann

Bibliotheca Primatologica Fase. 5. X Il -f- 399 pp., 228 figures, 46 tables. Price: SFr/DM 79. —
Ed. Karger, Basel—New York, 1967.

Inferences from investigations into primatology can always be utilized in human anat-
omy, especially if — as in the present work — data yielded by the study of Primates are com-
pared with data obtained on human material.

Relying on a systematic study of the humerus, ulna and radius in all simian species,
the monograph under review presents a functional interpretation of the morphological data
gained by the analysis of the said bones. The monograph is especially valuable insofar as, be-
sides using the classical method of description and conventional drawings, it evaluates the
results of measurements by up-to-date biomathematical-statistical methods.

In order to be able to subject his numerous data to a thorough analysis, the author does
not extend his investigations in a horizontal direction and dispenses, accordingly, with dis-
cussing the functionally inseparable structures as the muscles and ligaments connected with
the bones. This notwithstanding, the work — a vertical one since it is restricted to a detailed
analysis of the bones themselves — admits of important conclusions on account of the bio-
statistical evaluation of the material.

The monograph has the purpose to offer an osteological analysis of the anterior extrem-
ities which, according to the different manners of locomotion, are differently used by the
various Primates. It was further intended to find a correlation between the development of
brachiation with that of the human upper extremities.

Studies made on 541 recent monkeys of 24 genera have led to the conclusion that bra-
chiation represents a functional adaptation which, by an elongation of the diaphyses, facilitates
swinging from one hold to another.

Corpus and distal epiphysis (olecranon) of the ulnar bone grow in diameter in pro-
portion to the growth of the body and its weight, an evident adaptation to increased pressures,
tractions and strains.

The monograph presents detailed comparisons between the osteological data of mon-
keys and man. A comparison of the osteological measurements of the Neanderthal man with
those concerning the upper extremity of the present races reveals a certain degree of regression
(olecranon, trochlear incisure, neck of the radius, etc.) in the latter.

Pursuant to the factor analysis applied in the course of the biomatliematical evaluations,
the author distinguishes eleven factors that belong to three main categories: (1) factors of
embryology and taxonomy; (2) factors of functional adaptation; (3) special factors of the bony
structure.

W ith its exemplary arrangement, vivid style, 228 drawings in the appendix to illustrate
skeletal details, 46 biostatistical tables, and an exhaustive bibliography, the work cannot fail to
please all students of primatology.

T. Donath
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ACETYLCHOLINESTERASE ACTIVITY
OF THE HUMAN LOWER BRAIN STEM WITH
SPECIAL REGARD TO THE RETICULAR FORMATION

M. Papp

(Received July 28. 1966)

The acetylcholinesterase (AChE) activity of the lower brain stem with special
regard to the reticular formation has been studied in preparations from 10 suddenly
died subjects. The nerve cells could be divided into 5 groups on the basis of AChE
activity of the perikaryon and in its surroundings.

1. Nerve cells of the first group in the reticular formation exhibited a high
AChE activity in the cytoplasm in patterns resembling the Nissl substance or fine
granular in distribution. This AChE activity is identical to that observed in the
extensively studied cholinergic nerve cells (large motor cells of the anterior horn,
preganglionic nerve cells in the lateral column).

2. Nerve cells of the second group exhibited a moderate AChE activity.

3. In the majority of nerve cells AChE activity was low in the entire cell body
and in the dendrites.

4. Nerve cells of non-cholinergic character with external AChE activity.

5. AChE-negative nerve cells.

The reticular formation of the human lower brain stem can be divided on the
basis of AChE activity into the following cell groups.

1. Uniformly moderate enzyme activity constitutes the column of raphe cells.
The AChE activities of the individual cells differ in a minor degree.

2. Uniformly low AChE activity was found in two of the dorsolateral cell
columns (n. parvocellularis and n. cuneiforinis).

3. A variable, but on the whole moderate AChE activity characterizes the
ventromedial cell column.

4. A variable, but on the whole high AChE activity is shown by the dorsolateral
cell group (dorsolateral part of the n. pontis centralis oralis, ventral part of the locus
coeruleus and the dorsal part of the n. tegmenti pedunculopontinus).

5. The n. papilliforinis which is characterized by uniformly medium AChE
activity of the nerve cells differs from the above cell group with a significant activity
of the neuropil.

The significance of the variability of the AChE activity in the third and fourth
cell groups is discussed,

Nerve cells of very low' AChH activity represented the overwhelming majority
in all cell groups of the lower brain stem reticular formation, even in those of moderate
and high activity.

The Koelle method (kKoet1e and Friedenwai1d 1949) may indicate the
extent of participation of acetylcholine (ACh) in neurotransmission (Koette
1955) and, at the histotopochemical examination of the neuron and its surround-
ings, allow the recognition of non-cholinergic-cholinoceptive nerve cells
(Koette 1957, Koette and Koette 1959, Mcisaac and kK oerre 1959). This
has been supported by fluorescence methods used for the demonstration of
biogenic amines (Hamberger, Norberg and sjsqvist 1963).
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The aim of the present study has been to classify the nerve cells and cell
groups of the human lower brain stem on the basis of the histochemical mor-
phology of their AChE activity. The examinations were centred on the reticular
formation (rf).

M aterial and methods

The lower brain stem (medulla oblongata, pons, mesencephalon) from 10 subjects 20 to
45 years of age was examined. Each of them had died suddenly without medical attendance
for some days preceding death. In four cases, death had been due to cardiac arrest, in one
case to a stab wound of the heart, in one case to skull injury and in four cases to suicide by
hanging. Examination was made 10—18 hours after death, in some cases earlier. At various
levels of the lower brain stem blocks 3—4 mm thick were excised and fixed in 6—8% neutral
formaline at -j-4°C for 18—20 hours. For the demonstration of AChE and pseudocholinesterase
(ChE), 40 /I frozen sections were incubated for 120 minutes in acetylthiocholine iodide (AThCh)
and butyrylthiocholine iodide (BuThCh), p