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Acta morphologica Acad  S ei. H ung . 16 ( 1), p p . Z —5, 1968

FIVE DECADES IN THE SERVICE OF SCIENCE
1917-1967

When in 1917 an am bitious medical stu d en t was appointed to an un 
salaried post at the In stitu te  o f Pathological A natom y of the U niversity  of 
B udapest, he would have not dared to think th a t once he will he elected  to  
occupy the post o f his learned master, Professor Co lo m an  B u d a y . The student 
was J o se ph  B aló who then ju st had left the arm y after serving four years 
on the Russian and Italian  theaters in World W ar I.

It was a fortunate term in the life of Joseph Baló that early in the course 
of his studies he becam e a m em ber of an in stitu te  which brought forth a series 
of excellent experts of pathological anatom y. A fter tak ing his M.D. he d evoted  
all his energy to his work at the Institute. This com prised post-m ortem  exam i
nations of the m aterial o f the University H osp ita ls and in addition that of 
St. Stephen’s H ospital. Here B alé joined an en thusiastic  collective where all 
the members took an active part in medical education , in developing scientific  
work or public health.

It will be the task o f the future to evaluate the eventful years betw een  
the tw o world wars w ith respect to medical science and public health, but it 
is certain that Coloman B u d ay’s best pupils rem ained faithful and w orthy of 
the exam ple and teaching o f their master. T h ey  occupied several chairs in 
the Hungarian universities and the former m em bers of the staff of the In stitu te  
were engaged in teaching in different institu tions and achieved considerable 
success in research. It will suffice to mention in th is respect George  G ö m ö r i , 
the pioneer in h istochem istry, who had received his training at B uday’s in sti
tute. One m ust also rem em ber that Hungarian m edical students learned for 
m any decades from B u d ay’s lucid textbook o f pathological anatom y; pre
viously they had been obliged to use foreign te x ts .

Besides the a ttractive personality of Colom an Buday the functional 
pathological conception o f A l e x a n d e r  K o r á n y i  and his school, the im pres
sive neurohistological lectures of Charles  S c h a f f e r  and the material o f the  
alert and noble minded professor of neurology o f St. Stephen’s H ospital 
A r t u r  S arbó  had a great influence on the further scientific career o f Joseph  
Baló; these were attracting his attention to the d iseases o f the nervous system  
and to the im portance of the functional view o f pathological processes.

1 A da \lorphologica Academiae Seientiarum Hangaricae 16, 196H



2 FIV E DECADES IN  T H E  SERV ICE OF SCIENCE

B a lo ’s conicept o f pathology was greatly w idened in the years 1923 — 1924 
w hich he spent in the U SA  as a Rockefeller fellow . During th is tim e he carried 
ou t stu d ies in bacteriology, im m unology and parasitology at Johns Hopkins 
U n iv ers ity  and becam e acquainted w ith diseases caused b y  filterable viruses 
and th e  m ethods of their investigation . Then his attention was d irected to 
ty p h u s and other rickettsial diseases in W olbach’s Institute in B oston . So 
w hen he in 1924 returned hom e he devoted  him self to problems o f epidem ic  
en cep h alitis, prevailing then in H ungary, and the experim ental herpes ence
p h alitis.

In  1926, he w ent to the Research In stitu te  of A dolf  L o e w y  in D avos  
in order to  acquaint h im self w ith the effects of high altitude. This stu d y  trip 
opened new research possibilities to Joseph Baló. The further course o f his 
career show ed how the horizon of his a ctiv ity  becam e wider and w ider starting  
from  th e  dissecting table through the rigid structures of histological slides to  
experim ental pathology, to biochem ical and electronm icroscopic in vestigation s.

A  few  additional data mark som e stations o f Balo’s scientific career and 
a further increase of working possibilities:

In  1926 he becam e a P rivatdozent.
In  1928 following the unanim ous invitation  of Szeged U n iversity  to  

the chair of pathological anatom y he spent his next 17 years there.
In  1945 he accepted the equally unanim ous invitation o f B udapest 

U n iv ersity  and becam e here professor of pathological anatom y and forensic 
m edicine, as the successor o f his h ighly esteem ed beloved m aster, Coloman 
B u d ay . Since then more than  20 years have passed with successful work 
carried out with untiring endurance and zeal, inspiring m any other workers.

A s m entioned before, B alo’s scientific interest was kept in the first 
period o f his career by the diseases o f the nervous system . Besides the problem s 
of epidem ic encephalitis and herpes encephalitis he studied the spontaneous  
encephalitis of rabbits then the nervous com plications of periarteriitis nodosa. 
H is observations concerning the encephalitis of dogs with E ck-fistu la  fed on 
m eat raised much interest. These notew orthy experim ents are still good models 
o f encephalitis.

A m ong the diseases of the cerebral w hite m atter, a peculiar condition  
was described first b y  Baló in 1927 under the term concentric periaxial 
encep h alitis.

T his process involving the destruction o f m edullated fibres in th e  white 
m atter o f  the cerebral hem ispheres occurs in such a particular m anner that 
axis cylinders are spared while degeneration o f m yelin sheaths takes place in 
a peculiar w ay resem bling the Liesegang rings, i.e. foci appear in w hich normal 
and dem yelinated  layers alternate covering one another like onion leaves 
w hen considered in the space. The disease brings about a swelling o f  th e  brain 
and m ay  cause sym ptom s o f a brain tum our. This may be considered as an
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indication for brain surgery as it happened in B ald’s case, the report o f which  
caused such an echo that H a l l e r v o k d e n  and S patz asked for m aterial to 
control the findings. Their results agreed in every respect w ith  those o f  Baló. 
Since then the condition has been listed as B alo’s disease or concentric scle
rosis and its description can be found in every modern neurological textbook . 
W ith its deceiving course, its unknown etiology is one o f the problem s in 
neuropathology; in B alo’s view  som e m yelinolytic enzym e m ust be responsible 
for the m anifestation of this process. He collected his rich experience on the 
dem yelinating processes o f the nervous system  in a book published in German 
in 1940, then followed som e careful works on diffuse sclerosis (1940, 1942) 
and on the endocrinological relations o f tuberous sclerosis (1943, 1944). Well 
before th at, in 1931 he edited a book on filterable viruses, contain ing much  
of the personal experience. No work sum m ing up the results in th is field  had 
appeared in Hungarian up to that tim e and it m ust have been a n o v e lty  even  
abroad as in 1935 S. Karger of Berlin published the hook in German.

B alo’s observations on the cortico-visceral relations o f pep tic  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 H ungarian A cadem y of Sciences in 1941.

Though in the follow ing decades, the diseases of arteries form ed the chief 
interest o f Joseph Baló, in 1954 he succeeded in showing th at pem phigus is 
a neurotrophic disease o f the skin brought about by inflam m atory changes of 
the spinal ganglia.

In the late forties, Baló began to study experim entally 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 w all is due 
to a shift toward acid of the acid-base balance. Acidosis is then follow ed by 
the accum ulation of fat and cholesterol in the blood, so th at cholesterol will 
he deposited in the walls of arteries. Then Baló and his w ife, I l o n a  B a n g a , 
a pupil o f A l b e r t  S z e n t -Gy ö r g y i , investigated  the factor destroying the 
elastic fibres o f arteries and succeeded in discovering an enzym e o f the pancreas, 
elastase, which is able to digest elastic fibres and attributed to it an im portance 
in the genesis o f atherosclerosis (1949).

The discovery and isolation of elastase gained world-wide acceptance 
for the study of connective tissue elem ents. The Baló couple deserved well the 
K ossuth-prize of the Hungarian P eople’s Republic in 1955 for their researches 
in this field.

E lastase consists o f proteolytic and m ucolytic com ponents and exerts 
lipoprotein lipase activ ity  as well. These im portant ach ievem ents have been 
proved by a number o f authors and led to several m orphological and biochem 
ical results. In the opinion of the Balos, activation o f elastase m ay occur in 
three ways, viz. by 1. acidification, 2. dialysis, 3. precipitation w ith  ammonium
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su lp h ate. They show ed th a t in both pancreas and blood elastase is com bined  
w ith  an inhibitor and their separation happens in the m entioned three w ays.

Adm inistration o f am m onium  hydroxide to  rabbits brings about acidosis 
in th e  course of which the elastic membranes o f  the arteries will be destroyed, 
th e  blood cholesterol level increases and the a ctiv ity  of the elastase inhibitor  
is reduced, so that the effect of elastase is enhanced and a destruction o f the  
ela stic  fibres in the w alls o f  the arteries takes place. In this w ay has been  
confirm ed Balo’s theory  on the origin of atherosclerosis.

Another field o f B a lo ’s activ ity  was oncological research, as he recognized  
th e  need for w ell-organized tumour-research in H ungary. One o f his early 
achievem ents in this field  w as that together w ith Béla K orpássy he showed  
on th e  basis o f 1800 postm ortem  exam inations th a t individuals having senile 
w arts become three tim es m ore frequently v ictim s of cancer than those free 
o f  such warts (W arzen, P apillom e und Krebs. B u d a p est- Leipzig 1936).

Investigating the tum our producing factors, Baló succeeded in inducing  
pulm onary adenoma in m ice b y  the adm inistration o f urethane and exam ined  
w ith  his collaborators the role of hypnotics in the production of tum ours. 
H e investigated  the effect o f  cy tosta tic  drugs to be applied in human treatm ent. 
H e published his observations on human lung cancer and lung adenoma in 
1957 in a book in G erm an. The interest in the hook was proved by the fact 
th a t  a new edition w as soon required (1959) and a Hungarian version was 
also published in 1960. An im portant contribution o f Baló and his collabora
tors was the detection o f th e  tum our producing a ctiv ity  o f isoniazid.

This portrait o f B aló w ould he incom plete if we would not characterize 
his skill as a teacher. H e la id  down his rich experience in the tw o volum es of 
his tex tb ook  of pathology (1948, 1952). This work edited again in 1961 1962
is n o t only a source of in form ation  offering a critical analysis of contem porary  
resu lts , hut an ample repertory of the intuition and observing mind of Joseph  
B aló .

Baló is honorary m em ber of the Society o f Pathologists of the Soviet 
U n ion , member of the International A cadem y o f P athology  (W ashington), 
th e  Gerontological Society  (S t. Louis), the D eutsche G esellschaft für Pathologie, 
D eu tsch e  Akademie der N aturforscher Leopoldina (H alle), an Affiliate of the  
R oya l Society of M edicine (London), corresponding m em ber of the Vereini
gung D eutscher N europathologen  und N euroanatom en, o f the Hungarian  
A cad em y of Sciences, president of the H ungarian Society  o f Pathology, m em 
ber o f  th e  editorial board o f several medical journals. H e presented a paper by  
in v ita tio n  at a special Sym posium  celebrating the Sem icentennial of the foun
d ation  o f the American S oc ie ty  of Experim ental P athology  in A tlantic City 
(1963) and delivered th e  second Cesare Massari Lecture at the U niversity  
M edical School in Perugia (1966).

R am on  y  Ca jal  quotes in a place the words o f Ci s n e r o s : “ Exem plary
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Conduct is the best preacher.” It was by his creative work that Joseph Baló  
stim ulated  his collaborators’ activ ity . The tw en ty-seven  volum es where he 
collected his papers and those of his collaborators during alm ost four decades 
of bis professorial a ctiv ity  are a convincing proof that he accom plished good  
work because he was able to transm it the passion for the recognition o f  truth  
to his pupils.

I had occasion to observe during a lifetim e the ascending star o f Joseph  
B aló in the field of scientific recognition, and w as one o f the beneficiaries just 
as all those near him in that atm osphere saturated  w ith searching spirit. I still 
feel happy to have been a member of that com m unity  of thoughts o f which  
th e  stim ulating m otive was the passion of m an seeking after truth.

“This above all: to th ine own self be tru c” I heard several tim es from  
Baló the words o f Polonius. T hey are still ringing in m y ears. And when hard 
tim es had com e, when it was difficult to be true to one’s own self, Joseph Baló  
rem ained true to h im self and to the high ideas o f hum anity.

Prof. D .  M lS K O L C Z Y  
M em ber of th e  H u n g a rian  A cad em y  

of Sciences
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VERZEICHNIS DER VERÖFFENTLICHUNGEN 
VON PROF. DR. JOSEF BALÓ

A) Monographien

1. C ukorbetegség és in su lin . M itarb .: К. B á lin t, Z. E rn s t u n d  В. P u rje sz . D ick M anó, 
B u d ap es t, 1 8 - 5 0 ,  1927.

2. A lá th a ta tla n  kó ro k o zó k  f iltrá lh a tó  v írusok . M agyar O rvosi K ö n y v k ia d ó  T á rsu la t, 
B u d ap es t, 1 - 1 7 4 ,  1931.

3. Die u n sich tb a ren  K ra n k h e itse rreg e r filtr ie rb a re  V ira. S. K arger, B erlin , 1 311, 1935,
4. W arzen, P ap illom e u n d  K rebs. A cta l itte ra ru m  ac sc ien tia ru m  Reg. U n iv e rs ita tis  H ung.

F ran c isco -Jo sep h in ae , Sectio  M edicorom . B an d  VI I .  J .  A. B a rth , Leipzig, 1 303, 1936.
M itarb .: B. K o rpássy .

5. Die E rk ran k u n g en  de r weissen S u b stan z  des G eh irns u n d  des R ü ck en m ark es . A c ta  Med. 
Szeged, B and X . Fase. 1. J .  A. B arth , L eipzig, 1 —160, 1940.

6. L ungenkrebs und  L ung en ad en o m . Verlag de r U ng arisch en  A kadem ie de r W issenschaften , 
B u d ap es t, 1 — 363, 1957.

7. L ungenkrebs u n d  L u n g enadenom . Zw eite, e rw e ite rte  A uflage. V erlag  d e r U ngarischen
A kadem ie der W issen sch aften , B u d ap est, 1 379, 1959.

8. T ü d ő rák  és tü d ô ad e n o m a . A kadém iai K iadó , B u d a p es t, 1 374, 1960.
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B ) Lehrbücher

9. K ó rb o n c ta n  I. Á lta lán o s rész. B u d ap es t, 1 — 441, 1948.
10. K ó rb o n c ta n  II . R ész le tes rész . E gészségügyi K iadó , B u d a p e s t, 1 — 592, 1952.
11. A ro ssz in d u la tú  d a g a n a to k  b io p siá ja . Onkológia I. Á lt. rész. R ed .: B éla W ald . E gészség- 

ü g y i K iadó, 117 — 137, 1952.
12. A  részle tes k ó rb o n c ta n  ta n k ö n y v e . M edicina K ö n y v k ia d ó , B u d ap es t, 1 —610, 1961.
13. A z á lta lán o s k ó rb o n c ta n  ta n k ö n y v e . M edicina K ö n y v k ia d ó , B u d ap es t, 1 — 488, 1962.

C) Zeitschriftenveröffentlichungen

14. Id eg ren d sze ri e lv á lto záso k  p e r ia r te r iit is  nodosa ese te ib en . O rvosi H e tilap  65, 223; 233: 
241, 1921.

15. A  vészes vérszegénységben  e lő fo rdu ló  idegrendszeri e lv á lto záso k ró l, kü lönös te k in te t te l  
a gerincvelő  m egbetegedéseire . M agyar Orvosi A rc h ív u m  20, 131, 1922.

16. E in e  in te ressan te  , ,E n ce p h a litis -E p id em ica ” E n d em ie  a n  e in e r S äu g lingsab te ilung . J a h r 
b u c h  fü r  K in d erh eilk u n d e . 99, 209, 1922. M itarb .: J. D u zár.

17. K e ttő s  to rzképződés k é t  e se te . O rvosi H etilap  66, 409; 421, 1922. M itarb .: P . M ark o v its .
18. A h y p o p h y sis  mellső leb e n y én e k  elhalásáról és en nek  k ö v e tk ezm én y eirő l. O rvosi H e tilap  

67, 453, 1923.
19. A d a to k  a perirenalis ap o p le x ia  kórképéhez. M agyar O rvosi A rch ívum  24, 295, 1923.
20. A z encephalitis  ep id em icaró l, kü lö n ö s tek in te tte l az a g y  és a belső szervek m eg b e teg ed é 

sére . O rvosképzés 3 — 4, 10, 1923.
21. U b e r  N ekrosen des H y p o p h y sen v o rd e rla p p e n s  u n d  ih re  Fo lgen . B eitr. z. p a th . A n a t. u n d  

z. alig. Pathologie  72, 599, 1924.
22. E n ce p h a litis  ep idem ica u n d  G esam torgan ism us, zug le ich  ein  B erich t ü b e r  solche E p i 

d e m ien  in B udapest. F ra n k f u r te r  Z eitschrift fü r P a th o lo g ie  30, 512, 1924.
23. P e r ia r te r ii tis  nodosa be im  H u n d e  u n d  vergleichende U n te rsu ch u n g e n  ü b e r diese E r k r a n 

k u n g e n  bei M enschen u n d  H u n d e n . V irchows A rch iv  f. p a th o l. A n a t. u. Physio l. 2 4 8 , 
337, 1924.

24. A já rv á n y o s  en cep h alitis  a la t t  fellépő m ájm egbetegedésekrő l. M agyar O rvosi A rch ív u m  
26, 97, 1925.

25. Ü b e r  ein A neurysm a d e r R ü c k en m ark sa rte rie , w elches T ab es-d o rsa lisartig e  S y m p to m e  
v o rtä u sc h te . D eutsche Z e itsc h rif t  fü r N erv enheilkunde  85, 86, 1925.

26. A z ascaris lum brico ides v á n d o rlá sá ró l a gazda sz e rv eze téb en  és ennek  k ó r ta n i  je le n tő sé 
gérő l. O rvosi H e tilap  69, 51, 1925.

27. A pneum ococcus típ u sm e g h a tá ro z á sá n a k  je len tőségérő l a pneum ococcus fe rtő zések  e p i
dem io ló g iá jáb an  és g y ó g y kezelésében . Orvosi H e tila p  69, 615, 1925. M itarb .: I. L ovre- 
k o v ich .

28. B e iträ g e  zum  K ra n k h e itsb ild e  d e r perirenalen  A pop lex ie . B eitr. p a th . A n a t. u. z. alig. 
P a th o lo g ie  73, 598, 1925.

29. A típ u sm eg h a tá ro zás  je le n tő ség é rő l a b ak te rio ló g iáb an  és h aza i p n eu m o co ccu stíp u so k  
m eg á llap ítá sá ró l. M agyar O rv o si A rchívum  26, 284, 1925. M itarb .: I. L o v rek o v ich .

30. A k ísé rle ti tu m o rk u ta tá s ró l  W . E. Gye-nek a ro ssz in d u la tú  d a g an a to k  á tio ló g iá já ró l 
v é g z e tt  v izsgála ta iva l k a p c so la tb a n . Orvosi H e tilap  69, 959, 1925.

31. A közönséges herpes és a já rv á n y o s  encephalitis k ö z ö tt  levő v iszonyró l, kü lönös te k in 
t e t t e l  az á tio lóg iára. M ag y a r O rvosi A rchívum  26, 441, 1925.

32. Ü b e r  eine H äufung  v o n  P e ria rte riitis -n o d o sa -F ä llen , n e b s t B e iträgen  zur P o ly n e u ritis  
in fo lge  von P e ria r te r ii tis  n o d o sa . V irchows A rch iv  f. p a th .  A n a t. u. Physio l. 259, 773, 
1926.

33. U b e r  das V erhältn is des gew ö h n lich en  H erpes zur ep id em isch en  E n cep h a litis , m it b e so n 
d e re r  R ücksich t au f die Ä tio log ie . M onatschrift U n g a risch e r M ediziner 3, 23, 1927.

34. D ie  W irkung  der L u f tv e rd ü n n u n g  au f das B lu t u n d  d ie  b lu tb ild en d e n  O rgane. Z e itsch rif t 
f. d . ges. exp. Med. 59, 303, 1928.

A c ta  M orphologica A cadem iae S c ie n tia ru m  H ungaricae 16, 1968



V ER Ö FFEN TLIC H U N G EN  VON PRO F. D R. J . HALÓ 9

35. A h áz in y u lak  sp o n tán  en cep h alitise  és ennek  je len tősége  a já rv á n y o s  e n ce p h a litis  kór- 
o k tan i k u ta tá sá b a n , v a la m in t egyéb  h áziny iil k ísérle te iben . Orvosi H e tilap  71, 723, 1927. 
M itarb .: Ö. Gál.

36. Ü ber die sp o n tan e  E n cephalitis  de r K an in ch en  und  deren  B edeu tung  in de r ä tio lo g isch en  
F o rsch u n g  der epidem ischen E n cep h a litis , sowie in sonstigen  K an in ch en -V ersu ch en . 
V irchow s A rch iv  f. pa th . A n a t. u . Physio l. 365, 286, 1927. M itarb .: Ö. Gál.

37. A leu k o en cep h a litis  periax ia lis  con cen tricaró l. M agyar Orvosi A rch ívum  28, 108. 1927.
38. A rá k k u ta tá s  eredm ényeirő l k ó r ta n i  szem pon tbó l. G yógyászat 22, 1, 1927.
39. P an c reas-e red e tű  gerincvelő m egbetegedés. M agyar O rvosi A rch ívum  28, 448, 1927.
40. E n ce p h a litis  periax ia lis co n cen trica . A rch ives o f N eurology and P sy ch ia try  19, 242 262.

1928.

41. M yelitis fu n icu laris  als F o lgeerscheinung  der E rk ran k u n g  des P ancreas. D e u tsc h e  Z e it
sch rift fü r  N ervenheilkunde  102, 275, 1928.

42. Die W irk u n g  der G allensteine  a u f  die B auchspeiche ld rüse . M o n atsch rift U n g a risch e r 
M ediziner 4, 1, 1928.

43. Az 1928. évi in te rnac ionális  rák k o n fe ren cia . O rvosi H e tilap  72, 1197, 1928.
44. Die L ipom atose  der B au ch speiche ld rüse  u n d  deren  B ezug zur allgem einen F e tts u c h t .  

V irchow s A rch iv  273, 320, 1929.
45. A h asn y á lm irig y  lipom atosisa  és an n ak  v iszonya  az á lta lán o s e lk ö v éred ésh ez. O rvosi 

H e tila p  73, 833, 1929.
46. D er Z u sam m enhang  zw ischen de r L ipom atose  des P an creas und  der a llg em ein en  F e t t 

su ch t. V erhand lungen  der D eu tsch en  P a th o log ischen  G esellschaft 343, 1929.
47. M etap las ia  of Basal Cells in  th e  D u c ts o f th e  P an creas: I ts  C onsequences. C o llab o ra to r: 

I L L .  Ballon. A rchives o f P a th o lo g y  7, 27, 1929.
48. Ü b er die P e ria rte riitis  nodosa a u f  G ru n d  von 9 neueren  Fällen . M itarb .: Ö. N a ch tn e h e l. 

V irchow s A rchiv  272, 478, 1929.
49. P e r ia r te r iitis  nodosa und  in n ere  S ek re tion . M itarb .: Ö. N achtnehel. E n d o k rin o lo g ie  3 , 

180, 1929.
50. Ü b er die V iru lenzänderung  des H erp esv iru s  u n te r  der E inw irkung  v e rsch ie d en e r B ak 

terien . Z eitsch rift f. H ygiene u n d  In fek tio n sk ra n k h e it. 110, 599, 1929.
51. A h e rp esv iru s v iru le n tiá já n a k  v á lto z ása  kü lönböző  b a k té riu m o k  h a tá sá ra . O rv o si H e tilap  

73, 125, 1929.
52. E ffec ts o f R e ten tio n  of P a n c re a tic  Secretion . C ollaborator: H. C. B allon . S u rg e ry , 

G ynecology and O bste trics 48, 1, 1929.
53. P an k reaslip ase  in trav én ás  ad ag o lásán a k  befolyása  a vérlipase  sz in tjé re . M ita rb .:  I. B ach. 

O rvosi H e tilap  74, 1231. 1930.
54. D er E in flu ß  in trav en ö s v e ra b re ic h te r  P an creaslipase  au f den B lu tlip asesp ieg e l. Z e it

sch rift d. ges. exp. Med. 75, 583, 1931. M itarb .: E . B ach.
55. Ü ber die K o m p lika tionen  de r P o ck en sch u tz im p fu n g  m it besonderer R ü c k s ic h t a u f  die 

E n cep h alitis . Ja h rb u c h  f. K in d e rh e ilk u n d e  131, 106, 1931. M itarb .: F. L orincz.
56. A h im lőellenes védőoltás szö v ődm énye irő l, kü lönös te k in te tte l  az e n k ep h a litis re . O rvosi 

H e tila p  74, 1053, 1930. M ita rb .: F . Lőrincz.
57. Ü ber die U rsache der im V erlaufe  de r P e r ia r te r iitis  nodosa vo rkom m enden  P o ly n e u ritid e n . 

Z eitsch r. f. d. ges. N eurol, u. P sy ch . 134, 71, 1931.
58. A v acc in a tio  u tá n  fellépő en k ep h a litis rő l. B u d ap es ti O rvosi Ú jság 29, 1, 1931,
59. T he E n cep h a litis  of Dogs w ith  E ck  F is tu la  Fed on M eat. Arch, of P a th o lo g y  13, 80, 1932. 

C o llab o ra to r: B. K orpássy .
60. A hú ssa l táp lá lt E ck -fis tu lás  k u ty á k  en k ep h a litisérő l. Orvosi H e tilap  76, 181, 1932..

M ita rb .: B. K orpássy.
61. Die an tag o n istisch e  W irkung  eines neuen  P a n c rea se x tra c te s  au f die T h y ro x in v e rg iftu n g *  

A rch. f. exp. P a th . u. P h a rm . 165, 594, 1932. M itarb .: L. Lovas, E. B ach  u n d  L. N eufeld
62. A p a jz sm irig y  és p an creas an ta g o n ism u sá ró l. O rvosi H e tila p  76. 261, 1932.
63. Ü b e r e inen  die T h y ro x in v e rg if tu n g  v e rh ü te n d e n  S to ff des P an c reas . X IV . Congresso 

In te rn a z io n a le  di F isiologia. R o m a , 1932. S u n ti D elle C om m unicazioni S c ien tif ic h e  p. 22.
64. Z ur F rag e  de r E n ts te h u n g su rsac h e  der P an creasn ek ro se . B eitr. p a th o l. A n a t. 92,14, 1933.
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65. Ü b e r den F e rm e n tg e h a lt  d e r  m enschlichen B au ch sp eich e ld rü se . M itarb .: L. L ovas. 
V irchow s A rch iv  288, 326, 1933.^

66. Az em beri p an creas fe rm e n tta r ta lm á ró l. M agyar O rv o si A rch ívum  34, 179, 1933. M itarb .: 
L . Lovas.

67. D ie  V erh inderung  d e r  S eru m lip aseab n ah m e bei tu b e rk u lö se n  K an in ch en . B e itr . z. K lin ik  
d e r  T uberkulose. 82, 164, 1933. M itarb .: F . G erlei u n d  L . Lovas.

68. G üm ökóros h á z in y u la k  se ru m  lipase csökkenésének  m eggátlásáró l. O rvosi H e tilap  77, 
70, 1933. M itarb .: F . G erle i u n d  L. Lovas.

69. A v e rru cák  és rá k  g y a k o ri eg y ü tte s  elő fordu lása. O rvosi H e tilap  77, 797, 1933.
70. P a th o lo g ie  des F e tts to ffw e c h se ls  (R eferat). V e rh an d lu n g e n  de r G esellschaft U n g arisch er 

P a th o lo g en  1, 105, 1933.
71. G leichzeitiges V o rk o m m en  v o n  W arzen u n d  O eso p h ag u s-L eu k o p lak ie . A bhan d lu n g en  au f 

d em  G ebiete der alig. P a th .  1933. M itarbe ite r: В. K o rp ássy .
72. T h e  R ela tion  of W a r ts  to  C ancer. Congreso In te rn a c io n a l  de L ucha  C ientifica у  Social 

c o n tra  el Cáncer. M a d rid . T om o IL  P rim era  p a r te  35 — 38, 1933.
73. U b e r ein den die T h y ro x in v e rg if tu n g  p a ra ly s ie re n d e n  P a n k re a se x tra k l. B erich t der 

I I .  In te rn a tio n a le n  K ro p fk o n fe ren z  in Bern. 2, 1, 1933.
74. Ü b e r die B eziehung d e r L eu k o p lak ie  der Speiseröhre  zu  den  senilen W arzen. V e rh an d lu n 

gen der G esellschaft U n g a risc h e r  P a tho logen  2, 107, 1933. M itarbe ite r: B. K o rp ássy .
75. D ie G eh irn ab b a u fäh ig k e it des m enschlichen B lu ts e ru m s. A rch iv  fü r P sy ch ia tr ie  und  

N e rv en k ra n k h e iten  102, 202 — 212, 1932.
76. P o lypose  des m ensch lich en  D ickdarm s und de ren  B ezieh u n g en  zum  K rebs. V erh an d lu n g en  

de r G esellschaft U n g a risc h e r  Patho logen , 3, 119, 1934. M itarb .: B. K orpássy .
77. E in  B e itrag  zur F ra g e  d e r  G eh irn ab b au -T ä tig k e it des B lu tserum s. V erh an d lu n g en  der 

G esellschaft U n g a risch e r P a th o lo g en  3, 94, 1934.
78. W arzen  und  Pap illom e b e i M enschen und  T ieren . V e rh an d lu n g e n  der G esellschaft U n g a

risch er Patho logen  3, 117, 1934.
79. Ö sszehasonlító  v iz sg á la to k  em berek , sertések , s z a rv a sm a rh á k  ad enom atosus bélpo lyp- 

ja iró l. Á llatorvosi L a p o k  58 , 219, 1935. M itarb .: B . K o rp ássy .
80. Ü b e r die G u an id in -E n cep h a litis . V erhandlungen  d e r G ese llschaft U ngarischer P a th o lo g en  

4, 121, 1935.

81. A rö n tg en á rta lm a k  k ü lö n b ö ző  form ái és azok  tö rv é n y sz é k i o rv o stan i v o n a tk o zása i. 
K enyeres-jub ileum i k ö te t .  B u d ap es t, 1936.

82. E in  B e itrag  zur K e n n tn is  des m it senilen W arzen  b e h a f te te n  O rganism us. IX . C ongressus 
In te rn a tio n a lis  D e rm a to lo g o ru m , 1935.

83. D iskussionsbem erkung  zu m  R efera t von P rof. K u m e r: H erpesforschung  u n d  K lin ik . 
IX . Congressus In te rn a tio n a lis  D erm ato logorum , 1935.

84. B e itra g  zur F rage d e r L u n g en e rk ran k u n g  der P a p r ik a s p a lte r  a u f  G rund  pa th o lo g isch 
an ato m isch er u n d  h is to lo g isc h e r U n te rsuchungen . Ä rz tlich e  S achverstän d ig en -Z eitu n g  
42, 304, 1936.

85. E in  B e itrag  zur P a th o lo g ie  d e r Zellteilung. V e rh an d lu n g e n  der G esellschaft U n g arisch er 
P a th o lo g en  5, 186, 1936.

86. A rá k  szö v e ttan a  és a  s z ö v e tta n i szerkezet g y a k o r la ti  v o n a tk o zása i. A d a g an a to k  kór- 
és g y ó g y tan a  cím ű m u n k á b a n . 1937. K iadó: M an n in g er Vilm os.

87. D ie E rk ran k u n g en  des R ü c k en m ark s  bei p e rn ic iö se r A näm ie. Com ptes R en d u s de la 
T ro isièm e Conférence In te rn a tio n a le  de P a tho log ie  G éo g rap h iq u e . S tockholm , 290, 1937.

88. A fo llicu lushorm on h a tá sá ró l.  O rvosi H etilap  81, 644, 1937. M itarb .: B. P u rjesz .

89. Ü b e r die W irkung des F o llike lho rm ons. K lin ische W o ch en sch rift 16, 1150 — 1152, 1937.

90. A vészes vérszegénység  m áj kezelésének n éh án y  k é rd ése . B u d ap es ti O rvosi Ü jság  35, 
61, 1937.

91. A zidose und  K n o ch en m ark . V erhandlungen  d e r G ese llsch a ft U ngarischer P a th o lo g en  6, 
106, 1937.

92. D ie m it A m m o n iu m h y d ro x y d v e rg iftu n g  e rze u g b are  ex p erim en telle  A rteriosk lerose . 
F ra n k fu r te r  Z eitsch rift f. P a th o lo g ie  52, 205, 1938.
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93. Die Ä n d eru n g  der R e ak tio n  des B lu tes in v itro . Pflügers A rchiv  f. d. ges. P hy sio l, des 
M enschen und  der T iere 239, 726, 1938.

94. D er E in flu ß  der A m m o n iav erg iftu n g  au f das B lu t u n d  au f die B lu tb ild u n g . B e itr . z. 
p a th . A n a t. u . z. alig. P a th .  101, 66, 1938.

95. S ertésgondozók  B ouchet-féle  betegsége. N épegészségügy 21, 3, 1938.
96. A v é rsav an y o d ás  in  v itro . F e ren c  Jó zse f T u d o m án y eg y e tem  B a rá ti E gyes. T e rm észe t

tu d o m á n y i Szakosz tá lya  1938. m árc. 16.
97. A h y p o p h y sis  cystá iró l. M agy. P a th . T árs . N agygyű lésének  m ű n k . 3, 1, 1938.
98. Die W irk u n g  des T h y ro x in s  a u f  die A rterien . B eitr. z. p a th . A n a t. u n d  z. alig. P a th o l. 

102, 341, 1939.
99. T h y ro x in  és a rteriosclerosis. O rvosi H e tilap  83, 609, 1939.

100. M ultip le  H irn h e rn ien  als Fo lgeerscheinungen  von  H irngeschw ülsten . A rch. f. P sy ch ia tr ie  
u n d  N erv en k ra n k h e iten  110, 445, 1939.

101. T öbbszörös agy h e rn ia , m in t a g y d ag a n a to k  k ö v e tkezm énye. M agyar O rvosi A rch ívum  
40, 247, 1939.

102. S ertések  v a s tag b é lp o ly p ja in a k  ae tio lóg iá já ró l. Á llato rvosi L apok  62, 216. 1939. M itarb .: 
B. K orpássy .

103. Sopra  le c isti deli ipofisi. A rchivio ,,D e V ecchi”  pe r P A n ato m ia  P a to lo g ica  e la M edicina 
Clinica. 1, 396, 1939.

104. Die A rteriosk lerose  (R e fe ra t) , V erh an d lu n g en  der G esellschaft U n g a risch e r P a tho logen  
8, 133, 1939.

105. P rob lem  of V irus E tio lo g y  of B enign In te s tin a l T um ours. T h ird  In te rn a tio n a l  Congress 
for M icrobiology. New Y o rk  C ity. Sep t. 2 — 9. 1939.

106. M ultip le  A d en o m ata  o f th e  L arge  In te s tin e  in Men and A nim als. T h ird  In te rn a tio n a l
C ancer Congress. A tlan tic  C ity . Sep t. 11 15. 1939.

107. Az érelm eszesedés m egelőzése. 1939. ok t. 1-én rek to ri székfoglaló a Szegedi E g y etem en .
108. A B e ta x in  gy ó g y h a tásá ró l. A Szegedi T ud . E gyetem  B a rá t i  E g y esü le te  1939. ok t. 4.
109. M aladie de K ussm aul-M aier e t sclérose diffuse. Jo u rn a l Belge de N eurologie e t  de P sy ch i

a trie  40, 1 6 0 -1 6 8 , 1940.
110. Die neurogene T heorie  des p ep tisch en  M agengeschw ürs. V e rh an d lu n g en  d e r G esellschaft 

U n g arisch er P a tho logen  9, 145, 1940.
111. Die neurogene T heorie  des p ep tisch en  M agen- u. D uodenal-G eschw ürs. D e u tsch e  m ed. 

W ochenschrift 67, 479, 1941.
112. G eh irn b lu tu n g  u. pep tisch es G eschw ür. W iener klin. W schr. 54, 326, 1941.
113. Die E rk ran k u n g e n  de r weissen S u b s tan z  des G ehirns u. des R ü ck en m ark s . M ünch, m ed. 

W schr. 88, 443, 1941.
114. A gyom orfekély  k ó rta n a . A k adém iai lev. tag  székfoglaló. M a te m a tik a i és T erm észe t- 

tu d o m á n y i É rte s ítő  60, 530, 1941.
115. Az agy d iffus sclerosisa. O rv o s tu d o m án y i K özlem ények  3, 545, 1942.
116. U ber die B ed eu tu n g  de r C orpora am ylacea im  Z en tra ln e rv en sy stem . V e rh an d lu n g en  

der G esellschaft U n g a risch e r Pa tho logen  11, 170. 1942.
117. Die A etiologie der d iffusen  H irnsclerose . Zschr. f. d. ges. N eurol, u. P sy ch . 176, 80, 1943.
118. A R ocky  M ountain  sp o tte d  fever e rdély i e lő fordulása. O rvosi H e tila p  87, 462, 1943.
119. A zsírm obilisatio  m echan ism usa. M agy. O rv. A rch ívum  44, 3, 1943.
120. Sclerosis tu b ero sa  és cson te lv á lto záso k . O rvostud . Közi. 4, 345, 1943.
121. Az am m óniák  acidosis. Jú n iu s  24. Szeged 1943. A M agy. É le t ta n i  T árs . X I I 1. vándor- 

gyűlése.
122. N éhány  a h y p ophysis m űködési z av aráb ó l eredő m egbetegedésrő l. M agy. P a th .  T ársaság a  

1943.
123. T uberöse  Sclerose u. in n ere  Secretion . Arch. f. Psych. 117, 333, 1944.
124. M ecsnikov orosz te rm észe ttu d ó s . A Szovjetorosz  B a rá to k  T á rsa sá g á b an  Szegeden 1945. 

jú n iu s  3-án t a r to t t  előadás.
125. A k iü téses ty p h u s  k ó rb o n c ta n a . A szegedi orvosok szak szerveze tében  1945. szep t. 25-én 

t a r to t t  előadás.
126. R á k k u ta tá s  a S zo v je tu n ió b an . O rvosok L ap ja  3, 1209, 1947.
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127. D e r R esorptionsw eg d e r im  G ehirn  en ts teh en d en  D eg en e ra tio n sp ro d u k te . V irchow s 
A rch iv  315, 61, 1948.

128. Az érfa l rugalm as ro s t ja in a k  p u sz tu lá sa . Orvosi H e tila p  89, 465, 1948. M itarb .: I. B anga.
129. E n zy m ic  A ctiv ity  o f th e  A o r ta . A d en y lp y ro p h o sp h ata se  o f th e  A o rta . Z eitschr. f. V ita 

m in , H orm on- und  F e rm en tfo rsc h u n g  2, 1, 1948. C o llab o ra to rs : I. B anga  and Gy. Jose- 
p o v its .

130. S tu d ies  on the  P ro p e rtie s  o f  th e  A lbum inoids o f th e  A rte ria l W all. Z eitschr. f. V itam in , 
H o rm o n - und F e rm e n tfo rsc h u n g  2, 408, 1948. C o llab o ra to rs : I. B an g a  an d  A. N ow otny .

131. L a  d istruzione delle f ib re  e la s tich e  dei vasi san g u ig n i. Società  I ta l ia n a  di A natóm ia  
P a to lo g ica  1948.

132. Az érfa l rugalm as ro s t ja in a k  p u sz tu lása . C en ten n aris O rvosi N a g y h é t B u d ap est, 1948. 
szep t. 6.

133. A  p an creas k iv o n ato k  e la s ticu s  rosto ldó  h a tá sá t gá tló  a n y a g  a v é rsav ó b an . Orvosi H e tilap  
90, 45, 1949. M itarb .: I. B a n g a .

134. Az agy vérkeringésének  szab á ly o zása . Orvosi H e tila p  90, 321, 1949.
135. S pecific ity  of the  E la s to ly tic  E n zy m e. Zeitschr. f. V itam in , H orm on- u n d  F e rm en tfo rsch . 

2, 415, 1949. C o llabora to rs: I. B anga and A. N o w o tn y .
136. D ie Z erstö rung  der e la s tisc h en  F ase rn  der G efäßw and. Schw eizerische Z eitsch rift f. P a th , 

u . B a k t. 12, 350, 1949. M ita rb .:  I. B anga.
137. E la s ta se  and E lastase  In h ib ito r .  N a tu re  164, 491, 1949. C o llab o ra to r: I. B anga.
138. A z érelm eszesedés. A M a g y a r  T u d . A kadém ia IV . O sz tá ly á n  ren d es tag g á  v á la sz tá s  

a lk a lm á v a l t a r to t t  szék fog la ló  1949. m ájus 2.
139. A z e lastase  in h ib ito r. M a g y a r É le tta n i T ársaság  1949. év i v ándorgyű lése .
140. E m b e re k  és sertések  p o lio m y e litise . P a tho logus S za k cso p o rt N agygyűlése  1949.
141. T h e  D u ra l Venous S inuses. T h e  A natom ical R ecord  106, 319, 1950.
142. T h e  E lasto ly tic  A c tiv ity  o f  P a n c re a tic  E x tra c ts . T he B iochem ical Jo u rn a l 46, 384, 1950- 

C o llab o ra to r: I. B anga.
143. A z érpatho lóg ia  ú ja b b  e red m én y e i. R eferá tum  a P a th .  S zak cso p o rt 1950. évi N ag y 

gyűlésén .
144. E la s ta se  és arte riosclerosis. B a n g a  társszerzővel e lő ad ás a M agyar É le tta n i T ársaság  

1950. évi vándorgyű lésén .
145. A p o p lex ia  és gyom orfekély . O rvosi H etilap  91, 801, 1950. M itarb .: F . F reisinger u n d  

K . L apis.
146. Az a r té r iá k  e lvá ltozásai e sse n tia lis  hy p erto n iáb an . O rvosi H e tila p  91, 1215, 1950. M itarb .: 

G y. R óna  und Z. L áb as .
147. Az e lastase  a k tiv á lá sa . K ísé r le te s  O rv o stu d o m án y  2, 271, 1950. M itarb .: I. B anga.
148. A z u lcus pepticum  oka  az id eg rendszerben . A M agyar T u d o m án y o s A kadém ia  V. o sz tá 

ly á n  1950. jú n . 13-án t a r t o t t  e lőadás.
149. Причина пептической язвы в нервной системе. A c ta  m orphol. A cad. Sei. hung.

I ,  167, 1951.
150. H y d ro ch in o n  h a tá sa  az á to l th a tó  egérrák  növekedésére. K ísérle tes  O rv o stu d o m án y  3, 

191, 1951. M itarb .: F . V á n d o r  u n d  P. Reim an.
151. Az agy , m in t a vé r c h o le s te rin jén e k  forrása. O rvosi H e tila p  92, 785, 1951. M itarb .:

J .  László.

152. M alignus m elanom ák k ó re re d e te . Orvosi H e tilap  92, 525, 1951. M itarb .: F. V ándor 
u n d  P . Reim an.

153. A tü d ő ad en o m ák  je len tő ség é rő l. I. M agyarországi O nko lóg iai N agygyűlés 1951. jú n iu s  15.
154. A z in te rv e rteb ra lis  d ú co k  v iz sg á la ta  pem phigus ese te ib en . P a th o lo g u s  S zakcsoport N ag y 

g y ű lése  1951. okt. 13. M ita rb .: F . Földvári.
155. Az in te rv e rteb ra lis  d úcok  v iz sg á la ta  pem phigus ese téb en . M agyar D erm ato log ia i T árs. 

N agygyű lése  1951. dec. 15. M ita rb .: F. Földvári.
156. V erän d e ru n g en  der A rte rie n  bei essentieller H y p e rto n ie . A c ta  m orpho l. Acad. Sei. hung  

1, 67, 1951. M itarb e ite r: G. R ó n a  u n d  Z. Lábas.
157. Az a r té r iá k  e lvá ltozásai d iffu s  g lom eru lonephritis  k ö v e tk e z té b en . O rvosi H e tilap  93, 

356, 1952. M itarb .: Gy. R ó n a  u n d  Z. Lábas.
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158. Die V eränderungen  der A rte rien  infolge diffuser G lo m eru lonephritis . A cta  m orphologica  
A cad. Sei. hung. 1, 399, 1951. M ita rb e ite r: G. R óna u n d  Z. L áb as.

159. L ’exam en  des ganglions sp in au x  d an s  des cas de pem phigus. A nnales de D erm ato log ie  e t 
de Syph ilig raph ie  79, 626, 1952. E n  co llabora tion  avec F. F ö ld v á ri.

160. A sp inalis ganglionok v izsg á la ta  pem p h ig u s esetekben. B örgyógy . és V enerológiai Szem le
6, 75, 1952. M itarb .: F . F ö ld v á ri.

161. Az arteriosclerosis p ro b lém ája . M agyar T ud . A kadém ia O rvosi O sztá lyok  K özleinénvei
3, 545. 1952.

162. D iabeticusok  glom erulosclerosis« (K im m e ls tie l— W ilson sy n d ro m a). O rvosi H e tilap  93, 
1137, 1952. M itarb .: Gy. R óna  u n d  Zs. Ja k a b .

163. U re th an  okozta  k ísérle tes tü d ö ad e n o m ák . K ísérletes O rv o s tu d o m án y  4, 267, 1952. 
M itarb .: J .  Ju h á sz  u n d  Gy. V arga.

164. Ü ber durch  U re th an  v e ru rsac h te  experim entelle  L u n g en ad en o m e. A cta  m o rp h . Acad. 
Sei. hung. 3, 101, 1953. M ita rb e ite r: J .  Ju h ász  und  J .  V arga.

165. F la s tin  and E lastase . N a tu re  171, 44, 1953. C ollaborator: I. B anga.
166. Change in th e  E lastase  C o n ten t o f th e  H um an  P an creas in R e la tio n  to A rteriosclerosis. 

A cta  physiologica A cad. Sei. hung . 4, 187, 1953. C o llab o ra to r: 1. B anga.
167. Das P rob lem  der A rteriosklerose. A c ta  inedica Acad. Sei. hung . 4, 449, 1953.
168. K ísérleti glom erulosclerosis. K ísérle tes O rv ostudom ány  5, 196, 1953. M itarb .: J .  Ju h á sz  

u n d  G. K endrey .

169. Ü b er d ie geschw ulsterzeugende W irk u n g  des U re th an  in S ch lafm itte ln . Z eitschr. f. K rebs- 
forsch. 59, 561, 1953. M ita rb e ite r: J .  Ju h á sz  und G. K en d rey .

170. A Sevenal és D ial d a g a n a tk e ltő  h a tá sá ró l. K ísérletes O rv o s tu d o m án y  5, 301, 1953. 
M itarb .: J . Ju h á sz  u n d  G. K en d rey .

171. A pneum ocystis  carin ii e lő fo rdu lása  M agyarországon és szerepe  ú jsz ü lö ttek  p lasm ase jte s 
p n eu m o n iá ján ak  kele tkezésében . O rvosi H etilap  94, 966, 1953. M itarb .: 1). Schuler.

172. D iabetesesek  hyalinos a rte rio scle ro sisa . Orvosi H e tilap  94, 1273, 1953. M itarb .: Gy. R óna 
und  E . K erekes.

173. A G asser-dúc e lv á lto zásai szá jp em p h ig u s esetekben. B örgyógy . és V enerológiai Szemle
7, 135, 1953. M itarb .: F . F ö ld v á ri.

174. P em phigus esetekben  a sp ina lis  g an g lionokban  észlelt e lv á lto záso k  kóreredete . B örgyógy. 
és V énéről. Szem le 7, 175, 1953. M ita rb .: L. Liszkai.

175. T he E ffec t o f S u b stan ces In flu en c in g  O xido-reduction  on  th e  G row th  of M ouse Cancer- 
A cta  physiologica A cad. Sei. hung . 5, 273. 1954. C o llabora to rs: 1. B anga and  P. R eim an-

176. D iabetic  A ng io p a th y  an d  G lom erulosclerosis. A cta m o rp h . Acad. Sei. hung . 4, 51, 1954. 
C o llaborators: G. R óna, S. J a k a b  and  E. Kerekes.

177. D as V orkom m en von P n eu m o cy s tis  carin ii in U ngarn  und  ih re  Rolle bei de r in te rs ti tie lle n  
p lasm azellu lären  P neum onie  d e r N eugeborenen. A cta m orphologic«  A cad. Sei. h u n g .
4, 1, 1954. M itarb .: D. Schuler.

178. V ergleichende U n te rsu ch u n g en  ü b e r  die E lasto lyse  der G efäßw and  und  des Lig. n uchae  
in h isto logischen S c h n itten . A cta  m orphologica Acad. Sei. hu n g . 4, 141, 1954. M ita rb e ite r: 
I. B anga  u n d  D. Schuler.

179. C o n trac tio n  and  R e lax atio n  of C ollagen F ibres. N a tu re  174, 788, 1954. C o llab o ra to rs : 
I. B anga and  D. Szabó.

180. S tu d ies  of th e  E lasto ly sis of E la s tin  and  of Collagen. A c ta  physio log ica  A cad. Sei. hung- 
6, 235, 1954. C ollabora to r: I. B anga.

181. Les a lté ra tio n s  du ganglion  de G asser dans des cas de p em p h ig u e  de la bouche. A nnales 
de D erm ato log ie  e t de S yph ilig rap h ie . 81, 507, 1954. E n  c o llab o ra tio n  avec F. F ö ld v á ri.

182. A pem phigusró l á lta lá b an . K a tam n esz tik u s  v izsgála tok . B örgyógy. és V énéről. Szemle
8, 42, 1954. M itarb .: F . F ö ld v á ri u n d  K. M árton.

183. A m ellékvese m űködésének  id eg rendszeri szabályozása . O rvosi H e tilap  95, 1296, 1954.
184. Die N eu ro reg u la tio n  de r N eb en n ie ren fu n k tio n . A cta m ed ica  A cad. Sei. hung . 6, Supp l. 

1. 126, 1954.

185. Ú jszü lö ttek  se jtz á rla to s  betegsége (C ytom egalia  in fan tu m ). O rvosi H e tila p  95, 1230, 
1954. M itarb .: J . László u n d  G. K endrey .
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186. L es adénom es b ro n ch iq u es  e t  leu r im p o rtan ce . B u lle tin  de l ’A ssocia tion  F ran ça ise  p o u r 
l ’E tu d e  du  Cancer. 42, 76, 1955. E n  co llab o ra tio n  avec D. K assay  e t  A. B ikfalv i.

187. D ie  B ronch ia ladenom e u n d  ih re  B ed eu tu n g . A c ta  m orpho log ica  A cad . Sei. hung . 5, 71, 
1955. M itarbe ite r: D. K a ss a y  u n d  A. B ikfalv i.

188. B ro nch ia ladenom e. T h o rax c h iru rg ie  3, 24, 1955. M ita rb e ite r: D. K assay  u n d  A. B ikfalv i.
189. E in  n eu er ex p erim en te lle r G esch w u lsts tam m : das A m yta l-A scites  S ark o m . A c ta  m o rp h o 

log ica  Acad. Sei. h u n g . 5, 243, 1955. M ita rb e ite r: J .  Ju h á sz  u n d  G. K e n d rey .
190. Ú j k ísérle tes d a g a n a ttö rz s :  A z a m y ta l-a sc ite s  sarcom a. K ísérle tes O rv o s tu d o m án y  7 , 

186, 1955. M itarb .: J .  J u h á s z  u n d  G. K en d rey .
191. T ü d ő tu b e rcu lo sis  és tü d ő rá k . T ubercu losis K érdései 8, 4, 1955. M ita rb .: J .  Ju h á sz  u n d  

G. K endrey .

192. A  pem phigus g am m a-g lo b u lin  kezelése. B ő rg y ó g y ásza ti és V enero lóg iai Szem le 9, 70, 
1955. M itarb .: F . F ö ld v á ri.

193. C hange in  V elocity  o f E la s to ly s is  o f B loodvessels due  to  A rterio sclerosis . 3èm e Congrès 
In te rn a tio n a l  de B ioch im ie  B ruxelles 1955. C o llabora to r: I. B anga.

194. A  h ö rgőadenom ák  és je le n tő ség ü k . O rvosi H e tila p  96, 1317, 1955. M ita rb .: D. K assay  
u n d  A. B ikfalvi.

195. A z em beri m u ltip lex  tü d ő a d e n o m á k  kérdése. M agyar R adio lóg ia  7, 198, 1955. M itarb .: 
L eszler.

196. E l  o rigen  m ultifocal del c án c e r pu lm o n ar. F o lia  C línica In te rn a c io n a l 6, 3, 1956.
197. I n f a r k t  und  L ung en k reb s. A c ta  m orpholog ica  A cad . Sei. hung . 6, 367, 1956. M it

a rb e ite r :  J . Ju h á sz  u n d  J .  Ternes.

198. P u lm o n a ry  In fa rc ts  a n d  P u lm o n a ry  C arcinom a. C ancer (P h ilad e lp h ia )  9, 918, 1956. 
C ollabora to rs: J . Ju h á sz  a n d  J .  Tem es.

199. E la s to m u co p ro te in ase  a n d  C o llagenm ucopro te inase , th e  M ucoly tic  E n zy m es of th e  
P a n c rea s . N a tu re  (L o n d o n ) 178, 310, 1956. C o llab o ra to r: I. B anga.

200. M etaco llagen  as th e  A p p a re n t  E la s tin . Jo u rn a l of G eron to logy  I I ,  242, 1956. C ollabora
to rs :  I. B anga and  D. Szabó.

201. T h e  Procollagen, as a  C o m p o n en t o f Collagen F ib res. A c ta  P hy sio lo g ica  A cad . Sei. 
h u n g . 9, 61, 1956. C o llab o ra to rs : I. B anga  an d  D. Szabó.

202. Subm icroscopic  S tru c tu re  o f C ollagen F ib res: th e ir  C o n trac tio n  an d  R e la x a tio n . A cta 
m orpho log ica  A cad. Sei. h u n g . 6, 391, 1956. C o llabora to rs: I. B an g a  a n d  D. Szabó.

203. A  ko llagén  rostok  sz e rk e z e tén e k  v izsg á la ta . M agyar T u d . A kadém ia  B ioi. és O rvosi T ud . 
O sz tá ly á n ak  K özlem ényei 7, 385, 1956. M ita rb e ite r: 1. B anga  u n d  D. Szabó.

204. T h e  S tru c tu re , A geing a n d  R e ju v e n a tio n  of C ollagen F ib res. E x p e rie n tia  S up p lem en tu m  
4 , 28, 1956. C o llabora to rs: I . B an g a  an d  D. Szabó.

205. P e m p h ig u sb an  e lh a lt 62 b e te g  k ó rb o n c ta n i v o n a tk o zása i. B őrgyógy. és V enerológiai 
Szem le 10, 97, 1956. M ita rb .:  F . F ö ld v á ri u n d  K . M árton .

206. T h e  S tru c tu re  and C hem ical C om position  of C onnective  Tissue. C onnective  T issue Sym 
p o s iu m  London, J u ly  22 — 26, 1956. B lackw ell P . 254. C.I.O .M .S. C o llab o ra to r: I . B anga.

207. L u n g en ad en o m ato se  des M enschen . Z e n tra lb la tt  f. P a th o lo g ie  97, 242, 1957. M itarb .: 
G. K a rád y .

208. E ffe c t  o f M etal C om plexes u p o n  E x p e rim en ta l C arcinom a. A c ta  U nio In te rn a tio n a l  C ontra 
C an cru m  13, 463, 1957. C o llab o ra to r: I. B anga.

209. D er A lveolarzellkrebs d e r L unge. F ra n k i. Z tsch r. f. P a th . 68, 530, 1957.
210. Ü b e r  die geschw ulsterzeugende  W irk u n g  der Iso n ik o tin säu re h y d raz id  (IN H ). Zschr. f. 

K reb sfo rsch . 62, 188, 1957. M ita rb e ite r: J .  Ju h á sz  u n d  G. K en d rey .
211. O n  E lastase . Ciba F o u n d a tio n  C olloquia on Ageing Vol. 3. C hurch ill. L o ndon  1957,

p. 101 103.
212. A  N a-A m y ta l d a g a n a tk e ltő  h a tá sa . K ísérle tes O rv o s tu d o m án y  9, 537, 1957. M itarb .: 

J .  J u h á sz  und  G. K en d rey .
213. A z A n d ro fo rt (T es to s te ro n -ac e ta t)  d a g a n a tk e ltő  h a tá sa . K ísérle tes O rv o s tu d o m án y  9, 

531, 1957. M itarb .: G. K e n d rey  u n d  J .  Ju h ász .
214. E ffe c t of A TP and A cid Sw elling  of Collagen. B ioch im iya  22/1 — 2, 60, 1957. C ollaborator; 

I .  B anga.

A c ta  M orphologica Academ iae S c ie n tia ru m  H ungaricac 16, 1968



V ER Ö FFEN TLIC H U N G EN  VON PR O F . D R. J . В ALÓ 15

2 15. E ffec t o f In trap e rito n e a l A d m in is tra tio n  of E la s ta se  on W hite R a ts . G e ro n to lo g ie  1, 
315, 1957. C ollaborators: I. B an g a , J . Ju h á sz , D. Szabó and E. Szalay.

216. M etaco llagen , m in t lá tszó lag o s”  e lastin . M agyar T ud . A kadém ia Bioi. és O rvosi T u d . 
O szt. K özlem ényei 8, 231, 1957. M ita rb .: I. B anga  u n d  D. Szabó.

217. A sp ina lis  ganglionok töm lős m egbetegedésérő l. Id eg g yógyásza ti Szem le 10, 142, 1957.
218. V írus h ep a titis  szerepe a c irrhosis ke le tkezésében . O rvosi H e tilap  98, 1290, 1957. M itarb .:

I. B esznyák  u n d  G. K en d rey .
219. Az izo n ik o tin sav h y d raz id  ( IN II)  d a g a n a tk e ltő  h a tá sá n a k  k ísérle tes v iz sg á la ta . T u b e r

ku lózis 10, 49, 1957. M ita rb .: ,1. Ju h á sz  u n d  G. K en d rey .
220. In v e stig a tio n s  Concerning th e  Genesis o f Pem p h ig u s . A cta  d e rm at. v en ero l. P roc . l l t l i  

In te rn a t.  Congr. D erm at. 3, 372, 1957. C o llab o ra to r: F . F ö ldvári.
221. Ü b e r die geschw ulsterzeugende W irkung  des G landubolins. A cta m orph . A cad . Sei. hung . 

8, 95, 1958. M itarb e ite r: G. K en d rey  u n d  J . Ju h á sz .
222. A kollagén duzzadása  és a n n a k  m eg g á tlása  A T P-vel. A M agyar T u d . A k a d ém ia  Bioi. 

és O rvosi T ud . Oszt. K özlem ényei 9, 75, 1958. M itarb .: I. B anga.
223. E la s ta se  és a therosclerosis. A M agyar T u d . A k ad ém ia  Bioi. és Orvosi T u d . O sz t. K özle

m ényei 9, 425, 1958. A kadém iai lev. tag . székfoglaló.
224. Die R olle der V iru sh ep a titis  fü r die E n ts te h u n g  de r L eberzirrhose. Schw eiz. Z tsclir. f. 

alig. P a th . B akt. 21, 1064, 1958. M ita rb e ite r: I. B esznyák  und  G. K e n d rey .
225. System  nerveux  e t u lcère p ep tiq u e . Schweiz. Z tsch r. f. alig. P a th . B act. 21 , 561. 1958.
226. H is to ry  and P a thogenesis o f A therosclerosis. Sectio  X X . E x cerp ta  M edica, G ero n to lo g y  

an d  G eriatrics 2, 279, 1959.
227. N ephelom etric  D e te rm in a tio n  of E la s ta se  A c tiv ity  and  M ethod for E la s to ly tic  M easure

m en ts . T he B iochem ical Jo u rn a l 71, 544, 1959. C o llaborators: I. B an g a  a n d  M. H o rv á th .
228. D ifferences betw een M etaco llagen  and  C ollastrom in . A cta physiol. A cad . Sei. hung . 15, 

127, 1959. C ollaborator: I. B anga.
229. Az e lasz to litik u s enzim  k ém ia i tu la jd o n sá g a  és b io lógiai h a tá sa . M agyar K é m ia i F o ly ó 

ira t  65, 127, 1959. M itarb .: I. B anga  u n d  I). B agdy.
230. E ffec t of l ,6 -D i-(2 -B ro m o eth y lam in o )-l,6 -D id eo x y -D -M an n ito l D ih y d ro b ro m id e  on 

T u m o u rs  of L ab o ra to ry  A nim als. N a tu re  183, 395, 1959. C o llabora to rs: G. K e n d rey ,
J .  Ju h á sz  and  I. B esznyák .

231. F iltrá lh a tó  v írus szerepe a d a g an a to k  e lő idézésében. Orvosi H e tilap  100, 491, 1959.
232. T u m o r In h ib ito ry  A ction  of l ,6 -D i-(2 -B ro m ae th y l-A m in o )-l,6 -D id eo x y - D -M ann ito l 

D ih y d ro b ro m id e  (DBM ) R 13. B rit. J . C ancer 13, 634, 1959. C o llabora to rs: G. K en d rey , 
J .  Ju h á sz  and  I. B esznyák.

233. Инфаркт h рак легкого. Труды 111 Всесоюзного Съезда Патологоанатомов. Харков 
1961 стр. 62.

234. Ü b er die W irkung  der K o llag en m u k o p ro te in ase  a u f  die n eu tra len  M u k o p o ly sacch a rid e  
d e r kollagénén F asern . A cta  h isto ch em ica  9, 69, 1960. M itarb .: D. S zabó  u n d  I. B anga.

235. T he E lastic ity -in c reasin g  P ro p e rty  o f E lasto m u co p ro te in ase . B iochim ica e t  B iophysica  
A cta  40, 367, 1960. C o llab o ra to r: I. B anga.

236. Iso la tio n  of N eu tra l H e te ro p o ly sacch arid e  C o n tain ing  M ucoprotein  from  B o v in e  Achilles 
T endon  w ith  the  Aid of C ollagenm ucopro te inase. B iochem . J . 74, 388, 1960. C o llab o ra to r: 
I. B anga.

237. M anifestaciones secu n d arias de los Q uistes H ipofisarios. Folia Clin. In te rn . 10, 296. 1960.
238. A rá k k u ta tá s  fejlődése. O rvosképzés 35, 67, 1960.
239. E la s ta se  és a therosclerosis. O rv o s tu d o m án y i Szem le 5, 62, 1960.
240. Az e lasz táz  kom plex te rm észe te  és az e lasz táz  term elés helye. O rv o s tu d . Szem le 5, 7 0 ’ 

1960.
241. A zsírm obilisatio  kérdése. M agyar T ud . A kad. Bioi. és Orvosi T ud . O szt. K özlem ényei 

I 1, 361, 1960.
242. C holesterin  adagolás h áz in y u lak n a k  vizes suspensio  a lak jáb an . K ísérletes O rv o s tu d o m á n y  

12, 630, 1960. M itarb .: E . Szalay.
243. A n a tó m ia  p a t.  e h is to p ato lo g ía  de las en ferm ed ad es alérgicas. T ra ta d o  de A lerg ía  1960. 

B arcelona. P . 237 — 266. E d ito ria l C ientífico  M édica. B arcelona M adrid -L isb o a  Rio 
de J a n e iro — M ontevideo. Dir. D r. F . A rasa.
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244. G eschw ulsterzeugende W irk u n g  von A rzn eim itte ln . B e rlin e r Sym posion ü b e r  F rag en  
d e r Carcinogenese. A k a d . V e rlag , Berlin S. 208. 1960.

245. K le ine  T um oren (T u m o u rle ts )  de r Lunge. A rch. De V ecch i 31, 21, 1960.
246. K ísérle tes  v izsgála tok  a D B M  (R 13) (l,6 -b is)-2 -b ro m ae th y la m in o  (1 ,6 -desoxy-D -m ann it 

d ib ro m h y d ra t)  d a g a n a tn ö v e k e d é s t  gátló  h a tá sá ró l. O rv o si H e tila p  101, 157, 1960. M itarb .: 
G. K en d rey , J . Ju h á sz , I. B eszn y ák .

247. Превращение коллагеновых волокон в эластические. Симпозиум по соединительной 
ткани. Медгиз, Москва, 1960 стр. 30.

248. Az e lastase  és k o lla g e n m u k o p ro te in a se  k u ta tá s  te rü le té n  e lé r t eredm ények. O rvosképzés 
36, 161, 1961. M ita rb .: I. B a n g a .

249. C ollagen M ucopro teinase  a n d  o th e r  Collagénases. A c ta  p h y sio l. A cad. Sei. hung . 19, 19' 
1961. C ollaborators: I. B a n g a  a n d  D. Szabó.

250. L ’im p o rtan za  dell’e la s ta s i. M in e rv a  Medica 52, 3918, 1961.
251. U b e r die Ergebnisse d e r E la s ta se -  und  K o llag en m u k o p ro te in ase -F o rsch u n g . Z tsch r. V ita 

m in , H orm on- und  F e rm e n tfo rsc h . 12, 59, 1961/62. M ita rb e ite r :  I. B anga.
252. Az em beri sperm a leu k a em o g e n  h a tása . M agyar O n k o ló g ia  5, 199, 1961. M itarb .: J .  Ju h á sz  

u n d  G. K endrey.
253. O n th e  L eukaem ogenic E f fe c t  o f H um an Sperm . C o llab o ra to rs : J .  Ju h á sz  and G. K en d rey . 

T h e  M orphological P re c u rs o rs  o f Cancer. E d ite d  b y  L u cio  Severi Perugia, 1963. p. 279.
254. Кормление кроликов водной взвесью холестерина. Атеросклероз, Сборник посвя

щен 75-летию дня рождения и 55-летию научной, педагогической и общественной 
деятельности академика Николая Николаевича Аничкова. Медгиз, Ленинградское 
отделение 1961 стр. 98.

255. C hem otherap ie  des K reb ses . V o rtra g  in dem Je n a e r  I n s t i tu t  fü r  M ikrobiologie u n d  E x p e 
rim en te lle  T herap ie  am  28. N o v em b er 1961.

256. E la s tic ity  of th e  V a sc u la r  W all I. The E lastic  T e n s ib ility  o f th e  H u m an  C aro tid  as a 
F u n c tio n  of Age an d  A rte rio sclero s is . A cta physio l. A cad . Sei. hung. 20, 237, 1961. 
C ollabora to r: I. B anga.

257. E la s tic ity  of th e  V a sc u la r  W a ll  I I . E ffect o f E la s to ly tic  E n zy m es on th e  E la s tic ity  o f 
th e  H u m an  C arotid  in v i tro .  A c ta  physiol. A cad. Sei. h u n g . 20, 250, 1961. C o llabora to r: 
I. B anga.

258. Z u r F rage  der F e ttm o b ilis ie ru n g . A cta m orph. A cad . Sei. hung . 10, 313, 1961.
259. E xperim en te lle  U n te rsu c h u n g  neuer Stoffe m it z y to s ta t is c h e r  W irkung. V. U ngarische  

K re b stag u n g  1961 in B u d a p e s t ,  A kad. K iadó P . 145. M ita rb e ite r :  G. K endrey , J .  Ju h á sz , 
G. G yenes und  M. Sellyéi.

260. Ü ja b b  cy to s ta tik u s h a tá s ú  a n y ag o k  kísérletes v iz sg á la ta . O rvosi H e tilap  103, 257, 1962. 
M ita rb .: G. K endrey , J .  J u h á s z ,  G. Gyenes u n d  M. Sellyéi.

261. A etio logy  of Lung C ancer. V I I I .  In te rn a tio n a l C ancer C ongress Moscow, A b s tra c t of 
P a p e rs , Medgiz 282, 1962.

262. E x p erim en ta l In v e s tig a tio n s  in to  the  A n titu m o ra l A c tiv ity  of 1 ,2 ,5 ,6 -T etram ethane- 
Su lphany l-D -M ann ito l (T SM ) V II I .  In te rn a tio n a l C ancer Congress Moscow, A b s tra c ts  
o f P ap ers, Medgiz 311, 1962. C ollaborators: G. K e n d re y , J .  Ju h ász , G. G yenes and  
M. Sellyei.

263. K o rp ássy  Béla em lék ezete . M orph , és lg. O rv. Szem le 2, 81, 1962.
264. In te rn a tio n a l A cadem y o f P a th o lo g y , Zürich J u ly  8 — 13, 1962. On conditions p roceed ing  

lu n g  carcinom a.
265. Z u r F rage  der K arz in o g en ese . M ünchen, m ed. W schr. 104, 1424, 1962.
266. Ü b e r den fe rm e n ta tiv e n  A b b a u  des N ervengew ebes. IV . In te rn a t.  K ongreß fü r N euro 

p a th o lo g ie  4 — 8. S e p te m b e r  1961. Vol. I. 63, 1962.
267. T h e  Role of E lastase  in  A th erosclerosis. M edical an d  C lin ical A spects of Aging. C olum bia 

U n iv e rs ity  Press, N ew  Y o rk  a n d  London 1962, 3 5 7 — 373 p. F if th  Congress of th e  In te r 
n a tio n a l A ssociation of G e ro n to lo g y . Ed. H erm an n  T. B lu m e n th a l. C ollaborator: I. B anga.

268. Les adénom es m u ltip le s  du  re in . B ulletin du C ancer 49, 196, 1962. E n  co llabora tion  avec 
A rle tte  M asset.

269. M ultip lex  veseadenom ák . M a g y a r Onkológia 7, 81, 1962. M itarb .: A rle tte  M asset.
270. T h e  E n zy m atic  D e g ra d a tio n  o f Collagen F ibers. C ollagen, Proceedings of a Sym posium

Acta Merphologica Academiae Scientiarum  Hungaricae 10, 1908
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sponsored by th e  C en tra l L ea th e r  R esearch  In s ti tu te , Council o f Scientific  and  In d u s tr ia l  
R esearch , M adras, In d ia , held  on  N ovem ber 29 — 30, 1960. E d. by  N . R a m a n a th a n  
P. 305 — 309. In tersc ien ce  P u b lish e rs  New York L o ndon  1962. C o llabora to rs: I. B anga 
and  I). Szabó.

271. E lasz táz  és e la sz to m u k o p ro te in áz  h a tásm ech an ism u sa  k ö z ö tti kü lönbség  v izsg á la ta . 
K ísérletes O rv o s tu d o m án y  14, 628, 1962.

272. Neue experim entelle  A ngaben  zur geschw ulsterzeugenden  W irkung  des Iso n ico tin säu re- 
hyd raz id  (IN H ). Z. K rebsforsch . 65, 434, 1963. M ita rb e ite r: J .  Ju h á sz  und  B. Szende.

273. C onnective T issue C hanges in A therosclerosis. In te rn a tio n a l R eview  of C onnective  T issue 
R esearch , Yol. 1, 241 -3 0 6 , 1963. E d ite d  by D avid  A. H a ll, A cadem ic P ress , New Y ork 
and  London.

274. Process of F a t M obilization . Sem icen tenn ia l of the  found ing  of the  A m erican  Society  for 
E x p erim en ta l P a th o lo g y  A tlan tic  C ity , April 18, 1963. F e d e ra tio n  Proceed ing  22/6 P a rt  L , 
1380, 1963.

275. Role of the C entra l N ervous S ystem  in Pep tic  U lcer D ev elo p m en t. P a th o p h y sio lo g y  of 
P ep tic  Ulcer. S ta id ey  C. S k o ry n a , E d ito r . McGill U n iv e rsity  Press, M ontreal 1963. p. 389.

276. L ipopro te inek  és a therosc lerosis. M agy. Tud. A kadém ia V. O rvosi T ud . O szt. K özlem ényei 
15, 59, 1964.

277. E x p erim en ta l In v estig a tio n  in to  th e  A n titu m o ra l A c tiv ity  o f T e trah y d ro m e th a n esu lp h o - 
nyl-D -M annito l (TSM). A c ta  U nion In te rn a t. C ontre le C ancer 20, 141, 1964. C ollabo
ra to rs : G. K endrey , J .  Ju h á sz , G. G yenes and M. Sellyéi.

278. Ú jab b  kísérletes a d a to k  az iso n ik o tin sav h y d raz id  (IN H ) d a g a n a tk e ltő  h a tá sá ró l. M agyar 
O nkológia 8, 193, 1963. M itarb .: J .  Ju h á sz  und  B. Szende.

279. Patho log ic  C hanges in th e  P ac in ian  Corpuscles a ro u n d  th e  P ancreas. A cta  m orphol. 
Acad. Sei. hung . 13, 75, 1964. C ollaborator: M. Sellyéi.

280. Az e lastase  k u ta tá s  eredm ényei. O rvosi H etilap  106, 49 — 54, 1965.
281. A k ris tá ly o s am ylo id . MTA. V. O szt. Közi. 16, 9 7 — 104, 1965.
282. Rozwój nau ezan ia  m edyeznego  na W egrzech. M iedzynarodow a Sesja N au k o w a К rakó  w.

M itarb .: J . K ovácsics 121 125, 1965.
283. H istopatho log ica l F in d in g s in A nim al E x p erim en ts  on th e  A etio logy of V iral H ep a titis . 

A cta m icrobiologica A cad. Sei. hung . 12, 357, 1965/66. C o llabora to rs: G. K endrey , 
M. Sellyei and A. B a jta i.

284. C orrelation  be tw een  C rosslinkages, S teric  S tru c tu re  and D ig estib ility  of Collagen. B io
chem ische Z eitschrift 342, 330, 1965. C ollaborator: I. B anga.

285. C hronicus ó lo m p h o sp h at kezeléssel lé treh o z o tt k ísérle tes vesead en o m ák . M agyar O nko
lógia 9, 144, 1965. M ita rb .: A. B a jta i  u n d  B. Szende.

286. Az agy és vér l ip o id ja in a k  v iszonya. Ideggyógyászati Szem le 18, 137 143. 1965.
287. Ü b er k ristallin isches A m yloid . B e itr. p a th . A nat. 132, 376, 1965.
288. E gyes m odern  gyóg y e ljá ráso k  igazságügyi o rv o stan i v o n a tk o zása i. M orphologiai és 

Igazságügyi O rvosi Szem le 5, 246 — 247, 1965.
289. L a re la tio n  en tre  les lip ides du  cerv eau  e t du sang. A cta  m ed. Acad. Sei. hung . 21, 411 

421, 1965.
290. Атеросклероз п мобилизация жира. IV Всесоюзный Съезд Патологоанатомов Киши

нев 1965. стр. 13.
291. Ü ber die W irkung  der B le ip h o sp h a tb eh an d lu n g  a u f  die N ie renep ithe lzellen  v o n  A lb ino

ra tte n .  A cta  m orphol. A cad . Sei. hu n g . 14, 187 — 195, 1966. M ita rb e ite r: B. Szende und  
A. B a jta i.

292. E ffec t o f E nzym es on C ollagen. P roceed ings 7 th  In te rn a tio n a l C ongress of G eron to logy  
149 — 151, 1966. C o llab o ra to r: I. B anga.

293. D e term in a tio n  of E la s to ly tic  A c tiv ity  and the  Im p o rta n ce  of E lastase . M eth. A chievm .
exp. P a th . 1, 96 123, 1966. S. K arger, Basel/New Y ork . E d ite d  by B ajusz  an d  Ja sm in ,
C ollaborator: I. B anga.

294. K ó rszö v e ttan i v izsg á la to k  a v íru s -h e p a titis  k ó ro k ta n á ra  v o n a tk o zó  á lla tk ísé rle tek b e n . 
O rvosi H e tilap  107, 443 — 445, 1966. M itarb .: G. K en d rey , M. Sellyei u n d  A. B a jta i.

295. K ó rb o n c tan i és k ó rsz ö v e ttan i e lv á lto záso k  a laser su g a rak  h a tá sá ra . O rvosi H e tila p  107, 
1 0 1 6 -1 0 1 8 . 1966.

о Acta  M orphologien A cadem iae Sc ien tia ru m  H ungaricae 16, 1968



18 V E R Ö FF E N T L IC H U N G E N  VON P R O F . D R. J . BALÓ

296. L u n g  T um ours in  L a b o ra to ry  A nim als In d ica tin g  th e  T u m o u r-P ro v o k in g  P ro p e rty  of 
S o m e Drugs. P e ru g ia  Q u a d re n n ia l In te rn a tio n a l C onferences on C ancer. Vol. 3. Lung 
T u m o u rs  in A nim als. 623 — 636, 1966. E d ited  b y  L ucio Severi.

297. C om parison  of L ung  T u m o u rs  in  A nim als and  M en. P e ru g ia  Q u ad ren n ia l In te rn a tio n a  I 
C onferences on Cancer. Y ol. 3. L ung  T um ours in  A nim als. 127 —139, 1966. E d ited  by 
L u c io  Severi.

298. P a th o g en esis  and  S ig n ifican ce  o f R enal A denom as (T he Cesare M assari L ec tu re  fo r 1966, 
A ccad em ia  A n a to m ico -C h iru rg ica  in Perugia). L av o ri D ell’I s t i tu to  Di A n a tó m ia  e 
Is to lo g ia  Pato log ica, U n iv e rs i té  D egli S tud i P e ru g ia  26, 89, 1966.

299. T u m o u r-in d u cin g  E ffec t o f  H y d ra z in e  in Mice. N a tu re  210, 1377, 1966. C ollaborators: 
J .  Ju h á sz  and B. Szende.

300. E m b e re k  és á lla to k  tü d ő d a g a n a ta i .  M agyar O nkológ ia  10, 129, 1966.
301. A  h y d ra z in  d a g a n a tk e ltő  h a tá s a .  M agyar O nkológia  11, 31, 1967. M itarb .: J .  Ju h á sz  

u n d  B. Szende.
302. D ie  Ä tiologie des P e m p h ig u s . P em phigus O ccu p a tio n a l D erm ato ses due to  C hem ical 

S en sitiz a tio n . Congress o f th e  H u n g a rian  D erm ato log ical Society , 1965, pp . 374. P ublished  
in  1967.

303. Ü b e r  die g eschw ulsterzeugende  W irkung  des H y d ra z in s . Z. K reb sfo rsch . 70, 150, 1967. 
M ita rb .:  J . Ju h ász  u n d  B . Szende.

304. Som e Problem s of C hem ical C arcinogenesis (C o-reference) A b s tra c ts , E u ro p ea n  Cancer 
M ee tin g , V ienna, J u ly  4, 1967, pp . 37 — 38.

305. A z atherosclerosis k ó rb o n c ta n a  és kó reredete . A K o rá n y i S ándor T á rsa sá g n a k  és a  M agyar 
P a th o ló g u so k  T á rsa sá g á n ak  e g y ü tte s  ü lésén t a r t o t t  re fe rá tu m  1967. o k tó b er 25-én.

306. A z e la s ta sek u ta tá s  e red m én y e i. A B u d ap esti O rv o s tu d o m á n y i E g y e tem  Sem m elweis 
e lő a d ása  1967. n o v em b er 24-én .

307. A e th io n in  okozta  p a n c re as  e lv á lto záso k . M orph. lg . O rv. Szem le 8, 34, 1968. M itarb .: 
Sz. V arga.

A c ta  Morpliologica Academ iac S c ic n lia ru m  H u ngáriá ié  16, 196H



Acta morphologica Acad. Sei. hung. 16 (1),  pp. 19— 22 , 1968

ERINNERUNG AN BÉLA KORPÁSSY 
1907-1961

Professor K o r p á s s y  war einer der ältesten  und besten Schüler von  
Professor B al ó . Sein früher Tod bedeutete einen schweren Schlag für seinen  
M eister, der ihn wegen seiner m enschlichen Q ualitäten und w issenschaftlichen  
Ergebnisse hochgeschätzt hat. D eshalb glauben wir, Korpássy würde sich seines 
Meisters anläßlich dieser G elegenheit freudigst gedenken, wenn er noch lebte.

D ie ungarischen Pathologen erlitten einen großen Verlust als B éla  K or
pássy am 27. N ovem ber 1961 im Alter von 55 Jahren, am Gipfel seiner schaf
fenden T ätigkeit plötzlich verschied.

K orpássy wurde am 12. Januar 1907 in Szeged geboren, wo sein Vater  
R ichter war. In der damals neu instituierten U niversität dieser Stadt studierte  
K orpássy M edizin, und hier wurde er 1931 zum D oktor prom oviert.

Seit 1929 arbeitete K orpássy im Pathologisch-A natom ischen In stitu t  
der U niversität. Seine erste w issenschaftliche A rbeit (m it A. K a l l ó ) beschäf
tigte  sich m it der Enzephalitis der m it F leisch ernährten H unde m it Eck- 
Fistel; m it intrazerebral injizierter Gehirnem ulsion konnte nachgew iesen wer
den, daß die Zeichen der Enzephalitis nicht infolge eines angenom m enen E n ze
phalitisvirus zustande kom m en, sondern die U rsache des Todes in den auf 
eine G ehirnverletzung zurückzuführenden blutenden Erosionen des M agens zu 
suchen sei. Eine weitere U ntersuchung hat K orpássy m it E. В аси  »Uber den 
K atalase- und G lutathiongehalt der roten B lutkörperchen hei experim entellen  
Anämien« ausgeführt.

Als Stipendiat verbrachte K orpássy dann zwei Semester in W ien , wo er 
die Institu ten  und K liniken kennen lernte und unter Leitung von  Ch ia r i  
im Pathologischen In stitu t der U niversität arbeitete, ln  der V ereinigung der 
Pathologischen Anatom en hielt er Januar 1937 einen Vortrag über seine U n ter
suchungen über die E ntw icklung des B rustkrebses, mit R ücksicht au f das 
Alter und die präkanzerösen Zustände. Ein anderes Thema mit dem  er sich 
in W ien befaßte, war die Basalzellenm etaplasie der A usführungsgänge des 
Pankreas; er führte diese Veränderung sowie auch die E pithelveränderungen  
in der Brustdrüse auf die im fortgeschrittenen A lter auftretende Störung des 
horm onalen G leichgewichts zurück.

N ach seiner Rückkehr nach Szeged arbeitete Korpássy m it B aló  über
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W arzen , Papillom e und K rebs. Sie sam m elten ein großes Material von  solchen  
G ebilden  des M enschen und der Tiere, und konnten  in dem D ickdarm  von  
aus H erden stam m enden Schweinen häufiger D ickdarm polypen finden  als bei 
Schw einen  aus K leinbesitz. Sie führten sogar U bertragungsversuche m it D arm 
p o lyp en  aus.

D as höchste Interesse Korpássys galt den onkologischen Problem en, und 
er habilitierte 1939 aus der Pathologie der G eschw ülste.

1939 heiratete K orpássy Piroska H ajnal; aus der Ehe sind zw ei Söhne 
und ein M ädchen geboren, die alle drei den m edizinischen B eruf w ählten.

In  dem selben Jahre wurde K orpássy Oberarzt im Spital von  Ungvár. 
H ier h a tte  er G elegenheit, viele Fälle von Verbrennung sezieren zu können. 
E r k on n te  feststellen , daß an den Organen von  Menschen die m it Tannin  
b eh an d elt wurden, schwere toxische V eränderungen vorkam en, die bei den 
n ich t m it Tannin behandelten  nicht zu finden waren.

1944 wurde K orpássy zum  M ilitärdienst einberufen und mit der Leitung  
des Laboratorium s des dortigen M ilitärspitals betraut. Zur Zeit der V erschlep
p u n g  des M ilitärspitals nach dem W esten blieb K orpássy in B udapest. 1945 
w ar er eine W eile Prosektor einer Irrenanstalt in Budapest und 1946 wurde 
er zum  Pathologen des Spitals in Szom bathely  ernannt. Kurz nachher wurde 
er zum  Professor der P athologie in Szeged berufen. Zweimal hat er die Würde 
des D ekans der m edizinischen Fakultät b ek leidet. Er erhielt die K andidatur  
und das D oktorat der m edizinischen W issenschaften  und wurde m it dem Titel 
»hervorragender Arbeiter des U nterrichtsw esens« ausgezeichnet.

1956 hat er in Mailand am Sym posium  Internazionale sul D iencefalo und 
am  Internationalen  Neuro vegetativen  Sym posium  in Genf teilgenom m en. 
Im  selben Jahre hat er einen Vortrag über den Mechanismus der E ntstehung  
vo n  G eschw ulstm etastasen in der Accadem ia M edico-Fisica F iorentina gehal
ten . 1957 wohnte er dem Internationalen N eurovegetativen  K ongreß bei. 
1958 h ielt er einen Vortrag an dem V l l .  Internationalen Krebskongreß in 
L ondon . 1959 Avar er 8 M onate lang S tip en d iat des Centre N ational de la 
R echerche Scientifique in Paris und arbeitete als G ast im H istophysiologischen  
In s t itu t  von B enoit. Er h ielt Vorträge im Collège de France, und als er v isiting  
guest im  Chester B eatty  In stitu t in London war, auch in London, Glasgow  
und Strasbourg. 1960 erhielt er eine Einladung zur Gordon Cancer Conference 
in N ew  London, und besuchte K rebsinstitute in B oston, Chicago, W ashington, 
B eth esd a  und New Y ork. Im  selben Jahr hat er die Ungarische A kadem ie der 
W issenschaften  an der Konferenz der M edizinischen Akadem ie der Sow jet
union über die Struktur und Funktion des zentralen  N ervensystem s, und im 
n äch sten  Jahr die Szegediner U niversität an der internationalen K onferenz 
aus A nlaß des hundertjährigen Jubileum s des Lehrstuhls für pathologische  
A n atom ie  der U niversität von Perugia vertreten . Im  Novem ber 1961 feierte 
m an in Padova die zweihundertjährige Erinnerung an das Erscheinen von
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Morgagnis D e sedibus et causis morborum. Ein Vortrag von Korpássy stand  
auf dem Program m , er konnte aber nicht mehr hinreisen, da er krank war 
und bald danach starb.

Ein Teil der w issenschaftlichen T ätigkeit von K orpássy richtete sich auf 
die Geschwulstforschung. Schon 1943 44 unternahm  er Versuche über die
leberschädigende W irkung der Gerbsäure. Nach B eendigung des zweiten W elt
krieges hat er diese U ntersuchungen wieder aufgenom m en. Er untersuchte  
an H unden, Kaninchen und R atten die W irkung des Tannins. Nach großen  
Dosen verendeten die Tiere rasch, kleinere D osen überlebten sie 10 —15 T age  
und es entstanden in der Leber azinozentrale Nekrosen. 1949 berichtete  
Korpássy m it seinem  Schüler K. K o vács , daß nach chronischer subkutaner T an 
ninbehandlung eine Zirrhose vom  Typ Laennec in weißen R atten  hervorgerufen  
werden kann. In einer weiteren Arbeit wurde festgestellt, daß die in en t
sprechender D osis peroral verabreichte Gerbsäure in der Leber weißer R atten , 
Kaninchen und H unde ebenfalls azinozentrale Nekrosen verursachen kann. 
Es wurde auf diese W eise erwiesen, daß die Gerbsäure im Verdauungskanal 
resorbiert wird. Die nächste Feststellung war, daß in der zirrhotischen Leber 
mit Gerbsäure chronisch behandelten weißer R atten  H epatom e und Cholan- 
giome entstehen. K orpássy faßte 1961 seine F eststellungen  über die hepato- 
karzinogene W irkung des Tannins zusam m en. Auch sind die Arbeiten von  
K orpássy über die M etastasenbildung beachtensw ert. W ie bekannt, sind  
M etastasen in der Milz sehr selten. Korpássy konnte experim entell nach w eisen, 
daß die Milz die G eschwulstzellen nicht zurückhält, doch wird diese trans- 
lienale Passage durch nervöse und humorale Faktoren aufgehoben. Solche  
Faktoren dürften auch bei der transpulm onalen Passage m itspielen. W ertvoll 
sind auch K orpássys Arbeiten über die verschiedenen Formen der Präblasto- 
m atoscn.

Die zw eite H auptrichtung in der Forschungsarbeit Korpássys b ildete  
das Verhältnis zwischen H ypophyse und H ypothalam us. Er und seine M it
arbeiter haben bew iesen, daß im H ypothalam us von mit P ikrotoxin behandel
ten H unden das Sekret der Ganglienzellen sich verm ehrt. Es stellte sich heraus, 
daß es in dem H ypothalam us-H ypophysen-System  dreierlei K olloide gibt.  
Das Kolloid des H ypothalam us kann von dem des H ypophysenvorderlappens  
und M ittellappens unterschieden werden. A uf B ehandlung mit hypertonischer  
K ochsalzlösung nim m t der K olloidgehalt in den hypothalam ischen G anglien
zellen zu, aber nach 6 Stunden verm indert er sich und häuft sich in der N euro- 
hypophyse zu. D em gem äß ström t das K olloid aus dem H ypothalam us der 
N eurohypophyse zu. Zwei Schüler von K orpássy, nam entlich K ovács  und  
B achrach  identifizierten das antidiuretische H orm on des H ypothalam us mit 
dem der N eurohypophyse. Mehrere Arbeiten von K orpássy und seiner Schüler 
behandeln die Rolle des H ypothalam us im Salz- und W asser-M etabolism us, 
die traum atische Oligurie und den D iabetes insipidus.
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K orpássy kann als W issenschaftler durch eine vollkom m ene Orientiert - 
h eit charakterisiert werden. Er war über alle neuen E ntdeckungen und F est
stellungen  der Medizin inform iert. V on seinen Lektüren, B eobachtungen und 
E xperim enten  gestaltete er seine w issenschaftlichen Pläne m it In tu ition  und 
erzielte bedeutende R esu ltate. Er konnte sich glänzend an alle E inzelheiten  
erinnern und som it allen gute R atschläge geben. Mit der Erziehung vieler  
F achm änner und W issenschaftler hat er sich besonders hervorgetan.

Er besaß ein besonderes T alent für frem de Sprachen. Sein Freund, Prof. 
Mario Raso schrieb in seinem  Nachruf, daß K orpássy seine Vorträge immer 
in der Sprache des Landes gehalten hat, w ohin er eingeladen war, da er fast 
alle europäischen Sprachen wie seine M uttersprache beherrschte. Als Pathologe  
bew underte er Mo r g a g n i . Er war ein M ann von hoher allgem einer K ultur. 
Ita lien  bewunderte er wegen seiner natürlichen Schönheit, K unstdenkm äler  
und w egen der Errungenschaften, m it denen es die m enschliche Z ivilisation  
gefördert hat. Die Pathologen haben in ihm  einen zuverlässigen K ollegen und 
die W issenschaft einen enthusiastischen Forscher verloren.

D IE  R E D A K T IO N
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F irs t  D ep artm en t of P a th o lo g ical A n a to m y  a n d  E x p erim en ta l C ancer R e se a rc h  
(D irec to r: Prof. J .  B a l ó ), U niv ersity  M edical School, B udapest

ROLE OF FLUORESCENT SUBSTANCES 
IN SENILE VASCULAR LESIONS

I l on a  B a ng a

I t  m ay  be s ta te d  th a t  research  a t  th e  m o lecu la r level disclosing c ro ss  linkages 
o f v a sc u la r  sc leropro teins ap p ea rs  to  be o f a g re a t value in  th e  b e tte r  u n d e rs ta n d in g  
of th e  senile and  p a tho log ic  lesions o f th e  vessel walls.

The developm ent o f all experim ental sciences, including b io logy , has its 
objective reasons. Molecular biology has becom e the central subject o f  modern 
biological research by having elucidated the biological role of n ucleic acids. 
In these days, however, any research that exam ines phenom ena at th e  m olec
ular level is duly considered molecular biology. Thus, the study concerned  
with the steric arrangement and inter-peptidic linkages of the e la stin ’s poly
peptide chains in senile vascular lesions is as much molecular b io logy  as has 
been the study of D N A  structure and its relations to protein syn th esis.

During the last 20 years, much effort has been made to study th e  changes 
taking place with age or atherosclerosis in the vascular scleroproteins, partic
ularly in elastin present in the elastic arteries. Research at the m olecular 
biological level has started on ly  some years ago, when data had becom e avail
able to  permit the negative statem ent that the classical method o f  stu d y  of 
m acroscopically visible and histologically exam ined fat deposits in altered  
vessel walls, particularly in the aorta’s intim a, was inadequate for so lv in g  the 
problem o f the primary lesion in the vessel wall in connection w ith  ageing or 
atherosclerosis. Various theories have been proposed like that o f m ucopoly
saccharide (MPS) accum ulation; MPS phanerosis, correlation b etw een  the 
altered serum proteins and the form ation of precipitates in the vesse l wall; 
dystrophy o f lipid m etabolism ; etc. N one o f these theories have, how ever, 
led to results which would satisfactorily explain  the primary factors in pro
ducing lesions and being involved in the essence of the phenom enon.

The new approach, molecular b iology, has unintentionally  in itiated , 
as an objective factor o f developm ent, the stu d y  of substances responsib le for 
the cross linkages in elastin. For this laboratory, that approach has been of 
particular im portance, appearing to support our 10— 14 years old hypothesis  
that both the vascular elastin and the collagen have a com plex structure. 

In the present paper, while giving details on the fluorescent substances
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and on the com ponents in vo lved  in cross linkages o f  elastin of the vessel wall, 
a num ber of unsolved problem s will be raised related  to molecular b iology as 
applied to  the vessel w all.

Relation of fluorescent substances to sen ile yellow pigment

T he so-called senile p igm en t is one of the lo n g est known coloured subtsanceo  
accum ulating in tissues. In  his survey of in tracellu lar lipids, D e a n e  (1958) 
characterized this substance as follows. It is sudanophilic, basophilic, fluores
cent and Schiff-positive. T hese characters su g g est the senile pigm ent to  be  
a lip id-like acid m aterial w ith  fluorescence and reducing aldehyde content. 
All th ese characters are dem onstrable in purified  elastin from the aorta as 
well as from other tissu es, thus elastin appears to  contain the yellow  senile  
pigm ent (L a B e l l a , 1961 — 1962).

A considerable confusion  has, however, arisen as to the problem w hether  
senile pigm ent was th e  on ly  pigm ent in the v esse l wall and whether the m eas
ured fluorescence and its increase with age had any quantitative relationship  
w ith  the amount of p igm ent present. According to  L a B ella  (1962) and P a r t 
r i d g e  (1962), yellow  p igm en t is coupled through  strong links to fluorescent 
pep tid es. In such com pounds the senile p igm en t exhibits peak fluorescence  
at 340 mfi  following a c tiv a tio n  at 290 m/t (L a B e l l a  1962). In isolated elastins, 
how ever, three additional fluorescence m axim a w ere detected. In Table 1 are 
presented the activation  and fluorescence m axim a of the different fluorescent 
substances found in the v esse l wall.

Table 1

Activation ( A )  and  fluorescence ( F )  m a x im a  in  the vessel nail

No
A ctivation

m/x
Fluorescence

m/x
R elative
in tensity A/F

I 290 340 8 Senile p igm ent

и 330— 340 360—405 37 340/400

h i 380— 385 460—470 34 385/460

IY 410 430 460 470 26 410/470

In our studies ( B a n g a , M ay l á t h -P a l á g y i , 1966), from elastolysates o f  
hum an aorta specim ens, yellow-coloured p o lyp ep tid es could be isolated by 
Sephadex G 25, chrom atography. These po lyp ep tid es showed peak fluorescence  
at 405 and 460 m/t. The com ponent containing th e  yellow  pigm ent could be  
separated as a non-fluorescent substance b y  sim ple freezing and fractional
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centrifugation. C onsequently, the yellow  pigm ent is non-fluorescent and can 
be separated from the fluorescent material by appropriate techn iques. L a B ella 
(1962) precipitated w ith alkali the yellow  pigm ent from acid hydrolysates of 
elastin  and dem onstrated its non-fluorescence and its absorption maxim um  
at 330 mp. Also, by colum n chrom atography o f partially hydrolysed  elastin, 
he could separate the yellow  pigm ent and the fluorescent peptides. None of 
these experim ents could, how ever, exclude the possible in volvem en t o f certain 
pigm ents in the intensive fluorescence of the vessel wall. The fluorescent sub
stance to  he discussed below  and appearing parallel w ith atherosclerosis, may 
not be related to the yellow  pigm ent. The former is nam ely com p letely  hydro
lysed by acid which leaves the yellow  pigm ent intact.

P ar t r id g e  (1962), P a r t r id g e  et al. (1963) and T hom as  et al. (1963) 
have shown in the polypeptide chains of elastin, in addition to  the usual 
hydrogen and other electrostatic bonds, the presence o f unknow n amino acid 
involved  in the form ation o f specific cross links in elastin. The new  amino acid 
occurs in two isomeric forms designated by T homas  et al. (1963) as desmosine 
and isodesm osine. The substance turned out to he tetracarboxy-tetraam ino

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

Desmosines and substance X 4

CO.,
C H 2 (C H 2), ■ CH

co2
Ъ н  • (C H 2)k • CH ..—f ) .

4NH;

C H 2 • (C H 2)„, • CH
CO.,

I +  !'

(C H 2)

Cll
\

NIC, CO

г
CO.,

C H 2 • (C H 2)y • CH

(C H 2).

CH
/  \

N H 2 CO;

Fig. 1
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acid , containing an N -su b stitu ted  pyridine ring in its m olecule. Desm osine 
appears to be an 1, 3, 4 , 5 tetrasubstituted , while isodesm osine an 1, 2, 3, 5 
tetrasu b stitu ted , pyridine sa lt , both having the em pirical form ula C24H  4oN50 6C1 
(th e  hydrochloride salt, F ig . 1; P artridg e  et al. 1966). Considering the chem 
ical structure of both su b stan ces, the developm ent o f cross links between  
p ep tid e  chains by participation  o f desmosines can only  be supposed if 4 lysine 
rad ica ls pre-existing in th e  proelastin  form a ring structure during biosynthesis 
( P a r t r i d g e  et al. 1964). To check this supposition, th ey  gave U 14C-lysine to  
2 5 -d a y  old rats and exam ined  the lysine, desm osine and isodesm osine contents 
of th e  elastin obtained from  th e  aortas at various poin ts o f tim e. Following  
a certa in  lag period (17 d a y s), formation of one-desm osine or isodesm osine 
m olecu le , each from 4 ly s in e  molecules, was dem onstrable. According to  
P a r t r i d g e  et al. (1966), th e  incorporation of 4 lysine m olecules into one desm o
sine or isodesmosine m olecule, and the low speed o f cyclization  (in rats 17 days) 
w ou ld  explain the differences in the physical characteristics of elastin in d iffer
ent p h ases of growth.

S i n e x ’s group ( F r a n z b l a u  et al. 1965, 1965a) dem onstrated the partici
p a tio n  in the cross link form ation  of primary po lyp ep tid e  chains of elastin  
b esid e  desmosines also o f  ly sin e  residues involved  in the form ation of X 4 
am ino acid, the lysinonorleucine: N £(5-amino, 5-carboxypentanyl)-lysine.

T h e desmosines were iso la ted  by P a r t r id g e  et al. (1963) from a fluores
cen t p ep tid e of 1000 m olecular weight obtained from  the acid hydrolysate of 
e la stin . As the decrease o f e la stic ity  of elastic fibres, going parallel with age 
and th e  degree of atherosclerosis is supposed to result from the increase in 
th e  num ber of cross links, it seem ed to be of in terest to exam ine whether the 
accum ulation  of fluorescent peptides runs parallel also to the increase of 
d esm osin es. On the other h an d , it seemed questionable w hether the increase 
of fluorescence witli age (L a B e l l a  and L i n d s a y  1963) and with the gravity  
of atherosclerosis (B a n g a , M a y l á t h -P alág yi  and J o b b á g y  1966) could be 
b ro u g h t into correlation w ith  th e  desmosines. To elucidate th is problem , we 
ex a m in ed  the desmosine co n ten t and the four typ es o f  fluorescence (Table 1) 
in elasto lysates of normal and sclerotic human aortas, using an Opton M , QM 
spectrophotofluorim eter. E lasto lysa tes of normal and sclerotic aortas were 
p u rified  by filtration through a Sephadex G 25 colum n w ith and w ithout pre
v io u s hydrolysis. In the co llected  fractions, desm osines were estim ated by  
m easu rin g  the absorption m axim a in ultraviolet ligh t o f 275 in// at pH 8.6  
on th e  assum ption that the desm osines will be represented by that particular 
flu orescen ce where absorption in alkaline solution and fluorescence maxim a  
w ill coincide in the gel-filtered sam ples obtained b oth  before and after hydro
ly sis . P a r t ridg e  (personal com m unication) believes th a t the desm osines exhibit 
flu orescen ce only after exp osu re to air, as in freshly isolated  condition they  
fail to  do so. This possib ility  w as also studied in our experim ents. The specia*
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absorption prior to and after hydrolysis o f  readily dissolving elastin (ex tract 1) 
and the 13 gel separated fractions from normal aortas are shown in F ig. 2. 
In filtrates 1 —4, no peptide was present, thus they  were not included into  
the figure. In the lower part of F ig. 2 are shown the specific fluorescence  
values o f the sam e sam ples, both prior to and after hydrolysis; this fluorescence  
m axim um  corresponded best to the absorption maximum o f the desm osines.

Correlation between UV absorption and fluorescence 
Normal aorta I. Extract 
I without hydrolysis 

hydrolysis

specific 
absorption 
275 mp

12 13 tubes No

100
specific
fluorescence
A/F
385/460 50

without hydrolysis 

0  after hydrolysis

13 tubes No

The other fluorescences obtained did not appear to be related to desm osines. 
Therefore, if  desm osines or desm osine peptides exhibit fluorescence, th is is 
w hat could be correlated with the specific  absorption by desm osines in the  
vessel w all. In  Fig. 3, a similar experim ent is dem onstrated, but in th is case 
the innerm ost and least soluble regions (extract III) of normal aortas were 
exam ined in respect of the specific UV absorption of desmosines and o f the  
A /F  — 385/460 fluorescence. In terestingly , in this region all desm osines were 
present in the form of peptides and exh ib ited  the typical 275 m fi U V  absorption  
only after acid hydrolysis. Sim ilarly, the A /F  =  385/460 specific fluorescence  
was very low prior to hydrolysis. T heoretically , the activation m axim um  of 
the fluorescence of desmosines should have been obtained at 275 m/t; th e  fact 
that the m easured value was about 100 mp higher, was either a m easurem ent 
error or the result of the desm onsines’ oxidation  or other quenching effect.

In sclerotic aortas, the am ount of desm osines was about double th a t found  
in normal ones. W hile in normal aortas m ost o f 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 w ith  double lines in the low er part of Fig. 4 indicates th at 
the specific  absorption o f desmosines estim ated  at 275 m/x was m easurable  
also w ith ou t hydrolysis, since this am ount did not change on hydrolysis. 
T hus, apparently, in th e  m ajority of gel filtra ted  sam ples of extract I obtained

Correlation between absorption and fluorescence 
Normal aorta 111.Extract 

[ f ü l  without hydrolysis

specific 
absorption 
275 mjj

specific 3 0 0  
fluorescence 
A/F 200 
385/460

100

12 tubes No

Specific absorption of elastolysates by normal 
and sclerotic aorta

Atherosclerotic aorta I. Extract
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by elastase treatm ent, the desm osines were released from their linkages by  
the enzym e. In samples 11 and 12, high values were obtained after hydrolysis, 
nevertheless in sam ple 13, desmosines were present only after hydrolysis.

Fluorescent materials and atherosclerosis

Certain fluorescent substances are accum ulating in human aortas w ith  
the progress of age (L a B ella  and L i n d s a y  1963). It seemed to be o f interest 
to exam ine whether the appearance of any fluorescence m axim um  could be 
correlated with the degree of atherosclerosis depending on, or independently  of, 
the actual age. It has been shown sclerotic aortas exh ib it increased fluorescence,

total specific 
fluorescence of 
human aorta

specific fluorescence 
of collagen in 
human aorta

and that that fraction increases m ostly w hich has its activation m axim um  
at 340 — 350 mfj and its peak fluorescence at 3 8 5 —405 m //. This fraction which  
was designated A /F =  385/400 (Table 1), w as, however, destroyed during 
acid hydrolysis. Therefore, it could not have originated from the desm osines, 
nor from tyrosine or its oxidation products. L a B ella  and P a u l  (1965), ex 
am ining the fluorescence and tyrosine content o f  collagen, concluded th a t in 
the cross linkages of collagen in the course o f ageing, oxidation products of 
tyrosine with reactive quinoid structure take a certain part and m ight link 
the neighbouring polypeptide chains w ith cova len t bonds. In our experim ents  
( B a n g a , Ma y l á t h -P a l á g y i  and J o b b á g y  1966), the specific fluorescence  
(A /F  =  385/400) of the collagen and elastin fractions as well as o f the total 
protein fractions from 6 normal and 19 sclerotic aortas was exam ined . The 
fractions o f elastin readily (30 m inutes) solubilized w ith elastase were exam ined  
separately from the slow ly (24 hours) solubilized fraction. In Fig. 5 are shown  
the average specific fluorescences of normal and o f sclerotic aortas. The differ-
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ence betw een  the tw o was about threefold. The difference referred to the  
sep arated  collagen fractions and elastin fractions was twofold and fourfold  
b etw een  normal and sclerotic aortas, respectively  (Fig. 6). The greatest differ
ence w as observed in the readily soluble elastin  fractions of norm al and scle
rotic aortas. L a B ella  and P a u l  (1965) m easured a fluorescence m axim um  at

specific fluorescence 
of elastin in 
human aorta

118

specific fluorescence 
of 30 min 
elastolysate

specific fluorescence 
of 24h elastolysate

67

normal sclerotic

F ig . 6

normal sclerotic

405 m/i in hum an Achilles tendons and observed significant increases w ith  age. 
N everth eless, we think that the elastin-linked fluorescent substance in scle
rotic aortas is not identical w ith  the fluorescing oxidation  products o f tyrosin e, 
as has been  supposed by the above authors. Our opinion is supported by the  
fact th a t  in the course of sclerosis the am ount o f the fluorescent substance  
bound to  collagen increased less than did the elastin-bound fraction. T he m ost 
serious argum ent, however, is that 90%  of th e  fluorescence observed by us 
was destroyed  on acid hydrolysis, while tyrosine quinones are stab le under 
sim ilar conditions. We assum e th at the increase o f fluorescence w ith advancing  
sclerosis originates from lipoproteins, since sp littin g  of the lipid-protein link  
causes reduction of fluorescence. Long-chain alcohols (butanol, propanol) are 
know n to  destroy lipid-protein linkages and have been shown considerably  
to reduce the fluorescence in sclerotic arteries. S i n e x  and F aris  (1962) described  
a su b stan ce in elastin that exhibits activation  and fluorescence m axim a at 
310 m // and 390 m/i,  respectively . They th ink  th a t this substance resem bles 
the aq u eou s extracts o f auto-oxidized lipids. The yellow  chromogcn and the  
fluorescence at 460 rcijj. probably also originate from auto-oxidized lip ids. 
In sc lerotic  as well as in norm al arteries, all fluorescences shown in Table 1 
were dem onstrable, but in sclerotic aortas at least tw o additional fluorescences 
w ere p resen t which were not observed in the norm al aorta.

Correlation between elasticity and fluorescence of the vessel wall

I t  appeared to be o f particular interest to exam ine the correlation betw een  
the am ou n t of fluorescent m aterial and the severity  of atherosclerosis. R esults
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presented in Fig. 7 show th at the fluorescent substance exh ib ited  a sudden 
increase at the appearance o f atherosclerosis, while it failed to increase parallel 
w ith  the progress of atherosclerosis. In Fig. 7, the percentage o f atherosclerosis 
is p lotted  according to the W HO standard against the increase of specific 
fluorescence in an arbitrary scale referred to the normal values. T he individual 
curves from A to E show the fluorescence of the individual fractions o f the  
sclerotic aortas as related to the severity o f sclerosis.

Fig. ^

A - t o ta l  sp e c , f lu o r e s c . o f  h u m a n  aorta  
В  s p e c , f lu o r e s c . o f  c o lla g e n  in  h u m a n  a o r ta  
C =  s p e c , f lu o r e s c . o f  e la s t in  in  h u m a n  a o r ta  
D  s p e c , f lu o r e s c . o f  30  m in . e la s to ly s a te  
E  s p e c , f lu o r e s c . o f  2 4 h e la s to ly s a te

It was supposed that if  fluorescence does not increase parallel w ith the 
severity  of atherosclerosis, it m ight be elicited by some initial lesion developing  
with progressing age. This supposition is supported by the results in Table 2, 
where the total fluorescence o f the aortas is shown for 4 d ifferent age groups. 
N o increase in fluorescence was dem onstrable from infancy up to the 40th 
year o f age. A sudden threefold increase was observed in the age group of 
40 — 70 years, while very little  if  any further increase was dem onstrable in the 
age group o f 70 — 90 years. Very sim ilar results were obtained concerning the 
elastic ity  of human carotid stripes as com pared to age and the degree of
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atherosclerosis. As show n in Table 3, in the age group 14 — 47 years in athero
sclerosis-free (group I) v esse ls  the elasticity m odulus did not change up to  
35 years. On 70% stretch in g , a sudden increase o f th e  value was observed  
at 47 years of age. In group I I , the elasticity  m odulus w as exam ined in cases

T ab le 2

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

Years mean

0 - 10 20—40

40 46

35 45 51 48

53 47
51

AO--70 70

163 143

191 154 193

141 167

161 172

111 217

190 141

141 143

138 157

150 211

T ab le 3

E lastic ity  m o d u lu s , age, and degree o f  atherosclerosis 
Elasticity  m odu lus g/sq.mm at 40%  and 70°/o stretching

Carotid
Prot.
No.

Group Age,
Y ears

Elasticity
g/9 q

m odulus
mm

Degree of 
athero
sclerosis

40% 70% per cent

56 14 2.8 11.6 0
67 17 2.9 11.6 0
74 I 21 2.9 11.6 0
73 35 2.8 16.5 0
71 47 2.8 25.0 0

77 28 3.1 10.3 20
52 i l 30 4.0 10.0 25
75 43 4.0 17.5 20
72 61 5.5 22.0 20

81 61 6.1 23.0 75

66 h i 70 7.0 24.0 75

60 80 7.2 25.5 85
63 82 7.6 30.0 90
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with 20%  atherosclerosis as referred to age. In th ese cases, on 40% stretch ing  
a sudden increase o f the elastic ity  modulus was observed at the age of 30 40
years. In group III  which comprised cases o f  severe atherosclerosis, the  
increase of elasticity  m odulus and the severity of th e  involvem ent were not 
correlated. These results suggested that the e la stic ity  o f the vessel wall and  
the accum ulation o f fluorescent material were correlated at the beginning o f  
atherosclerosis. As to the chem ical characterization of the substance, further  
chem ical studies arc required.
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D IE  R O L L E  F L U O R E S Z IE R E N D E R  S T O F F E  
IN D E N  G E F Ä ß W A N D V E R Ä N D E R U N G E N  IM H O H E N  ALTER

ILONA BANGA

Die zur Klärung der K reu zb in d u n g en  der S k le ro p ro te in e  der G efäßw and a u f  m o le 
k u la re r  Ebene g efü h rten  F o rsch u n g en  können uns dem V e rs tä n d n is  der a lte rsb ed in g ten  u n d  
p a tho log ischen  Gefäß wand Veränderungen näherbringen .

РОЛЬ ФЛЮОРЕСЦИРУЮЩИХ ВЕЩЕСТВ ПРИ ИЗМЕНЕНИЯХ СТЕНКИ 
СОСУДОВ, НАБЛЮДАЕМЫХ В ПРЕКЛОННОМ ВОЗРАСТЕ

И . Б А Н Г А

Исследования, проводимые в области молекул в целях выяснения перекрестных 
связей склеропротеиной стенки сосудов, могут способствовать пониманию патологи
ческих и старческих изменений стенки сосудов.

Dr. Попа B a n g a ; B udapest V III. Üllői út 26. H ungary
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D e p a rtm e n t o f P a th o lo g y , E nglew ood H o sp ita l, Englew ood, New Je rse y , U .S.A .

ADENOMYOSIS OF THE UTERUS: 
SOME OBSERVATIONS IN THE MECHANISM 

OF ITS PRODUCTION

I. A. Gáspár

1. A brief review  o f th e  h is to ry  and  pa th o lo g y  of adenom yosis u te r i  w as p re 
sen ted .

2. T he various th eo ries , w hich  were developed th ro u g h  th e  y ears, co n cern ing  
th e  o rig in  o f adenom yosis w ere  b rie fly  ou tlined .

3. A s tu d y  of 70 cases o f adenom yosis u te ri o bserved  a t  E nglew ood H o sp ita l, 
E nglew ood, New Je rsey , U .S .A . w as su b m itted  and  searched  fo r an  an sw er co n cern ing  
th e  histo logic m echanism  of th e  disease.

4. T he in tra v ascu la r  in v asio n  ro u te  and th e  em bolic  process in  th e  p ro d u c tio n  
of adenom yosis u te ri was d e m o n s tra te d  in 61 .4%  of th e  cases.

5. S am pson’s v a scu la r tran sm iss io n  th eo ry  w as confirm ed .
6. F a c tu a l ob se rv a tio n s, n o t theo ries , were p resen ted , w hich  seem ed to  g ive  an  

answ er to  th e  “ how”  of th e  ad cn o m y o tic  process, b u t  th e  “ w hy”  of aden o m y o sis  
u te r i rem ains still unansw ered .

A denom yosis of the uterus is a benign, non-neoplastic disease consisting  
o f endom etrium  extending into the m yom etrium  at least to the accepted  
m inim al depth o f one high pow er fie ld ’s w idth, or to varying depths beyond  
and there is an overgrowth o f the m yom etrium  in the v icin ity .

This disease is known for over 100 years and it was first described by  
R o k it a n s k y  [17] in 1860, in W ien, Austria. Contributions were m ade to  the  
subject by a number of authors, am ong them  B a bes  [1] in 1881 from B udapest, 
H ungary, von R e c k l in g h a u se n  [16] in 1896 from Germ any, Cu l l e n  [6, 7] in 
1896 and 1908 from Baltim ore, M aryland, U .S .A ., Sampson  [18 ,19 ]  in 1918 
and 1927 from Albany, N ew  Y ork, U .S .A ., von B urg  [3] in 1927 from B u d a
p est, H ungary, F rankl  [9, 10] in 1932, B r in e s  and B lain  [2] in 1943 from  
D etroit, M ichigan, U .S.A . and J a v e r t  [12] in 1951 from N ew  York, N ew  Y ork, 
U .S .A ., etc.

In earlier publications, adenom yosis o f the uterus was described under 
a varied term inology, such as adenom yosis, adenom yom a, von R ecklinghau
sen ’s disease, adenom etritis, adenom yositis, adenom yom atosis and internal 
and external uterine endom etriosis. In the present day literature, adenom yosis  
is th e  accepted term w hether it is o f a diffuse or a more circumscribed variety  
o f the disease.

The gross appearance o f th e  uterus with adenom yosis has been well 
described by various authors and in textbooks. The adenom yom atous uterus
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is generally an enlarged uterus, w ith slight to m oderate enlargem ent of the 
uterine body. O ccasionally, a very m arked enlargem ent m ay be produced up 
to  16 cm diameter or m ore. However, such enlargem ents caused solely by the 
adenom yosis are rare and great enlargem ents are usually  caused by coexisting  
m yom ata . If there are no coexisting fibroids the enlargem ent of the uterine 
b od y  m ay be sym m etrical or asym m etrical. In the former instance, both the  
anterior and posterior w alls show the sam e degree of enlargem ent, while in the 
la tter  either the anterior or posterior w all is thicker than the other with a 
sligh t preponderance o f a thicker posterior uterine wall. The hypertrophy of 
th e  m yom etrium  around the invading endom etrium  can be seen m ost advan
tageou sly  on a sagitta l cut section o f an unfixed uterus. The hypertrophied  
m uscle bundles will project on the cut surface and within th is bulging area of 
th e  m yom etrium  there are m any small retracted  spots o f soft, pale grey tissue 
representing areas of invading endom etrium . Infrequently there are small 
chocolate  colored cysts caused by retained m enstrual hemorrhage into endo
m etrial islands or there m ay be m inute cysts w ithout retained hemorrhage. 
T he adenom yosis area is firm  and pale pinkish-yellow , while the remaining 
norm al subserosal m yom etrium  is soft, retracted  and it also has a darker 
blu ish-pink color.

The serosa of th e  uterus is sm ooth b u t in some of the cases there are 
adhesions to the surrounding tissues and organs. Such adhesions m ay be caused 
b y  the extension of the adenom yosis to th e  serosal layer or by pelvic endo
m etriosis. The latter is frequently associated with adenom yosis. N ovak  and 
D e L im a  [14] feel th a t adenom yosis and endom etriosis coexist in about 25 to 
40 per cent of cases. In  m y series of 70 cases o f  adenom yosis, 17 were associated  
w ith  endom etriosis, a 24.3 per cent of the to ta l, confirm ing N o v a k ’s feeling. 
T he percentage of association  m ay be higher, indeed, considering the fact 
th a t m any of the exam ined  uteri did not include the adnexa. Thus, the tubes 
and ovaries were not stu d ied  in such cases and a possible endom etriosis re
m ained undiscovered.

The microscopic p icture of adenom yosis is characterized by endom etrial 
glands and stroma being scattered in a hypertrophied m yom etrium . The inner 
one-th ird  or half o f the u terine wall is the usually  involved area, but invasion  
m ay be throughout the uterine wall and beyond . It is generally accepted that 
th e  invading endom etrium  has to invade at least one high power fie ld ’s depth  
to allow  a diagnosis o f adenom yosis. The endom etrial islands and strands are 
usu ally  perpendicular to  th e  endometrial surface and som e m ay follow the 
blood vessels. The horm onal response is sim ilar to that occurring in the basal 
endom etrium . There is response to estrogenic stim ulation  but decidual reaction 
and secretory activ ity  develop  only under th e  influence of excessive progester
one, thus bleeding occurs rather rarely into the gland lum ina.
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Fig. 5. E n d o m e tr ia l  e m b o lu s  in  a la rg er  v e in  in  a c a s e  o f  ad e-  
n o m y o s is  u te r i

Fig. 7. S tr o m a l e m b o lu s  in  a r e c e iv in g  s in u s  o f  th e  m y o m e tr iu m  
in  a d e n o m y o s is  u te r i

Fig. 6. E n d o m e tr ia l  e m b o lu s  in  a la rg er  v e in , v e r y  s im ila r  t o  F ig .  
5 , b u t  in  a d if fe r e n t  p a t ie n t  h a v in g  a d e n o m y o s is  u te r i

Fig. 8. S tr o m a l e m b o lu s  in  a d e n o m y o s is  u te r i in  a v e n o u s  s in u s  
c lo s e  t o  t h e  se ro sa l su r fa c e  o f  t h e  u te r in e  b o d y



Fig. 1. E n d o m e triu m  bulging in to  a receiv ing  sinus in  po lyplike  
fash ion  a lm ost a t  th e  level of th e  base  o f th e  en d o m etriu m

Fig. 3. Po lyp -like  in tra v ascu la r  g row th  of en d o m etriu m  in 
adenom yosis u te r i

Fig. 2. E n d o m e triu m  grow ing in tra v ascu la rly  in to  th e  m yom etrium  
a t a level ju s t  one h igh  pow er field  d is tan ce  from  th e  base o f th e  
en d om etrium . T he en d o m etriu m  is p a r tia lly  a d h eren t to  th e  endo

thelium  of th e  venous sinus

F ig. 4. S trom al em bolus in  th e  m y o m etriu m  in  a case of ad e 
nom yosis u te ri
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Theories of origin of adenomyosis

During the 100 years since the first detailed description of adenom yosis 
was reported by R o k it a n s k y  [17] a number o f theories evolved to  explain  
its origin. Many of these theories are only o f historical interest to us at the  
present tim e. In the la tter part of the 19th century it was assumed th a t adeno
m yosis was an em bryonic error in Müllerian cell d istribution . Several authors 
also favored the idiopathic strom al hyperplasia origin. Y on R e c k l in g h a u s e n

[16] theorized that W olffian duct elem ents m esonephric tissue, gave origin 
to adenom yosis.

Ch ia r i’s [5] theory of invasion of the m yom etrium  by gland alveoli 
during inflam m ation was short-lived. Me y e r ’s [13] theory of invasive endo
metrial basal hyperplasia, a direct invasion of m yom etrium  by endom etrium  
was strongly supported by Cu l l e n  [7] and F r a n k l  [9, 10]. The horm onal 
factor, hyperestrinism  theory, as primary m otivatin g  factor was introduced  
in 1923. Today, the m ost w idely accepted concept o f adenom yosis is the inva
sive endom etrial hyperplasia theory aided by hyperestrinism . H ow ever, 
E mge [8] states that in his extensive experience w ith animal experim ents in 
w hite rats m aintained on high estrogen he never observed invasive endo
metrial hyperplasia.

Sampson  [18, 19] in 1918 p roposed  th e  v a sc u la r  transm ission  th e o ry  and 
developed it fu r th e r  in 1927. H alban  [11] su p p o r te d  it  in 1924, J a v e r t  [12] 
in 1951 and Ca n d r e v io t is  [4] in 1953, ye t  the  genera l opinion is t h a t  th e  p ro 
duc tion  of adenom yosis  b y  m e ta s ta t ic  t ransm iss ion  is a rare  occurrence.

B r in e s  and B l a in  [2] in 1943, introduced the theory of spontaneous 
generation of endom etrial strom a by a process o f  dedifferentiation of m yo
fibrils under the influence of unopposed estrogen stim ulation. Their theory  
seem s to be very questionable, particularly in regard to adenom yosis and up 
to this m om ent 1 am unaware of any publications confirming their theory.

The above theories indicate th at even tod ay  we do not have a com plete  
unanim ity in the understanding of the actual m echanism  in the production  
of adenom yosis and we do not know and cannot point out the actual initiating  
factor or factors responsible for the production o f adenom yosis. It seem s that 
further studies are indicated and any pertinent observations in the clarification  
o f som e points in the m echanism  of this condition m ay be worth while.

Material studied with observations concerning 
the histologic mechanism of adenomyosis uteri

My own special interest in the subject of adenom yosis dates back to  
1951, when during the routine study of an adenom yom atous uterus rem oved  
from a 41 year old w hite fem ale at the E nglew ood H ospital, E nglew ood, N ew
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J ersey , U .S.A . I observed th a t one or tw o o f th e  veins of th e  m yom etrium  
con ta in ed  fairly large p ieces o f endom etrium , nam ely endom etrial glands w ith  
surrounding stroma (F ig . 5). I thought th at th is was rather unusual, which 
w as w orth y  of notice. From  this tim e on w ith  a searching mind, I w as collecting  
m ateria l for further h isto logic observations. A to ta l of 70 cases were collected  
in c lu d in g  some in 1966 and the histologic findings in these cases form  the basis 
o f th is  report.

T he age distribution o f the patients in th is study o f adenom yosis uteri 
sh ow ed  th at 63 patients, 90 per cent of the to ta l, were betw een 36 and 55 years 
o f  age. Furthermore, an alm ost identical num ber of cases was found  for each 
5 y ea r  group of patients. T his age distribution is in agreement w ith  the figures 
g iven  in  various reports on th is subject. In  the technical preparation o f the  
m ateria l, the uteri were form alin fix ed  at first and subsequently m ultip le blocks 
w ere cu t out w ith perpendicular sections through the m ucosa and uterine 
w alls . O nly a routine hem atoxylin -eosin  stain ing was used in all m icrosections. 
In  a few  of the cases, th e  entire uterine body was cut into blocks and from  
each  b lock  either a single or m ultiple m icrosections were m ade.

O ut of the 70 cases under study 43 uteri, or 61.4 per cent o f the total, 
p resen ted  significant h isto logic findings which indicated the essentia l intra- 
vascu la r ly  invading nature o f  this disease process. A study of the endom etrial 
b ase lin e  and of the inner m yom etrium  showed the numerous venous capillaries 
and sinuses radiating from  the endom etrium  into the m yom etrium . Som e of 
th e  v en ou s sinuses, w hich S a m p s o n  [19] called radiating or receiving sinuses, 
sh ow ed  endometrium bulging into the venous sinus in a polyp-like fashion  
(F ig . 1). Again, in other capillary veins there was a string-like intravascular  
dow ngrow th  of strom a w hich could be follow ed to  a certain d istance down
w ard u n til the venous capillary changed its course and disappeared from the  
sec tio n . Occasionally, endom etrial glands alone w ithout dem onstrable stromal 
a tta ch m en t were extend ing  deeply into the m yom etrium  by such intravascular  
proliferation . When larger endom etrial m asses stream ed downward from the  
endom etria l base line, th is phenom enon could not be dem onstrated. Frequently  
th ere  w as intravascular grow th of endom etrium  ju st a short d istance from  the 
b aselin e  o f the endom etrium  (Fig. 2). As seen in this m icrophotograph a por
tion  o f  the intravascularly growing endom etrium  is partly adherent to the 
end oth eliu m  of the venous sinus, on the other hand, a large part o f  it  is still 
free and  the lumen o f the sinus is visib le on both  sides o f the in vad in g  endo
m etriu m . Such intravascular growth in venous capillaries and sinuses Mas 
dem onstrated  many tim es in m y m aterial in different parts of the adenom yosis 
area, how ever, they were m ost frequent at the proliferating edges o f  the adeno
m yosis process. In Sa m p s o n ’s [19] 1927 article his Fig. 39 is a lm ost identical 
w ith  m y  Fig. 2. His interpretation  was th a t endom etrial tissue invaded  the 
sinus in  a retro-endothelial course and distorted its lum en. He also considered
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the possib ility  o f a “ canalized endom etrial throm bus” . On the basis o f m y  
stu d y  of adenom yosis, such form ations are not retro-endothelial, but d efin ite ly  
intravascular growth processes. In the larger sinuses the invading endom etrium  
has p lenty  of space to grow and becom es a large mass of varying size , filling  
the sinuses. A t first there m ay be only a few  adhesions between th e  endo
m etrial m asses and the sinus walls, but as the process becomes older com plete  
adhesions occur. Thus, the venous sinuses becom e entirely obliterated and the  
intravascular nature of the process is obscured. In the extending parts o f the  
process, usually  in the peripheral areas, p olyp oid  intravascular proliferations  
were dem onstrable (Fig. 3). Such polypoid extensions could be dem onstrated  
even in older but still active cases of adenom yosis, particularly if m any sections  
were made from m ultiple blocks.

In addition to the slow evolving adenom yosis process produced b y  the  
intravascularly invading endom etrium , I have defin itely  found th at exten sion  
of adenom yosis by em bolization also occurs. The em bolization can be produced  
either by endom etrial strom a mass (Figs 4 , 7 and 8) or by varying sized  endo
m etrial tissue m asses, that is tissue pieces in w hich both endom etrial glands 
and strom a can be dem onstrated in the sam e microsection (Figs 5 and 6). 
The em boli can be within the adenom yosis area o f the uterus, but th e y  can 
be seen also at a distance from the main adenom yom atous process. W hen this 
occurs the em boli m ay be in a m yom étrial layer which shows no ev id en ce of 
hypertrophy. It is not very rare to find strom al or endom etrial em boli in 
venous sinuses ju st beneath the serosal surface o f  the uterus (F ig. 8). 1 have 
observed one case w ith endom etrial em bolus in a subserosal sinus. Serial 
sections dem onstrated that this em bolic endom etrium  broke through th e  serosa 
of the uterine body and produced an area o f endom etriosis on the serosal sur
face of the uterus. H owever, I do not w ant to  elaborate on this p o in t because 
it is beyond the scope of this study.

D istan t em boli w ithin the uterus could be seen not only in a w ell ad
vanced case of adenom yosis, but also in cases in w hich the process in vo lved  only  
a rather shallow  m yom étrial layer beneath  the endom etrium . A gain , it has 
to be em phasized that the dem onstration o f strom al and endom etrial em boli, 
intravascular growths and polypoid intravascular endometrial proliferations  
require a thorough study of cases in w hich histologic activity of th e  disease 
can be suspected . In one of the cases included in this study, m ultip le sections  
were prepared from 35 different blocks o f the uterus and only 2 ol th e  blocks 
were revealing.
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A D EN O M Y O SE  D E R  G E B Ä R M U T T E R  
B E IT R Ä G E  ZU IH R E M  E N T ST E H U N G SM E C H A N ISM U S

I. A. GÁSPÁR

1. G eschichte u n d  P a th o lo g ie  der A denom yose w erd en  kurz  geschildert.
2. D ie versch ied en en  E n ts te h u n g s th e o rie n  w e rd en  besprochen.
3. A n 70 A d en o m y o se-K ran k en  w urde der h is to lo g isch e  M echanism us d e r E rk ra n k u n g  

u n te rs u c h t .
4. In  61 ,4%  der F älle  w u rd e  bei der E n ts te h u n g  d e r Adenom yose ein in tra v a s k u lä re r  

In v asio n sw eg  und  ein em bo lischer Prozeß  nachgew iesen .
5. Die v a sk u lä re  V ersch leppungstheorie  v o n  S am so n  w urde b estä tig t.
6. Die B eo b ach tu n g en  scheinen  das »Wie« des adenom yotischen  P rozesses g e k lä rt 

zu  h a b e n , die F rag e  n ach  dem  »W arum « der E n ts te h u n g  blieb  jedoch offen.

АДЕНОМИОЗ МАТКИ. ДАННЫЕ К МЕХАНИЗМУ ЕГО ВОЗНИКНОВЕНИЯ
И . А. Г А Ш П А Р

1. Дается краткий обзор истории и патологии аденомиоза матки.
2. Описаны различные теории о происхождении аденомиоза.
3. 70 случаен аденомиоза матки были исследованы с точки зрения гистопатологи- 

ческого механизма поражения.
4. При возникновении аденомиоза в 61,4% случаев были выявлены внутрнваску- 

лярная инвазия и эмболический процесс.
5. Теория Самсона о васкулярном переносе болезни была подтверждена.
6. Наблюдения авторов, повидимому, выяснили «способ» развития аденомиоти- 

ческого процесса, однако вопрос о «причине возникновения» аденомиоза остается от
крытым.

Dr. I. A. Ga s p a r ; D ept, of Path ., E nglew ood Hospital,
E nglew ood, New Jersey , U .S.A.
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F irs t  D e p a rtm en t o f P a th o lo g ical A na to m y  a n d  E x p erim en ta l C ancer K esearch . 
(D irek to r: P ro f. J .  B a ló ), U n iv e rs ity  M edical School. B u d a p es t

THE ROLE OF VASCULAR LESIONS 
IN THE MALIGNANT TRANSFORMATION 

OF CHRONIC PEPTIC ULCER
J .  J u h á s z

In  our au to p sy  m ate ria l 11 .5%  of all g a s tr ic  cancer cases sh o w ed  m alig n an t 
tran s fo rm a tio n  of chronic p ep tic  ulcer. C arc in o m ato u s tran s fo rm a tio n  s ta r ts  a t  the  
edge of th e  ulcer, m u ltip le  foci aris ing  from  th e  regenerating  g astric  m u co sa . In  the  
sca r o f th e  u lcer and  in th e  su rro u n d in g  a rea s h y p o x ia  prevails as a r e su lt  o f v ascu la r 
occlusion , accoun ting  for a ty p ica l reg en e ra tio n  of th e  m ucosa. The can c er a ris ing  from  
chronic p ep tic  u lcer is a ty p ic a l scar carc in o m a; in  i ts  genesis, the  a b n o rm a l cell m e ta b 
olism  due to  hypox ia  seem s to  p lay  an  im p o r ta n t  p a r t. A ccording to  B aló , a close 
s tu d y  of the  ep ithe lia l p ro life ra tio n s arising  fro m  hypoxic  areas m ay  c a s t lig h t on the 
in te rre la tio n sh ip  of v ascu la r lesions and  carcinogenesis. H ypoxia is a ssu m e d  to  play 
a  p rim a ry  role in th e  m alig n an t tra n s fo rm a tio n  of chronic callous u lcer.

Visceral cancers often arise from the central parts or the edge o f fibrotic  
and cicatrized areas. A thorough study of th is ty p e  of carcinogenesis is possible 
only if  such tum ours are recognized early, w hen their surgical treatm en t is 
still successful. H istological study o f the growth in the early phase o f  its devel
opm ent will reveal the regenerating tendency of the epithelial cells in or 
around the scar, their atypical growth and atypical epithelial proliferation  
show ing all the characteristics of m alignancy. D estruction of the parenchym a  
and the form ation of a m esenchym al scar is m ost frequently the result o f  some 
chronic inflam m atory process, nevertheless, scars often arise after som e injury, 
vascular necrosis or other disturbances. D iffuse scars of considerable size may 
be form ed in place of an atrophized tissue, e.g. a contracted k idney  due to 
successive occlusion of the supplying vessels. The malignant tum our arises 
usually from the atypical regenerating tissue; less frequently, first a benign  
neoplasm  is formed, which then undergoes m alignant transform ation.

The relationship betw een scars and carcinom a has been d isclosed m ainly  
by studies o f pulm onary carcinom a. It is particularly the peripheral pulm onary  
cancers which tend to arise from scars. The scars are usually tuberculous in 
origin: since the progress of chem otherapy, the number of p a tien ts bearing 
scars in their lungs as a result o f healed tuberculous processes is growing  
continuously . In addition, cancer often arises from scars of chronic pulm onary  
abscesses, chronic bronchiectasis, infarction, or from diffuse cicatrization  due 
to scleroderm a. In his monograph on pulm onary carcinoma, B aló  [4] gives 
m any exam ples o f carcinoma arising from scars o f  different origin.
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M alignant tum ours in th e  genesis of w hich a scar had an im portant part 
m ay occur in the skin, urinary tract, and other organs ( B rack [10]). Sarcom as 
arising from  a scar h ave been observed far less frequently ( E b e r t  [13]; 
B e t z l e r  and L e o n h a r d t  [7]).

B alo  [3] stressed th e  im portance of hyp oxia  in the genesis o f m alignant 
tum ours; in his opinion, h yp oxia  affects cell m etabolism  and this disturbance  
fin a lly  results in a m alignant transform ation o f the cells. All pathological 
processes associated w ith  disturbances of tissu e oxygenation as a result of 
a p artia l or com plete occlusion  of the supplying vesse ls and leading to  necrosis 
and/or th e  formation o f  scar should be regarded as leading to m alignancy. 
T his is clearly indicated b y  th e  epithelial proliferation  frequently observed in 
the m arginal areas o f  pu lm onary infarction ( B a l ó , J uhász  and T e m e s  [5]) 
from  w hich cancer m ay  arise w ithout any carcinogenic impact. Pulm onary  
cancer arising from ep ith elia l proliferation around an infarction or from scars 
form ed in the place o f  an infarction has been first reported by B aló [4], and 
later b y  R a e b u r n  and S p e n c e r  [23], B e r k h e i s e r  [6], Y okoo and S uck o w  
[36], and others. B y  ana logy , it seemed in terestin g  to study the eventual 
relationship  between vascu lar  lesions and carcinogenesis in other organs where 
ep ithelia l proliferation is frequently observed in the margin of fibrotic or 
necrotic tissue.

Materials and methods

O n th e  basis of th e  a b o v e  considerations, th e  re la tio n sh ip  betw een v a sc u la r  lesions 
a n d  th e  in d u c tio n  of tu m o u rs  h a s  b een  stud ied  in  cases o f ca rc in o m a  arising from  g a s tr ic  u lce r. 
T h is  k in d  of tu m o u r is k n o w n  to  a rise  from  the  a ty p ica l p ro life ra tio n  of the  reg en e ra tin g  c o lu m 
n a r  e p ith e liu m  th a t  covers a c ircum scribed  scar.

A  to ta l  of 443 su rg ica lly  rem o v ed  gastric  carc in o m as w as recorded and verified  h is to lo g 
ica lly  in  th e  course of 16 y e a rs  (from  Ja n u a ry  1st, 1950, u n t i l  D ecem ber 31st, 1965). In  51 
cases (1 1 .5 % ) i t  could be  sa tis fa c to r ily  proved th a t  th e  c a rc in o m a  had arisen  fro m  chron ic  
g a s tr ic  u lce r. G astric  carc in o m as revea led  a t  a u to p sy  w ere  n o t  considered, since i t  is o ften  
im p o ssib le , or a t  least u n c e r ta in , w h e th e r some u lce ra tio n  h a d  p layed  a role in  th e ir  genesis.

P a r t ic u la r  im p o rta n ce  h as  been  a ttach ed  to  th e  th o ro u g h  stu d y  of callous u lcers. 
A cco rd in g  to  th e  size of th e  u lce r, 3 to  8 tissue sam ples w ere c u t  o u t of the  edge, th u s , th e  w hole 
m a rg in a l p o rtio n  of th e  u lce r  co u ld  be exam ined h is to lo g ica lly . B y  th is m eans i t  w as possib le 
to  re v e a l  a n y  m alignan t p ro life ra tio n  in  the  earliest p h ase  o f i ts  developm ent. In  a g re a t n u m b er 
o f cases, u lce r carcinom a co u ld  be de tected  by  m icroscop ic  in v es tig a tio n  a lth o u g h  th e  gross 
e x a m in a tio n  of th e  g astric  re s id u e  failed  to  disclose a n y  a p p a re n t  change (F igs 1 a n d  2). 
In  o u r  op in ion , th is is th e  o n ly  m ean s by  w hich in  th e  re g e n e ra tin g  m ucosa an  e a rly  change 
can  be  d e tec ted , and  th e  m o rp h o g en e tic  aspects o f th e  u lce r  carcinom a revea led . A b rie f 
s u m m a ry  of th e  find ings h a s  a lre a d y  been published  [16]. T h e  p resen t paper deals o n ly  w ith  
th e  ro le  o f vascu la r lesions in  th e  genesis of ulcer ca rc in o m a . T he g rea t num ber o f cases, and 
th e  u n ifo rm  p rep ara tio n  a n d  t r e a tm e n t  of the  m a te ria l fo r  m a n y  years allowed sev e ra l con
c lu s io n s concerning th e  re la tio n s h ip  betw een v ascu la r  les ions , tissue  hypoxia, a n d  c a rc in o 
genesis. T h e  co m p arativ e  s tu d y  com prises no t only th o se  443 cases in  w hich g astric  carc in o m a 
cou ld  b e  verified , b u t also a g re a t  n u m b er of p ep tic  u lce r cases in  w hich h isto log ical e x a m in a 
tio n  d id  n o t reveal m a lig n an t tran sfo rm a tio n .

T h e  m orphology o f th e  b lo o d  vessels in and  a ro u n d  a  p e p tic  ulcer has been  d e a lt  w ith  
b y  m a n y  inv estig a to rs . I t  sh o u ld  be  stressed  th a t  a rte rio sc le ro s is  leading to s ign ifican t n a rro w 
ing  o r co m p le te  o b stru c tio n  o f th e  vessels supplying th e  s to m a c h  is in frequen t. E a r lie r  d a ta  in  
th is  f ie ld  hav e  been su rv e y ed  b y  B ud  ay  [11]. Sclerosis o f  th e  gastric  a rte ries g ives rise  to  
a b d o m in a l angina, a c o n d itio n  charac te rized  by  m u co sa l erosions and bleeding, th e  la t te r
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F ig. 1. E a r ly  u lcer carc inom a (low pow er). O n th e  su rface  of th e  th ick  scar ( le ft)  th e  m ucosa 
show s a reg en e ra tiv e  ten d en cy  (p a p illa ry  p ro life ra tio n ). In  th e  fram ed area , n e o p la s tic  p ro 
life ra tio n  consisting  of solid cell groups n o t d e m a rca ted  fro m  th e  a d jacen t s t ru c tu re s  (ulcer

carc inom a)

o ften  b e in g  th e  cause of le th a l h aem atem esis (A n t o n i e  [2]). T his is a disease, h o w ev er, w hich 
is ra re ly  en co u n tered  in  p rac tice ; P a lm er  an d  Bo y c e  [22j could collect n o t  m o re  th a n  29 
cases from  th e  lite ra tu re  u n til  1964. T here  is a p p a re n tly  no re la tio n sh ip  betw een  th e se  vascu la r 
ch an g es a n d  th o se  observed in  association  w ith  c ica trized  p ep tic  ulcer.

M ost a u th o rs  consider th e  v a scu la r changes o f  ch ro n ic  ulcer to be o b lite ra tin g  en d arte -  
r iitis  w hich  is a re su lt of th e  p rogression  of th e  in f la m m a to ry  process from  th e  u lc e ra tio n  to the 
v a sc u la r  w all (W a n k e  [26]); th e  process involves a rte rie s  as well as veins. T h e  m o s t freq u en t 
change  in  th e  veins is fibrosis, hy a lin e  d eg en era tio n , o r elastosis of th e  v a sc u la r  w all, w ith 
gross narro w in g  of the  lum en (Me y e r  [21 ]). In f la m m a to ry  changes of th e  a r te r ie s  a re  usua lly
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Fig. 2. U lcer carc in o m a shown in  Fig. 1 u n d e r  high power

seen in  th e  a reas n ear to  th e  su rface  of th e  ulcer. T he in tim a i p ro liferation  w hich  causes th e  
vesse l to  n a rro w  usually  beg ins w ith  an  oedem atous sw elling o f  th e  in tim a  (serous e n d a rte r iitis ) . 
A cco rd in g  to  R otter  [24], th is  is a re su lt of d im in ished  o x y g en  supply  to  th e  vessel wall. 
In  th is  s ta g e  of th e  disease, acid  m ucopo lysaccharides te n d  to  accum ula te  be tw een  th e  in tim a  
a n d  th e  m ed ia , p a r tic u la r ly  a long  th e  in te rn a l e lastic  m e m b ran e ; L i n d n e r  [20] suggested  
th e  fo rm a tio n  of re ticu la r , co llagenous, and  e lastic  f ib re s  w hich  la te r  occlude th e  lu m en  
of th e  vesse l. O thers, like  St e h b e n s  [25], believe t h a t  th e  p rocess is no t an  o b lite ra tin g  e n d 
a r te r ii t is ,  fo r th e  v a scu la r changes in  th e  region of th e  u lce r  a re  f irs t of all of a d eg en e ra tiv e  
c h a ra c te r ,  r a th e r  show ing th e  ch ara c te ris tic s  of d iffuse h y p e rp la s tic  sclerosis. T he a r te r io la r  
ch an g es a n d  th e  deposition  of lip o id s u n d e r the in tim a  m ak e  th e  process very  sim ilar to  a th e ro 
sclerosis.

I n  th e  follow ing, a su rv ey  w ill be given of th e  seq u en ce  of even ts in th e  g as tr ic  vessels 
d u rin g  th e  d ev elopm en t o f callous u lce r and  u lcer ca rc in o m a .

Results

On the lum inal side o f the chronic peptic ulcer, im m ediately under the  
necrotic and fibrinous layer covering the ulcer, there is a newly form ed tissue  
rich in capillaries and fibroblasts. In the arterioles, as a sign of inflam m atory  
reaction , th e  endothelial cells are swollen, and there is a cellular infiltration  
of th e  w all, significant arrosions being seen in m an y  of the vessels; there is 
often a throm bus in the vascular lum en. A dvancing towards the serosal surface 
of the stom ach , the scar is more and more devoid  o f  capillaries and connective  
tissue cells.

Changes different in character can he observed in the arteries ly ing under 
the serosa and in the scar replacing the necrotized m uscular layer of the stom 
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ach. The m uscular layer of these arteries is apparently in tact, w ithout cellular 
infiltration. The internal elastic m em brane is also intact. W ithin the la tter, 
how ever, intim ai hyperplasia is seen, with a remarkably large am ount of

Fig. 3. C onnective  tissue h y p erp lasia  co n sis tin g  of e lastic  and  re ticu la r  fib res, w hich  co n 
siderably  n arrow s an  a r te ry  ly ing  deep in th e  scar

elastic fibres which are arranged concentrically, but occasionally excentrica lly . 
This layer is sharply dem arcated from the intim ai proliferation m ade up of 
loose reticular tissue and devoid o f elastic fibres. In the centre of th is, the  
narrowed vascular lumen is seen, lined with endothelium  (F ig. 3). Inflam m atory  
cells are absent from the subintim ai tissue excess. Throm bosis is infrequent 
in the residual lumen; if a throm bus is present, the intim ai hyperplasia ly ing  
under it displays no inflam m atory reaction (Fig. 4), in sharp contrast to  the  
vessels running im m ediately under the ulcer surface, for in the latter throm 
bosis occurs as a result of panarteriitis or arrosion of the vessel.

The increased number o f elastic fibres under the intim a cannot be regard
ed as inflam m atory in origin, b u t seems rather to he due to increased blood  
pressure. The rise in intravascular pressure can be accounted for by at least 
tw o m echanism s. First, the form ation of a thick and m assive 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 in itia lly  
elastic arteries moving freely in the loose connective tissue becom e rigid and
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im m obile. The latter circum stance seem s to  be responsible for the excentric 
localization  of the in tim ai elastic hyperplasia at sites where the artery is 
curved. Thus, the changes shown by the arteries in more rem ote parts of the  
scar and in subserosal scars are due to the altered functional and m echanical 
factors.

F ig . 4. T h rom bus fo rm ed  on  th e  surface of ex cen tric  in tim a i h y p e rp la s ia , w ith  ea rly  signs
of fibrous tra n s fo rm a tio n

In our cases o f early  ulcer carcinoma the vascular lesions in the scar 
show ed the following characteristics. U nder th e  ulcer surface, the number o f  
capillaries running perpendicularly to th e  surface are significantly decreased 
in num ber. The proliferating epithelium near to  the edge o f the ulcer consists 
o f colum nar epithelium  o f one or two layers, no acini being formed at all. 
O w ing to  the continuous m echanical and chem ical irritation, this weak ep ithe
lial layer is soon destroyed , nevertheless, th e  ten d en cy  to  regenerate persists. 
R egeneration requires ad eq u ate vascular su p p ly , which is certainly not secured 
on th e  surface of the scar. From  the continuously  form ed, destroyed, and new ly  
form ed epithelial proliferation  then arises th e  m alignant tum our. This displays 
invasive properties already in the early stage o f  its developm ent. In the deeper 
layers o f the scar, and also under the serosa, there is a great number o f arteries 
show ing narrowing or com p lete  obstruction. The intim ai proliferation obstruct
ing  th e  vessel is m ade up alm ost exclusively  o f  elastic fibres (Fig. 5). In the  
w indings of the arteries, there is always an excentric intim ai hyperplasia, the
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rem aining part of the lum en being obstructed by the fibroblastic intim ai pro
liferation (Fig. 6). Thus, the vascular changes seen in callous ulcer and scar 
carcinoma differ on ly  q u antitatively . A thorough exam ination o f a great 
num ber of scar cancers revealed that there is practically  no proliferation of 
capillaries on the base o f the transform ed ulcer, and com plete obliteration

Fig. 5. E x trem e  narrow ing  of vessel in  th e  scar of u lcer carc inom a. T h ick en in g  of in tim a  is 
m ain ly  due  to  th e  large n u m b er o f e lastic  fib res

occurs in a significantly larger number of arteries than in sim ple ulcer. Complete 
obstruction of the arteries is apparent also in section of the vessels ly ing outside 
the scar, indicating th at the branches lying in the scar have been com pletely  
obliterated and, consequently, circulation has ceased also in the portions out
side the scar. Thus, the ischaem ic-hypoxic zone is much larger than the scar 
itself.

Angiography revealed th at the chronic peptic ulcer is surrounded by 
a zone whose blood supply is significantly im paired, and this ischaem ia is 
responsible for the absence of the healing process in the callous ulcer ( K e y  [18], 
A n fo ssi  [1]). A lthough new vessels and capillaries are abundantly  formed 
around the scar (Viczián  and Szabó [27]), th ey  are insufficient for securing 
an adequate blood supply to the callous ulcer. On the margin o f 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 
form ation o f acini. R egeneration is further im paired by m echanical and chem-
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ical irritation due to ingested  food, thus, the new ly formed m ucosal layers 
are continuously torn o ff from  the periphery o f the ulcer.

F ig . 6. O b lite ra tio n  of th e  w indings o f an  a r te ry  ly ing  close to  th e  serosal su rface  of th e  s to m 
ach . E x c e n tr ic  e lastic  h y p e rp la s ia  is a p p a re n t;  the  lu m en  is co m p le te ly  o b lite ra te d  b y  in tim a i

p ro life ra tio n

Discussion

I t  is remarkable th at o f th e  m any studies dealing w ith the m orphology  
and incidence of ulcer carcinom a so few should have discussed the problem  
of aetio logy , attributing an alm ost exclusive role to the m echanical and chem 
ical irritation caused by th e  ingested food. Chronic peptic ulcer, chronic 
gastritis, and gastric polyposis are known to  be precarcinom atous conditions. 
The exact cause of gastric carcinom a, however, is still obscure.

The study of scar carcinom as has revealed certain facts pointing to the  
sign ificance of vascular lesions. The interrelationship betw een scar form ation  
and vascular lesions has tw o different aspects: a scar m ay arise in consequence  
o f vascular obliteration, or, else a scar induced by som e inflam m atory process, 
in jury, etc. leads secondarily to  vascular obliteration. A com m on feature of 
scar form ation, w hether or not vascular in origin, is parenchym al atrophy or 
necrosis, which is followed by regeneration of the epithelial cells on the margin 
of th e  scar or in the substance o f  the fibrotic tissue. The poor vascularization  
in and around the scar and the subsequent hypoxia  are the reason w hy epithe-
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liai regeneration both qualitatively  and qu an tita tively  insufficient, and the  
altered m etabolism  of these cells m ay induce m alignant transform ation.

H ypoxia  is invariably present in scars, irrespective o f their origin, ow ing  
to the inadequate vascular supply. Other factors, too, m ay have a role in the  
m alignant transform ation. The regenerating epithelium  is exposed to  carcino
genic im pacts which m ay act directly  on the surface of the freshly form ed  
cell layer, or carcinogenic agents m ay accum ulate owing to the im paired  
regional flow o f blood. The observation o f B aló et al. [5] of epithelial prolif
eration arising on the marginal zone o f pulm onary infarction points to  the  
prim ary role o f hypoxia in the induction  o f cancer, as an im paired oxygen  
supply alone, w ithout the additional action of chem ical or other carcinogenic  
im pacts, m ay induce a m alignant transform ation of cells.

The relationship between hypoxia  and cell m etabolism  has been th o r
oughly studied by W arburg  et al.  [29 — 34]. In the absence o f oxygen , norm al 
tissues tend to cover their energy requirem ent by anaerobic g lycolysis, w hich  
is an irreversible characteristic com m on to all m alignant cells. A ccording to  
W a rb u r g  [28], a m etabolism  altered in the above senseis not only a character
istic feature o f m alignant cells, but it constitu tes the primary cause o f m alig 
nant transform ation, and carcinogenic agents exert their action by irreversibly  
dam aging cell m etabolism . In B i c k n e l l ’s [8] view  a pathologic a lteration  o f  
cell m etabolism  should be considered a precarcinom atous state, and all cells 
which, owing to a deficient oxygen  supply , cover their energy requirem ent by  
glycolysis, m ay be regarded as tum our cells. There is some relationship betw een  
the degree o f m alignancy and the rate o f anaerobic glycolysis (B u rk  [12]). 
The fundam ental investigations o f W a rb u r g  into the m etabolism  o f norm al 
and neoplastic cells have been criticized by W e i n h o u s e  [35] and L e P a g e  [19]. 
The observations, however, which have defin itely  shown the m alignant tran s
form ation of hypoxic cells in vitro (G o l d bl a t t  and Cameron  [14]; B u r k  [12]) 
provide sufficient evidence o f the im portance o f hypoxia in carcinogenesis.

According to B aló [3], pulm onary carcinom a arising from infarction  
lias opened new possibilities for stu d yin g  the effect of similar vascular lesions 
in the induction o f cancer in other parts o f  the organism. Tissue hyp oxia  u n 
doubtedly plays a significant role in atyp ica l, neoplastic proliferation o f 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 
im portant pathogenetic factor in carcinogenesis. Moreover, hypoxia m u st be 
considered a decisive factor giving rise to  reversible and irreversible changes  
in cell m etabolism . D etails o f this m echanism  should he disclosed by further  
m orphological, particularly ultrastructural and biochem ical studies. T he close  
relationship betw een vascular changes, hypoxia , and tum our induction  is 
clearly dem onstrated by the fact th a t carcinom a often arises from chronic  
peptic ulcer.
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Gastric cancer developing from a callous ulcer shows all the characteristics 
of a scar carcinom a: the growth starts from  the regenerating m ucosal cells 
ly ing  at the margin o f the poorly vascularized scar. On the surface o f the scar, 
regeneration is alw ays incom plete. W ith old ulcers the scar becomes increasingly  
th ick  and m assive, su ccessively  reducing th e  chance for healing. The oblitera
tion  o f  vessels results in tissue hypoxia. I t  has been shown that the degree of 
arterial obliteration is significantly more severe in ulcer carcinoma than in 
sim ple ulcerations w ith ou t m alignant transform ation. I f  healing o f the ulcer 
occurs, the scars are star shaped, sm all and involve circumscribed areas of  
the gastric wall. The probability  that carcinom a arises from the scar o f such 
healed ulcers is practically  nil (B o r r m a n n  [9]; H a u s e r  [15]). This observation  
again supports the v iew  th at mucosal regeneration m ay be com plete and 
m alignant transform ation does not occur w henever little scar tissue is formed  
and, consequently, vascu lar changes are insign ificant. Thus, whether a peptic  
ulcer heals or undergoes m alignant transform ation is greatly influenced by scar 
form ation and the vascular changes occurring in it. For obvious reasons, this 
assum ption bears som e clinical im portance, for the indication of surgical or 
conservative treatm en t should always be considered on the basis of the presence 
or absence of the above factors.
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D IE  B E D E U T U N G  D E R  G E F Ä S S V E R Ä N D E R U N G E N  IN  D E R  K A N Z E R Ö S E N  
E N T A R T U N G  D E R  C H R O N IS C H E N  M A G E N G E S C H W Ü R E

J . JUHÁSZ

Die geschw ülstige  E n ta r tu n g  chronischer p ep tisch er M agengeschw üre kam  im  K ra n k e n  
g u t  des V erfassers bei 11 ,5%  der zur U n te rsu ch u n g  g e lan g en d en  M agenkarzinom fälle  v o r 
Die k rebsige  E n ta r tu n g  se tz t m u ltizen trisch  am  R an d e  des G eschw ürs in der reg en e rie ren d en  
S ch le im h au t ein. In  den  U lk u sk arzin o m en  e n ts te h t im  N arb en g ew eb e  des G eschw ürs u n d  in 
dessen U m gebung  eine d u rc h  G efäßversch luß  b ew irk te  G ew ebshypoxie, die den a ty p isc h e n  
V erlau f der S c h le im h au treg en e ra tio n  h e rb eifü h rt. D as au s d em  chron ischen  pep tischen  M a g e n 
geschw ür en ts te h en d e  K arz in o m  e n tsp ric h t einem  N a rb en k a rz in o m . An seiner E n ts te h u n g  is t  
die d u rch  die H ypox ie  b ew irk te  patho log ische V erän d e ru n g  des Zellstoffwechsels b e te ilig t .  
B aló  m ein t, d aß  die U n te rsu ch u n g  der in  hy p o x isch en  B ezirk en  en ts teh en d en  E p ith e l 
w uch eru n g en  w ich tige  B e iträg e  zur A ufk lärung  de r Z u sam m en h än g e  zwischen d en  G e fä ß 
v e rän d e ru n g en  u n d  der T u m o re n ts teh u n g  liefern  k an n . A u ch  in  de r kanzerösen E n t a r tu n g  des 
U lcus callosum  k a n n  die p rim ä re  Rolle der I ly p o x y d o se  an g en o m m en  werden.

ЗНАЧЕНИЕ ИЗМЕНЕНИЙ СТЕНКИ СОСУДОВ ПРИ РАКОВОМ 
ПЕРЕРОЖДЕНИИ ХРОНИЧЕСКОЙ ЯЗВЫ ЖЕЛУДКА

Е . Ю Х А С

В материале автора опухолевое перерождение хронической пептической язвы 
желудка встречалось у 11,5% больных раком желудка. Раковое перерождение начи
нается с края язвы мультицентрично в регенерирующейся слизистой оболочке. У боль
ных раком на почве язвы в результате закупорки сосудов в рубцовой ткани язвы и в ее 
окрестности создается тканевая гипоксия, вследствие чего регенерация слизистой прини
мает нетипичную форму. Рак на почве хронической пептической язвы соответствует
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рубцовому раку и в его развитии участвует патологическое изменение клеточного мета
болизма, вызванное гипоксией. Согласно Б а л о  изучение разрастания эпителия в гипок
сических областях может предоставлять важные данные к выяснению связей между со
судистыми изменениями и карциногенезом. При раковом перерождении хронической 
мозолистой язвы также можно предполагать первичную роль гипоксидоза.

D r. Jenő Juhász; Budapest V III . Üllői út 26. Hungary
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Firs t  D e p a r tm en t  of Pa thological A n a to m y  a n d  E x p er im en ta l  Cancer R esearch  
(Direc tor :  Prof. J .  Ba l ó ), Medical Univers i ty ,  B udapest

STRUCTURE AND IMPORTANCE 
OE INTRANUCLEAR INCLUSIONS 

IN THIOACETAMIDE HEPATOCARCINOGENESIS

G .  K e n d r e y

Male white  ra ts  fed a s ta n d a rd  d ie t  were t r e a te d  for long periods w i th  th io a c e ta -  
mide. Afte r  3 weeks, in the nuclei of h ep a t ic  cells large num bers  of py ro n in o p h il ic  inc lu 
sions, each su rro u n d ed  by a m em brane ,  were  seen u n d e r  the  light m icroscope. E lec tro n -  
microscopy revea led  t h a t  the inclusions were b o rd e red  by d oub le-con toured  nuc lear  
m em b ran e  w ith  pores in it. E xcep t  m i to c h o n d r ia ,  all k inds of cy top la sm ic  organelles  
were p re sen t  in the  inclusions, in a m o u n ts  a n d  com pos it ion  not occurr ing  in  t h e  c y to 
p lasm  of h epat ic  cells. The bodies, w hich  seem ed to  be in tranuclear  inc lus ions  u n d e r  
the  l igh t  microscope, were in rea l i ty  c y to p la sm ic  e lem ents  invaginating  in to  t h e  nuclei.  
Some of th e  e lem ents  developed in to  real  in t r a n u c le a r  inclusion bodies, o th e r s  showed 
signs of regressive processes. I t  is concluded ,  t h a t  the  “ in tranuclear”  inclus ions  f re
q u e n t ly  observed  in th ioace tam ide  carcinogenesis  are indicators of the  in c re a sed  s y n th e 
tic ac t iv i ty  of hepatic  cells.

The hepatocellular tox icity  o f th ioacetam ide (TAA) recom m ended for 
the preservation of orange (Ch ild s  and S i e g l e r  [9]) was dem onstrated  in 
white rats by F it z h u g h  and N elson  [13]. Characteristic cytological changes 
of liver cells, hepatic cirrhosis and carcinom a o f the rat induced b y  T A A  have  
been studied by a number of authors [3, 4, 7, 14, 15, 18, 21 — 25, 33, 36 — 39, 
4 1 ,4 4 ] .

Our own light and electronm icroscopic studies of T A A -hepatocarcino- 
genesis dem onstrated large numbers o f intranuclear inclusions in all stages of 
the treatm ent. The present work deals w ith the developm ent, light and electron- 
m icroscopic structure and im portance o f th ese formations.

Material and method

In  6 e x p er im en ts  a to ta l  of 138 male, 3- to 4 -m on th -o ld ,  white ra ts  w e ig h in g  120 to 
150 g were used. T he  anim als  were fed a s t a n d a r d  sy n th e t i c  diet. A total of 35 w h i t e  m ale  ra ts  
of  the  sam e age a n d  weight served as contro ls ;  th e y  were given the same diet.  T A A  (o b ta in ed  
from  V E B  Berlin-Chemie, Berlin, Adlersdorf: a n d  Merck, D a rm s tad t )  was a d m in i s t e r e d  in tra -  
per itonea lly  to 103 an im als  in doses of  25 m g/kg  (one exper im en t)  or 50 m g /k g  (f ive  ex p er i 
m ents  daily), for var ious periods, the  longest being 6 m o n th s .  Some anim als  w ere  obse rved  
for 1 year  a f te r  d iscon tinua tion  of the  t r e a tm e n t .  T h e  ra ts  were sacrificed by d e c a p i t a t io n  
between the  1st a n d  196th day  of t r e a tm e n t  a lw ays  24 h o u rs  af te r  the last  in je c t io n ,  a n d  in 
the m orn ing  hours. Liver f ragm ents  were rem o v ed  w i th in  one m inute  after  kill ing. Blocks of 
liver tissue for light microscopy were fixed in 8 per  cen t  fo rm al in .  Carnoy’s so lu t ion  a n d  e m b e d 
ded in paraffin .  Sections were stained with h e m a to x y l in -eo s in ,  van  Gieson. Fcu lg en ,  m e th y l-  
g reen-pyron ine,  PAS, Best-carmine and G om ori’s s i lver  impregnation .
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Tissue for e lectron  microscopic  studies was f ixed  for 1 h o u r  in 1 per cent  OsO , buffered  
a cco rd in g  to  MiLLONlG [30], d e h y d ra te d  in a g raded  a lco h o l  series, immersed in  70 p e r  c en t  
a lcohol  s a tu r a t e d  w i th  u r a n y l  a c e ta te  for  20 m inutes  a n d  e m b e d d e d  in araldite. P o ly m er iz a t io n  
to o k  p lace  du r ing  a n  in c u b a t io n  a t  56 °C for 24 hours .  U l t r a t h i n  sections were c u t  w i t h  glass 
k n iv es  in  a  R e icher t  u l t r a m ic ro to m e ,  and  stained w i th  le a d  c i t r a te  [34] or lead h y d ro x id e  [20]. 
E le c t ro n  m ic rographs  were  t a k e n  in  a SEM 3 e lectron  m ic roscope  a t  60 kV.

Results

A fter three w eeks o f T A A  treatm ent, at fir st in the pericentral area then  
at th e  periphery o f th e  hepatic lobules, ex trem ely  large liver cells began to  
appear am ong the som ew hat enlarged parenchym al cells (Fig. 1). The nuclei

Fig.  1. Inc lus ion  bodies in  t h e  nuclei of considerably e n la rg ed  hepatic  cells are p ress ing  th e  
nucleoli  sideways. G ian t  nucleoli in liver cells free f rom  inc lus ions  (M ethylgreen-pyronine).X400

o f th e  large cells were considerably swollen, th e  nuclear membrane w as con
spicuous and the chrom atin content decreased. The giant nucleoli were 
generally  com pact in structure; only some o f th em  contained vacuoles. In  the  
nucleus o f some hepatic cells one, som etim es m ore, generally round bodies  
surrounded by a m em brane were shown. The bodies varied considerably in 
size; som e inclusions were larger than the nucleo li and pressed them  sidew ays. 
In m ethylgreen-pyronine preparations the intranuclear bodies were pyroni- 
nophilic, but stained m uch less definitely th an  th e  nucleoli.

E lectron m icroscopic exam ination freq u en tly  revealed m ultiple cy to p la s
mic indentations o f the nuclear membrane in the enorm ously enlarged liver cells
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(F ig. 2). Many o f the considerably enlarged nuclei contained inclusion bodies 
varying in structure. Most of these Mere  dem arcated from the nucleoplasm  
by the nuclear m em brane but intranuclear lipid droplets surrounded by a single  
membrane were also observed (Fig. 3). The content of the inclusions varied  
considerably. W here cytoplasm ic invaginations were bordered by a double-

S T R U C T U R E  O F  I N T R A N U C L E A R  I N C L U S I O N S  Э О

Fig. 2. Large nuc leus (N) w ith  greatly  enlarged nucleo lus  in it. Nuclear m em b ran e  w ith  two 
cy top lasm ic  in d en ta t io n s  (arrows) opposite  each o th e r .  (M m itochondriu in .  E rg  — rough

endoplasmic re t icu lum ).  X 12 000
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contoured  nuclear mem brane with pores in it, only hyaloplasm  was seen, 
either w ith  free ribosomes and rough endoplasm ic reticulum , or w ith  sm ooth  
endoplasm ic reticulum  and large lipid droplets as w ell as m any glycogen  
spherules (Figs 4 and 5). On rare occasions, solitary bodies enveloped by a 
single or double mem brane were observed in the nucleoplasm , in the v ic in ity  
o f th e  invaginating portion o f the cytoplasm  (F ig. 6).

Fig .  3. P a r t  of hepatic  cell w i th  en la rged  nucleus. I n  th e  nuc leus (N) there  are inclusions (I)  
su r ro u n d e d  b y  double m em b ran e  a n d  con ta in ing  m ain ly  ro u g h  endoplasm ic r e t icu lu m  (E rg )  
a n d  l ip id  d rop le ts  (L); the  l a t t e r  a re  bordered  b y  a single m em b ran e  (K  =  K u p f fe r  cell)

X 12 000

T he above-described intranuclear changes occurred only in the liver  
of trea ted  animals; similar alterations were never dem onstrated in control rats.

I t  is apparent from th ese  studies th a t m ost of the inclusions g iv ing the  
im pression of being intranuclear light m icroscopically, are not true inclusions; 
th ey  arise in the portion o f the cytoplasm  that invaginates the nucleus.

D iscussion

Intranuclear inclusion bodies have infrequently been shown in the liver 
o f norm al laboratory rats and m ice. K l e i n f e l d  and K o u l ish  [26] d em onstrat
ed such form ations in the liver o f C3H mice. Intranuclear bodies were show n  
in th e  hepatic cells of mice treated  w ith colchicine (W e sse l  [45], A l t m a n n
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Fig. 4. Sharp ly  ou tlined ,  co m p ac t  nucleolus (Nu) in considerab ly  en larged  nucleus (N) w hich  
con ta in s  m ult ip le  cy top la sm ic  invag in a t io n s  w ith  m an y  l ipid d rop le ts  (L) and hy a lo p la sm  
con ta in ing  ro u g h  endoplasm ic  re t icu lum  (Erg) and free r ibosom es (R). The inclusions a re  

su rrounded  by the  double  nuc lear  m em brane  w ith  pores  in i t  (arrows). X 18 000

Id a  M orphologien A cadem iae  S iiv n tia ru m  H u n g á r iá é  16 19611



58 G.  K E N D K E Y

and H a u b r i c h  [2]), in starving mice ( D a v i d  [12]), in transplantable mouse- 
h ep atom a and mouse hepatic cells ( L e d u c  and W i l s o n  [29]), and in ethionin- 
in d u ced  hepatic carcinoma ( G r i s h a m  [16]).

F ig .  5. T h ree  inclusion bodies in a nucleus. T h e  one on  the  left shows concen tr ic  whorls  of rough 
e n d o p la sm ic  re t icu lum  (E rg )  a n d  h y a lo p la sm  con ta in ing  free ribosom es (R ) ;  th e  o th e r  two 
sh o w  a n u m b e r  of lipid d rop le ts  (L) a n d  g lycogen  granu les  (Gly) w i th  v es icu lar  sm o o th  endo

p lasm ic  re t icu lum  ( E R )  n e ar  th em .  A rro w s  po in t  to nuc lear  pores.  X l 2  000
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L ight and electron microscopic observations showed similar b od ies in 
human viral hepatitis (N icolau  [31], B aló [5], Cossel  [10]); Co s s e l  [11] 
described their presence in the liver of h ea lth y  hum ans.

Fig. 6. C y top la sm ic  in v ag in a t io n  of a large nuc leus  (N). O th e r  bodies varying in c o n te n t  a n d  
enveloped b y  a  single m em b ran e ,  lie free in  th e  nuc leo p lasm  E R  =  sm ooth  en d o p la sm ic  
re ticu lum , L y  =  lysosome, P  =  nuclear pore ,  G =  Golgi a p p a ra tu s ,  M =  m i to c h o n d r iu m ) .

X  20 000
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In the liver o f rats treated with TA A  K l e i n f e l d  [25] was the first to  
dem onstrate the presence o f intranuclear bodies which, in her opinion, con 
ta in ed  carbohydrate and lipid substances. R o n d e z  et al. [36] and Salomon  
et al. [40] presented electron micrographs o f  lipid-containing inclusions pro
duced  during TAA treatm ent. R ecently, T h o e n e s  [43] has dem onstrated lipid  
su b stan ces in the nucleoli o f hepatic cells o f  rats treated with TAA. A ccording  
to  th e  above authors, the bodies corresponded to  cytoplasm ic in vaginations, 
b u t th ey  failed to deal w ith  the origin, structure and im portance o f these for
m ations.

As such “ intranuclear” inclusion bodies are frequently observed in alm ost 
every  stage of TAA hepatocarcinogenesis, it seem s advisable to discuss briefly  
th e  described alterations and relevant problem s to their origin.

I t  has already been pointed out th at th e  bodies observed under the ligh t 
m icroscope are not true intranuclear inclusions but correspond to cytoplasm ic  
elem ents invaginated into the nucleus. The q u estion  thus arises as to  the factor  
responsib le for the production of the bodies. The “ intranuclear” inclusions 
occur alw ays in strik ingly enlarged hepatic cells and in nuclei considerably  
larger than  the average nucleus. In this respect investigations into the asso
cia tion  betw een the size o f the cell, nucleus and nucleolus and certain cellular 
fu n ction s should be taken  into consideration ( R a t h e r  [33], K l e i n f e l d  [25], 
G r u n d m a n n  [19], O e h l e r t  and Schultze  [32]). Such studies have indicated  
th a t th e  enlargem ent o f cells, nuclei and nucleo li is accompanied by an increased  
sy n th etic  activ ity . TA A  has been shown to  increase the production o f nucleic  
acids, especially  o f ribonucleic acid, in th e  liver of white rats (L a ir d  [28], 
K l e i n f e l d  and H aam [27], Stöcker  [42], R o n d e z  [35]).

In view  of the close functional connection  between the nucleus and the  
cy top lasm  (Ca s pe r sso n  [8], A ltmann  [1], B r a c h e t  [6], G r u n d m a n n  [19]),  
it m ay be assum ed th at the increased m ob ility  o f  the cytoplasm  occurring in 
h ep atic  cells enlarged under the effect o f T A A  treatm ent is responsible for th e  
arisal o f  invaginations. The invaginated cytop lasm  m ay improve the transport 
of substances betw een nucleus and cytop lasm . Cossel  [10] suggested on the  
basis o f  findings in hum an material that th e  intranuclear inclusions were due 
to  th e  increased m etabolic activ ity  of the h ep atic  cells. The invaginated  c y to 
plasm  covered by the porous nuclear m em brane is in close contact w ith tin* 
nucleoplasm .

According to our own electron m icroscopic investigations such cy to p la s
m ic portions are conspicuous, first, for freq u en tly  containing elem ents in 
am ou n ts and com position not seen in th e  rest o f the cytoplasm ; secondly  
for th e  not uncom m on presence in them  o f  high-energy substances, such as 
lip ids and glycogen.

A further problem  is the fate of the inclusions. Some micrographs indicate  
th at the bodies m ay lose their double m em brane and so the cytoplasm ic organ-
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elles m ay gain entrance into the nucleoplasm  and becom e true intranuclear  
inclusions. At the periphery o f such form ations som etim es a single mem brane 
can be observed.

It is apparent from these stvidies, th at the “ intranuclear” inclusions 
seen under the light m icroscope during TAA treatm ent occur alw ays in hepatic  
cells characterized by considerably enlarged nuclei and correspond to cy to 
plasmic invaginations into the nucleus. The “ inclusions” are variable in 
structure and their arisal seem s to be associated with an increased synthetic  
a ctiv ity  of the hepatic cells and thus their presence m ay be regarded as an 
ultrastructural indicator of this function.

*

T he  a u th o r  would  like to t h a n k  Miss M. Stark  for technical help an d  Mr. L. B e n e d e k  
for th e  pho tography .
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S T R U K T U R  U N D  B E D E U T U N G  I N T R A N U K L E Ä R E R  I N K L U S I O N E N  
B E I  T H I O A Z E T A M I D - H E P A T O K A R Z I N O G E N E S E

G. K EN D RE Y

A u f  einer S t a n d a r d d iä t  g eha l tene  weiße m än n l ich e  R a t t e n  erh ie lten  längere  Zeit 
h i n d u r c h  T h ioaze tam idgaben .  N a c h  drei Wochen zeig ten  sich l ich tm ikroskopisch  in den K e r 
n e n  d e r  Leberzellen zah lre iche  pyroninophile ,  v o n  e iner M em b ran  um gebene  Einschlüsse.  
E le k tro n en m ik ro sk o p isch  w a ren  diese Einschlüsse v o n  e ine r  porösen D o p p e lm em b ran  um h ü ll t .  
A u ß e r  Mitochondrien  w a re n  in  d e n  Einschlüssen alle A r t e n  v o n  z y to p la sm at isch en  O rg an 
ellen v e r t re te n ,  in Mengen u n d  in  einer Z usam m ense tzung ,  wie sie sons t  im  b e n ac h b a r te n  
Z y to p la s m a  der Leberzellen n ic h t  Vorkommen. Diese im  L ich tm ik ro sk o p  als in tran u k leä re  E in 
sch lüsse  imponierenden G ebilde  e n ts p ra c h e n  in die Nukle i  in v ag in ie r ten  Zytop lasm ae lem en ten .  
E in ig e  d ieser Elemente  h a t t e n  sich zu  echten  in t r a n u k leä ren  E in sch lu ß k ö rp erch en  um gew ande lt ,  
a n d e r e  zeigten regressive V e rän d e ru n g e n .  Es wird an g en o m m en ,  daß  die in t ra n u k leä ren  In k lu 
s ionen ,  die im  Laufe d e r  T h io ace tam id -H ep a to k arz in o g en ese  häuf ig  angetroffen  w erden ,  
I n d i k a t o r e n  einer e rh ö h ten  sy n th e t i s c h e n  A k t iv i tä t  der  Leberzel len  sind.
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СТРУКТУРА И ЗНАЧЕНИЕ ВНУТРИЯДЕРНЫХ ВКЛЮЧЕНИЙ ПРИ 
ГЕПАТОКАРЦИНОГЕНЕЗЕ, ВЫЗВАННОМ ДАЧЕЙ ТИОАЦЕТАМИДА

Г . К Е Н Д Р Е И

Автор давал белым крысам самцам, содержанным на стандартной диете, длитель
ное время тиоацетамид. По истечении 3 недель под световым микроскопом наблюдались 
в ядрах печеночных клеток многочисленные пиронинофильные включения, окруженные 
мембраной. При электронномикроскопическом исследовании выяснилось, что эти вклю
чения покрыты пористой двойной мембраной. В этих включениях представлены, за исклю
чением митохондриев, все виды цитоплазматических органелл, в количестве и составе, 
не встречаемых в цитоплазме клеток печени. Эти тельца, которые под световым микро
скопом имеют вид внутриядерных включений, на самом деле являются элементами цито
плазмы, попадавшими в ядра путем инвагинации. Некоторые из них преобразовались ! 
истинные внутриядерные включения, другие же показали признаки регрессии. Пола
гается, что эти «внутриядерные» включения, часто наблюдаемые при карциногенезе, вы
званном тиоацетамидом, являются индикаторами повышенной синтезирующей активности 
печеночных клеток.

Dr. Gábor К i n d r e y ; I. Kórbonctani In tézet, B udapest V III. 
Ü llői út 26. H ungary
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D e p a r tm e n t  of P a th o lo g y  (H ead :  Prof. K. L a pis), 
P o s tg ra d u a te  Medical School.  B udapes t

VINCALEUKOBLASTINE-INDUCED CHANGES 
IN THE ULTRASTRUCTURE 

OF ASCITES TUMOUR CELLS*

K .  L a p i s

U lt ra s t ru c tu ra l  changes caused in N K /L y  ascites lym phom a cells in vivo by 
v inca leukoblas tine  ( V R -8) t r e a tm e n t  h ave  been stud ied .  Accumulation of m em b ran e -  
b ounded ,  e lectron-dense, po lym orphous ,  lysosome-like s t ruc tu res  was o b se rv ed  in a 
n u m b e r  of cells in in te rphase .  U l t r a s t ru c tu ra l  featu res  of the nuclear changes  induced  
b y  V R -8 (mosaic-like p a t t e rn  as observed by K e l l n e r  w ith  l ight-microscope),  were 
revealed. T he  u l t ra s t ru c tu ra l  featu res  of  the  cells d iv id ing abnormally  u p o n  the  effect 
of  the  agen t  have been described. O rien ted  spindle tubu le s  were lacking from  cells 
a r re s ted  in mitosis.  While no changes were reg is te red  in the  u l t ra s t ru c tu re  of  th e  centri-  
oles, the  t r e a tm e n t  in te rfered  w ith  th e i r  o r ien ta t io n  and  m igra t ion  to the poles. Centriole 
rep lica t ion  seemed to be u n d is tu rb ed ,  nor d id  V R -8 cause u l t ra s t ru c tu ra l  changes  in 
the  kinetochores.  Gelat ion  in  connection  w ith  th e  fo rm at io n  of the m ito t ic  a p p a r a tu s  
was d is tu rbed ,  a phenom enon  su b s ta n t ia te d  by  the  fac t  t h a t  m itochondria  an d  o th e r  
cell organelles were found  in the  area  which u n d e r  conditions of norm al cell divis ion 
is occupied by  the  m ito t ic  a p p a ra tu s  a n d  con ta ins  no o th e r  organelles. In  cells a r re s ted  
in  mitosis co ng lu t ina ted  clusters of chrom osom es,  a ccum ula t ion  of layered  concen tr ic  
m em b ran e s  were observed, whereas in a n u m b e r  of the  m ult inuclear  cells q u ad r i-  
lam ella r  m em branes  appeared .  These m em b ran e s  are considered to po in t  to  a  d is tu rb ed  
reco n s tru c t io n  of th e  nuclear m em b ran e .  All these  phenom ena  were id en t ica l  w ith  
those  induced in vitro by  vicristine in H e L a  cells as observed by George  et al. T h e  u l tra -  
s t ru c tu ra l  features  of m ult inuc lear  cells aris ing  on V R -8 t rea tm e n t ,  a re  d iscussed, 
a n d  i t  is po in ted  ou t  t h a t  the  organelles were well p reserved in the  m ajo r i ty  o f  these  cells.

There are numerous reports dealing w ith the effect of v incaleukoblastine, 
a dimer alkaloid isolated from Vinca rosea L i n n . [39, 84, 85], on peripheral 
blood counts, bone marrow [13, 22, 91] and various animal and hum an  
tum ours [1, 2, 19, 20, 21, 43, 45, 50, 51, 103, 110]; and also with com parative  
exam ination  of different Vinca alkaloids [49, 86]. Their cytological effect was 
studied by light-m icroscopy [13, 20, 37, 51, 93, 101, 102, 106, 109] and it was 
found that vincaleukoblastine arrests the division of proliferating tum our  
cells at the m etaphasic stage, and — depending on the dosage g ives rise 
to different forms of abnormal cell division. Cytological exam inations showed  
the effect to be similar to that o f colchicine and its derivatives [13, 26, 29].

V incaleukoblastine, isolated in Hungary by J o v a n o v i c s  et al, [53 ] under 
the nam e V R 8, was biologically tested  in the O ncopathological Research Insti
tu te , B udapest [33, 34, 35, 36, 57, 69, 87, 88, 89]. It was in the course o f  these  
investigations that tin* present author studied changes in the ultrastructure

* T he  a u th o r  is indeb ted  for g ra n ts  from  the  H u n g a r ia n  Scientific H e a l th  Council,  
the  J a n e  Coffin Child’s Memorial F u n d  for Medical R esearch ,  a n d  the Anna F u l le r  F u n d .
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of ascites tum our cells elicited  by the drug at issue [68]; findings m ade in th is  
respect and confirm ed b y  three series of experim ents are described in th e  
follow ing.

Material and method

C3 fawn-coloured o r  Swiss wh i te  mice of b o th  sexes an d  a pprox im ate ly  equal  b o d y  
w e ig h t ,  o f  our  l a b o ra to ry  s tock ,  were inocula ted  in t ra p e r i to n e a l ly  w ith  3 X 107 N K /L y  asc ites  
l y m p h o m a  cells. The  an im a ls  were  d ivided in to  g roups  a n d  each  group received a  c e r ta in  dose 
(0.1, 1.0 a n d  3.0 m g/kg re sp ec t iv e ly )  of V R “ 8 i.p. on  th e  6 th  o r  7 th  day following inocu la t ion .  
T h e  dose of 1 mg/kg h a v in g  been  found  to be th e  m o s t  su i tab le ,  i t  was adm in is te red  in  su b 
s e q u e n t  experiments .

P e r i to n ea l  fluid w a s  a sp i ra ted  a t  different in te rv a l s  (1, 3, 6, 9, 12, 24, 48, 72, 96, 120 
a n d  144 hours) ,  and  a l iquo ts  o f  0.3 to 0.4 ml were f ix ed  a t  + 4  °C for one hour  in a  2 %  solut ion  
of o sm iu m  te t rox ide  bu ffe red  to  p H  7.4 by  veronal  a ce ta te ,  according to P a l a d e  [92]. A f te r  
slow cen tr ifuga t ion ,  th e  su b s ta n c es  were d e h y d ra ted  in  a n  alcohol series a n d  t h e n  e m b e d d ed  
in  a ra ld i te .

F o r  th e  p re se rv a t io n  a n d  d em o n s tra t io n  of sp ind le  fibers ,  the  samples were  f ixed  in 
a  2 .5 %  solution  of g lu ta ra ld e h y d e  in H a n k s ’ so lu t ion  [38].

Sections m ade  w i th  t h e  a id  of P o r te r  B lu m  a n d  L K B  u ltram ic ro tom es,  were s tu d ie d  
b y  H i t a c h i  H U  —10, SE M  — 3, a n d  J E M  6 c e lec tron  microscopes.

Since in our  experience  th e  s tu d y  of c h e m o th e ra p eu t ica l ly  induced u l t r a s t r u c tu r a l  
a l t e ra t io n s  requires fam i l ia r i ty  w i th  the  l ight-microscopic  changes ,  th e  samples were  s u b m i t t e d  
to  p a ra l le l  light- and  e lectron-m icroscopic  exam inat ions .

Electron- microscopic observations

The ultrastructural features of untreated N K /L y  ascites lym phom a cells 
have repeatedly been described [58, 63, 65, 66, 68, 70], and only the more 
im portant ultrastructural properties of cells in m etaphase will now be discussed. 
The electron-dense osm ophilic chrom osom es in the centre of th e  cells are 
situ ated  at the equatorial plane at right angles to  th e  m itotic spindle. O nly one 
of th e  centrioles at th e  cell pole can be seen in th e  plane of section in F ig. 1. 
B room -like spreading out spindle tubules are running partly to  the opposite  
cell pole and partly to  the chrom osom es. M itochondria and other cell organelles 
are found at the periphery o f the cytoplasm  but n o t in the area of the m itotic  
spindle. The spindle filam ents are in no direct contact with the centriole at 
the cell pole; the converging spindle filam ents m eet at some distance from  
th is area. On the other hand, it is by m eans o f  kinetochores or centrom eres 
th a t th e  term inal portion  of chrom osom al fibres of the spindle reach and 
p enetrate the body o f the osm iophilic electron-dense chromosomes.

One to 6 hours after V R -8 treatm ent th e  m ajority of tum our cells in 
in terphase showed neither light-m icroscopic nor ultram icroscopic changes. 
Certain proportion o f the interphase-cells, h ow ever, contained spherical or oval, 
lysosom e-like structures encircled by a single membrane; these structures 
w ere sm aller than th e  m itochondria, and form ed clusters of 8 to  10 m em bers
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(F ig. 2c). In the sam e cells an aggregation o f free ribosom es was observed. 
K e l l n e r  et al. [57] observed after Vinca treatm ent th a t some of the cells, 
while still retaining the nuclear membrane, show ed a mosaic-like clum ping  
o f the chrom atin (Fig. 2a). The present electron-m icroscopic investigations  
have confirm ed their light-m icroscopic observation (F ig. 2b). W hile the nuclear 
envelope was preserved the chrom atin substance o f  these cells took the form  
o f electron-dense, finely granular chromosomes in th e  karyoplasm . The karyo- 
plasm  itself becam e fairly electron lucent. The chrom osom es differed in size 
and length and displayed bulky or elongated shapes; their various aspects 
del jended to som e exten t on the plane of section. The preserved nuclear en ve
lope was undulatory and rippled. Part of the chrom osom es was arranged along  
the nuclear membrane. Longer and shorter segm ents o f  narrow tubular struc
tures, bounded by sm ooth membranes, were found in the karyoplasm  near 
or in close contact with the chromosomes. A ggregation of ribosomes as well 
as accum ulation and clustering of lysosom e-like structures were registered  
also in these cells. Besides, the electron-density o f the m atrix of m itochondria  
appeared to be dim inished and the cristae partly destroyed. In addition, the  
pores of the nuclear envelope were considerably dilated  and in some cells the  
mem brane was partially lysed  (Fig. 2b).

In accordance w ith the light-m icroscopic observations the electron- 
m icroscopic preparations showed a large num ber o f abnormal cell division  
3 to 12 hours after the treatm ent (Figs 3a, 3c). IN о signs o f polarization were 
observed in connection w ith cell division. No m itotic spindle or oriented spindle 
filam ents were seen in the abnorm ally dividing cells, and not even structures 
that m ight have been recognized as disoriented spindle tubules. In som e cells 
there were occasional longer or shorter tubular structures bounded by sm ooth  
m em branes; these could be regarded as rem nants o f disoriented spindle tubules. 
The chrom osom es o f these cells never formed configurations in the equatorial

Fig. 2a. N K /L y  ascites ly m p h o m a  cell 10 hours a f te r  in tra p e r i to n ea l  a d m in is t ra t io n  of 
3 m g/kg  of v inca leukoblas tine .  N o te  mosaic p a t te rn  of n u c le a r  s t ru c tu re .  S ta ined w ith  acetic

orcein. X 1690
Fig. 2b. E lectron-m icroscopic  p ic tu re  of an ascites cell, s im ila r  to t h a t  shown on Fig. 2a. 
Segregated  e lectron-dense chrom osom es are well d is t ingu ishab le  in the  nuclear subs tance  (Chr). 
Several  in tran u c lea r  canaliculi  o f  sm ooth-surfaced m em b ran e s  (inc), can he seen in the  k a r y o 
p lasm  of reduced e lectron  densi ty .  T he  nuclear m em b ran e  (N m ) is well preserved and  u n d u l a t 
ing. T he  cy top lasm  conta ins  u n ev en ly  d is t r ibu ted  r ibosomes, d a m a g ed  m itochondria  of va r ious  
shapes  and  sizes (aM), occasional lipid droplets (L) and lysosome-like  s t ruc tu res  of high e lect
ron  densi ty  (Ly). T he  microvill i  on the  cell surface a re  well preserved. An N K /L y  ascites 
ly m p h o m a  cell 3 hours a f te r  a d m in is t ra t io n  of 1 mg/kg of v inca leukoblas tine .  Fixed in osm ium  

te trox ide,  em bedded  in a ra ld ite .  S ta in : u ra n v la ce ta te  a n d  lead  citrate . X 21,000 
Fig. 2c. Detail of  cell from N K /L y  ascites tu m o u r  6 h o u rs  a f te r  t r e a tm e n t  with 1 rng/kg of 
v inca leukoblas tine ,  fixed in o sm iu m  te troxide,  em bedded  in a ra ld i te .  The  cell is in in te rphase ,  
i ts  cy to p la sm  shows, n ex t  to the  nucleus (N), aggrega ted  ro u n d  or oval lysosome-like s t ru c 
tu re  (Ly) most of which, b o u n d e d  by  u n i t  m em branes ,  a re  sm alle r  t h a n  the m itochondria .

S ta in : u ra n y la c e ta te  and lead c i t ra te .  X 23,000
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plate characteristic o f  norm al cells in m etaphase (F igs 3a, 3c). T hey  were 
either irregularly scattered over the cytoplasm , or form ed highly electron- 
dense bundles w ith convoluted  contours, while in som e cells th ey  appeared 
as centrally situated highly electron-dense am orphous masses. Centromeres, 
kinetochores were adhering to the surface of certain chrom osom es (F ig. 3b). 
T hey appeared in the form  of slightly curved electron-dense plates em bedded  
in less osmiophilic granular matrices. Their shape varied according to the plane 
o f  section. No tubular structures that m ight have qualified as rem nants of 
spindle fibres connected with kinetochores, were observed after vincaleuko- 
blastine treatm ent. Som etim es occasional centrioles could he seen betw een  
the chromosomes in the plane of section (Fig. 3a); th ey  were situated  at the 
periphery of the cell or paracentrally. The centrioles revealed no structural 
changes, nor was there any sign to show th at th ey  served as centres o f  organi
zation as they do in norm al cell division. W hile the interchrom osom al space 
and the space betw een chrom osom es and centrioles contain under physiological 
conditions of cell d ivision no organelles save com ponents of the m itotic spindle, 
scattered m itochondria and numerous sm all vesicles, surrounded by sm ooth- 
surfaced membranes, were observed in the exam ined specim ens. These serially 
arranged vesicles frequently  formed veritable enclosures around a given chro
m osom e (Fig. 3a). M itochondria were in some cases near or in contact with  
the chrom osom es. It w as conspicuous th at, outside the area occupied by the 
chrom osom es, there were peripheral lysosom e-like figures of various sizes and 
shapes, 8 to 10 of w hich aggregated in som e instances to form inclusions 
(F ig. 3a). Their electron density was variable and different even within one 
and the same structure. The cytoplasm  contained m oreover peripheral bundles 
o f delicate undulating filam ents (Fig. 4a). D epending on the plane o f section, 
they appeared either as variably shaped fields or as band-like structures.

Fig. 3a. Sca tte red ,  d isor ien ted  chromosomes (Chr) in d iv id ing N K /L y  ascites cell 9 hours 
aft er t r e a tm e n t  w i th  1 m g/kg  of vincaleukoblastino and  fixed in osm ium  te t ro x id e  and  e m b e d 
ded  in araldite .  The  cy to p la sm  is rich in ribosomes a n d  con ta ins ,  am ong  the  chromosomes, 
sca t te red  sm ooth  surfaced  vesicles which are a r ran g ed  e i the r  in longitudinal  rows or around  
a chromosome. Variab ly  sh ap ed  and  sized m itochondr ia  (M) are also visible be tw een  the ch ro 
mosomes. Л centriole is likewise visible, while no co h eren t  spindle f i lam en ts  c an  be seen. 
G roups of highly e lectron-dense  lysosome-like s t ru c tu re s  form inclusions at the  periphery . 
Note cross sections of th in  bund les  of u n d u la t in g  f i lam en ts  (f) near  the inclusions. Small,  pe

ripheral vesicles fo rm  chain-like rows along the  cell surface (arrow).
S ta in :  u ra n y l  ace ta te  and  lead c i t ra te .  X 20.000 

Fig. 3b. Detail of  ch rom osom e from a cell, the  division of which  has been a rres ted  by v inca leu 
koblas tine  t rea tm e n t .  N o te  slightly curved k inetochore  (K) adhering  to the  surface  of the elec
tron-dense chromosome. T h e  p ic tu re  shows conditions 6 hours  a f te r  in traper i tonea l  a d m in is t ra 

t ion  of 1 mg/kg of v inca leukoblas tine .
F ixed in osm ium  te t rox ide ,  em bedded in a ra ld ite .  S ta in :  lead c i t ra te .  X 30.000 

Fig. 3c. N K /L y  ascites ly m p h o m a  9 hours a f te r  in t ra p e r i to n ea l  ad m in is t ra t io n  of 3 mg/kg 
o f  vincaleukoblas tine .  A bn o rm a l  cell division, d isor iented ,  sca tte red  chromosomes. S ta in:

acetic orcein. X 1630
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Another frequent typ e  o f abnorm ally dividing cell showed sm ooth endo
plasm ic reticular m em branes surrounding the group of chrom osom es (Fig. 4a) 
in the form of concentric layers. Apart from the chrom osom es, the areas 
surrounded by the m em branes contained varying am ounts o f m itochondria, 
lipid droplets and som etim es also polym orphous lysosom e-like structures. 
O utside of, and parallel to, the concentric membranes, rows o f vesicles formed 
chains at the periphery o f the cytoplasm . Besides, bundles of filam ents running 
along the cell membrane were observed at the cytoplasm ic periphery (Figs 
4a, 4b). No organized Golgi apparatus was found in any of the d ivid ing cells.

Betw een 12 and 72 hours after V R -8 treatm ent no d ivid ing cell beyond  
the stage of m etaphase was observed.

In harmony with literary data [33, 38, 57] one of the m ost striking phe
nom enon observed by light-m icroscopy following VR 8 treatm en t was the 
appearance of increasing num bers of m ultinuclear giant cells (F ig . 5b). Their 
number was considerable at 24th and 48th  hour after treatm ent, and reached 
a peak betw een 72 and 96 hours. Many of these giant cells were several times 
as large as untreated N K /L y  ascites cells. The size of the cells as w ell as the 
num ber and size of their nuclei showed considerable variations. I t  was char
acteristic of these cells th a t som e o f them  contained nuclei o f approxim ately  
equal, while others of w idely different size (macro- and m icronuclei). Ultra- 
structurally, the nuclei were similar to those of the control cells, and some of 
them  contained w ell-developed nucleoli which, too, had an ultrastructure like 
those of untreated N K /L y  ascites cells. The internuclear cytop lasm  was rich 
in organelles, especially in sm ooth-surfaced tubules and vesicles. It was usually 
in this area that the m oderately developed and som etim es d isunited  Golgi 
com plex was observed. A considerable am ount of vesicular or lam ellar rough
surfaced endoplasm ic reticulum  was also found (F ig. 5b). The centrioles were 
usually situated betw een the nuclei and displayed a practically  norm al struc
ture; they  were not invariably oriented at right angles. In som e m ultinuclear 
giant cells four centrioles occurred close to one another in a single plane of 
section (Fig. 5c). In som e cells around the centrioles there were sm all, highly

Fig. 4a. Dividing N K /L y  ascites tu m o u r  cell 6 hours af te r  in tra p e r i to n ea l  a d m in is t ra t io n  of 
1 rng/kg of v inca leukoblas tine .  E lec tron -dense  chromosomes aggrega ted  in th e  centre.  They 
are su rrounded  by onion-leaf-like superposed  layers of sm ooth-surfaced  endop la sm ic  re ticulum 
m em b ran e s  (m sEr).  These enclose, beside the  chromosomes, also m ito ch o n d r ia ,  lipid droplets 
(L) and  lysosome-like particles.  N o te  long row of small vesicles (a rrow) ru n n in g  paral le l  with 

the  m em branes  and ,  be tw een  them , bundles of u n d u la t in g  f i lam ents .
Fixed in osmium te t ro x id e ,  em b ed d ed  in araldite .  S ta in :  u ran y l  a c e ta te  a n d  lead citrate .

X 17,000
Fig. 4b. Detail  of ab norm ally  d iv id ing  N K /L y  ascites tu m o u r  cell 6 hours  a f te r  in t rap er i to n ea l  
ad m in is t ra t io n  of 1 m g/kg o f  v inca leukoblas tine .  Bundles of f i lam en ts  (f) ru n n in g  near the 

cell surface, as described in Fig. 4a, with a d jacen t  m itochondria .
F ixed  in osm ium  te t ro x id e ,  e m bedded  in araldite .  S ta in : u ra n y l  a c e ta te  and  lead

c itra te .  X 33.000
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electron-dense pericentriolar bodies too. M ost giant cells contained also lipid 
droplets (F ig. 5b). The m itochondria of th ese cells were fairly polym orphous, 
of varying size, and the orientation o f the crests was com pletely irregular. 
T he cristae showed pronounced vésicu lation  in the m ajority o f m itochondria. 
In addition, h ighly electron-dense, apparently inhom ogeneous lysosom e- 
like structures, surrounded by unit m em branes were also seen in the giant 
cells. The lysosom e-like bodies were usually  sm aller than the m itochondria
(F ig. 5b).

Certain m ultinuclear cells contained longer or shorter quadrilam ellar  
m em branes that were usually situated  around the nuclei. W hile th e  outer 
m em branes were covered w ith ribosom es, the inner pair of m em branes ap
peared to be sm ooth. An abundance of d ifferently sized vesicles was irregularlv 
distributed close to the cell surface. The cytoplasm  of the m ultinuclear cells 
was rich in free ribosom es; the ribosom e granules and their aggregates were 
even ly  distributed over the cytoplasm . On th e  cell surface, a variable num ber 
o f d ifferently shaped and sized m icrovilli was observed. Near the inner surface 
of th e  cell m em brane differently sized p in ocytotic  vesicles either p inched  off 
th e  cell m em brane or projecting into the cytoplasm  were seen.

After the 12th hour follow ing treatm en t, during the w hole period 
o f  observation  a considerable num ber o f cells revealed signs of degeneration.

Discussion

The advance of knowledge concerning m itotic 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 
am ong others, due to the results of electron-m icroscopic exam inations, i t  w as

Fig.  5a. Detail  of  m u lt in u c lea r  giant cell. N K /L y  asc ites  ly m p h o m a  72 hours  a f te r  i n t r a 
p e r i to n ea l  a d m in is t ra t io n  of 1 m g/kg of v inca leukob las t ine .  Note q u adr i lam ella r  m em b ran e  

((,1m) with ad jacen t  m i to c h o n d r iu m  (M) in the  cytoplasm.
Fixed  in osm ium  te t rox ide ,  em bedded  in a ra ld i te .  S ta in :  u rany l  ace ta te  an d  lead  c i t ra te .

21,000
Fig. 5b. M ult inuc lea r  giant cell from N К /L y  ascites ly m p h o m a  72 hours a f te r  a d m in i s t r a t io n  
of 1 m g /k g  of v inca leukoblas tine .  Cross sections of several d ifferently  sized nuclei can  be seen. 
U l t r a s t ru c tu ra l ly ,  th e  nuclei are similar to th e  con tro ls .  Note  well developed nucleolus (N1) 
in some nuclei.  T he  cy top lasm , rich in ribosom es, c o n ta in s  in tac t  and dam aged  m ito c h o n d r ia  
(aM), lysosome-like figures (Ly),  vacuole  (Va) an d  n u m ero u s  m inu te  vesicles. T h e  cell surface 

shows microvill i  (Mv) and  bu lk y  pseudopodium -l ike  processes (Pp).
F ix ed  in osm ium  te trox ide.  em bedded  in a ra ld i te .  S ta in :  uranyl  ace ta te  and  lead  c i t ra te .

X 1 5 ,0 0 0
Fig. 5c. Detail  of  m ult inuc lear  giant cell, f rom  N K /L y  ascites ly m p h o m a  120 ho u rs  a f te r  
a d m in i s t r a t io n  of I m g/kg of v inca leukoblas tine .  N o te  several centrioles (C). sec t ioned  in d if
fe ren t  planes,  near  one of the  nuclei.  E lec tron -dense  corpuscles can be d is t ingu ished  a ro u n d

the centrioles.
Fixed  in osm ium  te trox ide ,  em bedded  in a ra ld ite .  S ta in :  u rany l  ace ta te  a n d  lead  c itra te .

X33.0C0
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therefore expected th a t the electron-m icroscopic stu d y  of a v inblastine-treated  
cell population  w ould shed light on the finer details of the disturbances in 
sp indle form ation and cell division. Electron-m icroscopic exam inations were 
further supposed to  reveal whether the treatm ent would provoke changes in 
cells at the stage o f interphase.

P art of the cells in interphase contained , following treatm ent w ith  
V R “8, accum ulations and clusters of lysosom e-like polym orphous structures. 
T heir accum ulation was especially conspicuous in cells with arrested m itosis. 
In cases of normal cell division these structures begin to form inclusions in 
th e  early prophase, an activ ity  that becom es m ost pronounced in m etaphase  
[98] so th at their early accum ulation m ust have been due to the v incaleuko- 
b lastin e  effect. Early accum ulation of such structures following treatm ent 
w ith  vincristine, vinblastine and colchicine has been described by other authors 
as w ell [38, 39]. The lysosom al nature of the structures in question was proved  
by dem onstrating their acid phosphatase a c tiv ity . W hile several workers 
[38, 98 , 99] suggest that th ey  derive from m ultivesicular bodies, others [83, 98] 
p oin t to  their close connection  with the Golgi com plex.

K e l l n e r  [57] described a m osaic-like arrangem ent of the nuclear chro
m atin  in some cells in the interphase. E lectron-m icroscopically, these cells 
revealed  a well preserved undulatory nuclear membrane; the karyoplasm  
con ta in ed  segregated chrom osom es. A similar behaviour of the nuclear m em 
brane w as observed [98] in cells in the normal prophase. The tubular structures 
observed  in the nuclei o f these cells were presum ably analogous ones to  the  
in tranuclear canaliculi described by Y a s u z u m i  and S u g i h a r a  [113, 114] in 
E hrlich  ascites tum our cells in the prophase.

Y inca alkaloids being spindle inhibitors [8, 27, 71, 72], we paid particular  
a tten tio n  to the behaviour o f the various com ponents of the m itotic apparatus 
fo llow ing treatm ent w ith V R ~ 8. V incaleukoblastine, like vincristine [38], did 
not seem  to affect the ultrastructure of the centrioles [7, 23, 112], on ly  their  
orientation  and polarization. N either did it interfere with centriole replica
tion  [32], since we frequently observed 3 to 4 centrioles, pericentriolar bodies 
and satellites in the m ultinuclear giant cells th a t had formed under the effect 
of th e  drug. Like on treatm ent w ith v incristine [38] and colchicine, no organ
ized m itotic spindles developed following th e  adm inistration of V R -8 , and 
even  occasional disoriented rem nants of spindle filam ents appeared but rarely. 
The action  of spindle poisons m ay have d ifferent m echanisms. T hey m ay  
in h ib it the synthesis o f proteins required for the developm ent and organization  
o f sp indle filam ents, while it is likewise possible th at they  are destroying th e  
ex istin g  filam ents.

C r e a s e y  and M a r k i w  [16, 17, 18] dem onstrated  that colchicine, v in 
cristine and vinblastine inhibit the synthesis o f  soluble R N A , and suggested  
th a t, accordingly, these agents m ight prevent th e  production of specific pro-
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teins required for m itosis. It  has, how ever, been shown [75, 78, 79, 80, 81] that 
the m itotic apparatus is assem bled from proteins synthesized  prior to  division  
and th at, after treatm ent w ith the drugs at issue, even cells in the normal 
m etaphase, i.e. cells w ith well developed and well functioning m itotic spindle, 
are unable to reach the subsequent stages o f division w ithout d isturbance. 
It was further found [38] that cells, once division has started, are able to go 
through the whole process even in the presence of actinom ycin-D  although  
this substance is known to inhibit the synthesis of R N A  including its soluble  
form. Considerations of this nature have given rise to the assum ption [38] that 
spindle poisons of the colchicine typ e disturb or inhibit the organization o f the 
filam entous structures of the m itotic spindle w ithout significantly interfering  
w ith the synthesis of the specific com ponents required for the assem bly o f the  
m itotic apparatus.

In contrast to that o f the m itotic spindles, the ultrastructure o f the cen
tromeres or kinetochores which ensure the attachm ent of the spindle filam ents  
to  the chrom osom es, suffered no change on treatm ent with vincristine or 
vinealeukoblastine.

The present investigations have shown that treatm ent with VII 8 (like 
that w ith colchicine and vincristine) affects the gelation process connected  
with m itosis.

It seems th at on V R  8 treatm ent the nuclear membrane is decom posed  
in the course of cell division in the same manner as in the case o f  normal 
m itosis [30, 42, 82, 98, 100]. In cases of normal cell division, the nuclear 
mem brane originates from the endoplasm ic reticulum  formed by a fusion of 
the cytoplasm ic vesicles [42, 98, 111]. W e regard the rows o f vesicles and the  
concentric endoplasm ic reticular m em branes, observed in VR 8 treated  cells, 
as the precursors or the early stage o f the regeneration of the nuclear envelope. 
A layered accum ulation of such concentric, continuous m em branes has been  
observed in normally dividing cells only in exceptional cases, e.g. in th e  sper- 
inatogenic cells o f Drosophila [48] and tum our cells [12]. On the other hand, 
structures of this nature have been observed in HeLa cell cultures treated  w ith  
vincristine [38]. It would appear th at Vinca alkaloids interfere in som e w ay  
w ith the reconstruction of the nuclear envelope both in vivo and in vitro. 
The fact that quadrilamellar m em branes running parallel to the nuclear m em 
brane have been observed in certain m ultinuclear giant cells formed under the  
effect of VR 8, points likewise to a disturbance in nuclear mem brane regener
ation. Similar form ations have been noted in W alker-256 carcinom a cells 
and in daughter cells arising in the course o f thym ocyte division [12, 82]; 
we encountered such m em branes [66] in cases of abnormal cell d ivision under 
the effect of an alkylating agent. In view  o f the subm icroscopic structure of  
these figures, we share the view  of Buck [12] who regards them  as preform ed  
nuclear membranes.
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N o organized G olgi apparatus was observed in cells d ividing abnorm ally  
under the effect of V R -8 . T his apparatus is know n to  disappear in the course o f  
norm al cell division [25, 9 8 ], and it is possib le th a t som e of the numerous 
vesicles observed in d iv id in g  cells originated from Golgi elem ents. V R  8 
caused  no significant change in the other cell organelles.

The number o f cells in the ascites tum ours decreased to one quarter of 
th e  original count 24 hours after treatm ent w ith  V R -8 [33], while — according 
to  light-m icroscopic observations — the rem aining cells undergo rapid degener
ation  [35]. E lectron-m icroscopic studies [68] have confirm ed this phenom e
non: we saw a considerable number of degenerating cells 3 to  12 hours after 
th e  treatm ent; it m ay have been connected w ith the inhibition of R N A  syn 
thesis, since vincaleukob lastine arrests R N A  synthesis shortly before the  
beginning of cell d iv ision  [16, 17, 18, 27, 96].

There are m any reports to show th at m ultinuclear giant cells arise on 
treatm en t with m ustard nitrogen derivatives [5, 6, 41, 47, 54, 55, 60, 61, 62, 70] 
and several other chem otherapeutic agents [14, 15, 28, 40, 52, 108] as w ell as 
after X -ray irradiation [9, 61]. Production o f m ultinuclear cells, as a result 
of such treatm ent, has been observed not on ly  in tum ours but in normal tis
sues [ 2 ,4 ,5 ,  1 4 ,2 8 ,5 9 , 108] and tissue cultures as well [52, 97]. The genesis 
o f th ese cells is a com plex  one [11, 55, 73, 74], since cell fusion, nuclear frag
m entation , abortive m itosis and am itotic d ivision  m ay be equally involved  in 
their  formation [11, 94, 105].

The principal factors in  the origin of m ultinuclear cells arising after V R  8 
treatm en t, is presum ably abortive m itosis. In  th e  course of abnormal cell 
divisions caused by V R -8 , several nuclei m ay develop from the groups of chro
m osom es scattered th rou gh ou t the cytoplasm . T his is supported by the fact 
th a t nuclei and nucleoli o f different size have been found in the m ultinuclear  
cells arising under th e  effect of VR 8. Form ation  of m icronucleoli has been  
reported in connection w ith  other treatm ents as well [104].

Studies of th e  ultrastructural changes caused b y  various cytostatic  
agents [10, 64, 65, 66, 67 , 68, 69, 70] revealed differences in the ultrastructure 
o f m ultinuclear giant cells arising under the effect o f the agents.

Opinions regarding th e  biological sign ificance of m ultinuclear cells are 
d iv id ed  [11, 55, 56, 95 ]. M orphological studies did not allow to estim ate their 
biological value. Cellular degeneration and destruction  have both light- and 
electron-m icroscopically well observable m orphological criteria nevertheless. 
W e have found th a t, a lthough most of th e  m ultinuclear cells formed under 
Y R  8 treatm ent contain  a great number o f lysosom e-like structures, neither 
th e  cytoplasm ic organelles, nor the nucleus and the nucleolus showed signs 
poin tin g  to im m inent degeneration. It should, o f course, be borne in m ind that 
m orphological preparations reveal hut the m om entary situation  and do not 
shed light on processes regarding the life cycle o f  cells.
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A U F  W I R K U N G  VON V IN C A L E U C O B L A S T IN  
IN  D E R  U L T R A S T R U K T U R  VON A S C IT E S T U M O R Z E L L E N  

E N T S T A N D E N E  V E R Ä N D E R U N G E N
K. LAPIS

V erfasse r  beschre ib t  die in  den  N K /L y-A sci tes lym phom zellen  auf W irkung  v o n  Vinca-  
l e u c o b la s t in  (VR~8) in  vivo v o r  sich gehenden u l t r a s t r u k tu r e l l e n  Veränderungen. I n  e inem 
Teil d e r  in  der  In te rp h a se  steckengebliebenen Zellen f i n d e n  sich Anhäufungen  e le k t ro n e n d ic h 
ter ,  p o ly m o rp h e r ,  m it  e iner M em brane  um gebener  K ö rp e rch en ,  lysosom artiger Gebilde .  
Das u l t r a s t ru k tu re l le  S u b s t r a t  der  in einem Teil der  in  d e r  In te rp h ase  verbliebenen Zellen a u f  
W irk u n g  v o n  V inca leucoblas tin  en ts teh en d en  K e r n v e r ä n d e ru n g  (lichtmikroskopisch die d u rc h  
K e l l n e r  beschriebene  m osa ika r t ige  S tru k tu r)  wird b esp ro ch e n ,  ferner die u l t r a s t ru k tu re l le n  
K e n n ze ich e n  der a u f  W irk u n g  des Mittels e n t s t a n d e n e n  anom alen  mito t ischen Zellen m i t 
ge te i l t .  D e r  Verfasser s te ll t  fest ,  d aß  in den m ito t isch en  Zellen die orientierten S p in d e l tu b u l i  
fehlen. I n  de r  U l t r a s t r u k tu r  der  Zentriolen f inden sich k e in e  Veränderungen, dagegen  erleidet 
ihre  O r ie n ta t io n  u n d  ihre W an d e ru n g  zu den Polen e ine  S tö ru n g .  Die R ed u p lik a t io n  de r  Z en 
t r io len  sche in t  n ich t  g e h e m m t  zu sein und auch in de r  U l t r a s t r u k tu r  der K in e to c h o ren  k a m  
es a u f  W irk u n g  des Mittels zu  k e in en  Veränderungen.  A u c h  der  m it der E n ts te h u n g  des m i t o 
t is ch e n  A p p a ra te s  v e rb u n d en e  Gelbildungsprozeß e r le ide t  eine  Störung. H ie rau f  weise au ch  der  
U m s t a n d ,  d aß  in den  n o rm a l  v o m  m ito tischen A p p a r a t  e ingenom menen und  keine a n d eren  
O rg an e l len  e n th a l te n d e n  Teilen  d e r  in der Mitose s teckengeb l iebenen  Zellen M itochondr ien  
u n d  a n d e re  zy to p la sm at isch e  Organellen aufgezeigt w e r d e n  können. In  den in  der  Mitose 
v e rb l ieb e n e n  Zellen w u rd e n  agglomerierte  C hrom o so m en h au fen ,  Anhäufung der u m g eb e n d en  
M e m b r a n e n  in m eh re ren  k onzen tr ischen  Schichten , f e rn e r  in einem Teil der m eh rk e rn ig e n  
Zellen d a s  A u f t re te n  v o n  q u ad r i lam e lla ren  M em b ran en  b e o b ac h te t .  Diese M em b ran e n  w erden  
v o m  V erfasse r  als das Zeichen de r  auf  W irkung v o n  V inca leucoblas tin  e in t re te n d en  S tö ru n g  
d e r  K e r n m e m b r a n r e k o n s t r u k t io n  aufgefaßt. Die ob igen ,  a u f  W irkung von V inca leucoblas tin  
a u f t r e te n d e n  V e rän d e ru n g en  s t im m e n  m it  den u n t e r  V incr is t in -W irkung  in H eL a-Z el len  in 
v i t ro  v o n  Geo rg e  u n d  M i ta rb e i te rn  beschriebenen V e rä n d e ru n g e n  überein. Die u l t r a s t r u k t u 
re llen  B esonderhe i ten  der  a u f  W irk u n g  von V inca leucob las t in  en ts tandenen  v ie lkernigen Zellen 
w e rd e n  e rö r te r t ,  u n d  es wird  hervorgehoben,  daß die M eh rza h l  dieser Zellen über  Zellorganellen 
m it  g u t  e rh a l ten e r  S t r u k t u r  ve rfüg t .
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ИЗМЕНЕНИЯ УЛЬТРАСТРУКТУРЫ АСЦИТИЧЕСКИХ ОПУХОЛЕВЫХ 
КЛЕТОК, ВОЗНИКАЮЩИЕ ПОД ВЛИЯНИЕМ ВНИКАЛЕЙКОБЛАСТИНА

к. Л А П И Ш

Автор сообщает об изменениях ультраструктуры, наблюдаемых в клетках асцити
ческой лимфомы NK/Ny под влиянием винкалейкобластина (VR~S) in vivo. В части 
клеток, находящихся в межуточной фазе, видны накопления окруженных мембраной, 
электронноплотных, полиморфных телец, лизосомоподобных образований. Дается опи
сание ультраструктурной среды изменения ядра (под световым микроскопом мозаичная 
ядерная структура, описанная Кельнером), возникшего под влиянием препарата, в 
части клеток, находящихся в межуточной фазе, а также ультраструктурные особенности 
ненормальных митотических клеток, образовавшихся под влиянием винкалейкобластина. 
Устанавливается, что в деляющихся клетках отсутствуют ориентированные веретено
образные канальцы. В ультраструктуре центриол не наблюдалось изменений, однако 
нарушается их ориентация и перемещение к полюсам. Редупликация центриолов, по- 
видимому, не претерпевает торможения, и в ультраструктуре кинетохоров также не 
отмечаются изменения под влиянием винкалейкобластина. Нарушается и процесс образо
вания геля, связанный с образованием митотического аппарата. На это указывает то об
стоятельство, что в частях деляющихся клеток, занятых в норме митотическим аппаратом 
и свободных от прочих органелл, наблюдаются митохондрии и прочие цитоплазматические 
органеллы. В клетках, оставшихся в фазе деления, наблюдались накопления агломери
рованных хромосом, нескольких концентрических слоев окружающей мембраны, и в 
части многоядерных клеток появление четырехламеллярных мембран. Эти мембраны 
рассматриваются автором как знак нарушения восстановления ядерной оболочки, про
исшедшего под влиянием винкалейкобластина. Устанавливается, что вышеуказанные 
изменения, возникшие под влиянием винкалейкобластина, соответствуют изменениям, 
возникшим под влиянием винкристина в HeLa — клетках in vitro, описавшимся Жорж 
и сотрудниками. Сообщаются ультраструктурные особенности многоядерных клеток, 
образовавшихся под влиянием винкалейкобластина, и подчеркивается, что большинство 
клеток имеет клеточные органеллы с хорошо сохраненной структурой.

Dr. Károly Lapis; O rvostovábbképző In tézet, Budapest 
XI I I .  Szabolcs u. 33. Hungary
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I n s t i tu te  o f P a th o lo g ica l A na to m y  an d  H isto p a th o lo g y  (D irec tor: J .  O r m o s ), U n iv e rs ity  
M edical School, and  In s t i tu te  o f H yg iene  an d  E pidem io logy  (D irec tor: J .  V e t r ó ), Szeged

CONTRIBUTIONS TO THE DEVELOPMENT OF 
EXPERIMENTAL PYELONEPHRITIS

J .  O rmos, Z s. Csapó  and J u d it  L antos

P y e lo n ep h ritis , accom pan ied  by  th e  d ev elo p m en t of abscesses a n d  lead in g  to 
a c o n tra c tio n  of th e  affected  k id n ey , has been induced  in 61%  of ra ts  by th e  in tra v en o u s  
a d m in is tra tio n  of E. coli an d  lig a tio n  of one u re te r  for 48 hours. L eu k o cy tic  em ig ra 
tio n  s ta r te d  8 hours a fte r E. coli a d m in is tra tio n , bu t accu m u la tio n  of leu k o c y te s  in 
c e r ta in  vessels was som etim es o b se rv ed  a f te r  4 hours a lready . T he in f la m m a to ry  process 
m ay  s ta r t  in th e  cortex , m edulla  an d  th e  w all of th e  renal pelvis alike: n e ith e r  th e  co rtex  
nor th e  m edulla  were seen to  rep re sen t a s tr ik in g  p red ilec to ry  site  o f  in it ia l  changes. 
Fhe process in v ariab ly  began a n d  sp re ad  in  th e  in te rs titia l spaces; p a re n c h y m a l dam age 
an d  passing  of leukocytes in to  th e  tu b u le s  were secondary  phen o m en a. Fhe in f la m 
m a to ry  process was in no case o b se rv ed  to  have  s ta r te d  in th e  g lo m eru li; th e  la t te r  
rem a in ed  co m p ara tiv e ly  u n im p a ired  d esp ite  g rav e  in te rs titia l in v o lv em en t a n d  ex ten siv e  
tu b u la r  dam ag e. H orm onally  in d u ced  ren a l ischaem ia failed to  re n d er th e  k id n ey  sus
cep tib le  to in trav en o u s ly  in tro d u ced  p a th o g en ic  organism s.

Pyelonephritis, the condition w hich, as regards frequency, occupies the  
second place after respiratory infections and the first among leth a l nephro
pathies [12, 34], has successfully be en induced experim entally b y  different 
m ethods [38] but views as to the developm ent of its changes are still di
vided. E ven  textbooks are contradictory in regard to the in itial m anifes
tations of hum an pyelonephritis; according to some authors it originates in the 
m edulla o f the kidney [19, 20, 25, 35], while others [1 ,3 ,3 4 ]  th ink  th a t the  
process (at least that of haem atogenic origin) starts in the cortex . The fact 
th at the defin ition  of the disease is not uniform , adds to the ex isting  confusion  
[11]. B eside som e other questions the aim of the present study w as to  ob
serve the initial changes of the disease on a model similar to hum an p y e lo 
nephritis as far as possible.

Material and methods

A lb ino  r a ts  o f our own breed, w eighing 120 to  180 g, of b o th  sexes an d  k e p t on a m ixed 
d ie t, w ere used . E. coli was iso lated  from  th e  u rin e  of h u m an  sub jec ts  su ffering  from  a cu te  
p y e lo n ep h ritis , passed  th ro u g h  dogs, th e n  th ro u g h  ra ts , and 2 x 1 0 s organ ism s w ere th e n  in 
je c te d  in to  th e  cau d a l vein of th e  te s t  an im als . T he s tra in  was k e p t on a g a r  s la n t a n d , in 
o rder to  m a in ta in  i ts  viru lence, passed  th ro u g h  ra ts  every  week. One d ay  befo re  being  used , 
i t  w as tra n s fe rre d  in to  b ro th , in cu b a ted  for 18 h o u rs  a n d  cen trifuged ; th e  sed im e n t w as d ilu te d  
w ith  physio log ica l saline to th e  desired  c o n c e n tra tio n . W e de te rm in ed  th e  n u m b e r of germ s in 
th e  susp en sio n  by m eans of a d en sito m e te r an d  by m eans of a ca lib ra tio n  cu rv e  p lo tte d  p re 
viously  in o rd e r to  d em o n s tra te  th e  co rre la tio n  be tw een  germ  coun t an d  d en sity .
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T h e  an im als w ere a n a e s th e tiz e d  w ith  e th e r, th e  o p e ra tiv e  a rea  was dep ila ted  and  s te r il
ized w ith  an  alcoholic so lu tio n  o f iodine. A fter ga in in g  access to  th e  abdom inal cav ity  from  
th e  le f t p a ra c o s ta l  a p p ro ac h  an d  re tra c tin g  th e  bow els to  th e  r ig h t side, th e  left u re te r  w as 
fix ed  to  th e  psoas m ajo r m uscle ; b y  tran sfix in g  th e  m uscle  a n d  th e  sk in , th e  k n o t cam e to  lie 
o u tsid e  th e  skin. The su tu re  w as rem oved  a fte r  24 o r 48 h o u rs  w ith o u t opening th e  ab d o m en ; 
in  o rd e r to  avo id  an g u la tio n  of th e  u re te r , th e  k id n ey  w as p a lp a te d  a n d  pushed  to w ard  th e  
ch est. T h e  b a c te ria l susp en sio n  w as adm in istered  b e tw een  th e  5 th  and  60 th  m in u te  follow ing 
u re te ra l  lig a tio n .

A ccord ing  to th e  m eth o d  o f K ovács and D á v id  [26] c o rtica l necrosis was in d u ced  by  
a d m in is te rin g  1 mg of o e stro n e  a c e ta te  (H ogival — C hinoin  B u d a p es t)  subcu tan eo u sly , d a ily  
for 10 d a y s ; th e  las t dose w as com bined  w ith  th e  a d m in is tra t io n  of 10 I.U . o f poste rio r p i tu 
i ta ry  e x tr a c t  (G la n d u itr in  — R ich te r  B udapest).

A fte r  th e  sp o n ta n eo u s  d e a th  or th e  sacrifice o f  th e  an im als  th e ir  k idneys w ere fixed  
in  a  4 %  so lu tio n  of fo rm a lin , em bed d ed  in  p a ra ffin  a n d  s ta in e d  w ith  h aem atoxy lin -eosin  an d  
o th e r  s ta in s  if  necessary . W ith  a  view to  s tu d y  early  ch an g es, tw o sam ples were excised from  
e v e ry  k id n ey  in  th e  th ird  ex p e rim e n ta l group , and  seria l sec tio n s w ere m ade.

W h en  d e te rm in in g  th e  b a c te r ia l coun t, th e  k id n ey  rem o v ed  u n d e r sterile  cond itions w as 
c u t in  h a ll. B o th  p a r ts  w ere  w eighed sep ara te ly ; one w as f ix ed  in  fo rm alin , while th e  o th e r  
h a lf  w as hom ogenized in  a  m o r ta r  w ith  q u a rtz  san d  an d  3 m l o f physiological saline, d ilu ted  
10 a n d  100 fo ld , and  th e n  p la te d  on  agar b ro th . T h e  colonies w ere counted  a fte r  18 hours in 
c u b a tio n  a t  37 °C; th e  b a c te r ia l  c o u n t was referred  to  1 g o f  ren a l tissue.

T h e  an im als w ere d iv id ed  in  4 groups. The f i r s t  c o n ta in e d  15 ra ts  whose left u re te r  was 
lig a ted  fo r 24 hours. T h ey  su rv iv ed  2 to  10 days (sp o n ta n eo u s  d e a th  or killing). T h is g ro u p  
w as d isreg ard ed  in th e  fo llow ing  because  a liga tu re  o f 48 h o u rs , as applied  in th e  second group , 
p ro v ed  to  he m ore s u ita b le  fo r o u r  purposes.

T h e  second group  co m p rised  191 ra ts . These w ere su b je c te d  to  E . coli in fection  co m b in e d  
w ith  lig a tio n  of th e  le ft u re te r  fo r 48 hours. A nim als th a t  d ied  sp o n tan eo u sly  w ith in  48 hours 
w ere d isreg ard ed  (Table I).

Table I

D istribution o f  pyelonephritic (-{•) and intact (  — )  cases in group 2

Time of death
2 3—4 5— 8 9— 16 20—22 40—60

More
than

80 T otal

days

K illed + 24 6 13 4 2 3 13 65

— 1 4 6 5 4 2 4 26

Died spo n tan eo u sly + 5 39 8 2 2 0 1 57

— 2 32 5 1 1  2
1

0 43

E a r ly  a lte ra tio n s  w ere s tu d ied  on th e  48 an im als  c o n s titu tin g  th e  third group. Save fo r 
th e  12 an im als  th a t  h ad  d ied  sp o n tan eo u sly , 2—4 m em b ers o f each  of th is  group were k illed  4, 
8. 12, 16, 20, 24, 28, 32, 36, 40, 44 a n d  48 hours a fte r u re te ra l  lig a tio n  and  E. coli a d m in is tra tio n .

R e n a l necrosis w as in d u ce d  by  horm onal t r e a tm e n t  in  th e  86 ra ts  t h a t  c o n s titu te d  th e  
fo u r th  group . E . coli w as ad m in is te re d  in a q u a n ti ty  of 2 X Ю8 to  27 an im als im m ed ia te ly  
before , a n d  to  29 an im als one h o u r, to 15 anim als tw o  h o u rs  an d  to  15 ra ts  48 hours a f te r  
th e  in je c tio n  of G la n d u itr in .

Results

One hundred o f 191 anim als, forming the second group, died spontane
ously  later than 48 hours, while 91 were k illed . Pyelonephritis has been  
induced on the side o f  the tem porary ligature in 57 anim als among the sp on 
tan eou sly  died ones and in 65 am ong the killed  ones. The tim e of the deaths
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and the frequency o f the pyelonephritis is shown in Table I. The kidney  
o f  40 rats of the third group were sectioned serially. Am ong the latter  
in  19 cases suppurative inflam m ation was observed, in particular in 7 cases 
only  in the cortex, in 4 cases on ly  in the m edulla, and in both cortex and  
m edulla in 8 cases.

Renal lesions in positive cases o f  groups 2 and 3

Gross appearance. The contents o f the dilated renal pelvis and ureter 
becam e purulent som etim es in 28 to 32, and invariably in 48 hours; 
th is suppuration disappeared gradually after rem oval of the ligature. The

Fig . /. 99 and  112-day old c o n tra c te d  k idneys

kidneys grew som ewhat larger and patchy at 12 to 16 hours. M inute ab
scesses appeared in the cortex and in sm aller number in the m edulla after 28 
to  32 hours; they grew to pinhead size at 48 hours, emerged from the surface, 
and coalesced at some points. T hey becam e more com pact after 7 days but 
were still projecting from the surface. A t 20 days, the surface showe d dej tres
sions at the site of the abscesses. D ifferent retractions of the surface 
were accom panied by shrinkage at 40 days, and the latter becam e subse
q u en tly  more marked (Fig. 1). No acute inflam m ation was registered in the  
contralateral kidney. After 2 days the w eight of the tem porarily ligated  k id 
neys exceeded by 29% that o f the contralateral organ; the difference decreased  
after 3 to 4 days and disappeared by the 5th to 8th day. W ith advaneing  
shrinkage, the weight ratio turned into the opposite so that in anim als having  
lived longer than 80 days the tem porarily ligated kidneys w eighed 0.13 to
0.75 % (m ean, 0.48) of that of the control organs.

Microscopic appearance. Som e tubular dilatation and hyperaem ia ap
peared in two hours. Tubular d ilatation  then becam e more pronounced to
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Fig. 2. A ccu m u la tio n  of leu k o cy tes  in  th e  m ed u lla ry  vessels a f te r  4 hours. H aem a to x y lin -
eosin, X 900

dim inish subsequently, but was still conspicuous after a week. At sem e  
sites num erous polym orphonuclear leukocytes were observed after 4 hours 
in th e  cortical capillaries and the m edullary vein s, especially at the base o f

Fig. 3. F re sh  su p p u ra tiv e  in f il t r a t io n  in  th e  o u te r  zone of th e  m edu lla  a fte r  8 hours. H aem a
toxylin -eosin , X 560

A c ta  M orphologica A cadem iae  S c ien tia ru m  H ungaricae 16, 1968



E X P E R IM E N T A L  P Y E L O N E P H R IT IS 8 9

Fig. 4. Abscess o f pelvic w all p e n e tra t in g  in to  th e  lu m en  a f te r  8 hours. H a e m a to x y lin -
eosin, X 360

the pyram ids (Fig. 2). After 8 to 12 hours beside intravascular leu k ocyte  
accum ulations occasional leukocyte aggregations and m inute abscesses were 
encountered som etim es in terstitia lly  in the cortex and medulla, and in the

Fig. 5. B and-like  su p p u ra tiv e  in f iltra tio n s  in the  co rtex  a f te r  32 hours. H aem a to x y lin -eo s in ,
00
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w all o f  the renal pelvis (F igs 3, 4). B y  16 20 hours the abscesses becam e
larger, more numerous and coalescent. A lthough their number w as som ew hat 
higher in the cortex, in itia l infiltrations and abscesses could be seen all over 
th e  k id n ey  and even in th e  wall of the renal pelvis. After 24 to 48 hours larger, 
b a n d lik e  infiltrations and suppuration developed (Fig. 5). A t 32 to  36 hours, 
tr ian gu lar or rather conical infiltrations w ith  their apex projecting into the  
p a p illa e , and at 40 hours even papillary necroses were observed. A fter the  
fir st  w eek, the site o f  th e  leukocytes becam e gradually occupied b y  round 
cells and fibroblasts; all polym orphonuclears had disappeared from  the inter- 
s t it iu m  after the third w eek.

F ig . 6. M igration  of leu k o cy tes  across th e  p re se rv e d  tu b u la r  ep ithe lium  a f te r  6 d ays. iNote 
leu k o cy tic  c a s t in  lum en. H aem a to x y lin -eo s in , X 1800

Through the preserved epithelium  ly in g  in infiltrates em igration o f poly
m orphonuclears into th e  lum en could occasionally  be observed (F ig . 6). More 
freq u en t were the necrosis and desquam ation of the epithelium , especially  in 
th e  h ea v ily  infiltrated areas (Figs 7, 9, 10). Probably in th is w ay had a large 
num ber of leukocytes gained access into the tubular lum ina w ith  the result 
th a t  leukocyte casts developed already in 20 hours and their num ber was 
increasing  thereafter (F ig . 8). L eukocyte casts were often observed after 
severa l weeks and even  m onths, a lthough at that tim e the infiltrations 
con ta in ed  no or hardly any leukocytes. M ost of the tubules in the larger 
in filtra tion s were d estroyed  in 3 to 4 days (F igs 9, 10), while there remained
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F ig. 7. N ecro tized  tu b u le  in  su p p u ra tiv e  in f il tra tio n , a t  32 h ours. H aem ato x y lin -eo sin , X 900

great masses of epithelium  w ithout lum en, th ey  even showed signs o f  regen
eration. A fter several weeks and m onths, it was hardly or not at all possib le  
to  distinguish the remaining epithelial cells from  the connective tissu e  cells

Fig. 8. E a rly  leukocyte  casts, a t  20 hours. H aem ato x y lin -eo sin , X 300
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F ig . 9. N o te  in ta c t  g lo m eru lus beside necro tized  tu b u le s  in  in filtra ted  area , a t  32 h o u rs .
H aem ato x y lin -eo sin , X 220

F ig. 10. C onditions a t  32 h ours. A necrotized  g lo m eru lu s  beside th e  tu b u les  in  th e  leu k o c y tic  
in f i l t r a t io n ;  th e  g lom eru lus a t  th e  pe rip h ery  of th e  in f i l t r a te d  area shows changes su g g estiv e  

of h a em o rrh ag ic  in farc tion . H a em a to x y lin -eo s in , X 220
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entangled w ith them . In such areas the PA S reaction revealed rem nants of 
basem ent m em branes (Fig. 11).

Compared to  the tubules, the glom eruli in the infiltrations appeared to  
he considerably less damaged (F ig. 9). In no case had the inflam m atory process 
been seen to originate in the glom eruli o f an otherwise uninjured part of 
the kidney; only exceptionally  was an occasional collection of leu k ocytes seen  
on the surface o f a glomerular loop even in involved areas. Some glom eruli wit hin 
infiltrated areas were necrotic, others showed signs o f haemorrhagic infarction  
(F ig. 10). Owing to the extensive tubular destruction, the surviving glom eruli 
cam e to lie closely to  one another, and the w all o f the loops becam e more or 
less thicker (“ Schlingen-K ollaps” ) (F igs 11, 12).

Pus in the renal pelvis presum ably originated from the leukocyte casts  
of the tubules and partly (m ainly?) from  the passage of leukocytes across the  
pelvic epithelium , the break-through o f abscesses from the wall to  th e  pelvic  
lum en; the latter phenom enon could he observed 8 hours after the in fection  
already (F ig. 4).

A fter an in itia l decrease, the bacterial count in the kidneys increased  
rapidly until the 48th  hour. It  decreased thereafter, hut was still high after a 
w eek. The sudden decrease after the 48th  hour m ay have been caused by the  
release o f the ligature which made possible the rem oval of a great num ber of 
bacteria w ith the urine (Table II and Fig. 13).

Group 4. A dm inistration o f E. coli elicited no pyelonephritis if  cortical 
necrosis had been induced by horm onal treatm ent. The mild in flam m atory  
changes were not more pronounced than  those developing at such cortical 
necrosis or induced by E. coli w ithout any other intervention. Irrespective  
of w hether the anim als received the bacterial suspension im m ediately before, 
or 1, 2 or 48 hours after the adm inistration o f G landuitrin, bacterial cou n t in 
the kidneys decreased rapidly; the rate of decrease was equal in th e  test 
anim als and in the controls which received only E. coli (Table II and F ig . 13).

Discussion

A lthough pyelonephritis could he induced by the intravenous in troduc
tion o f  bacteria w ith ou t any other in tervention  in different frequencies [4, 8, 9, 
14, 17, 23, 28, 40 ], it seemed more sim ilar to  the human pathom echanism  to  
enhance th e  k id n ey’s susceptibility to the bacteria circulating in the b lood. 
This was usually achieved by artificial urinary congestion. In principle, con 
striction o f the ureter [16, 31] was the solution at hand, hut practice has 
proved the perm anent or provisional ligation of the ureter or its obstruction  
in som e other anatom ical or functional w ay an easier m ethod. This
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T able  II

Bacterial count in  the kidney%

Tim e between infection 
and sacrifice O' 15' 2 0 - 30' 60' 2 hours 6 hours

2.0 ■ 105 2.9 104 5.0 ■ 10s 8.8 ■ 103 4.1 • 103
4.4 • 104 I  2.9 104 1.0 • 104 8.4 ■ 103 3.9 • 103
4.2 • 101 I 2.7 104 3.6 • 103 7.6 • 103 3.3 ■ 103
3.8 • 104 1 2.4 104 3.5 • 103 6.1 ■ 103 2.5 ■ 10»
1 .8 • 104 2.4 104 2.0 • 103 6.0 ■ Ю 3 2.4 • 103

C ontro l anim als (received 2.3 104 8.0 • 102 3.8 ■ 103 1.9 ■ 103
only  bacteria l suspen- 2.1 104 3.2 • 103 1.1 • 103
sion) 1.5 104 2.1 • 103 9.5 • 102

1.4 104 1.7 ■ I03
1.3 104
1.2 104
9.7 I0 :l
4.5 103
3.9 10:l
2.0 103

In fec tion  im m edia te ly  
before the  a d m in is tra 
tion  of p itu ita ry  e x tra c t

X
"я
В

3.4 • 104
3.2 • 104 
1.8 • 104
1.5 • ]0 4
3.6 • 103
1.3 - 103 
5.0 • 102 
1.9 • 102

3.9 ■ 104 
3.8 ■ 104 
8.5 • 103 
8.4 • 103 
6.2 • 103

я
—, In fec tion  1 hour a f te r  the  
£  adm in istra tio n  of 
2 p itu ita ry  e x tra c t

"я

1.6 • 10> 
1.0 • 105 
5.4 • 104

2.8 ■ 104
1.5 • 104
6.6 • 103 
1.4 • 103

4.5 • 103 
1.0 • 103

6.9 • 103 
6.0 • 10> 
4.5 ■ 101

g In fec tion  2 hours a f te r 1.4 • 104 1.4 ■ JO3
33 th e  ad m in istra tio n  of 1.3 • 104 1.1 • 103

p itu ita ry  e x tra c t 6.7 - 103 1.0 • 103
5.1 ■ 103 8.6 ■ 102

In fec tion  48 hours a f te r
th e  ad m in istra tion  of
p itu ita ry  e x tra c t

In fec tio n  com bined w ith 3.5 • 104 6.0 • JO3
48 hours ligation  o f left 1.3 • 104 6.0 • 103
u re te r 9.4 • 103 5.0 • 103

9.2 • 103 4.9 • 103
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referred to 1 g  o f  renal tissue

24 hours 2 (lays 3 days 4 days 5 days 6 days 7 da) 8 days

7.0 10 • 6.0 • 10* 1.5 • 10* 1.0 ■ 10" 7.8 ■ 10'
2.2 10 * 4.6 • 10* 2.4 • 10' 6.8 • 10* 3.8 ■ 10'
4.1 10" 4.4 ■ 10* 0 6.1 ■ 10* 0
4.0 10" 1.0 • 10* 0 5.7 ■ 10* 0
.4.4 10" 7.0 ■ 10' 5.4 ■ 10*
8.2 10* 2.6 • 10*
7.8 102 1.1 • 10*
6.0 102 3.8 • 10'
8.2 I02
2.4 102
2.0 102
1.5 102
1.2 102
1.1 I02
6.4 10'
5.0 10'
2.0 10'

1

1.9 104 9.8 • 10'
6.8 102 0
6.0 I02 0
2.0 I02 0

0

2.4 10r> 4.6 • 10* 8.4 ■ 10'
3.3 10' 0 7.4 • 10' 0
8.8 10* 5.0 ■ 10' 0
8.4 10* 0 0
7.2 102 0 0
8.7 10' 0

6.7 10'' 9.7 ■ 10'
1.4 10" 0
4.0 10* 0
7.8 10'

0
2.0 • 10* 0

0 0
0 0
0 0
0 0

1.9 10s 3.0 • 108 2.1 • 10" 6.0 • 105
1.3 1 0 ’ 1.8 • 10" 1.8 • 10" 5.2 • 105
6.4 10" 1.2 • 10" 5.4 • 105 1.0  • 1 O'

2.4 • 10’ 6.0 • 10" 5.0 • 10"

1.4 • 10"
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F ig . 11. C onditions a t  112 d a y s . N ote closely p ack ed  g lom eruli in  th e  sh ru n k e n  co rtex . 
T h e  con n ec tiv e  tissue c o n ta in s  re m n a n ts  of tu b u la r  ep ith e liu m  and  b asem en t m em branes.

PAS sta in , X 220

F ig. 12. D etail o f s h ru n k e n  k id n ey  afte r 99 days. H aem ato x y lin -eo sin , X 35
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germs

F ig. 13. M ean values o f bac teria l coun ts show n in T ab le  I I .  D a ta  regarding th e  4 8 -h o u r g ro u p  
of horm onally  trea te d  an im als are  n o t  ind ica ted  

co n tro ls ; — — =  horm onal t r e a tm e n t a n d  E . coli infection  im m ed ia te ly  before
a d m in is tra tio n  of p i tu i ta ry  e x tra c t ;  — •• — •• — •• =  h o rm o n al tre a tm e n t and in fec tio n  I h o u r
a f te r  a d m in is tra tio n  of p itu ita ry  e x tra c t;  ....................  = h o rm o n al t re a tm e n t and  in fec tio n
2 hours a fte r  th e  a d m in is tra tio n  of p itu i ta ry  e x tra c t ;  u re te ric  liga tion  for 48 h o u rs

procedure was usually com bined with the in troduction  o f 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 em ploy in this study a m ethod that seemed to im ita te  
hum an pathom echanism  as closely as possible. Pyelonephritis is m ostly  o f  
haem atogenic origin [41]; the experim ents o f R é n y i -V á m o s  and H o rv a th  [33] 
have shown that even urogenital infections induce pyelonephritis by th e  w av  
of blood-vessels, although in this case their spread by the urinary channels  
or lym phatics would seem to be more obvious. Led by such considerations, 
we decided to apply haem atogenous infection using E. coli, the most frequent 
bacterium  in hum an pyelonephritis [20, 34], and rendered the kidney more 
susceptible by a tem porary ligation of the ureter because, wherever th e  in fec
tion originates, a disturbance o f urinary passage is the most im portant pre
disposing factor [34], and tem porary im pedim ent of urine flow is probably  
the factor concerned m ost frequently [5]. W e regard the changes provoked
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in th e  present experim ents as pyelonephritis since they consisted in a lesion  
w hich  had  started w ith  an acute in flam m atory process of the k idney  and fre
q u en tly  also the renal pelvis, involving gradually  both the cortex and m edulla, 
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 tim e, for anim als u su a lly  did not die o f renal failure 
even  i f  the contralateral k idney had been rem oved.

W e believe that the present experim ents adm it of certain inferences to the  
pathom echanism  o f hum an pyelonephritis. W e found, in harm ony w ith  the  
rabb it experim ents o f Ma llo ry  et al. [27], th a t th e  developm ent o f the disease  
depended to  a great ex ten t on the v irulence o f the bacterial strain. Like 
B r u m f i t t  and H e p t in s t a l l  [6] we, too , observed a correlation betw een  
th e  duration of ureteral ligation and the frequency of pyelonephritis; the  
tim e o f ligation can, how ever, not be exten d ed  beyond som e lim it lest 
irreversible pyonephrosis develops (48 hours seem ed to be the m ost appro
priate length  of tim e).

It is not known w hy the kidney becom es susceptible in cases o f  bacter- 
aem ia [5, 9]; the present study did not, m oreover, allow inferences to  w hy  
disturbed  urine flow  was an im portant factor in th e  pathogenesis o f pyelonephri
tis. T he theory has been advanced that renal ischaem ia may, as regards infec
tion , create a site o f lessened resistance [5, 38 ]. In this respect we w ished to  
ob tain  inform ation by inducing ischaem ic necrosis combined w ith hem atogenous 
in fection . The result was negative, as we did not succeed in producing p ye
lon ep h ritis, although the tw o procedures had been combined in several tim e- 
rela tion s. That the num ber o f bacteria in the kidneys of the test anim als was 
p ractica lly  equal to th at of the controls p o in ts to  the fact th a t the failure 
of causing  pyelonephritis was not due to a vasospasm -conditioned in ab ility  o f  
th e  bacteria  to gain access to the k idney in sufficient numbers; it showed  
furtherm ore that the horm onally induced renal injury offers no such favour
able conditions for bacterial proliferation as did arterial ligation  in the  
stu d ies o f H e p t in s t a l l  and St r y k e r  [24].

W e paid particular attention  to in itia l changes. In contradiction to cer
ta in  earlier [27] and more recent [41] observations the inflam m atory process 
did n ot seem  to originate from the glom eruli or the tubules; it alw ays started  
around the interstitial vessels. As noted also b y  H e ptin sta ll  [22], leukocytes  
u su a lly  invaded the tubules across the dam aged epithelium , although em igra
tion  was observed also betw een apparently unim paired epithelial cells.

W hile the hyperaem ia tw o hours after the intervention m ay have been  
due so le ly  to ureteral ligation , the accum ulation  of leukocytes, observed in th e  
vesse ls som etim es already after four hours, and especially the interstitial 
leu k o cy tic  infiltrates seen at certain points after eight hours, had to  be con
sidered the initial stage o f the inflam m atory process. Our observations did not
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support H e p t i n s t a l l ’s [22] suggestion th at subepithelial leukocytic  infiltra
tion  in the renal pelvis developed only in case of ascending infection . W e found 
th a t haem atogenous infection m ight com m ence in cortex and m edulla alike, 
and even in the renal pelvis, giving rise to the starting point o f the inflam 
m atory process in any of these areas. Spreading, these foci m anifest them selves  
as pyelonephritis. Our observations do not, therefore, support th e  theory  
th a t initial changes are m ostly or exclusively  restricted to a certain part of 
the k idney [9]. Intrarenal spread o f the process occurs in the in terstitia l spaces 
and the experim ents of R é n y i -VÁmos [32] seem to show th at th e  lym ph  
vessels are not involved in this respect. It is, o f course, indéniable that the 
site  o f the changes m ay differ according to the anim al’s species, the typ e of 
th e  microorganism and to the experim ental conditions. Owing to  its richer 
blood supply, a presum ably larger num ber of m icroorganism s gain access to 
th e  cortex; the rabbit experim ents o f F r e e d m a n  and B e e s o n  [10] have, 
how ever, shown th at the cortex requires more bacteria than the m edulla for 
th e  developm ent of changes, so that these tw o factors m ay balance each other 
to  som e exten t. Hum an observations as well as anim al experim ents support 
th e  assum ption that pyelonephritis is usually a bacterial in flam m atory renal 
disease of haem atogenic origin which m ay start at any point o f the kidney  
or the pelvis. As it has recently been em phasized [1 1 ,4 1 ] ,  the renal pelvis is 
not necessarily involved in the process.

R E F E R E N C E S

1. A n d e r s o n , W. A. I).: (1961) P y e lo n ep h ritis . In : P a th o lo g y , M osby, S t. Louis. 4 th  
ed ., P p . 601 602. — 2. B a bics , A., R é n y i -VÁmos , F .: (1952) Die aszend ierende  P y e lo n ep h ritis .
A c ta  m ed. A cad. Sei. hung . 3 , 15 — 33. — 3. B aló , J .:  (1961) P y e lo n ep h ritis . A vese  gennyes 
g y u llad ása . In : R észletes k ó rb o n c ta n . M edicina, B u d ap est. Pp . 352 — 354. — 4. B o n s d o r f f , 
A. v o n : (11199) E xperim en te lle  U n te rsu ch u n g en  ü b er die A usscheidung  de r S tre p to k o k k e n  
d u rc h  die N ieren . B eitr. p a th . A n a t. 2 5 , 181 —205. — 5. B ro d , .1.: (1964) P y e litis  u n d  Pyelo 
n e p h ritis . In : Die N ieren. V olk u n d  G esundheit, B erlin , Pp . 660 — 708. — 6. B r u m f i t t , W ., 
H e p t i n s t a l l , R. H.: (1958) E x p e rim en ta l P yelo n ep h ritis : T he In flu en ce  of T em p o ra ry  and 
P e rm a n e n t  U re teric  O b s tru c tio n  on th e  L ocalization  of B acteria . B rit. .1. exp . P a th . 3 9 , 
610 — 617. — 7. D atta , S. K ., Ch a k h a v a r t i , R . N .: (1966) E x p e rim en ta l P y e lo n ep h ritis  in 
th e  R h esu s M onkey. N a tu re , 2 0 9 , 9 0 - 9 1 .  — 8. E hla nd son , A. L. j r ., Ga g l i a r d i , L. A.: 
(1961) T he Pathogenesis o f E x p e rim en ta l E n te ro co cca l P y e lo n ep h ritis  in Mice. J .  in fec t. Dis. 
1 0 8 , 1 8 1 -  188. 9. F o st e r , W . D .: (1965) T he P a th o lo g y  of E a rly  S tages o f E x p e rim en ta l
S tap h y lo co cca l P y e lo n ep h ritis  in th e  G uineap ig  and  R a t. J .  P a th . B act. 8 9 ,  657 — 663.
10. F r e e d m a n , L. R ., B e e s o n , P. B .: (1958) E x p erim en ta l P yelo n ep h ritis . IV. O b serv a tio n s  
on In fec tio n s  R esu lting  from  D irect In o cu la tio n  of B acteria  in  D ifferen t Zones o f th e  K id n ey . 
Y ale  J .  Biol. Med. 3 0 , 406 —414. 11. Gloor , F .:  (1966) P a tho log ische  A n a to m ie  d e r Pyelo 
n e p h ritis . In : Die P y e lonephritis . E ds. L osse-K ien itz . Thiem e, S tu t tg a r t .  P p . 56 — 74. — 12. 
G ö m ö r i , P ., Sz e n d e i , A.: (1959) A ch ron ikus pyelon ep h ritisrő l. O rv. H e tik  1 0 0 , 965 — 970. 
— 13. Go r r il l , R. H .: (1 956)T he  Flffect of O b s tru c tio n  of th e  U re te r  on  th e  R enal L ocalization  

of B ac te ria . .1. P a th . B acl. 7 2 , 59 71. — 14. Go r r il l . R. H .: (1965) T he F a te  o f P seudom onas
aeru g in o sa , P ro teu s  m irab ilis and  E scherich ia  coli in th e  M ouse K idney . J .  P a th .  B act. 89, 
81 88. 15. G u ze , L. B., B e e s o n , P. B .: (1956) E x p erim en ta l P y e lo n ep h ritis . I. E ffec t of
U re te ra l L iga tion  on th e  Course o f B acteria l In fec tio n  in the  K idney  of th e  R a t. J .  E x p . Med. 
1 0 4 , 803 — 815. 16. Gu z e , L. B ., B e e s o n , P. B .: (1958) E x p e rim en ta l P y e lo n ep h ritis . II .
E ffec t of P a rtia l U re teric  O b s tru c tio n  on th e  Course of B acteria l In fec tio n  in th e  K id n ey  of 
th e  R a t  and th e  R a b b it. Y ale .1. Biol. Med. 3 0 , 315 — 319. — 17. G u z e , I,. B., G o l d n e r , B. FI.,

7 * A d a  M orphologien Academ iae Sc ien tia ru m  llu n g n rica e  16, 1968



1 0 0 J .  O R M O S  e t  a l.

K a l m a n s o n , G. M.: (1961) P y e lo n ep h ritis . I. O b serv a tio n s on  th e  Course of C hronic N on- 
o b s tru c te d  E nterococcal In fe c tio n  in  th e  K idney of th e  R a t.  Y ale J .  Biol. Med. 33, 372 — 385. 
— 18. H a gem a n n , I., D u tz , H . ,  B i e n e n g r ä b e r , A., St e f f e n , W .: (1963) Ü b e r die B eeinflussung 
d e r  ex perim en tellen  R a tte n p y e lo n e p h r i t is  durch  O x y te tra cy c lin . Z. ges. exp. Med. 137, 
561 573. — 19. H a m p e r l , H . :  (1957) V om  N ierenbecken  ausg eh en d e  (aszendierende) e itrige
N e p h r i t is  (Pyelonephritis). In :  L eh rb u ch  der allgemeinen P a th o lo g ie  und d e r pa tho log ischen  A na
to m ie . Springer, B erlin — G ö ttin g e n  H eidelberg, 22— 23rd ed. P p . 622 — 625. — 20. H a r a n g h y . 
L .: (1966) A heveny gennyes p y e lo n e p h ritis . Az id ü lt p y e lo n e p h ritis . In : A k ó rb o n c ta n  e lem ei. 
M ed ic in a , B udapest, Vol. 2, P p . 592 — 594. — 21. H e p t i n s t a l l , R. H.:  (1964) E x p e rim en ta l 
P y e lo n ep h ritis . A scending in fec tio n  of th e  R a t K id n ey  b y  O rgan ism s R esid ing  in th e  U re th ra . 
B r i t .  J .  exp. P a th . 45, 436 — 441. — 22. H e p t in s t a l l , R . H .:  (1965) E x p erim en ta l P y e lo 
n e p h r i t is :  a C om parison of B lo o d -b o rn e  and  A scending P a t te r n s  o f In fec tio n . J .  P a th . B ac t. 
89 , 71 - 8 0 . — 23. H e p t i n s t a l l , R . H.,  G orrill , R. H . :  (1955) E x p e rim en ta l P yelo n ep h ritis  
a n d  i ts  E ffec t on B lood P re ssu re . J .  P a th . B act. 69, 191 — 198. 24. H e p t in s t a l l , R . H ..
St r y k e r , M.: (1962) E x p e r im e n ta l Pyelonephritis . A S tu d y  of th e  S u scep tib ility  of th e  H y p e r
te n s iv e  K idney  to In fec tio n  in  th e  R a t. Bull. Jo h n s  H o p k in s  H osp. I l l ,  292 — 306. — 25. 
K e t t l e r , L. H.: (1965) P y e lo n e p h rit is . In : L ehrbuch  d e r spezie llen  P a tho log ie . V E B . G u s tav  
F is c h e r , Jen a . Pp. 436 — 441. — 26. K ovács, К ., D á v id , M .: (1963) H o rm o n o k k a l e lő idéze tt 
vesekéregnekrozis . O rv. H e til. 104, 1405 —1407. — 27. M a l l o r y , G. К .,  Cr a n e , A. R .. 
E d w a r d s , J .  E.: (1940) P a th o lo g y  of A cute and of H ea led  E x p e rim en ta l P y e lo n ep h ritis . 
A rch . P a th . 20, 330 — 347. — 28. N avasquez , S. d e : (1950) E x p e rim e n ta l P y e lo n ep h ritis  in 
th e  R a b b it  Produced by S ta p h y lo c o c ca l In fection . J .  P a th .  B ac t. 62, 429 — 436. — 29. P r á t , V., 
Be n e s o v á , D., Ce r v i n k a , F .: (1 9 5 9 ) E x p erim en tá ln i p y e lo n e fritid a . IL  V znik  svraste lé  pyelo- 
n e frit ic k é  ledviny u  k rá lik a . Cas. Lék. ces. 98, 4 6 1 —468. — 30. P rá t , V., B e n e s o v á , D .. 
P á v k o v á , L., Ce r v in k a , F .: (1959) T he R elationsh ip  of U r in a ry  O b s tru c tio n  to  E x p erim en ta l 
C h ro n ic  Pyelonephritis  in th e  R a b b it .  A cta  m ed. scand . 165 . 305 — 311. — 31. P r á t , V .. 
P á v k o v á , L., B en es o v á , D ., Ce r v i n k a , F .: (1958) E x p e r im e n tá ln i p y e lo n ep h ritis . I. V yznam  
zu zen i m ocovodu pri v y lu c o v á n i E . coli inoci u k rá lik u . Cas. Lék. ces. 97, 1465 —1472.
32. R é n y i -Vámos, F.: (1952) Ü b e r  die ,,lym phogene44 A szension  der P y e lo n ep h ritis . A cta  m ed. 
A cad . Sei. hung. 3, 7 — 13. — 33. R é n y i -Vámos, F ., H o r v á t h , L .: (1962) N euere  experim entelle  
A n g a b e n  zur E n ts te h u n g  d e r h ä m a to g e n e n  P y e lo n ep h ritis . A c ta  chir. Acad. Sei. hung. 3, 
261 267. — 34. R o b b i n s , S. L .: (1957) P y e lonephritis . In : T ex tb o o k  of P a th o lo g y , ed .:
W . B . Saunders, P h ilad e lp h ia  — L ondon , Pp. 915 — 920. — 35. Sa p h i r , О.: (1958) H y d ro 
n e p h ro s is ,  Pyelitis and  D e s tru c tiv e  P yelonephritis . In : A T e x t  on S ystem ic P a th o lo g y , ed.: 
G ru n e  an d  S tra tto n , N ew  Y o rk  — L ondon, Vol. 1, P p . 460 — 465. — 36. Se n e c a . Н ., Z i n s s e r . 
H . H ., L a ttim er , J . K .: (1962) E x p e rim en ta l E n te ro co cca l P y e lo n ep h ritis : I. E ffect of T e tra 
cy c lin e , P rednisone an d  T e tra c y c lin e  plus P rednisone. J .  U ro l. (B a ltim o re ) 87, 213 219.
37. T h e l e n , A., R o t h e r , K . ,  Sa r r e , H .: (1956) E x p e rim en te lle  U n te rsu ch u n g en  zur P a th o 
g enese  de r p y e lo n ephritischen  S ch ru m p fn ie re . Urol. in t. 3, 359—393. — 38. U e b e l , H .:(1 9 6 5 ) 
M e th o d ik  der ex p erim en te llen  P y e lit is  und  P y e lo n ep h ritis . In : E ich ler — F a ra h  —H erken  — 
W e lc h  eds. H an d b u ch  d e r ex p erim en te llen  P h a rm ak o lo g ie , S p ringer, B e r lin —H eidelberg  — 
N ew  Y o rk  Yol. 16, P a r t  4. P p . 338 — 357. — 39. V i v a l d i , E ., Co t r a n , R ., Za n g w il l , D. P ., 
K a s s , E . IL : (1959) A scend ing  In fec tio n  as a M echanism  in  P a th o g en esis  o f E x p erim en ta l 
N o n -o b s tru c tiv e  P y e lo n ep h ritis . P roc. Soc. exp. Biol. M ed. (N . Y .) 102, 242 — 244. — 40. 
W o o d s , J . W .: (1960) N o n -o b s tru c tiv e  E scherich ia  coli P y e lo n ep h ritis  in  th e  R a t. Proc. 
Soc. exp . Biol. Med. (N. Y .) 104, 116 — 119. — 4L  Zo l l i n g e r , H . U .: (1966) Die P yelo n ep h ritis . 
I n :  D o err — U ehlinger eds. Spezie lle  pathologische A n a to m ie . S p ringer, B erlin  — H eidelberg  

N ew  Y ork . Vol. 3, P p . 4 3 3 - 4 8 7 .

B E IT R Ä G E  ZU R E N T S T E H U N G  D E R  E X P E R IM E N T E L L E N  P Y E L O N E P H R IT IS

J .  ORMOS, ZS. CSAPÓ und  J . l a n t o s

An R a tte n  k o n n te  m itte ls  in tra v en ö ser In jek tio n  e in e r E scherich ia-co li-S uspension  und  
18 stü n d ig er K o n s trik tio n  des e in e n  U re ters  an der a b g eb u n d e n en  Seite  bei 61%  der T iere eine 
z u n ä c h s t  m it A bszeßb ildung  e inh erg eh en d e , d ann  sich in  eine S ch ru m p fn ie re  u m w andelnde  
P y e lo n ep h ritis  h e rb e ig e fü h rt w e rd en . Die früheste  L eu k o z y te n e m ig ra tio n  w urde 8 S tu n d en  
n a c h  d e r E in sp ritzung  d e r B ak te riu m su sp en sio n  b e o b a c h te t,  doch w ar in einzelnen G efäßen 
b e re i ts  4 S tu n d en  nach  d e r In je k t io n  bisweilen eine L e u k o z y te n a n h ä u fu n g  zu sehen. Als A u s
g a n g sp u n k te  des p a th o lo g isch en  Prozesses k o n n ten  d ie in  de r R in d en -, in  de r M ark su b stan z  
bzw . in  der N ieren b eck en w an d  au ftre ten d en  en tz ü n d lic h en  V erän d eru n g en  gleicherw eise
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dienen . W eder die R inden-, noch die M ark su b s ta n z  zeigte eine b ed eu tende  P rä d isp o s itio n  zu 
an fän g lich en  V eränderungen . Der P rozeß  se tz te  jew eils im  In te rs ti t iu m  ein u n d  p f lan z te  sich 
d a rin  fo r t; die Schädigung des N ie ren p a ren c h y m s sowie das E indringen  von  L eu k o z y te n  in 
das L u m en  der K an älch en  w aren  se k u n d ä re  E rscheinungen . In  den G lom eru la  e in se tzen d e  
E n tzü n d u n g sp ro zesse  w urden n ich t b e o b a c h te t, und  die G lom erula b lieben se lb st bei sch w erer 
in te rs ti tie lle r  E n tz ü n d u n g  und  au sg e d eh n tem  K an ä lc h en u n te rg an g  gegenüber d e r S ch äd ig u n g  
re la tiv  re s is ten t. Die au f horm onalem  W ege d u rch  N ierenischäm ie h e rb e ig e fü h rte  N ie ren 
r in d en n ek ro se  bew irk te  keine e rh ö h te  E m p fän g lich k eit der N ieren gegenüber d en  in tra v e n ö s  
e in g esp ritz ten  K ran k h eitse rreg ern .

ДАННЫЕ К РАЗВИТИЮ ЭКСПЕРИМЕНТАЛЬНОГО ПИЕЛОНЕФРИТА 
Й. О Р М О Ш ,  Ж .  Ч А П О  и Й.  Л А Н Т О Ш

В экспериментах на крысах путем внутривенного введения взвеси кишечной па
лочки (Escherichia coli) и 48-часового сжатия одного мочеточника, на стороне сжатия 
в 61% животных удалось вызвать пиелонефрит с образованием абсцессов, преобразовы
вающийся впоследствии в сморщенную почку. Самая ранняя эмиграция лейкоцитов 
наблюдалась через 8 часов после введения взвеси микробов. Подчас уже через 8 часов 
после введения микробов в отдельных сосудах было отмечено накопление лейкоцитов. 
Исходной точкой патологического процесса равным образом могли послужить воспали
тельные изменения коркового или мозгового вещества почек, как и стенки почечной 
лоханки. Значительной предрасположенности к начальным изменениям не наблюдалось 
ни в корковом слое, ни в мозговом веществе почки. Патологический процесс всегда на
чинался и распространялся в интерстициальной щели. Поражение паренхимы и попа
дание лейкоцитов в просвет канальцев были вторичными явлениями. Воспалительного 
процесса, начавшегося в клубочках, не наблюдалось. Даже при наличии тяжелых интер
стициальных воспалительных изменений и распространенного некроза канальцев, клубоч
ки оказались относительно резистентными в отношении поражения. Некроз коркового 
слоя почек, вызванный гормональным путем посредством почечной ишемии, не повысил 
восприимчивость почек в отношении патогенных микробов.
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ENDEMIC CARDIOMYOPATHY 
OF BEER CONSUMERS

G. R o n a

Q uebec and  O m aha in v estig a to rs  hav e  d escribed  in  h eav y  beer d rin k ers  an 
endem ic  p rim a ry  m y o ca rd io p a th y  w ith  a  c h a ra c te ris tic  sy m p to m ato lo g y . Som e cases 
te rm in a ted  fa ta lly  w ith in  24 hours follow ing h o sp ita liza tio n . The s tu d y  describes th e  
h isto p ath o lo g y  o f 25 cases. T he h isto p ath o lo g ical changes of th e  h e a r t a re  ch arac te rized  
by  a co m b in a tio n  of a cu te  hyaline  m yofibre  necrosis, chron ic  v acu o lar d y stro p h ic  m y o 
ca rd io p a th y  an d  th e  absence of any  sign ifican t re ac tiv e  change.

Over a period extending from A ugust, 1965, to May, 1966, fortyseven  
male patients were studied in Quebec City presenting the follow ing com bina
tion o f clinical findings: heavy beer drinkers, shortness of breath, epigastric 
pain, greatly reduced cardiac output, congestive heart failure and electro
cardiographic abnorm alities [1]. T w enty patien ts died soon after adm ission  
whereas m ost of the others, who survived the first 24 hours in the hospital, 
recovered. The patients alm ost exclusively were residents of the sam e section  
o f  Quebec City, called Lower Town situated betw een the St. Lawrence river 
and the high bluff, known as Cape Diam ond [2].

Coinciding w ith  the Quebec outbreak a sim ilar syndrom e was reported  
by Omaha investigators [3]. All tw enty-six  patien ts studied were young or 
m iddle aged m ales, who had a history of drinking. The ingestion o f the alcoholic 
beverage, prim arily beer, ranged from 27 to 144 ounces daily for 10 to 15 years. 
The syndrom e was characterized by acute dyspnoea and w eakness follow ed  
by predom inantly right sided congestive failure. Other findings were oedem a, 
hepatic tenderness, tachycardia, hypotension, electrocardiographic abnorm al
ities, marked cardiom egaly and pericardial effusion. Laboratory findings in 
som e patients indicated thiam ine deficiency and lactic acid acidosis. Ten 
patients died within 72 hours of adm ission. A t autopsy the cardiac change tvas 
considered to he nonspecific diffuse m yocardiopathy or m yocarditis. 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

E a r ly  in the  o u tb re a k  of Q uebec cases, th e  a u th o r  th ro u g h  th e  co u rtesy  of D r. J e a n  
L. B o n e n f a n t , Associate P ro fe sso r in  P a th o lo g y , L av a l U n iv e rs ity , h ad  th e  o p p o r tu n ity  to 
s tu d y  th e  h istopatho log ical c h an g es  in  17 au to p sied  cases. W h en  th e  O m aha cases h a d  becom e 
k n o w n , he also in v es tig a ted  th e  a u to p sy  p ro toco ls an d  slides av ailab le  to  M ay 1966 a t  th e  
O m a h a  V eteran s A d m in is tra tio n  H o sp ita l th ro u g h  th e  co u rte sy  of Dr. Jam es F . Su l l i v a n , 
P ro fe sso r  o f Medicine, C re ig h to n  U n iv e rsity . T hese  tw o groups are com parab le  a n d  fo r th is  
re a so n  th e y  are discussed to g e th e r  in th e  p re sen t p aper.

I. Autopsy findings

The heart was generally  enlarged. The heart weight in Quebec ranged 
from  350 to 690 g, and in th e  Omaha series 425 to 600 g. The average weight 
w as 500 an d 538 g resp ectively  with a com bined average of 512 g (Table 1).

Table 1

No. of cases
Quebec Omaha Combined

17 8 25

H e a r t

I n fa rc t l 1

H y p e r tro p h y 13 8 21

A v erag e  weight, g 500 538 512

C o ro n ary  sclerosis 6 2 8

M u ra l th rom bi 4 2 6

H y d ro th o ra x 15 5 20

H y d ro p e rica rd iu m 13 4 17

A scites 11 2 13

T h ro m bo-em bolic  phenom ena 6 2 8

L u n g

C ongestion 8 7 15

H aem o rrh ag e 5 5

In fa rc t 2 1 3

G .I. t r a c t

H aem o rrh ag ic  oesophagitis 5 4 9

G a s tr ic  or duodenal u lce ratio n 2 3 5

G a stric  haem orrhage 9 3 12

L iv er

C ongestion 11 3 14

S te a to s is 4 4

C irrhosis 1 1 2

S p len o m eg a ly 3 1 4

L ip o id  nephrosis 2 — 2
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The cardiac chambers were d ilated . The myocardium  was flabby and pale. 
In 8 cases there was mild to m oderate degree o f coronary atherosclerosis. 
The lum en of the coronary arteries, w ith one exception , did not show any  
sign ificant reduction. In one case a macroscopic infarct was discernible, which  
apparently was unrelated to occlusive coronary artery disease. Mural endo
cardial throm bi were present in 6 cases.

The m ost frequent extracardiac findings were fluid accum ulation in 
serous cavities in the form o f hydrothorax, hydropericardium  and ascites, 
and throm bo-em bolism  involving th e  renal, iliac, femoral arteries and abdom 
inal aorta; the branches of the pulm onary artery were the site o f throm bosis 
or em bolism  leading in 6 cases to haemorrhagic consolidation and infarction  
of the lungs. G astrointestinal lesions were frequent in the form of diffuse haem or
rhagic necrosis o f the oesophagus, acute peptic gastric and duodenal ulcers 
and erosive gastritis with haem orrhage. H epatic lesions encountered were con 
gestion  (14 cases), steatosis (4 cases) and nutritional cirrhosis (2 cases) asso
ciated  in 1 case w ith haem osiderosis. Splenom egaly (4 cases) and lipoid  
nephrosis (2 cases) were other find ings.

I I .  Hislopathological studies

7. Cardiac changes

Based on the study of 25 eases the com ponents o f the cardiac lesion can 
he classified into three categories: acute and chronic retrogressive m yocardial 
alteration  and reactive changes o f the strom al elem ents (Table 2).

A )  Acute m yocardial a lteration  in the form o f hyaline necrosis was 
observed in 14 cases. The lesion involved  all chambers equally; no specific  
subendocardial predilection characteristic of anoxaem ic m yocardial necrosis 
was n oted . In 3 cases the necrosis was infarct-like and in 11 cases focal (F ig. 1). 
A lthough cellular reaction was insign ificant, the site of the lesion was d istin ctly  
dem arcated from the adjacent in tact areas by cytoplasm ic eosinophilia (Fig. 2). 
In PA S sections there was disappearance of intracytoplasm ic glycogen. PT A H  
stain revealed a loss o f cross striation . The alteration of the contractile e le
m ents was more advanced than were the nuclear changes.T he enlarged, irreg
ular nuclei presented a condensation o f chrom atin; w ith progression o f th e  
necrobiotic process together w ith  th e  contractile elem ents the nuclei also  
disappeared.

B )  Vacuolar degeneration was the most conspicuous chronic m yofibre  
change (F ig. 3). The cytoplasm ic vacuoles were generally m ultiple and partic
ularly prom inent on cross section and less apparent in longitudinal sections, 
['he vacuoles were different in shape and size and produced a fusiform  sw elling
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T able  2

Components o f  histological changes

Quebec Omaha Combined

N o. o f  h e a r ts  exam ined 17 8 25
A ) A cu te  myocardial changes

N ecrosis 12 2 14
focal 9 2 11

in farc t-like 3 — 3
B ) Chronic myocardial changes

V acu o la r change 17 8 25
Lipochrom e 5 3 8
H y p e rtro p h y 6 4 10
A tro p h y  and shrinkage 12 6 18
D y stro p h y 12 6 18
M yocytolysis and fad in g 13 5 18
E m p ty  sarcolem m al sh e a th 12 7 19

C) Reactive changes

O edem a 6 4 10
Focal in flam m ation 5 4 9
F ibrosis 4 2 6

C apillary  p roliferation 7 3 10

A rte rio la r swelling 8 5 13

o f the m uscle fibres (F ig . 4). A segm ent o f  certain m uscle bundles rather than  
certain  specific layers o f the m yocardium  w as effected . Sw elling, uneven stain
ing o f the cytoplasm  and disorganization o f the contractile elem ents can be 
interpreted  as evidence o f myofibre dystrophy. Groups of enlarged fibres 
show ed coarse irregular m yofibrils. The la tter  presented a characteristic peri
pheral arrangement leav in g  at the central portion of the distended muscle 
fibres a pale structureless basophilic area. Less frequently the contractile ele
m ents exhibited a haphazard distribution. Som e other fibres were shrunken 
and exhibited  a dense basophilic cytoplasm  (Fig. 5). There was an increase of 
lipochrom e content o f  the fibres. The nuclei were of irregular shape and size 
and rich in chrom atin. D ystrophic and vacuolar fibres alternated (Fig. 6). 
The fading fibres and em pty sarcolem m al sheaths gave to  the myocardium  
a m oth-eaten  appearance (Fig. 7). In other foci, together w ith  contractile 
elem ents and other cytoplasm ic com ponents the sarcolem m al sheaths also 
disappeared leading to  m yocytolysis. F a t tissue replacem ent (lipom atosis) of 
th e  vanished m yofibres com pleted the process. Frozen sections stained with

A c ta  M orphologica A ca d em ia c  Sc ien tia ru m  H ungaricae 16 , 1968



E N D E M I C  C A R D IO M Y O P A T H Y 107

F ig . 1. T he  dark ly  s ta in ing  m y o ca rd ia l  fibres are devoid of cross s t r ia t io n  and  represen t  focal 
hya line  rnyofibre necrosis. PT A H . X 125

■Ida Morphologien Academiae Scientiarum / / ungaricae 16, 196И

F ig , 2. Massive in farc t- l ike  well d em arca ted  m yocard ia l  necrosis. P T A H . X 40
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Fig. 3. V acuolar d e g e n e ra tio n  of th e  m y ocard ia l fib res . H . e t E . X 250

F ig . 4. In tracy to p lasm ic  v acu o les  s i tu a te d  along th e  lo n g itu d in a l axis an d  lead ing  to  fusiform  
sw elling  of th e  m uscle fib res. H . e t E . X 125
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. 5. T he com bination  of a cu te  an d  ch ro n ic  m y ocard ia l changes w ith  m uscle fib res p re sen tin g  
dense b asoph ilic  cy top lasm . РТ Л Н . 400

. 6. D y stro p h ic  m yocard ia l fib res p resen tin g  peripheral co n d en sa tio n  of m yofibres. P T A H .
X 125
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F ig . 7. E m p ty  sarco lem m al sh e a th s  and m o th -e a te n  ap p ea ran ce  of th e  m y o card iu m . PTA PL
X 125

F ig . 8. D isappearance  of m y o card ia l fib res lead in g  to  collapse fib rosis. PT A H . X 12S
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Sudan IV were available in 7 cases. In all of these fa tty  m etam orphosis of 
varying intensity was noted in the form o f fine intracytoplasm ic droplets.

C) The pertinent feature of the m yocardial lesions was the remarkable 
lack o f reactive changes. Associated w ith  hyaline necrosis there was edema 
and minimal cellular reaction, consisting m ainly of m ononuclear cells. Pro
nounced cellular reaction was recognized only in one case, w hich showed  
eosinophils, h istiocytes and m ast cells; this finding was regarded as an excep
tion. The apparent fibrosis in chronic cases resulted from the m yofibre collapse 
rather than from fibrous connective tissue proliferation (F ig. 8). The scars 
contained engorged capillaries.

A peculiar pathognom onic change was noted in the sm all m yocardial 
arteries, arterioles and capillaries. The wall o f the involved vessels was swollen. 
The central portion was occupied by a w atery substance which separated the 
intim ai and adventitial layers apart and gave rise to the form ation o f a double 
contour image (F ig. 9).

2. Extracardiac lesions

The m ost frequent extracardiac lesion was widespread central or con
fluent hepatic necrosis associated with fa tty  m etam orphosis and minimal 
cellular reaction (F ig. 10). In two cases the hepatic changes were consistent 
w ith  nutritional cirrhosis. Sections from the lung showed congestion , oedema 
and haem osiderosis. There was no significant thickening o f the alveolar septa. 
Other h istopathological findings Mere consistent w ith , and supported, the  
gross observations.

Discussion

E ven though the association of chronic alcoholism and heart disease 
has been known for a long tim e, the clinical findings and the sudden unexpected  
death  o f beer drinkers in Quebec and Omaha were regarded as a medical 
m ystery [2, 4]. The role of beer in producing cardiac dam age is reflected  by 
the term  “ Münchener Bierherz” described in 1884 [5]. The real nature o f this 
en tity  has never been clarified. An undue num ber of card iom yopathy cases 
in alcoholics were reported by B r i g d e n  and R o b i n s o n  [ 6 ]  in 1964; one third 
of their patients Mere exclusively  beer drinkers with an average daily  consum p
tion o f 8.5 litres. A lcoholic cardiom yopathy, however, usually  accom panies 
ingestion of concentrated alcoholic beverages rather than beer [7] and the 
ensuing myocardial hypertrophy, fibrosis and cellular reaction [8] as well as 
interstitial and intracytoplasm ic oedema [9] arc quite different from the exten 
sive necrobiotic m yocardial alteration herein described and designated  by 
B o n e n f a n t  [10] as m yocardosis.
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F ig . 9. T h e  ch aracte ris tic  d o u b le  c o n to u r  image of a sm all a r te ry  form ed by th e  com pressed  
in tim a i a n d  ad v en titia l coats. P T A H . X 400

F ig . 10. W idespread h e p a tic  necrosis associated  w ith  f a t ty  change. H . et E . X 40
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Chronic alcoholism  results in thiam ine deficiency. In this hem isphere  
the alcohol conditioned heri-heri heart disease differs considerably from  the  
classical syndrom e described in the Orient [11]. E vidences for d ifferentiating  
the clinical sym ptom atology [12, 13] and pathological changes [14, 15] of 
alcoholic cardiom yopathy and heri-heri heart are inconclusive [16]. H u d s o n

[17] who regards alcoholic cardiom yopathy as a clinical entity dou b ts its 
specific pathological nature. Alcoholic heart disease prevails in sp ite  o f the  
fact that brewers are well aware of the slur cast on their products for deficient 
content in thiam ine and want to improve th is condition.

The endem ic cardiom yopathy of beer consum ers resembled clin ically  
acute fulm inating (Shoshin) cardiac beri-beri [18]. In follow-up stu d ies, how 
ever, thiam ine had not therapeutic effect, the recovery of patients w as pro
longed and some cardiac changes were irreversible [2, 19]. The h istopathology  
was vaguely com parable with that of other rare chronic sm ouldering m yo
cardial dam age such as observed in cardiom yopathy of pregnancy [20 ], m us
cular dystrophy [21, 22], and myocardial disease of undetermined aetio logy  
occurring in Cali, Columbia [23]; nevertheless the com bination o f hyaline  
m yofibre necrosis, chronic dystrophic and vacuolar myocardial changes and 
the absence of any significant cellular reaction and fibroblastic response 
together w ith the peculiar double contour appearance of the m yocardial blood  
vessels could he regarded as pathognom onic for the present cases. T he charac
teristic m yocardial pathology allowed the recognition of new cases and helped  
in the identification of the Omaha series [19].

B r i g d e n  and R o b i n s o n  [6] suggested th at in addition to th e  direct 
tox ic  effect o f alcohol other factors play a role in conditioning and perpe
tuating the cardiac process. The m orphological changes observed in th e  present 
series sim ilarly point to a com plex pathom echanism . For this reason in experi
m ental studies several conditions which m ay be im plicated in the evolution  
of the hum an syndrom e are being investigated . These are the d irect toxic  
effect of alcohol and beer or beer com ponents, associated infection or altered  
im m une response, interference with the nutrition  and intracellular m etabolism , 
thiam ine deficiency and blocking of an enzym e or enzyme system s by the 
beer constituents. It is hoped that a proper experim ental m odel could be 
evolved  that m ay help to elucidate the nature o f the m ysterious cardio
m yopathy and death cases of beer consum ers.
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E N D Ä M ISC H E  K A R D IO M Y O P A T H IE  D E R  B IE R T R IN K E R

G. KONA

F o rs c h e r  in Q uebec u n d  O m ah a  b eo b ach te ten  bei s ta rk e n  B iertrin k ern  eine en d em isch e  
p r im ä re  K a rd io m y o p a th ie  m it c h a ra k te ris tisch e r S y m p to m a to lo g ie . E inige Fä lle  e n d e te n  tö d 
lich  in n e rh a lb  von 24 S tu n d e n  n a ch  der H o sp ita lisa tio n . D ie H istopatho log ie  v o n  25 F ä llen  
w ird  b e sc h rieb en . Die h is to p ath o lo g isch en  V erän d e ru n g e n  des H erzens w aren  d u rc h  a k u te  
h y a lin e  M uskelfasernekrose , ch ron ische  vak u o lä re  d y s tro p h isc h e  M y o k ard iopath ie  u n d  das 
F e h le n  s ig n ifik a n te r  re a k tiv e r  V erän d e ru n g en  g ek en n zeich n et.

ЭНДЕМИЧЕСКАЯ КАРДИОМИОПАТИЯ У ЛИЦ, ПОТРЕБЛЯЮЩИХ 
БОЛЬШОЕ КОЛИЧЕСТВО ПИВА

Г. Р О Н А

Квебекские и Омахайские исследователи описали случаи эндемической первичной 
кардиопатии у больных с «пивным сердцем» с характерной симптоматологией. Некоторые 
случаи в пределах 24 часов после госпитализации кончились смертью. Дается описание 
гистопатологии 25 случаев. Гпстопатологические изменения сердца характеризуются 
сочетанием острого гиалинового некроза мышечных волокон, хронической вакуольной 
дистрофической миокардпопатип и отсутствия достоверных реактивных изменений.

D r. G. R ó n a ; Laboratories of the Lakeshore General H ospital and McGill 
U n iv ., M ontreal, Que, Canada
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F irst D e p a rtm en t o f P a th o lo g ica l A n a to m y  and  E x p e rim e n ta l Cancer R esearch  
(D irec to r: P rof. J .  B a l ó ), U n iv ersity  M edical School, B u d ap est

AUTORADIOGRAPHIC INVESTIGATION 
OF DNA SYNTHESIS IN THE CHROMOSOMES 

OF THE jRK ASCITES SARCOMA

M. S e l l y e i

DNA sy n th esis  of hyp erd ip lo id  cells of J B K  asc ites sarcom a w as in v e s tig a te d  
by a u to ra d io g ra p h y  a f te r  th e  ad m in is tra tio n  of ;iH -th y rn id in e . In te locen tric  ch ro m o 
somes th e  p a r ts  d is ta n t  from  th e  cen trom ere  w ere found  to  rep lica te  la te r. T h e  early  
rep lication  of th e  p a r ts  a ro u n d  th e  cen trom ere  sp eak s for th e  fo rm ation  of th e  m edio- 
centric  m ark e r chrom osom e by m eans of tran s lo c a tio n .

Ascites sarcom a JIÎ к was developed by  J u h á sz , B aló and K e n d r e y , 
[6] by adm inistering to  mice a 1% solution of am obarbital intraperitoneally. 
[n seven m onths, one o f the anim als developed retroperitoneal sarcoma which  
was successfully transplanted subcutaneously, then  transferred into ascitic  
form  and m aintained through more than 500 passages. The tum our proved  
suitable in experim ental work. K ö v i and N é m e t h  reported on its cy to logy  
and growth conditions [7], further on the chrom osom es o f the tum our cells [8]. 
The stem -line chrom osom e count turned out to be 43. The tum our cells con 
tained two long marker chrom osom es, different from each other and sim ilar 
to the chrom osom es typ e A and B , respectively, observed in Ehrlich’s hyper- 
diploid ascites tum our [1]. There occurred 2 3 m inute chromosomes as well.
The rest of chrom osom es were telocentric w ith  no difference either in size or 
form from the norm al chrom osom es of the m ouse [9]. In about 15% of m itotic  
cells in JB K  ascites sarcom a, the number o f chrom osom es ranged near the  
tetraploid value o f 80.

The D N A  which is of the greatest im portance in determ ining hereditary  
qualities o f the cells is contained in the nuclei i.e. during m itosis, in the  
chrom osom es. D N A  contains thym ine and R N A  contains uracyl, w hilst three  
other nucleotides (adenine, guanine and cytosine) are ingredients o f both  
D N A  and R N A . For the exact investigation o f chrom osom e replication  
T a y l o r  et al. [17] recom m ended to  use tritium -labelled  thym idine w hich b e
com es built into D N A  during its synthesis in an elective way. Tritium  is em itt
ing beta-rays, the spreading distance o f electrones in photosensitive em ulsion  
being about 3 ft [15]. T hus, the site of incorporated :lH -thym idinc can be 
detected by autoradiography [13].

L ima-d e -F a r ia  [10] was the first to show th a t in the chrom osom es o f  
th e  sperm atocytes o f the grasshopper Melanoplus differentialis. D N A  synthesis

H* . I d a  M orphologica A ca d em ia e  S c ien tiarum  IIungaricae 16, 19f)H
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tak es place in an asynchronous w ay. A delayed  synthesis of D N A  b y  genetically  
in a c tiv e  chromosomes could he observed in m am m alian tissue cultures too, 
since there was an increased uptake o f 3H -thym id ine at the end o f th e  phase 
o f syn th esis  [4, 11, 12, 16].

The aim of the present investigation  w as to characterize the chrom osom es 
o f J B K  ascites sarcoma from the point o f  v iew  of D N A  replication.

Material and methods

W h ite  mice w eighing 2 2 — 24 g an d  fro m  o u r ow n b reed  w ere in o cu la ted  in tra p e rito n e a lly  
u s in g  a  suspension  co n ta in in g  2 • 106 cells o f J B K  asc ites  sarcom a. 10 —12 d ay s a f te r  th e  im p lan 
ta t io n ,  70 / /( ’. of 3H -th y m id in e  (C ea-C en-Sorin, M ol, B elg ium ; A c tiv ity : 12 000 m C /m M ) were 
a d m in is te re d  in tra p e rito n ea lly , w h en  th e n  6, 10 a n d  14 h o u rs  la te r  th e  an im als w ere  sacrificed. 
4 — 5 h o u rs  a fte r a so lu tio n  co n ta in in g  25 //g dem ecolcine  was in jec ted  in tra p e rito n e a lly . The 
a sc ite s  w as cen trifuged  an d  th e  cells were in cu b a ted  a t 37 °C for 20 m in u tes  in  h y p o to n ic  saline. 
A f te r  ren ew ed  cen trifug ing  th e  cells w ere fix ed  in  a b so lu te  e th an o l and g lacial ace tic  acid  3 : 1 ,  
re su sp e n d e d  in  60%  ace tic  acid , a n d  sp read  on slides covered  w ith  ch ro m eg ela tin . T he p re p 
a ra t io n s  w ere sta ined  w ith  a ce tic  orcein , d ried  an d  covered  w ith  K odak  A R .10  s tr ip p in g  film . 
A fte r  14 — 30 days ex p o sition , th e  slides w ere d ev elo p ed , and  100 m ito tic  cells o f each  anim al 
w ere  ex am in ed  for 3H -labeling . W ell labeled  m itoses w ere  p h o to g rap h ed , th e n  th e  silv er gra ins 
a n d  th e  g e la tin  rem oved acco rd in g  to  Blanchi et al. [2 ], th e  p re p ara tio n s  re s ta in ed  a n d  th e  m i
to se s  p h o to g rap h ed  again.

Results

In  comparison w ith the previous observation [7], an increased rate of 
tetrap lo id  cells was found. Varying from anim al to animal, 20 — 40%  of the 
m ito tic  cells contained 72 — 84 chrom osom es while 20 — 24%  o f the cells, 
43 chrom osom es. This can be considered th e  J B K  ascites sarcom a’s m odality  
co u n t. Chromosome counts o f the rest o f  th e  m itoses were also w ith in  the 
dip lo id  range.

W e found only one labeled m itosis ou t o f  200 m itotic cells (0.5% ) when 
exam in ed  6 hours after the adm inistration o f :!H -thym idine. A fter 10 hours 
th e  rate was 18%, and after 14 hours, 38% . The mitoses took up th e  labeled 
su b stan ce with different in ten sity . In telocentric chrom osom es, uptake was 
m ore expressed in the parts far from the centrom ere than in those around it 
(F ig . 1). The chrom atides o f  the marker chrom osom e type A show ed a secondary  
con striction  (the prim ary one indicating th e  centrom ere). A bove it, in spite 
of a low er DNA content, the in tensity  o f labeling was similar to  th at of the 
neighbouring parts. The m ediocentric m arker chromosome typ e  В took up 
th e  :!H -thym idine poorly in the region o f th e  centromere, and a difference 
wras obvious between the tw o arms (Figs 1, 2). Most minute chrom osom es were 
labeled .

In the marked m itotic  cells we failed to  find those typ ical, “ h o t” chro
m osom es, characterized b y  late replication and by m assive uptake of :iH- 
th y m id in e , and observed e.g . in tum ours o f  the golden ham ster [5].

A c ta  M orphologica Academ iae S c ie n tia ru m  H ungaricae 16, 1968



A U T O R A D I O G R A P H I C  I N V E S T I G A T I O N  O F  D N A  S Y N T H E S I S 117

Discussion

Fig. 1. K a ry o ty p e  of J B K  ascites sarcom a cell. R ig h t:  group of m arker  chromosomes. B o t to m :  
sam e chrom osom es af te r  :,H - thym id ine  a u to ra d io g ra p h y .  D ista l  par ts  of te locen tr ic  c h ro m o 

somes show slightly  increased 3H - th y m id in e  u p take

for a short period of D N A  synthesis — nam ely in a later one, since even 14 
hours after the adm inistration of labeled thym idine only 38% of the m itotic  
cells show ed uptake. It follows th at the unlabeled parts of the chrom osom es 
had becom e replicated before adm inistration of 3H -thym idine.

In  telocentric chrom osom es, the parts around the centrom ere took up 
less o f the labeled substance than the d istal parts o f chrom atides. The environs 
of the centrom ere in the type В marker chrom osom e remained unlabeled  
(F ig. 2). This phenom enon suggests the form ation of this m ediocentric chro
m osom e by the fusion of two telocentric form s (translocation).

The constriction of the type A marker chromosome showed no decrease 
o f :iH -thym idine uptake in contrast to  expectations. This m ight have been  
due to the lateral radiation of tritium  in the neighbouring parts of the chrom o
som e resulted in the appearance o f silver grains above the secondary con
striction.

E vans et al. [3] found that in the chrom osom es of the m ouse’s som atic  
cells (bone marrow, spleen, thym us) in the later phase of D N A  synthesis the  
•'H-thym idine was built in especially into the proxim al parts of the chrom osom e, 
near the centrom ere. The case was ju st the opposite in the telocentric chrom o
som es o f JB K  ascites sarcoma. The aim o f our further investigations w ill be 
to clarify whether the late replication o f the distal parts of chrom osom es 
represents a phenom enon characteristic of th e  JB K  tumour.

Aria Morplwlogica Academiae Scientiarurn Hungaricae 16, 196H

According to  P o t t e r , :iH -thym idine is rapidly built into the cellular 
D N A ; otherwise it becom es d isintegrated and elim inated w ithin  one hour. 
C onsequently, the labeled mitoses in our m aterial received :lH -thym idine only
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Fig. 2. M arker chrom osom es of four tu m o u r  cells p re sen ted  separately .  The  u p p e r  a rm  o f  
th e  long m etacen tr ic  chrom osom e incorpora ted  re la t iv e ly  l i t t le  am oun t ,  while th e  region 

a ro u n d  the  centromere,  no 3H - th y m id in e
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A U T O R A D IO G R A P H IS C H E  U N T E R S U C H U N G  D E R  D N S -S Y N T H E S E  
IN  D E N  C H R O M O SO M EN  D E S  JB K -A S C IT E S -S A R K O M S  

M. s ell y e i

Die D N S-Synthese  in den hyperdip lo iden Zellen des JB K -A sc i tes-S arkom s w u rd e  nach 
E in fü h ru n g  v o n  3H -T h y m id in  m it  der a u to ra d io g ra p h isc h en  Methode u n te rsu ch t .  Die R e p l i 
kation  d e r  vom  Z en tro m er  en tfe rn te r  l iegenden te lozen tr ischen  Chromosomen erfo lg t  re la t iv  
spä ter .  D u rc h  die f rühe  R ep lika t ion  der um  das Z en t ro m er  liegenden Teile wird das  im Wege 
der T ra n s lo k a t io n  vor  sich gehende E n ts te h e n  der  m ediozentrischen M arker-C hrom osom en  
bes tä t ig t .

АВТОРАДИОГРАФИЧЕСКОЕ ИССЛЕДОВАНИЕ СИНТЕЗА 
ДЕЗОКСИРИБОНУКЛЕИНОВОЙ КИСЛОТЫ В ХРОМОСОМАХ АСЦИТНОЙ

САРКОМЫ ЙБК
М. ШЕЙЕИ

Синтез дезоксирибонуклеиновой кислоты гипердиплоидеьми клетками асцитной 
саркомы ЙБК исследовался методом авторадиографии после введения Н3-тимидина. 
Репликация находящихся более отдаленно от центромеры участков телоцентрических хро
мосом происходит сравнительно позже. Ранняя репликация участков, находящихся около 
центромеры, подкрепляет предположение о возникновении медноцентрической хромо
сомы-маркера путем транслокации.

Dr. M ihály S e l l y e i ; B udapest, V i l i .  Ü llői út 26. Hungary
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ULTRASTRUCTURAL LOCALIZATION 
OF A CRYSTALLINE SUBSTANCE 

IN THE ADRENAL ZONA FASCICULATA OF TIIE RAT
D. S z a b ó

E lec tro n  m icroscopy showed the  in trace l lu la r  occurrence of a c rys ta l l ine  s u b 
s tance  assum ing the  shape  of a longish re c tan g u la r  b o d y  in adu lt  ra ts  w ith  a n o rm al ly ,  
less t h a n  norm ally ,  a n d  excessively  func tioning zona  fascicula ta,  as well as in  t h a t  of  
21-day-old r a t  embryos .  T he  rec tan g u la r  bodies a re  e lectron-optical ly  e m p ty  a n d  closely 
su rro u n d ed  b y  an  e lectron-dense subs tance  of acid p h o sp h a tase  activity .  T h e  r e su l t  of 
the  dig itonin  reac tion  a d a p te d  for e lectron  microscopy m akes  i t  seem p ro b a b le  t h a t  the  
crystal l ine  subs tance  is cholesterol or  a cholesterol deriva tive .

It has been known for more than half a century that in addition to  the  
sudanophil substance seen under the light m icroscope the adrenal cortex  
contains biréfringent crystals detectable by polarization microscopy (A l b r e c h t  
and W e l t m a n n  [1], L a n d a u  and McN ee  [10], H o err  [8], Be n n e t t  [4], 
Y o f f e y  and B a x t e r  [20]).

In recent years the sudanophil lipid droplets and the osm iophil lipid 
droplets, observed with the electron m icroscope, were found to be identica l. 
W hereas several authors (B elt  [2, 3], Ze l a n d e r  [21], Carr [5], Y a m o r i , 
Ma t su u r a  and Sakamoto  [18], N i s h ik a w a , M u r o n e  and Sato [13], H olz- 
mann  and L an g e  [9]) have studied the lipids and the change in their am ount 
in various functional states o f the adrenal cortex, no attem pts h ave, to our 
know ledge, been made to identify by means o f electron microscopy th e  crystal 
substance dem onstrable in the cortex with the polarization m icroscope.

In earlier electron microscopic studies of the distribution of acid phospha
tase activ ity  in the zona fasciculata of groups o f ACTH-treated and o f hypo- 
physectom ized rats (Szabó , St a r k , P ósalaky  and V arga [16], Szabó , St a rk  
and V arga [17]), the appearance in both groups o f  peculiar rectangular bodies 
attracted our attention . This incidental observation made us raise the question  
w hether the substance of these bodies m ight not be the same as th a t o f the  
crystals seen in the polarization microscope. The present work w as under
taken w ith the purpose o f answering this question .

Materials and methods

N in e ty  W is ta r  ra ts  weighing 140 to 180 g, m a in ta in e d  on  a s ta n d ard  diet  a n d  k e p t  in 
a c o n s tan t  t e m p e ra tu re  room (23 °C ± 0 .3 ,  6 5 %  rel. h u m id i ty ) ,  were divided in to  t h r e e  ex p e r i 
m en ta l  an d  one contro l group.

A ria  M orphologica A cadem iac  Scientiarum  llm ig a rica e  1 6 t 1968



1 2 2 D.  S Z A B Ó

I n  group  1, each an im al  was injected in tr a m u sc u la r ly  w ith  2 U of dep o t  A C T H  (Cortro- 
p h in  Z) in th e  m orn ing  a n d  even ing  hours for th ree  consecu t ive  days, and in the  m o rn in g  hours  
of t h e  f o u r th  d ay  w i th  a  single dose of crystall ine A C T H  (Cortrophin) adm in is te red  s u b c u ta 
neously .  One h our  la te r  all an im als  were killed b y  decap ita t io n .

I n  group  2, the  ra ts  were hypophysec tom ized  b y  th e  p a rapha ryngea l  ap p ro ac h ,  and 
d e c a p i t a te d  11 days  later.

I n  group  3, the  an im als  were h y p ophysec tom ized  as in  group 2, an d  six  weeks la te r  
t r e a t e d  w i th  ACTH in the  same m an n e r  as the  r a t s  in  g ro u p  1. One hour af te r  the  las t  in jection  
th e  a n im a ls  were killed.

T h e  r a ts  in the  con tro l  group  has been in d iv id u a lly  housed  for between 24 an d  48 hours.  
T hose  se rv ing  as contro ls of an im als  t rea ted  w ith  A C T H  (groups 1 and 3) were in jec ted  w ith  
physio log ica l  sa lt  so lu t ion  in  vo lum es equal to t h e  A C T H  injections.

I n  all four  groups,  the  adrena ls  of each a n im a l  w ere  rem oved  im m edia te ly  a f te r  decap i
t a t i o n  a n d  cu t  in to  small  blocks.

I n  a sepa ra te  series, th e  adrena ls  of seven 21-d ay -o ld  embryos were e x t i rp a te d  in s tan t ly  
a f te r  t h e  m o th e rs  decap ita t ion ,  an d  fixed with in  one m in u te .

F o r  e lectron  m icroscopy, the  blocks were f ixed  w i th  buffered ( M i l l o n i g  [12]) 1%  
o sm iu m  te t ro x id e  for 1 1/2 hours  a t  4°C, or th ey  w ere  su b je c ted  to  double f ixat ion .  In  th e  l a t te r  
case, t h e  blocks were f ixed firs t  for 2 hours  a t  4 ° C w i t h  0.1 M cacodylate buffered  to  p H  7.2 
a n d  c o n ta in in g  4 .5 %  g lu ta ra ld eh y d e .  This was fo l low ed by  washing for 24 h o u rs  a t  4 ° C in  
0.13 M cacody la te  buffered  to p H  7.4 and con ta in ing  0.22 M sucrose, th e rea f te r  b y  a second 
f ix a t io n  for 1 1/2 hours a t  4°C  w i th  1%  osmium te t ro x id e  buffered  according to M i l l o n i g  [12] 
a n d  f in a l ly  by  rinsing for a short  period of time.

F o r  th e  purpose  of s tu d y in g  the  d is t r ibu t ion  of ac id  phosphatase  a c t iv i ty ,  b locks were 
f ix ed  in  g lu ta ra ld e h y d e  in the  m a n n e r  described above ,  t h e n  washed, and sectioned in a  c ryos ta t  
a t  40 //. T h e  sections were allowed to f loat in 0.05 M a c e ta te  buffer a t  pH  5 for 15 m inutes .  
I n c u b a t io n  for 30 m in u te s  in a m ed ium  prepared  a ccord ing  to Gomori [7] was followed by 
w a sh in g  w i th  the  same ace ta te  buffer  for ano the r  30 m in u te s .

U s in g  a n u m b er  of a d ren a l  blocks fixed in g lu ta ra ld e h y d e  and washed, th e  digitonin 
r e a c t io n  as a d a p te d  by  Ö k r ö s  [14] to electron m ic ro sco p y  was induced w ith  0 .5 %  digitonin 
d isso lved  in 35 %  e thanol.

T h e  m ateria l  for  e lectron  m icroscopy was d e h y d r a t e d  in a graded series o f  e th a n o l  and 
e m b e d d e d  in D u rc u p an  ACM via  propylene oxide. D u r in g  f ixation , pieces of  1 cu .m m  of 
m a te r i a l  were cu t  o u t  u n d e r  a stereoscopic microscope a n d  so oriented a t  e m b ed d in g  as to 
inc lude  th e  zona fascicula ta.  T he  m ateria l  was sectioned w i th  glass knives on  a P o r te r -B lu m  1 
m ic ro to m e .  Before u l t r a th in  sections,  1 fi (half- thick) sec tions were cut.  These were s ta ined 
w i th  to lu id in e  blue and  exam in ed  in  a l ight microscope to  m ak e  sure t h a t  th e  zona  fascicula ta  
was a c tu a l ly  included. T he  u l t r a t h in  sections were m o u n te d  on Form var-coa ted  a n d  carbon- 
s tab i l ized  copper  grids.  A n u m b e r  of th em  were s ta in e d  w i th  20 %  uranyl  a ce ta te  in m ethano l ,  
a n d  th e  r e s t  w i th  lead c i t ra te  as described by R e y n o l s  [15], excepting a few to  w hich  bo th  
s ta in s  w e re  applied. T he  s ta ined  p repara tions  were  e x am in ed  with a JE M  — 6AS electron 
m ic roscope  o pera ted  a t  80 KV  accelerated  voltage a n d  30 fi  objective a p er tu re ,  an d  ph o to 
g r a p h e d  on  G ev ae r t  Scientia  23 D 50 plates.

Observations

In m any of the cells o f the zona fascicu lata  long rectangular bodies, 
w ith th e  four corners sligh tly  rounded off, were observed in all experim ental 
groups as well as in the control group. T hey appeared electron-optically em pty  
and varied  in length betw een 0.7 and 1.4 /.i , and in width betw een 0.08 and
0.15 /J. T h ey  occurred in single, in irregular groups (Figs 1 to 4), or in parallel 
arrangem ent (Fig. 5). A fine granular and in ten sely  electron-dense substance  
could be seen either to form a thin wrapping around these rectangular bodies 
(F igs 1 and 3) or to enclose them  com pletely as a more or less large mass 
(F igs 5 and 7). In som e cells this substance could be observed as m icrobodies 
dispersed near the rectangular bodies (Fig. 6).
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Fig. 1. Zona fasciculata o f  u n t r e a te d  ra t .  Among vesicular  m ito ch o n d r ia  an  e lectron-optically  
e m p ty  rec tan g u la r  body  w i th  a  th in  wrapping of a  g r a n u la r  su b s tan ce  which is of  the  same 

densi ty  as t h a t  of the  microbodies. (Arch. No 347/65) X 45,000
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The acid phosphatase reaction resulted in the accum ulation of a lead- 
containing product in the electron-dense substance (Fig. 7).

Both the rectangular bodies and the electron-dense mass enclosing them  
show ed elective affin ity  for digitonin (Fig. 9).

Rectangular bodies and lipid droplets appeared near each other (F igs 3 
and 5), adhering to each other (Fig. 7), or as a conglom erate (F ig. 8). Their 
num ber was the largest in rat embryos im m ediately before birth.

D iscussion

W ith the electron m icroscope, Y ates  [19] observed crystalline bodies of 
a textil-like pattern  in the adrenocortical cells o f Syrian ham sters treated with  
triparanol. C rystalline patterns were noted by F aw c e t t  and B urgos  [6] in 
hum an testicular interstitial cells. L e n n e p  and Ma d d e n  [11] saw rectangular 
vacuoles in the hum an corpus luteum . These authors state that “ it is possible  
th a t such angular ‘vacuoles’ represent crystals o f com paratively pure cho
lesterol” .

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

In our opinion, the structural elem ents visible w ith the electron m icro
scope as rectangular bodies are actually  those which under the polarization  
m icroscope show  as doubly refractive crystals. U nderlying this opinion is our 
finding that each of the tw o types of structure forms a bond w ith digitonin. 
This linkage m anifests itself in intensified double refraction and in elective  
affin ity  for d igitonin of the rectangular bodies and the electron-dense sub
stance enclosing them .

Digitonin is known to form a com plex with cholesterol as well as with  
the 3/?-hydroxysteroids. In the zona fasciculata, cholesterol, the im portant 
precursor o f corticosterone, is present in large am ounts, while 3/1-hydroxyste- 
roids are there in traces only. Light m icroscopy reveals that in the digitoni- 
nophil areas the cholesterol reaction of S chultz  yields positive results, which  
is additional evidence that the substance detected  by digitonin is cholesterol.

F ig . 2. Zona fasc icu la ta  of r a t  t r e a te d  w ith  ACTH. N e x t  to an  enlarged m ito ch o n d r iu m  a 
rec tan g u la r  body  su rro u n d ed  by  a g ran u la r  e lectron-dense subs tance.  (Arch. No 1022/66)

X 48,500
F ig . 3. 21-day-old r a t  embryo. N ear  a  lipid d rop let  a rec tan g u la r  bo d y  w ith  e lectron-dense 

wrapping. (Arch. No 1332/66) x  40,000
F ig . 4. 21-day-old r a t  embryo .  Groups of r ec tan g u la r  bodies and  a lipid d ro p le t  am o n g  m i to 

ch o n d r ia  in an e lectron-dense field. (Arch. No 1188/66) X 44,000 
F ig . 5. 21-day-old r a t  em bryo .  N ear  a lipid d rop le t  one ro u n d  and  one oval m ic robody ,  the  

la t te r  c o n ta in in g  th ree  parallel  rec tan g u la r  bodies. (Arch. No 990/65) X 63,000
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It may be argued that the rectangular bodies merely represent vacu o les  
at sites where cholesterol has been dissolved during dehydration. N evertheless, 
the cholesterol d igitonin com plex will alw ays 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 find ing th a t acid phosphatase a c tiv ity  
was never absent from the electron-dense substance enclosing them .

I acknowledge w ith  g ra t i tu d e  the  helpful adv ice ,  com m ents  and ass is tance  of Dr. 
E. St a r k , Dr. B. V a rga , Dr. I. Ökrös and  Dr. B. B u k u l y a , all of this In s t i tu te .
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D I E  U L T R A S T R U K T U R E L L E  L O K A L I S A T I O N  E I N E R  K R I S T A L L I N E N  
SU B S T A N Z  IN  D E R  ZO N A  FA SC IC U LA T A  D E R  R A T T E N N E B E N N I E R E

D. SZABÓ

E lek tro n en m ik ro sk o p is ch  w urde  in der n o rm al ,  s c h w a ch  u n d  extrem  s ta rk  f u n k t io n ie re n 
den  Z o n a  fascicu la ta  v o n  erwachsenen R a t te n ,  sowie v o n  21tägigen R a t t e n e m b r y o n e n  das  
in t ra ze l lu lä re  V orhan d en se in  e iner kr istall inen S u b s ta n z  v o n  länglicher R e c h te c k - S t r u k tu r  
aufgezeig t .  E lek t ro n en o p t is ch  s ind diese S t ru k tu re n  leer  u n d  eng von einer e le k t ro n e n d ich te n  
S u b s ta n z  m i t  s a u re r  P h o s p h a ta se n a k t iv i t ä t  um geb en .  D ie  fü r  E lek tronenm ikroskop ie  a d a p 
t ie r te  D ig i to n in re ak t io n  ließ v e rm u ten ,  daß  diese k r i s ta l l in e  Substanz Cholesterol oder  ein 
C ho les te ro lde r iva t  dars te l l t .

УЛЬТРАСТРУКТУРНАЯ ЛОКАЛИЗАЦИЯ КРИСТАЛЛИЧЕСКОГО ВЕЩЕСТВА 
В ZONA FASCICULATA НАДПОЧЕЧНИКОВ У КРЫС

д .  САБО

В электронном микроскопе было выявлено внутриклеточное наличие кристалли
ческого вещества продолговатой прямоугольной структуры у взрослых крыс с нормаль
ной, пониженной и с крайне повышенной функцией zona fasciculata, так же как и у 21- 
дневных зародышей крыс. Электроннооптически эти структуры пустые, и они тесно 
окружены электронноплотным веществом с активностью кислой фосфатазы. На основе 
пробы с дигитонином, адаптированной к электронной микроскопии, предполагается, 
что кристаллическое вещество представляет собой холестерин или производное холе
стерина.

Dr. D ezső S z a b ó ; MTA Kísérleti O rvostudom ányi K utató  In tézet, 
B u d ap est V III . Szigony u. 12. Hungary
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D e p a r tm e n t  of  Pharm aco logy ,  I n d ia n a  U nivers i ty  School of  Medicine, 
Ind ianapo lis ,  In d ia n a

REGULATION OF ACTIVITY AND BIOSYNTHESIS 
OF ENZYMES CONTROLLING GLUCONEOGENESIS 

AND GLYCOLYSIS

G .  W e b e r

1. R ecen t  advances in  the  s tu d y  of regu la tion  of enzyme ac t iv i ty  a n d  b io
syn thesis  have  been discussed.

2. N u tr i t iona l  and horm onal  fac to rs  f requen t ly  result  in chronic a d a p t iv e  c h a n 
ges invo lv ing  an  altered ra te  in the  b iosynthes is  of enzymes. T he  b iosyn the t ic  responses  
of groups of enzymes in c a rb o h y d ra te  m etabo lism  in  gluconeogenic condit ions such  as 
s ta rv a t io n ,  diabetes,  and af te r  s te ro id  in jection, were reported . The  sy n c h ro n o u s  
behav ioura l  p a t t e rn s  described are in accord w ith  the  predic tions of the  fu n c t io n a l  
genic u n i t  concept.

3. As a con tra s t  to the  responsiveness of the  enzym e forming sys tem s to  n u t r i 
t ional an d  horm onal  s t im u la t ion ,  a  lack of responsiveness in liver cancer cells was 
observed. The  corre lation of the  ac t iv i t ies  of key enzymes of c a rb o h y d ra te  m e ta b o l i sm  
with  the  g row th  ra te  of h e p a to m as  provides an  u n d e rs tan d in g  for a l te ra t io n s  in  th e  
behav io u r  of  overall m etabolic  p a th w a y s  a t  the  molecular level.

4. A cute  a d ap ta t io n  involves the  act ion  of reg u la to ry  signal molecules on  th e  
enzym e itself. The  selective ac t ion  of free f a t ty  acids in the control of  c a r b o h y d r a te  
m etabo lism  was p inpointed  a t  th e  enzym e a c t iv i ty  level. Free  f a t t y  acids a c t  as fe ed 
back  inh ib i to rs  of the key enzym es of glycolysis,  d irec t  ox idat ive  p a th w a y ,  a n d  th e  
K rebs  cycle. In  fu r ther  s tudies th e  reciprocal con tro l  of  liver p y ru v a te  k inase  a c t iv i ty  
by  fructose  1,6-diphosphate  a n d  A T P  has been described.

5. T he  chief m echanism s o p e ra t in g  in acute  and  chronic a d a p ta t i o n  in v a r io u s  
n u tr i t io n a l  and  horm onal  condit ions have  been discussed.

Professor Joseph H a l ó  is greatly admired by his students, colleagues, 
and friends. It is a pleasure and a privilege to join the ranks of those w ho pay  
hom age to him by a contribution to this volum e. I am especially happy th a t  
1 was asked to do so because of the stim ulation and encouragem ent I received  
from Professor H a l o  when, as a student working on serum lipase in the P a th o 
physiological Institute, on recom m endation o f Professor Joseph S ó s, I ap
proached him for advice. Professor H a l ó  had worked on lipase years before; his 
practical advice, his enthusiasm , and his steady interest in the progress o f th is  
problem  played an im portant role in my continued investigations on this 
subject at th at tim e. Hecause of Professor H a l o ’s interest in enzym es, I would  
like to describe some of our recent research and concepts on regulation o f  
certain key enzym es in liver.

Materials and methods

Male W is ta r  ra ts  of 100 to 200 g w e igh t  were m ain ta ined  in sepa ra te  cages w ith  
P u r in a  l ab o ra to ry  chow and w a te r  avai lab le  ad lib itum . unless otherwise specified.
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E x p er im en ta l  m e th o d s  fo r  p repara tion  of t is sue  ex tra c ts ,  assay of ind iv idual  enzym es,  
t h e  basis  for expression o f  enzy m e  activity ,  a n d  th e  m e th o d s  of in te rp re ta t io n  were outlined 
e lsewhere  [4, 8 —13, 16].

Results and discussion

Role of key enzymes in regulation of gluconeogenesis and glycolysis

G luconeogenesis is a vital process w hich provides an adaptive mechanism  
to  produce glucose from  non-carbohydrate precursors. The m aintenance o f  
glucose hom eostasis is necessary for the central nervous system  and con
seq u en tly  gluconeogenesis comes into operation  in starvation or when the diet 
contains no carbohydrate. It was dem onstrated  that the operation of this 
p ath w ay  is subject to  nutritional and horm onal regulation. The rate and 
direction of the opposing pathw ays in the liver, gluconeogenesis and glycolysis, 
m ay be determ ined at three strategic branching points of m etabolism  where 
enzym es m ediating on e-w ay  reactions oppose each other [1]. The ratios o f the  
k ey enzym es of g lyco lysis  (glucokinase, hexokinase, phosphofructokinase, 
p yru vate kinase) to  th e  k ey  enzymes o f gluconeogenesis (glucose 6-phospha
tase, fructose 1,6-diphosphatase, phosphoenolpyruvate carboxylase, pyruvate  
carboxylase) are show n in Table 1 [2]. P athologica l alterations in the direction

T a b le  1

Ratios o f  activities o f  key enzymes o f  gluconeogenesis and glycolysis

Activ i t ies  are expressed in  micromoles of su b s tra te  metabolized/g wet  weight per h r  at 
37 °C. T he  assays were car r ied  o u t  under optim al  su b s tra te  and  cofactor conditions a t  p H  7.4

as cited in the Methods section

E n zy m es  ; A c t iv i ty  R a tio

Glucose 6-phosphatase 
Glucokinase

Fru c to se  1,6-diphosphatase 
Phosphofructokinase

Phosphoenolpyruva te  carboxylase*
Py ru v a te  k inase

Glucose 6-phosphatase 
Glucokinase -)- hexokinase

Fruc tose  1,6-diphosphatase 
Phosphofructokinase

Phosphoenolpyruva te  carboxy lase  У  pyruvate  carboxylase*
P y r u v a te  kinase

* D a ta  calculated f rom  results of K r eb s  [18].
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and operation of gluconeogenesis and glycolysis m ay occur as a result o f  changes 
in these ratios, and the clinical sym ptom s 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 o f physiological hom eostasis, th e  organism is able to  provide  
long-term  adaptation  to nutritional or horm onal challenges. This tak es place 
through enzym e adaptation  involving a change in enzyme amount through  
biosynthesis. On the other hand, a rapid rise or increase in the overall p a th w ay  
activ ity  m ay he achieved through the action o f signal molecules affectin g  only  
the activity of the enzyme. Investigations in our laboratories led us to  the  
form ulation of the functional genic unit (FG U ) [3] concept. This concept 
postulated th at the key gluconeogenic enzym es are produced on the sam e unit 
in the genom e and the key glycolytic enzym es on another FGU. It w as further 
assum ed th at the enzym es which function in the direction of b o th  gluco
neogenesis and glycolysis, the “ bifunctional enzym es” , phosphohexose iso- 
merase, aldolase, lactate  dehydrogenase, e tc ., are produced on a th ird  FG U . 
The evidence for these assum ptions was published in detail [3 — 5]. T h e opera
tional advantage o f the FG U concept is th a t it provides a fram ework o f pre
dictions which m ay he verified experim entally . The concept also sim plified  
investigation  of m echanism s of carbohydrate m etabolic controls, by focussing  
experim entation  on the key enzym es.

Regulation of hepatic carbohydrate metabolism through enzyme biosynthesis

Studies o f the key enzym es revealed th a t the biosynthetic responses of 
these enzym es represented the chronic adaptation  pattern under various p h y
siological and pathological conditions. The three groups of enzym es fo llow  a 
characteristic b iosynthetic pattern under the conditions exam ined. F ig . 1 
shows that in starvation  the gluconeogenic enzym es were preferentially m ain
tained, and the bifunctional enzym es decreased parallel with the n itrogen  level, 
whereas the g lycolytic enzym es 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 horm ones 
such as the glucocorticoids, growth horm one, glucagon, and epinephrine. 
The key gluconeogenic enzym es which are under the suppressive action  of 
insulin [8] tend  to rise as the insulin level decreases. W ith the lim ita tion  o f the 
inflow o f b iosynthetic precursors im posed by the fasting state th e y  do not 
increase and are m aintained in normal range. On the other hand, th e  k ey  g ly 
colytic enzym es which are insulin-dependent for their biosynthesis rapidly  
decreased to low activ ities when the plasm a insulin dropped [9— 11].

In alloxan-diabetes the insulin level decreased; however, th e  anim als 
were liyperphagic, providing an increased nutritional supply of b iosyn th etic

У* Acta  M orphologica A c a d  emit Sciential H u n g a rica e  1 6 , 1968



A
cta 

M
orphologica 

A
cadem

iae 
Scientiarum

 
H

ungaricae 
16, 

1968

wto

S T A R V A T I O N  D I A B E T E S  T R I A M C I N O L O N E

Fig. 1. The  regu la to ry  p a t t e rn  of liver enzymes involved in c a rb o h y d ra te  m etabo lism  is shown in the  coord ina ted  responses of gluconeo
genic (GNG), b ifunctional  (BF),  and  glycolytic  (GLY) enzym es during  s ta rv a t io n ,  d iabetes ,  a n d  following glucocorticoid (tr iamcinolone) 
st imula tion . Animals were s ta rved ,  w ith  w a te r  available  ad lib itum . D iabetes  was induced  in ra ts  s ta rv ed  for 30 h r  b y  in jec tion  of a lloxan 

(12 mg/100 g ra t ,  i.p.). Triamcinolone was in jec ted  da ily  (1 mg/100 g ra t) .  W e b e r  et al. [5]
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precursors. As a result, w ith the release from insulin suppression and in pres
ence o f the relative preponderance of gluconeogenic hormones the b iosynthesis  
o f gluconeogenic enzym es increased. In contrast, the insulin-dependent key  
glycolytic  enzym es decreased to low activ ities. The hifunctional enzym es which  
are not affected by insulin rem ained in normal range [3, 5, 8, 9].

The action of the glucocorticoid hormone, triam cinolone, also showed  
a typical behavioural pattern for the three groups of enzym es. T he hepatic  
nitrogen level and the activ ities of the bifunctional enzym es increased together. 
H ow ever, the key gluconeogenic enzym es rose to higher levels as a result of 
steroid-induced preferential b iosynthesis. In contrast, the key g lyco ly tic  
enzym es were not affected. Further detailed evidence for a synchronous  
biosynthetic pattern, characteristic for each of the three groups o f the enzym es  
o f carbohydrate m etabolism , was published [3, 5, 8, 9].

Such nutritional and horm onal alterations of the enzym e b iosyn th etic  
pattern are usually reversible and respond to regulatory in fluences upon 
refeeding or restoration o f hormone balance. Thus, the enzym e form ing system s  
which represent the m anifestations o f the genetic potential o f the cell are 
responsive to b iosynthetic regulatory influences. H owever, when genetic  
alterations occur, such as in cancerous cells, the disturbances o f the code m ay  
not perm it normal responses to nutritional or hormonal regulation. D etailed  
studies in our laboratories described the lack of response to starvation  and 
refeeding steroid stim ulation of the various enzym es of carbohydrate m e
tabolism  [12]. The m arkedly altered enzym e biosynthetic pattern appears 
to be fixed  in the cancerous cells o f the liver and different strains of liver cancer 
show a step-w ise progression o f the pathological pattern of certain k ey  en
zym es [13 —15].

Behaviour of  enzymes in liver tumours of  different growth rate. In  recent 
reviews I and m y associates have surveyed our “ Molecular Correlation Concept 
o f N eoplasia” which deals with the correlation o f growth rate w ith th e  en zy 
m atic and m etabolic alterations in a spectrum  of liver tum ours [13 — 15]. 
I will take this exam ple to dem onstrate the following point. In a spectrum  of  
liver tum ours of increasing growth rate we observed that the key gluconeogenic  
enzym e activities were the lower the more rapidly the tum or exam ined  was 
growing. On the other hand, lactate  production [16, 17] and the a c tiv ities of 
the key glycolytic enzym es increased parallel with the rise in grow th rate 
(F ig . 2). The activities o f  the hifunctional enzym es showed no correlation  
[13 —15]. The enzym atic indications suggesting marked disturbances in gluco- 
neogenesis and glycolysis were confirm ed by isotope studies of the production  
of glucose from pyruvate or by follow ing the generation of lactate  from  glu
cose [13 — 17].

Acute adaptation: Effects o f  signal molecules on activities o f  key enzymes. 
The alterations of the key enzym es are indicators o f the behaviour o f  the

1 3 3
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HEPATOMAS IN ORDER OF INCREASING GROWTH RATE

F ig . 2. C orrelation  of th e  a c t iv it ie s  of key g luconeogenic  and  g lyco ly tic  enzym es w ith  th e  
grow th  ra te  o f e x p e rim e n ta l hepatom as in  r a t .  W eber  and  Lea [15]

overall metabolic p a th w ay . These enzym atic alterations represent chronic 
adaptation  and the described rise or decay in enzym e activities in starvation , 
d iab etes, or after steroid injection , required a num ber of hours or days.

Such alterations in th e  biosynthetic rate o f  these enzym es do not provide  
a satisfactory explanation  for the rapid, acute changes which have been ob
served in the direction o f gluconeogenesis and glycolysis in liver. C onsequently, 
as one facet of our in vestigation s, we studied a num ber of factors which cause 
rapid changes in the a c tiv itie s  of key enzym es.

Pyruvate kinase: a strategic enzyme in gluconeogenesis and glycolysis. 
T able 1 shows the ratios o f  activities of k ey  enzym es which antagonize one
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another in hepatic gluconeogenesis and g lycolysis. These ratios indicate th a t  
in the later and final steps o f gluconeogenesis the activities of the g luconeo
genic enzym es (glucose 6-phosphatase, fructose 1,6-diphosphatase) dom inate  
those of the g lycolytic  enzym es (glucokinase, phosphofructokinase). In  con 
trast, at the crucial early step o f gluconeogenesis the glycolytic enzym e (pyru
vate  kinase) is dom inant over the activ ities o f  th e  tw o opposing gluconeogenic  
enzym es (phosphoenolpyruvate and pyruvate carboxylases). The significance  
o f pyruvate kinase a c tiv ity  in opposing gluconeogenesis is im pressive when  
the activ ity  of th is enzym e (5,000 //m oles/g w et weight per hr at 37 °C) is 
contrasted w ith the a c tiv ity  of the opposing rate-lim iting enzym e of g lu con eo
genesis, phosphoenolpyruvate carboxylase (50 //m oles/g per hr at 37 °C). As a 
result o f this dom inance o f pyruvate kinase a ctiv ity , phosphoenolpyruvate, 
as soon as it could he formed from oxaloacetate, would im m ediately he recycled  
to  pyruvate. The unfavourable ratio at this early strategic step of g luconeo
genesis suggested to  us th at there should be m echanism s operating w hich are 
capable of overcom ing the pyruvate kinase a c tiv ity  barrier. Since the literature  
provided exam ples show ing that gluconeogenesis m ay be increased sudden ly , 
we searched for a m echanism  by which hepatic pyruvate kinase m ay be in h ib 
ited rapidly. The inhibition  o f  this enzym e w ould  then prevent recycling and 
perm it the operation o f the gluconeogenic processes.

Effect of free fa t ty  acids on key enzymes o f  glycolysis, direct oxidative p a th 
way and the Krebs cycle. R ecent studies on the regulation  o f gluconeogenesis and  
glycolysis directed our a tten tion  to the effect o f  free fa tty  acids (FFA ). S tud ies  
in slices showed th a t th e  addition of FFA  caused an increase in gluconeogenesis 
from lactate as show n first by K r e b s  et al. [29]. H a y n e s  reported that octanoate  
(3 mM) enhanced glucose production from alanine in liver slices [20]. These s tu d 
ies in slices were corroborated by H e r r e r a  et al. 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]. I t  is im portant that addition  of  
FF A  also resulted in a decreased production o f CO,  from  alanine [21]. In sim ilar  
liver perfusion experim ents S t r u c k  et al. described th at infusion of oleic acid  
m arkedly stepped up the glucose production from lactate [22]. W i l l i a m s o n  

et al. dem onstrated th a t addition of oleate in the course of liver perfusion  
resulted in a prom pt decrease in glucose production from alanine and th is was 
concom itant w ith a decrease in lactate production  [23]. F r i e d m a n n  et al. 
dem onstrated that injection of 1 mmole of octan oate in rat caused in 1 hour 
a 5-fold increase in gluconeogenesis as m easured by incorporation of label into  
blood glucose 1 hour after an intraperitoneal injection o f 1 mmole p yru vate  
3'14C [24]. It  was also established in these in vitro and in vivo experim ents  
that the labelled FF A  did not provide rad ioactiv ity  to the glucose. Since F F A  
did not act as a precursor to glucose, its action  required explanation at th e  
m olecular level.
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Our attention was attracted  since the gluconeogenic conditions which  
are associated  with an increase in plasma F F A  include those where b iosynthetic  
en zy m e adaptations have been described. An increase in plasm a F F A  occurs 
in such  biological conditions as starvation, carbohydrate deprivation, d iabetes, 
excess o f  growth hormone and glucocorticoids in acromegaly or in Cushing’s 
syn d rom e or following the adm inistration o f these hormones. Since under 
acute gluconeogenic conditions such as d iabetes produced by injection o f anti- 
insulin-serum , starvation, or steroid injection there was a rapid rise in plasm a  
F F A , w e postulated that such an acute gluconeogenic adaptation should involve  
th e  inh ib ition  of pyruvate kinase activ ity  b y  F FA . For the FF A  to  operate 
as an effective metabolic directional switch it seem ed that liver pyruvate kinase 
m u st be strongly inhibited by physiological levels of FF A  because w ithout 
in h ib ition  of this enzym e gluconeogenesis cannot proceed [25].

D eta iled  investigations showed th a t in fact pyruvate kinase w as pro
g ressive ly  inhibited by increasing concentrations of FFA  [25]. U sing sodium  
o cta n o a te  as a model, inh ib itory effects, dependent on dose and preincubation  
tim e , were found for the other g lycolytic enzym es, phosphofructokinase, 
glucok inase and hexokinase. The enzym es o f  direct oxidative pathw ay, glucose 
6-p h osp h ate  and 6-phosphogluconate dehydrogenases, were also inhibited. 
T he se lec tiv ity  of the action  of the FFA  w as shown by the fact th at th e  key  
gluconeogenic enzym es (glucose 6-phosphatase, fructose 1,6-diphosphatase) 
and the bifunctional enzym es exam ined (phosphohexose isom erase, aldolase, 
la c ta te  dehydrogenase) were not inhibited b y  F F A . Further work also dem on
stra ted  th a t in the Krebs cycle isocitrate dehydrogenase and fum arase were 
in h ib ited  but malic dehydrogenase and the m alic enzym e were not [25].

T hese observations throw  light on th e  action of FFA  in prom oting glu
coneogenesis and inhibiting their own b iosynthesis (Fig. 3). F a tty  acids m ay  
be considered as an end product of glucose m etabolism . W ith respect to  the  
m etab olic  flow  of carbon to  F F A  these results suggest that FFA  m ay function  
as a feedback inhibitor acting (a) on key enzym es of glycolysis (glucokinase, 
h exok in ase , phosphofructokinase, pyruvate kinase), and (b) on the key enzym es 
o f d irect oxidative pathw ay which are in volved  in the generation o f N A D P H  
in v o lv ed  in the reductive b iosynthesis of F F A . In consequence, by such a tw o
pronged feedback action on both glycolysis and the pentose phosphate path 
w ay , free fa tty  acids can synchronously block their own biosynthesis [25]. 
T he F F A  m ay 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 horm ones such as glucocorticoids, 
grow th  horm one, glucagon, or epinephrine.

T hese interpretations are also in accord with reports that long-chain  
acy l-coen zym e A esters, w hich increase in liver during gluconeogenic condi
tion s, inhibited enzym es th a t operate at later stages of lipogenesis, such as
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FEEDBACK INHIBITION OF GLUCOSE CATABOLIC ENZYMES IN LIVER BY FATTY ACIDS

P E N T O SE  P H O S P H A T E  PATHWAY

F ig . 3. Feedback  inh ib i t ion  of glucose-catabolizing  enzym es in liver by free f a t t y  acids. GK , 
g lucokinase;  P F K ,  phosphofruc tok inase ;  P K ,  p y ru v a te  k inase; H K ,  h exok inase ;  G 6 P  D H ,  
glucose 6 -phospha te  dehydrogenase ;  6 -PG D H , 6 -phosphogluconate  d e h y d ro g en ase ;  I D H ,  
isoc i t ra te  dehydrogenase ;  F-A SE, fu m arase ;  ME, malic enzym e;  AC, acety l  CoA c arb o x y lase ;  
CS, c i t ra te  syn thase .  The  following enzym es are n o t  inh ib i ted :  glucose 6 -p h o sp h a tase ,  f ructose  
1 .6-d iphosphatase ,  phosphohexose  isomerase ,  lac ta te  dehydrogenase,  th e  malic e n zy m e  and 
m alic  dehydrogenase .  The  free f a t t y  acids m ay  be genera ted  in the liver or  m a y  a r r iv e  from  
th e  pe r iphe ry  in gluconeogenic condit ions,  w h en  insulin  d rops or when there is a p re p o n d eran ce  
o f  th e  l ipolytic  horm ones  such as glucocorticoids,  growth  h o rm o n e ,o r  glucagon. W e b e r  et al. [25]

acetyl CoA carboxylase, citrate synthase, and the enzym es o f  the pentose  
phosphate pathw ay [26 — 33].

Our further work showed th a t in addition to octanoate other fa tty  
acids such as oleic, lauric and m yristic acids were able to act as inhibitors of  
key gluconeogenic and shunt pathw ay enzym es [2]. In recent stud ies we 
dem onstrated th a t the F F A  exerted a dose-dependent inhibition o f lactate  
production in a suitably fortified supernatant flu id  system  [2].
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The specificity o f  F F A  inhibition was further indicated by the specific 
protection  phenom ena observed. The inhib ition  o f glucokinase by octanoate  
can be prevented b y  g lucose and the effect w as dependent on the glucose 
concentration. In con trast, phosphofructokinase was not protected by glucose 
b u t was protected by its  ow n substrate, fructose 6-phosphate. N either glucose 
nor fructose 6-phosphate protected pyruvate k inase and the substrate of this 
enzym e, phosphoenolpyruvate, was also in effective as a protecting agent [2, 25].

The feedback in h ib ition  and the se lective  action of FFA  on glucose 
catabolizing enzym es in liver  are illustrated in  F ig. 3. The consequences of 
th e  selective inhibition o f  th e  key enzym es are outlined in Table 2.

Reciprocal control o f  pyruvate  kinase by fructose 1 ,6-diphosphate and A T P .  
R ecen t investigations in th is laboratory show ed th a t liver pyruvate kinase 
w as activated  by fructose 1,6-diphosphate and inhib ited  by ATP [2] (Fig. 4). 
The role of fructose 1,6-diphosphate and A T P appears im portant, since both  
o f these compounds are effective in concentrations th a t occur physiologically  
in the liver cell. The liver  pyruvate kinase is approxim ately 100 tim es more 
sen sitive  to fructose 1,6-diphosphate [2] than  is the yeast enzym e where 
H e s s  et al. [34] described a half-m axim al activation  at 1 .5 x 1 0  4 M F D P . 
The activation  of p yru vate  kinase by the g lyco ly tic  precursor, F D P , m ay repre
sen t the mechanism for w hich the term “ p ositive  feed-forward” control was 
suggested  [34].

H epatic pyruvate kinase activity is th e  subject o f a number of regulating  
m olecules acting on regulatory receptor sites on th is enzym e. Previous work 
from  this laboratory in d icated  that N A D H  inh ib its this enzym e [4]; current 
w ork showed that cy ste in e , EDTA, glucose 6-phosphate and bovine serum  
album in can activate liver pyruvate kinase.

It is assumed th a t when the concentrations o f ATP and N A D H  and 
octan oate fall, p yruvate kinase becomes sen sitive  for the activating effect 
of F D P . The presence or absence of these inh ib itory  m olecules, especially  
A T P and FFA, m ay provide the “ inform ation” to pyruvate kinase whether  
th e  fructose 1,6-d iphosphate arises from gluconeogenesis or from glycolysis. 
W hen it comes from gluconeogenesis there w ill also be a concom itant increase 
in F F A  and in N A D H  concentrations w hich in turn inhibit pyruvate kinase 
a c tiv ity . Prelim inary experim ental evidence show s that the pyruvate kinase 
in h ib ited  by octanoate or ATP is not sen sitive  to  activation by fructose 
1,6-diphosphate. T hus, in th e  absence of these inhibitors, fructose 1,6-diphos
p h ate , coming from glucose, activates th e  enzym e, “ inform ing” pyruvate  
kinase th at glycolysis is proceeding.

Since ATP m ay be considered one o f th e  products of the pyruvate kinase 
reaction , the inhibition  b y  this nucleotide w hich also arises from the func
tion in g  of the Krebs cy c le  m ay be considered a product or end product inhi
b ition .
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T a b le  2

Selectivity and functions o f  F F A  action

K iX lO “ 3 Enzym es inh ib i ted Metabolic func tion  of inhibition E n zy m es  not affected F u n c t io n  of lack 
of inhib i t ion

Key glycolytic enzymes K ey gluconeogenic enzymes

5.8
4.5

13.0
2.5

Glucokinase
Hexokinase

Phosphofructokinase 
P y ru v a te  kinase (PK )

(1) Decreases glucose util ization
(2) Decreases F D P  production (F D P  is an 

act ivator  of PK )
(3) Inhibits  P K :  this permits the channell ing of 

P F P  to glucose preventing recycling

Glucose-6-phosphatase 
Fructose-1 .6-diphosphat

ase

Perm its  gluconeogenesis 
to proceed

Pentose phosphate enzymes B ifunctional enzymes

1.0
4.4

G-6-P dehydrogenase 
6-PG dehydrogenase

(1) Decreases supply of N A D P H  : thus  de
creases FFA  formation

Phosphohexoseisomerase 

Lac ta te  dehydrogenase

Perm its  reversal of  glyco
lysis

Provides N A D H  to block 
PK . This makes possible 
the reversal of glycolysis

Krebs cycle enzymes

Citrate synthase 
(Pa lmity l  CoA)

Fum a rase

(1) Blocks entry  of oxaloacetate into Krebs 
cycle

(2) Blocks en try  of acetyl CoA into Krebs 
cycle

(3) Promotes oxaloacetate  —► phosphoenol- 
py ruva te

(4) Acetyl CoA act ivates  py ruva te  carboxylase 
Does not permit  mala te  to leak back into Krebs

cycle

Malate dehydrogenase 

Malic enzyme

Permits m alate  to oxalo
aceta te

Permits m alate  —► p y ru 
vate

0.8 Isocitrate  dehydrogenase Decreases supply of NADPH
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F ig . 4. Reciprocal control of l iver p y r u v a te  kinase by  a d d i t io n  of f ructose  1 ,6-diphosphate  or 
ATP to the  assay  r e a c t io n  m ix tu re  for the  enzym e.  W e b e r  et al. [2]

Acute and chronic regulatory mechanisms of homeostasis at the enzyme 
level. The various control m echanism s involved  in the effects of hormones 
and signal molecules are illustrated  in Fig. 5. N utritional influences provide 
precursors for enzym e b iosyn th esis, supply k ey  m etabolites, and regulatory  
sign a l molecules such as F F  A. N utritional circum stances influence blood 
glu cose  concentrations w hich then may affect the levels o f certain horm ones, 
su ch  as insulin, epinephrine and glucagon. These horm ones regulate the levels 
o f m etabolites and precursors some of which m ay function as regulatory  
sign a ls, such as F D P . The horm ones also control the levels o f free amino acids, 
th u s affecting protein b iosyn th esis. Hormones m ay exert an influence on the 
m anifestations of genes, controlling the b iosynthetic rate of specific catalytic  
p rotein s, the enzym es. As F ig . 5 shows in acute adaptation  feedback regu
la to ry  action, conform ational changes, saturation and stabilization  of the  
en zy m es, play an im portant role. On the other hand, the enzym e biosynthesis 
m ay he affected by the action  of various horm ones which thus operate in 
chronic adaptation [2].

T he study of nutritional and hormonal influences at the enzym e level 
revea led  regulatory control in physiological and pathological conditions.
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NUTRITIONAL AND HORMONAL REGULATION OF HOMEOSTASIS AT THE ENZYME LEVEL

A C U T E  A D A P T A T I O N
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b'ig. 5. R eg u la to ry  m echanism s in acute  and  chronic  a d a p ta t i o n  induced by n u t r i t io n a l  an d  
horm onal  d is tu rbances  of homeostasis.  W e b e r  et al. [2]

An understanding of such regulatory processes provides an attacking point 
for the design of drugs; through such enzym e pharm acology it is hoped  that 
the various m etabolic diseases, including cancer, m ay become a su b ject for 
rational chem otherapy.
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Ü B E R  D I E  R E G E L U N G  D E R  B IO S Y N T H E S E  
U N D  D E R  A K T IV IT Ä T  D E R  F Ü R  D I E  G L Y K O N E O G E N E S E  

U N D  G L Y K O L Y S E  V E R A N T W O R T L I C H E N  E N Z Y M E N

G. W EBER

1. Die jü n g s ten  F o r t s c h r i t t e  in der E rfo rsch u n g  der Aktiv itä ts -  u n d  B io sy n th esen 
s t e u e r u n g  der  E nzym e w erden  besprochen.

2. A l im entäre  u n d  h o rm o n a le  F a k to ren  b ew irk en  häufig  chronische A d a p ta t io n s ä n d e 
r u n g e n ,  die die B iosynthese  der  E n zy m e  beeinflussen. Die Reak tionen  der B iosyn these  von  
E n z y m g r u p p e n  des K o h len h y d ra tm e tab o l i sm u s  w ä h re n d  Glukoneogenese (H u n g e r ,  D iabe tes ,
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nach  S tero id in jek t ionen  usw.)  w erden  n i itgete i lt .  Die beschriebenen synchron ischen  V e rh a l 
t e n s a r te n  s t im m en  m it  den  V orausse tzungen  der  Theorie  ü b e r  die genische F u n k t io n se in h e i t  
überein .

3. Im  G egensatz  zu der  R e a k t iv i t ä t  des E n zy m sy n th esen sy s tem s au f  h o rm o n a le  und 
a l im e n tä r e  S t im u la t io n  w urde  in Leberkrebsze llen  d as  Feh len  einer solchen R e a k t i v i t ä t  b e o b 
a c h te t .  Die K orre la t ion  zwischen den w ich tigs ten  E n zy m en  des K o h le n h y d ra tm e ta b o l i sm u s  
und d e r  W ac h s tu m s ra te  von  H ep a to m en  e rm ög l ich t  es. die Veränderungen  d e r  a l lgem einen  
S toffw echselw ege  au f  m olekuläre r  Stufe  zu erfassen.

4. Die ak u te  A d a p ta t io n  bedeu te t ,  d aß  die regu la t iven  Signahnoleküle a u f  d a s  E n z y m  
se lbst  e inw irken .  Die selektive A k t iv i tä t  von freien F e t t s ä u re n  in der Kontro l le  des K o h le n 
h y d ra ts to f fw ech se ls  w urde  au f  E n z y m a k t iv i t ä t s s tu fe  nachgewiesen. Freie F e t t s ä u r e n  w irken  
als feed b a ck - In h ib i to re n  der wich tigsten  G lyko lysenenzym e,  s teuern die a llgem einen  S to f f 
wechselwege und  den Krebs-Zyklus .  In  w e i te ren  E x p e r im en ten  wurde die wechselseitige  
K o n tro l le  de r  P y ru v a tk in a se n -A k t iv i t ä t  der L eber  d u rc h  F ru k to se - l ,6 -d ip h o sp h a t ,  u n d  A T P  
u n te r s u c h t .

5. Die H au p tm e ch a n ism en  der ak u te n  u n d  ch ron ischen  Adap ta t ion  u n te r  v e rsch ied en en  
a l im e n tä re n  und horm onalen  Einflüssen  w erden  besprochen.

РЕГУЛИРОВАНИЕ АКТИВНОСТИ И БИОСИНТЕЗА ЭНЗИМОВ, 
ОТВЕТСТВЕННЫХ ЗА ГЛИКОНЕОГЕНЕЗ И ГЛИКОЛИЗ

Г. ВЕБЕР

1. Обсуждаются новые результаты в области исследования регулирования актив
ности и биосинтеза энзимов.

2. Алиментарные и гормональные факторы часто вызывают хронические изменения 
адаптации, влекущие за собой изменение биосинтеза энзимов. Сообщаются изменения 
биосинтеза групп энзимов углеводного обмена в условиях гликонеогенеза, как наир., 
при голодании, диабете, после введения стероидов и т. д. Описанные синхронные способы 
поведения соответствуют предположениям теории о функциональном единстве генов.

3. В противоположность реактивности синтезирующих ферменты систем, на али
ментарную или гормональную стимуляцию в раковых клетках печени наблюдается от
сутствие реактивности. Корреляция между активностью важнейших энзимов углеводного 
обмена и ростом гепатом способствует выяснению изменения общих путей метаболизма 
на молекулярном уровне.

4. Острая адаптация означает, что регуляционные сигнализационные молекулы 
действуют на самый энзим. Избирательное действие свободных жирных кислот в области 
контроля углеводного обмена было выявлено на уровне активности энзимов. Свободные 
жирные кислоты действуют в качестве ингибиторов механизма обратного включения 
важнейших энзимов гликолиза, они управляют окислением и циклом Кребса. В дальней
ших работах был описан взаимный контроль между активностью пируватной киназы 
печени, фруктозы, 1,6-дифосфата и АТФ.

5. Обсуждаются важнейшие механизмы, действующие при острой и хронической 
адаптации в различных алиментарных и гормональных условиях.

Dr. G.
I ndian apolis,

W e b e r ; D ep t, o f  

Indiana, U .S.A .
Pharm ., Indiana U niv. School o f  M edicine.
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RECENSIO

A n tti  U. A rstila  :

Electron Microscopic Studies on the  S truc ture  and H is tochem is try  of the Pineal Gland of
the Rat

Supp lem en t  to “ Neuroendocrino logy”  Vol. 2. S. K arger ,  Hasel -New York. 1967., 101 Pd . .
72 Figs

This l ittle  m o n o g rap h  presen ts  an  excellent s u m m a r y  of p resen t  knowledge on th e  
pineal body. The  a u th o r ’s e lectron  microscopic an d  h is tochem ica l  studies have  clarified 
n um erous  controversial  problem s arisen in con tex t  of  th is  endocrine  gland.

The  tex t ,  on a to ta l  67 pages, includes seven chap ters .  C h ap te r  1 is a short  in t ro d u c t io n ,  
sum m ariz ing  the  m ain  s t ru c tu ra l  and  functional aspects of t h e  pineal  body. C hapter  2 describes  
the  a u th o r ’s e lectron  microscopic f indings; this is pe rh ap s  t h e  m os t  va luable  p a r t  o f  his w o rk .  
Correla ting his own resu lts  w i th  well-selected references,  he  concludes t h a t  the pineal bod y  
con ta ins  th ree  different cell types ,  i.e. da rk  and light m ain  cells an d  in te rs t i t ia l  cells. An u n e q u i 
vocal and  persuas ive  d iffe ren tia t ion  of the  three cell ty p es  is p resen ted ,  based on th e i r  sub-  
microscopic features .  Inconsis ten ly  w ith  the  m ajo r i ty  o f  au th o rs ,  Arsti la  s ta te s  t h a t  th e  
in te rs t i t ia l  cells are special p a ren ch y m a l  cells, defin itely  d iffering  from  the  glial e lem ents  of 
the  cen tra l  nervous sys tem . C h ap te r  3, dealing w ith  h is to ch em is try ,  discusses th e  h y d ro ly t ic  
enzym es of the  pineal body. T he  m ain  cells of this g lan d  exh ib i t  acid phospha tase ,  a ry l-  
su lpha tase  and  th ioacet ic  acid esterase activit ies,  b u t  do n o t  give positive alkali p h o sp h a tase  
and  cholinesterase reactions.  In  C h ap te r  4 is described th e  u l t r a s t r u c tu r e  of pineal nerve fibres .  
A shor t  exper im en ta l  p a r t  a ppended  to this c h ap te r  discusses the  submicroscopic changes  
tak in g  place in the  nerve  fibres un d e r  the influences of v a r io u s  experim ental  in te rv en t io n s  
such as b ila tera l  cervical sy m p a th e c to m y ,  t re a tm e n t  with  reserp ine  or oxypertine.  In  C h ap te r  3 
are p resen ted  the conclusions d raw n  by  the  au thor .  C h a p te r  6 con ta ins  a concise desc rip t ion  
of the  con ten ts ,  w hereas C h ap te r  7 is a compilat ion  of care fu lly  selected references,  includ ing  
more th an  150 papers.

T he  d em o n s tra t io n  m ate ria l  (C hap te r  8) includes 72 f igures a r ranged  in 18 p lates ami 
occupies 37 pages. E x c e p t  for 3 sch em a tic  drawings, th e  whole  m ate r ia l  consists of  original 
e lectron  m icrographs an d  light an d  electron microscopic p ic tu re s  of histochemical reac t ions .

B .  M e s s
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ANNOUNCEMENT

The First N ational Congress of the H ungarian Society  
for A natom y, H isto logy  and E m bryology w ill be held 
in B udapest, O ctober 21 — 23, 1968. Guests from  abroad 
are k indly  invited  for participation. The general topic 
of th e  Congress is “ Correlations betw een Structure and 
F u n ction ” . For further details, please contact the Secre
tary General o f the Society. (Institu te  o f  A natom y, 
U niversity  Medical School, Budapest IX . T űzoltó  u. 58. 
H ungary.)

B. Csillik, M. D.

Secretary General 
D epartm ent of A natom y, 
U niversity  Medical School, 
K ossuth  L. s-út 40. 
Szeged, H ungary

Prof. I. Törő, M. D. 

President
Departm ent o f H isto logy , 
U niversity M edical School 
IX ., Tűzoltó u. 58. 
Budapest, H ungary

SINCE 1828 IN PUBLISHING

A K A D É M IA I K IA D Ó  (Publish ing H ouse o f the H ungarian A cadem y of 
Sciences) is readily at your disposal w ith  catalogues and quarterly lists  
o f  n ovelties in E nglish and German, g iv in g  you inform ation about the 
new  scientific publications.

P lease turn with your remarks, questions and requests to the Publicity- 
D epartm ent  of A K A D É M IA I K IA D Ó , B udapest 502. P .O .B . 24

1828 1968

AKADÉMI AI  KI ADÓ,  BUDAP ES T
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STUDY OF EXPERIMENTAL FIBRILLOGENESIS 
IN TUNICA MUSCULARIS 

OF THE RAT URETER
P. L adányi  an d  G y . L e l k e s  

(R eceived Ju ly  25, 1966)

T he d ev elo p m en t o f collagenous and  e la s tic  f ib re s  w as stud ied  in th e  m u sc u la r  
lay e r of th e  h y d ro -u re te r  developed above a l ig a tu re  ap p lied  on th e  u re te r  o f a d u l t  m ale 
ra ts . B ased on b o th  lig h t- an d  e lectron-m icroscopic  e x am in a tio n s , i t  is su g g ested  th a t  
th e  e lastic  and  collagenous fib res are  p roduced  b y  th e  sm o o th  m uscle cells o f th e  tu n ic a  
inuscu laris . T h is fu n c tio n  of sm ooth  m uscles is co n sid ered  an  ac tiv a tio n  by  m ec h an ic a l 
fac to rs  o f a ta v is tic  f ib ro e las to b la s tic  cap ac itie s , viz. a  special case of q u a li ta t iv e  a d a p 
ta tio n .

Introduction

Num erous recent exam inations have show n th a t the media of m uscular, 
as well as elastic ty p e  arteries contains a single cell typ e, the sm ooth m uscle  
cell or its m odified form [8, 9, 19, 20, 21, 22, 23, 25, 27]. These sm ooth m uscle  
cells should be considered to produce the extracellu lar substances in the  
m edia. Our previous studies on the com parative histogenesis of elastic  fibres 
in the aorta have suggested that the intracellular m atrix is produced b y  cells 
which later differentiate into sm ooth m uscle cells and continue m atrix  pro
duction in the phase when th ey  already develop  contractile filam ents [19]. 
Se i f e r t  [25] regards the sm ooth muscle cells o f the media as a particular kind  
of m uscle cell w ith fibroblast functions. A sim ilar function  has been considered  
by K a r r e r  [9] to be a d istinctive feature betw een  m edial and “ com m on ” 
visceral sm ooth m uscle cells. The problem is w hether or not this d istin ction  is 
justified , or, in other words, whether or not th e  “ com m on” m esenchym al 
sm ooth muscle had in fact lost its capacity o f  producing extracellular m atrices, 
lb  ;cent works dealing w ith the m orphology and function of sm ooth m uscle  
[5, 6, 7] do not m ention any fibroblast-like fu n ction . In contrast, the tex tb o o k  
by St ö h r , Mö l l e n d o r f f  and Go e rttler  [28], presents the follow ing sen 
tence: »...........der Schluß liegt nahe, daß die g la tten  Muskelzellen ebenso w ie die
Bindegewebszellcn die Fähigkeit besitzen, Intrazellularsubstanz zu b ilden  . . .« 
(“ . . . . the conclusion is at hand that sm ooth m uscle cells, similarly to con n ec
tive tissue cells, are capable of producing intracellular substance . . . .” ).

In the present study it has been exam ined on the basis of L a n g e ’s [16] 
results, w hether or not the sm ooth muscle cells o f  a visceral smooth m uscle  
tissue were able to produce extracellular m atrix.

1 A d a  M orphologica A c a d e m ia e  Sc ien tia ru m  llungaricae 16, 1968
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Materials and m ethods

A to ta l  of 15 a d u lt  m ale r a ts  w as used . L a p a ro to m y  was perform ed u n d e r  e th e r  a n a e s 
th e s ia  a n d  th e  r ig h t  u re te r  was lig a ted  w ith  a fine  s ilk  th re a d  tran sp erito n e a lly  a t  th e  b o rd e r  
b e tw e e n  i ts  m idd le  an d  low er th ird s  an d  th e n  th e  a b d o m in a l wall was closed. T h e  a n im a ls  w ere 
k illed  3, 4, 7, 9, 14 an d  21 days la te r  and  b o th  u re te r s  w ere p repared  fo r lig h t a n d  e lec tro n  
m ic ro sco p ic  s tu d ies .

F o r  l ig h t m icroscopy , Susa f ix a tio n  w as fo llow ed  b y  em bedding in  p a ra ff in  a n d  s ta in in g  
w ith  h a e m a to x y lin  ch ro m o tro p e , G oldner, or re so rc in -fu n ch sin  v an  Gieson m eth o d s.

F o r  e lec tro n  m icroscopy , th e  specim ens w ere  f ix e d  in  6%  g lu ta ra ld e h y d e  in  M illonig 
b u ffe r . A fte r  rin sin g  in  buffer, th e  specim ens w ere t r e a te d  w ith  1%  0 s 0 4. Fo llow ing  em b ed d in g  
in  D u rc u p a n , u l tr a th in  sections w ere p rep ared  b y  a P o rte r-B lu m  MT-1 u ltra m ic ro to m e . F o r  
s ta in in g , le a d  c itra te  or u ran y l a c e ta te  w as used. E x a m in a tio n s  were pe rfo rm ed  w ith  a  JE M  
6 C e le c tro n  m icroscope.

Results

In  the m uscular layer o f untreated rat ureters, smooth m uscle cells form ed  
com p act coherent bundles. N either collagenous, nor elastic fibres were seen  
b etw een  the neighbouring sm ooth m uscle cells (Fig. 1).

F ig . 1. D e ta il o f tu n ic a  m uscu laris from  a co n tro l u re te r .  T he sm ooth m uscle cells a re  close 
to  eac h  o th e r , n e ith e r  e lastic  fib res , nor co n n ec tiv e  tis su e  cells are p resen t. R eso rc in -fu ch sin

v an  G ieson’s s ta in

F ig . 2. H y d ro -u re te r  21 days a f te r  liga tion . T he sm o o th  m uscle cells of th e  tu n ic a  m u sc u la ris  
a re  p ra c tic a lly  all su rro u n d ed  b y  e lastic  fib res . R esorc in-fuchsin  v a n  G ieson’s s ta in

A c ta  M orphologica  A cadem iae  Sc ien tia ru m  H ungaricae 16 , 1968
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In electron m icrographs, the surface o f sm ooth m uscle cells appeared to be 
covered by a 400 — 500 À thick basal membrane. No other structured extra
cellular com ponent was detectable. The m yofilam ents o f  the sm ooth muscle 
cells were clearly distinguishable; th ey  filled practically the whole cytoplasm . 
Cellular organelles were exceptional. The presence o f num erous p inocytotic

Fig. 3. C ontro l u re te r. In  th e  e x tra ce llu la r  space betw een th e  ap ica lly  co h eren t sm o o th  m uscle 
cells no s tru c tu re d  e x trace llu la r  co m p o n en t is d e tec tab le  e x cep t fo r th e  b asa l m em b ran e .

M agnification . X 25 000

Fig. 4. C ontrol u re te r. T he cy to p lasm  of la te ra lly  coheren t sm o o th  m uscle  cells is filled w ith 
m y o filam en ts . Close to th e  cell su rface , p in o cy to tic  a c tiv ity  is v isib le . T h e  e x tra ce llu la r  space 
is re s tr ic te d  an d  ex h ib its  c o n te n ts  id en tica l to th a t  show n in  Fig. 3. M ag n ification , X 26 500

1 * A d a  Morphologir.a Academ iae S c ien tia ru m  H ungaricae 16. 1968
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v es ic le s  close to the m em brane com pleted the well-know n electron microscopic 
p ictu re  o f  the normal sm ooth  m uscle cell (Figs 3 and 4).

N e x t  to the ligature a hydro-ureter developed and th is was followed by  
hydronephrosis. The sm ooth  m uscle cells o f the tunica m uscularis were

F ig .  5 . H y d ro -u re te r  9 d ay s  a f te r  l ig a tio n . In  th e  d is ten d ed  e x tra c e llu la r  space, be tw een  tw o 
n e ig h b o u r in g  sm ooth m uscle cells co llag en o u s and  e lastic  fib res  a re  seen. M ag n ificatio n , X 42 000

F ig . 6. H y d ro -u re te r 21 d ay s  a f te r  lig a tio n . In  th e  m ark ed ly  d is ten d e d  ex trace llu la r  space, 
co lla g en o u s  and  elastic f ib res  a re  seen . T h e  sm ooth  m uscle cell in  th e  lo w er s ix th  of th e  p ic tu re  

con tains n u m e ro u s  m y o filam en ts . M agn ification , X 75 000

h yp ertrop h ic and elon gated , the nuclei short and broad. A t the same tissue, 
an  increasing am ount o f extracellu lar m atrix appeared betw een  the sm ooth  
m u scle  cells, causing sep aration  of the usually  com pact structure.

This process began as early  as 3 —4 days after ligation . In  the new ly formed  
extracellu lar m atrix, both  elastic  and collagenous fibres were detectable. In 
th e  tu n ica  muscularis, th e  e lastic  fibres appeared in close contact w ith the 
sm o o th  muscle cells, seem in g ly  ensheathing the individual cells. In later

A c ta  M orpliologica Academ iae Sc ien tia l H ungaricae 16 , 1968
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phases, the number of elastic and collagenous fibres increased constantly . 
Their close association w ith the sm ooth muscle cells was, how ever, unequivocal 
even in 21-day specim ens (Fig. 2). A part from sm ooth m uscle cells, no other  
cells were present in the tunica m uscularis, where excessive num bers of con
n ective tissue fibres were seen to develop.

The electron microscopic pictures supported the light m icroscopic obser
vation s, showing distended extracellular spaces in which collagenous and elastic

F ig . 7. H y d ro -u re te r  21 d ay s a fte r  liga tion . T h e  c en tra l a rea  o f th e  sm o o th  m uscle  cell’s c y to 
p lasm  is filled  w ith  e rg asto p lasm  consisting  of d ila ted  c is te rns. A t the  p e rip h e ry  a t  h o th  sides, 
th e  m a in ta in ed  m y o filam en ta ry  s tru c tu re  is c learly  recognizab le. M ag n ifica tio n , X 3000

A cta  M orphologic a A caJem iae S c ien tiarum  H ungaricae 16, 1968
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F ig . 8. H y d ro -u re te r  21 d a y s  a f te r  lig a tio n . T he a lte re d  s tru c tu re  o f th e  sm o o th  m uscle  
cell is id en tica l w ith  t h a t  sh o w n  in  Fig. 7. In  th e  e x tra ce llu la r  space, e lastic  fib res  a re  p re d o m i

n a tin g . M agnification , X 11 400

F ig . 9. A  m edia  cell f ro m  th e  a o rta  o f a 35 m m  sheep em b ry o . M agnification , X 13 500 
E xp la n a tio n s  to the F igures: n =  nucleus, er =  e rg as to p lasm , m f  =  m y o filam en t, p i  =  p ino- 

c y to tic  vesicle, bm  =  b a sa l m em brane , со =  co llagenous f ib re , el =  e lastic  fib re
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elem ents m ade their appearance (Figs 5, 6). S im ultaneously, the sm ooth  muscle 
cells exhibited  considerable structural changes. The number of organelles in
creased at both ends of the nuclei. This was particularly conspicuous w ith  the  
rough-surfaced endoplasm ic reticulum , which exhibited  cistern-like enlarge
m ents filled w ith interm ediary electron-dense substance. The appearance and 
accum ulation o f endoplasm ic reticulum  caused the sm ooth m uscle cells to  
resemble fibroblasts. An im portant differentiating feature was, h ow ever, the 
presence at the periphery o f sm ooth m uscle cells of an about 1 p  w ide zone 
filled with m yofilam ents (Figs 7 and 8).

D iscussion

The nature and structure o f the intercellular m atrix as well as th e  u ltra
structure o f the sm ooth muscle cells in the control ureters was essen tia lly  
identical w ith th a t known from literature [16, 17].

In the wall o f  the hydro-ureter which had developed above the ligatu re, the  
appearance o f elastic fibres agreed w ith the observations of L a n g e  [16] in 
specim ens w ith  stricture. In the rat, stricturing of the ureter as experim ental 
m ethod can hardly he carried out; it wovdd involve nam ely considerable tech 
nical difficulties, particularly if  standardization  of the method w ould be re
quired. Proxim al to  the stricture an in term itten t increase of pressure takes 
place which is clearly the cause o f all lesions in the retrostrictural part o f  the 
ureter and of the appearance of intercellular elastic fibres as well. The im por
tance of m echanical factors in the form ation and developm ent o f  elastic  
fibres was em phasized by K r o m pe c h e r  in 1928 and again in 1940 [10, 14]. 
B loom [3] sta ted  that the contractile force is not an abst'u te  requirem ent 
of the developm ent of elastic fibres, nevertheless in tissue cultures the m ost 
intensive fibre form ation was seen to occur in regions where such a force 
had been at p lay. L e l k e s  and K armazsin  [18] observed the form ation  
of new elastic elem ents in aorta cultures which rem ained in contact w ith  the  
heating heart. In contrast, expiants of pure aortic tissue failed to g ive rise to  
elastic elem ents, and the residual fibres d isintegrated into granular debris.

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

The experim entally  induced fibrillogenesis in the wall o f the ureter proves 
that production o f connective tissue fibres is not bound to certain specific
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cells b u t seem s to be com m on to various cell ty p es . The media cells o f em bryon
ic  v esse ls  produce overw helm ingly elastic fibres in  the early phase of evolu tion . 
A ccording to K r o m p e c h e r ,  these cells m ay m ake their appearance in certain  
p athologic  conditions and m ay be connected w ith  the large am ount o f new ly  
form ed elastic fibres [“ elastob last” ; K r o m p e c h e r  1928; 10, 11, 12, 14]. The 
elastic  fibres of elastic cartilages are produced b y  cartilage cells [ “ elastocliondro- 
b la st” ; K r o m p e c h e r  1928; 11, 13]. In his paper on elastogenesis in tissue cu l
ture, S c h w a r t z  [24] stated  th at fibroblasts producing elastic fibres did not 
differ from com m on fibroblasts. The present experim ents have shown u nequi
v o ca lly  th at the smooth muscle cells o f  the rat ureter are capable of  producing  
connective tissue fibres.

In the m uscular layer of the hydro-ureter developing proxim al to the liga
tion , parallel w ith the transform ation of the sm ooth  muscle cell u ltrastructure  
th e  developm ent o f collagenous and elastic fibres in the intercellular space has 
b een  observed. The ergastoplasm ic accum ulation  in the sm ooth m uscle cells 
of th e  tunica m uscularis suggested the secretory a ctiv ity  of these cells. D etails  
of th e  phenom enon are not quite clear. It m ay be supposed that in this case a 
special reaction to  the altered environm ent o f  a preformed mem brane system  
norm ally  masked b y  the m yofilam ents takes p lace rather than a de-differentia- 
tion  o f  sm ooth m uscle cells into fibroblasts. The problem  requires further study. 
The possib ility  o f de-differentiation has been contradicted by our finding th at  
41 days after the operation peristaltic m ovem ents could still be elicited in the  
hydro-ureter of the anaesthetized animal.

Comparison o f these experim ental results w ith  pictures of the developing  
aorta revealed a striking sim ilarity. Fig. 7 show s the aortic media o f a 35 mm  
sheep em bryo. H ere, too, the ergastoplasm  occupies the central part of the  
cells, whereas m yofilam ents are present at th e ir  periphery.

Our results appear to perm it the conclusion th a t the smooth muscle cells are 
not definitely differentiated fo r  a single function , but are reacting dynamically to 
environmental s timuli. This m ay result in their outstanding role in the production  
and maintenance o f  intercellular matrix , a fu n ction  which under normal con
d itions is best seen in the vessel wall.

The pluripotent m esenchym al cells develop ing  into the m edia cells o f arte
ries live under conditions inducing and m aintain ing their capacity to  produce 
extracellu lar connective m atrices. In the absence o f adequate m echanical im 
pu lses, the undifferentiated m esenchym al cells develop into com m on sm ooth  
m uscle. Under experim entally  induced changes in the m echanical conditions  
such as a lasting increase of pressure w ith in term itten tly  changing tension , 
th e  la ten t prim ary fibro-elastoblastic capacities o f these cells are activated . 
The phenom enon m ay be considered a special case of qualitative adaptation  
[15].
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UNTERSUCHUNG DEB ELASTOGENESE DER URETERMUSKULATUR BEI RATTEN

Р. LADÁNYI und  GY. LELK ES

B e i  e r w a c h s e n e n  R a t t e n  l ieß  s ic h  in  d er  M u s k e l s c h i c h t  d e s  H y d r o u r e t e r s ,  o b e r h a l b  d e r  
U r e t e r l i g a t u r  d i e  E n t w i c k l u n g  e la s t i s c h e r  F a s e r n  b e o b a c h t e n .  E s  w ird  a n g e n o m m e n ,  d a ß  
d ie  e l a s t i s c h e n  u n d  b e g l e i t e n d e n  k o l l a g é n é n  F a s e r n  d u r c h  d ie  G l a t t m u s k e l z e l l e n  d er  m u s k u 
lä r e n  S c h i c h t  p r o d u z ie r t  w u r d e n .  D i e s e  F u n k t i o n  d er  G l a t t m u s k e l z e l l e n  w ird  a ls  e i n  s p e z i e l l e r  
F a l l  d er  q u a l i t a t i v e n  A d a p t a t i o n  b e t r a c h t e t  u n d  z w a r  d ü r f t e  e s  s ich  a n n e h m b a r  u m  e i n e  a u f  
W i r k u n g  m e c h a n i s c h e r  F a k t o r e n  e n t s t a n d e n e  A k t i v i e r u n g  d e s  l a t e n t e n  f ib r o -  b z w .  e l a s t o b l a -  
s t i s c h e n  P o t e n t i a l s  h a n d e ln .
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ИССЛЕДОВАНИЕ ЭКСПЕРИМЕНТАЛЬНОГО ФИБРИНОГЕНЕЗА 
В МЫШЕЧНОЙ ОБОЛОЧКЕ МОЧЕТОЧНИКА КРЫСЫ

П . Л А Д А Н Ь И  и Д .  Л Е Л К Е Ш

Авторы наблюдали возникновение коллагенных и эластичных волокон в мышечном 
слое гидроуретера, возникшего над лигатурой мочеточника у взрослых крыс. На основе 
исследований под световым и электронным микроскопами кажется вероятным, что воз
никшие эластичные волокна и сопровождающие их коллагенные волокна производятся 
клетками гладких мышц мышечной оболочки. Эту функцию гладкомышечных клеток 
авторы рассматривают как активацию первобытного, существующего в скрытом состоянии 
фибро- или эластобластического потенциала под влянием механических факторов, как 
специфический случай качественной адаптации.

Dr. Pál L a d á n y i ;  D ebrecen  12, Hungary
Dr. G yörgy Lelkes; B u d ap est XL, D aróczi út 24, H ungary
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I n s t i tu te  of A natom ical P a th o lo g y  (D irec to r: Prof. L. I I a r a n g iiy ), U n iv ersity  M edical School,
B u d ap es t

EXPERIMENTAL INJURY OF MUSCULAR-TYPE 
BLOOD VESSELS BY CHEMICAL AGENTS

K lára  S z e m e n y e i , A. K óczé a n d  H . J e l l in e k  

(R eceived  A pril 20, 1967)

T he reg en e ra tio n  of b lood vessels has been s tu d ied  since th e  end of th e  la s t c e n tu ry  
( P ick  [31], P ek e l h a h in g  129]; S o ko lo ff  [37]; a n d  o thers). As early  as 1885 P ick  
p o in te d  o u t th a t  p ro life ra tiv e  cells p ro b a b ly  o rig in a te  from  sm ooth  m uscle o r con n ec tiv e  
tissu e  cells and  th e  m ain  prob lem  of p e r tin e n t in v es tig a tio n s  is still th e  orig in  o f cells 
invo lved  in reg en e ra tio n . W e have  s tu d ied  th e  p ro b lem  on large  e la s tic -ty p e  and  sm all 
vessels [3, 14, 15, 17, 18, 22, 39, 40, 45]. In  th e  p re sen t p a p e r we shall describe  in v e s ti
g a tio n s in to  th e  effec t o f d iffe ren t ag en ts  on large  m u sc u la r-ty p e  vessels an d  in to  th e  
orig in  o f cellu lar e lem en ts  o f in tim a i p ro life ra tio n  o ccu rrin g  in reg en eratio n .

Materials and methods

T h irty -o n e  2 to 3 -year-o ld  ra b b its  o f bo th  sexes w eigh ing  4 to 5 kg were used . A 3 cm 
p a r t  o f th e  fem oral a r te ry  on each  leg w as exposed in e th e r  an aesth es ia  a t th e  sam e site  in 
all an im als . T h en  th e  vessel w as d ep rived  of th e  a d v e n ti t ia  a n d  p a in te d  w ith  3 3 %  an d  8%  
h y d ro ch lo ric  acid  an d  iod ine. T he an im als w ere sacrificed  b y  b leeding a t  in te rv a ls  be tw een  
5 m in u te s  and  352 d ay s a f te r  t re a tm e n t. T he u n tre a te d  p a r t  o f  th e  fem oral a r te ry  o f th e  sam e 
an im al w as used as co n tro l. H isto log ical e x am in a tio n  w as p e rfo rm ed  a f te r  f ix a tio n  in n e u tra l  
fo rm alin  an d  sta in in g  w ith  haem ato x y lin -eo sin , A zan, M allo ry ’s p h o sp h o tn n g stic  acid  haem a- 
to x y lin , resorcin -fuchsin  and  v a n  Gieson, and  o p tica l p o la riza tio n  m ethods. B ecause of th e ir  
h igh p o tassiu m  c o n te n t m uscle  cells and  e ry th ro c y te s  s ta in e d  se lectively  yellow  w ith  S iena- 
O range  (S —O) reco m m en d ed  by Ca r r e r e  and  Cooms.

Results

The three agents caused alm ost identical changes in the arterial wall. 
The necrotizing effect of 33% hydrochloric acid w as more definite than that 
of the other solutions. There was no difference betw een  the agents in the tim e  
o f the developm ent o f the lesion and in regeneration. The degree o f intim ai 
proliferation and subsequent fibrosis was also sim ilar w ith the three agents. 
The findings, therefore, are not discussed separately.

A few m inutes after treatm ent the vascular w all becam e necrosed, hom oge
neous and thin and stained  evenly; parts rem aining relatively  intact contained  
vacuolized sm ooth m uscle cells characterized by weak staining. The internal 
clastic membrane lost its usual w avy form and becam e elongated (F ig. 1). In 
5 out o f 32 vessels throm bosis was observed. From the 5th to 9th days onward  
the internal elastic mem brane broke up or d isintegrated (Fig. 2). Through  
these parts an intim ai proliferation grew and narrowed the lum en gradually.
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F ig . 1. 15 m inutes a f te r  H C l t r e a tm e n t  th e  necrosed  p a r t  of th e  a r te ry  is th in n e r , sm o o th  
m u sc le  cells are replaced b y  hom ogeneous m ate ria l. V acuolized  m uscle cells in  th e  re la tiv e ly

in ta c t  area . A zan  s ta in

F ig . 2. 9 days after HC1 t r e a tm e n t  d is in te g ra tio n  a n d  d isru p tio n  in  th e  in te rn a l e lastic  m em 
b ra n e . R eso rc in -fuchsin  s ta in
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Fig. 3. 5 days a f te r  HC1 tre a tm e n t,  sm o o th  m uscle cells sta in in g  yellow  w ith  S iena-O range in 
th e  new  in tim a ; th ey  are  well d istin g u ish ab le  from  th e  blue in te rn a l e la s tic  m em brane  and

from  en d o th e lia l cells

F ig. 4. 120 days a f te r  HC1 tre a tm e n t, cells o f  th e  th ick  in tim a i p ro life ra tio n  are  sim ila r in s ta in 
ing an d  a rra n g e m e n t to sm o o th  m uscle cells o f th e  o rig ina l vascu la r wall. M allo ry’s trip le  dye

Fig. 7. 144 days a f te r  11 Cl t re a tm e n t, th ick  in tim a i p ro life ra tio n  n a rro w in g  th e  lum en. Many 
co llagenous fib res in th e  m ed ia , a d v e n titia , an d  in th e  in tim a i p ro life ra tio n  facing  th e  lum en.

A zan  sta in





E X P E R IM E N T A L  IN J U R Y  O F  M U S C U L A R -T Y P E  B L O O D  V E S S E L S 159

F ig . 5. 40 days a fte r  HC1 tre a tm e n t:  (a )  p o la riza tio n  m icrograph  show ing  d o u b ly  re frac tiv e  
sm o o th  m uscle cells in  th e  new ly fo rm ed  in tim a ; (b )  th e  sam e w ith  rev ersed  co m p ensa tion .

A niline reac tio n

Fig. 6. 40 days a fte r HC1 tre a tm e n t,  large n u m b ers of w avy  e lastic  fib res  in  in tim a i p ro life ra tio n . 
T he new  in te rn a l e lastic  m em b ran e  is c learly  d is tingu ishab le . R eso rc in -fu ch sin  s ta in

The cells originated partly from the media situated at the border betw een the 
normal and pathological areas, partly from intact sm ooth m uscle cells of the 
necrotic media situated  under the internal elastic mem brane. In the stom ata  
and surface o f the mem brane S — 0  staining revealed cells reacting as sm ooth  
muscle ce Ils (Fig. 3).
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A fter  20 to 30 days there w as a thick intim ai proliferation which narrowed  
the lu m en  after 60 days (F ig. 4 ). B y  Mallory and S — О stain ing the cells were 
id en tified  as smooth m uscle cells. Polarization m icroscopy after aniline reac
tion  also showed them  to be positive doubly refractive sm ooth muscle cells 
(F ig . 5). On the surface o f proliferation facing the lum en a new internal elastic  
m em brane had developed. In  th e  adventitia there was a fibrous change. A fter  
longer periods fine w avy e la stic  fibres developed at the site o f the necrotic  
m edia and in the intim ai proliferation. The fibres stained w ell w ith resorcin- 
fu ch sin  (F ig. 6). After 100 to  120 days, starting from the intim ai proliferation  
facin g  th e  lumen, a fibrous connective tissue developed which gradually re
p laced  th e  smooth m uscle cells. The process spread to  the media and joined  
th e  earlier fibrous change in th e  adventitia (Fig. 7).

D i s c u s s i o n

Solovyev  (38] in a review  described th at for regeneration studies 
vascu lar  wall lesions were brought about by com pression (Ma lk o ff  ami 
d ’A n n a ) or ligation of the v esse l ( J o r e s), rem oving the adventitia  (Sc h il l in g ), 
therm ocautery and silver n itrate (An d r ie v ic h ), turpentine (Sm in k o v a ), 
zinc chloride (F o rm a ch id is) and therm ocautery (So l o v y e v ). T r en ck m a n  [44] 
applied  paraffin blockade and J a f f e  et al., [16] electric current for inducing  
in tim a i proliferation. For th e  sam e purpose T i io r b a n  [43] brought about a 
p artia l injury of the sciatic, t ib ia l and fibular nerves.

In tim ai proliferation cells are regarded by som e authors as of connective  
t issu e , b y  others as of en d oth elia l origin. According to K a r r e r  [21] it is fibro
b la sts , according to P e t r i  and H e b e r e r  [30] and S in a p iu s  [35], it is fibro
cy te s  which develop into en d oth elia l or sm ooth m uscle cells. Ma x im o v  [26] 
s ta te d  that fibrocytes m ay be produced from endothelial cells. This finding was 
confirm ed by Maruyama  [25] in  tissue cultures. Opinions also disagree as to  
th e  regeneration capacity o f  endothelial cells. E f s k in d  [6] and L inzbach  [24] 
denied  the possibility, w hile F l o r e y  et al. [7] stressed the im portance, o f  
end oth elia l cell regeneration. In the opinion o f E f s k in d  [6], S in a p iu s  [35] 
and others, giant cells s itu a ted  under the endothelium  play an im portant role 
in regeneration. Altsch u l  and F a u l-Bo e iim l e r  [1], H aust  [12] and R o d - 
b a r d  et al. [33] supposed th a t  pluripotent interm ediary cells m ay differentiate  
in to  endothelial, connective tissu e and sm ooth m uscle cells.

Our findings indicated  th a t the cells of intim ai proliferation are sm ooth  
m uscle  cells originating from  the media. This was shown by the fact that 
M allory and S — О stain ing revealed  reactions characteristic of sm ooth muscle 
cells. Growth of these elem ents through the fenestrated internal elastic m em 
brane was also dem onstrated. The smooth m uscle origin o f these cells was ad
v o ca ted  by D ix o n  [5], J o h n s o n  et al. [19], S o l o v y e v  [38], Mohratra  [27]v
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К лав  [32], S in a p iu s  [35], Csillag  [3], J e l l i n e k  e t  al. [17, 18], F l o r e y  e t  a l .  
[7] and  H aust  [12] and  confirm ed b y  e lectronm icroscopic  e x a m in a t io n s  
[4, 8, 22, 45].

In the developm ent of intim ai proliferation neural factors m ay also be  
involved . G u t s t e in  et al. [10] showed subendothelial cell proliferation and  
fibrosis o f the elastic tissue in the aorta of rats after excitation  of the sp lanchn ic  
nerve. T h o r b a n  [43] attributed an im portant role to  the injury o f v eg e ta tiv e  
nerve fibres in intim ai proliferation elicited b y  a partial damage of th e  sc ia tic , 
tib ia l and fibular nerves; the condition led to perm eability disorders and in ti
mai oedem a and in the final stage to vascular fibrosclerosis. Similar factors m ay  
have had a role in our experim ents, since the chem ical agents used m ust h ave  
injured the nerves situated in the neighbourhood of the artery. In chronic  
lesions fine w avy elastic fibres were present in the intim ai proliferation and 
necrotic m edia. Similar observations were m ade by several authors [7, 8, 9, 
12, 21, 28]. As to the origin of these fibres there are several hypotheses, P e a s e  
and P a u l e  [28], G e e r  [9], F re nch  et al. [8] and K a r r e r  [21] supposed th at  
sm ooth m uscle cells were responsible for their form ation. According to  H a u s t  
112] th ey  originate from decom posing elastic fibres. F rench  rejected th is  
conception and thought likely that they  developed from connective tissu e  
cells. L a i t i n e n  [23] supposed an extracellular origin. K ádá r  et al. [22] called  
the a tten tion  to a close connection betw een the fibres and sm ooth m uscle  
cells. The observations of T h o r b a n  [43] ind icated  that vascular fibrosis w as 
associated with perm eability disorders. S e i f e r t  [34] explained this observa
tion as follows. The rabbit’s aorta, which contains no vasa vasorum, is nourished  
by diffusion from the adventitia and intim a. Under normal conditions the  
loose structure of the adventitia  ensures th is process through the tissue flu id s. 
N utrition  of the femoral artery m ight take place in a similar manner. F ibrosis 
spreading to the intim a and media in advanced injury m ay be the consequence  
of ad ventitia l fibrosis ensuring in the early stage, as the accum ulation o f fibres 
leads to a decrease in perm eability and thus to  a disturbance in the v esse l’s 
nutrition .
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V O N  V E R S C H IE D E N E N  S C H Ä D IG E N D E N  F A K T O R E N  Z U S T A N D E G E B R A C H T E  
E X P E R IM E N T E L L E  V E R Ä N D E R U N G E N  D E R  G E F Ä S S E  M U SK U L Ä R E N  T Y P S

KLÁRA SZEM EN Y EI, A. KÓCZÉ u n d  H. JE L L IN E K

Die g ro ß en  G efäße m u sk u lären  T yps reag ieren  a u f  versch iedene  schäd igende E in w ir 
k u n g en  g le ichm äß ig . Vom  5 — 9. T ag  an ist ü b er d e r M e m b ran a  e lastica  in te rn a  e ine  Z e llv e r
m eh ru n g  s ic h tb a r , die sp ä te r  au sg ep räg ter wird und  das G efäß lu m en  verengt. V erfasser sin d  de r 
A nsich t, d a ß  d ie P ro life ra tio n sze llen  aus den  G la ttm u sk e le le m en te n  der M edia s ta m m e n . 
In  der n eu g eb ild e ten  d icken  In tim a  u n d  auch  an  de r S te lle  de r nekro tischen  M edia e n tw ic k e lt 
sich  ein feines e lastisch es N etz; d ad u rch  w erden die G efäße  m u sk u lä ren  Typs den e la s tisc h en  
G efäßen ähn lich . In  de r S p ä tp h ase  v e rm eh ren  sich a u f  dem  geschädig ten  G ebiet in  a llen  3 
G e fäß w an d sch ich ten  die K ollagenfasern , was zur F ib ro se  dieses G ebietes füh rt.

ЭКСПЕРИМЕНТАЛЬНЫЕ ИЗМЕНЕНИЯ ВОЗНИКАЮЩИЕ НА СОСУДАХ 
МЫШЕЧНОГО ТИПА ПОД ВЛИЯНИЕМ РАЗЛИЧНЫХ ВРЕДНЫХ ФАКТОРОВ

к. С Е М Е Н Ь Е И , А. К О Ц Е  и X . Й Е Л Л И Н Е К

Крупные сосуды мышечного типа дают под влиянием различных вредных факторов 
одинаковые реакции. Начиная с 5—9-го дня над rnembrana elastica interna появляется 
пролиферация клеток, которая впоследствии все более утолщается, вызывая сужение 
просвета сосуда. Клетки пролиферации по мнению авторов происходят из элемен
тов гладкой мышцы средней оболочки сосуда. В возобновляющейся толстой внутренней 
оболочке сосудов и на месте некротической средней оболочки сосудов возникает тонкая 
эластичная волокнистость, и в результате этого сосуды мышечного типа становятся похо
жими на эластичные сосуды. В поздней стадии в поврежденной области во всех трех слоях 
сосудистой стенки накопляется все больше коллагенных волокон, обуславливая фиброз 
данной области.

Dr. Klára S z E M E N Y E I  

Dr. Antal KóczÉ  
Dr. Harry J e l l i n e k

II. Kórbonctani In tézet, B udapest IX ., 
Ü llői út 93, Hungary
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D ebrecen

EFFECT OF A SINGLE NEONATAL DOSE 
OF CORTISOL ON THE SERUM AND 

TISSUE MUCOPOLYSACCHARIDES IN THE RAT

K. V A L L E N T , M . P a LKOVITS a n d  B. M Á N D I 

(R eceived Ju n e  15, 1967)

An a tte m p t w as m ade  to  ev a lu a te  th e  effec t o f a  single n eo n ata l dose o f cortiso l 
on th e  serum  and  tissue  m ucopolysaccharides, fo u r w eeks a f te r  th e  cortiso l a d m in is tra 
tio n . C ortisol tre a tm e n t o f new born  ra ts  in d u ce d  a s ign ifican t decrease in  th e  serum  
h exosam ine, g ly co p ro te in  and  tissue m u co p o ly sacch arid e . T here  was a  s ig n ific a n t de 
crease  in  th e  ly m p h o cy te  and  m ed u llary  b aso p h il (m as t cell) coun t fo u r w eeks a fte r 
t r e a tm e n t.

T he effects exe r ted  b y  p o s tneona ta l  th y m e c to m y  on the  b o d y  g row th ,  
on th e  m orpho logy  of the  endocrine and  ly m p h o id  organs, and on th e  w hite  
blood cells of mice and  ra ts  have  been descr ibed  in th e  l i te ra tu re  (M il l e r  
1961; G ood e t  al. 1962; Sherm a n  an d  D a m e s h e k  1963; F ach et  e t al. 1965).

T he th y m u s  co n ta ined  high n u m b e r  of  m a s t  cells (F r e e m a n  e t  al. 
1956; A r n e s e n  1958; Mich els  1963; Csaba  e t al. 1963); PAS p os it iv  s u b 
s tance  (Ar n e s e n  1958; Csaba  e t al. 1960; B u r n e t  1965) an d  h ép a r in e  
(Ch a rles  an d  Scott 1933).

It has been shown th at the im m unological reactions are associated with  
an increase in the basophil, m ast cell count (W in q is t  1963; K e l l e r  1966) 
and the tissue and blood m ucopolysaccharide (MPS) level (So n n e t  1955; 
B a s t e in ie  1958; G ero  et al. 1959; F e h é r  et al. 1966). It is well know n that 
glycocorticoids induce a significant decrease in the MPS content o f  tissues  
and blood, and the im m unological reactions (D avidson  1964; L o r e n z e n  
and Za ch a ria e  1966; F e h é r  et al. 1966).

Sc h l e s in g e r  and Mark  (1963) observed fatal cachexia in mice follow ing  
one single injection o f cortisol. F a ch et  et al. (1966) have shown th at a single  
dose o f  cortisol adm inistered in the neonatal period caused lasting thym o-  
lym phatic system  involution  and reduced the num ber of circulating lym p h o
cytes in the rat. The cachexia and th ym o-lym p h atic  system  involution thus  
induced closely resembled the “ w asting-syndrom e” . Sch a piro  (1965) observed  
sim ilar changes follow ing repeated neonatal injections of cortisol.

The finding by D o u g h e r t y  and W h i t e  (1943) that in the adult ani
mal regeneration begins as early as 24 to 48 hours after the injection o f cortisol,

2 * Acta  M orphologica A ca tlem iac Sc ien tia ru m  H ungaricae 16, 196H



166 K . V A L L Ë N T  e t  a l.

i n d u c e d  us  in  th e  presen t series of e x p e r im en ts  to  use new born  r a t s  a n d  a d 
m in i s t e r  one single dose of th e  horm one . I n  t h e  p re se n t  experim ents  an  a t t e m p t  
w as m a d e  to  eva lua te  th e  effect o f  a single n e o n a ta l  dose of  cortisol on th e  
s e ru m  a n d  tissue m ucopo lysaccharides ,  four w eeks a f te r  th e  cortisol a d m in i s t r a 
t io n .

M aterial and m ethods

T o  n ew b o rn  W ista r r a ts  o f 8 ±  2 g w eight, one 1 m g/10 g body  w eigh t o f co rtiso l* , in 
0.1 m l v o lu m e  was in jec ted  i.p . on  th e  f ir s t  d ay  of life. T h e  con tro ls w ere tre a te d  s im ila rly  w ith  
0 .9 %  N aC l so lu tion . U nder id e n tic a l cond itions th e  h o rm o n e -trea ted  an im als lagged  in  d e v e l
o p m e n t ,  in  com parison  to  th e  c o n tro ls . A ll an im als w ere  k illed  by  d e ca p ita tio n  4 w eeks a f te r  
d e liv e ry . T h e  serum  hexosam ine lev e l was d e te rm in ed  acco rd in g  to  E lsőn  and  M o rgan  (1933) 
a s  m o d if ie d  b y  Szabolcs and  T a n k ó  (1958), b y  u s in g  a  s ta n d a rd  so lu tion  of g lu co sam in e- 
h y d ro c h lo r ic  acid. The serum  g ly co p ro te in  level w as d e te rm in e d  according to  W in z l e r  (1955), 
u s in g  a 1 : 1 m ix tu re  of ga lac to se -m an n o se . The sam p le s w ere  fixed  in  4 %  n e u tra l  fo rm a lin , 
e m b e d d e d  in  p a raffin , cu t in to  6 ц  slices, an d  s ta in ed  w ith  h aem a to x y lin —eosin a n d  P A S —alc ian  
b lu e . T h e  bone  m arrow  was s ta in e d  according to  M ay-G rünw ald -G ieinsa  and  th e  b a so p h il 
c o u n t  n u m b e r  was d e term ined  fo r 5000 n u c lea te  cells. M a th em atica l analysis w as p e rfo rm ed  
w ith  S tu d e n t ’s t- te s t.

Results

A n im a ls  t re a te d  w ith  cortiso l p resen ted  a t  4 weeks, in com parison  w ith  
t h e  c o n tro ls ,  a lag of d ev e lo p m en t ,  a sp a rse r  fu r ,  th in n e r  skin, a n d  less s u b 
c u ta n e o u s  f a t ty  tissue (Fig. 1).

In  add it ion , there  was a significant d ro p  in  the  n u m b e r  of c ircu la t ing  ly m 
p h o c y te s  (p %  0.001) a n d  o f  basophilic  (m a s t  cells) cells in  th e  bone  m a r ro w

F ig .  7. E ffe c t o f a single n e o n a ta l dose of cortiso l u p o n  g ro w th , four w eeks a fte r  a d m in is tra tio n , 
A  =  Cortisol 1.0 m g/10 g b o d y  w eight in tra p e rito n e a lly . В =  0 .9%  N aCl

* C ortiso l =  H y d ro co rtiso n e  a c e ta te  (K ő b á n y a  P h a rm ac eu tica l F a c to ry  o f B u d a p es t) .

A c ta  M orphologica A cadem iae S c ie n tia ru m  H ungaricae 16 , 1968



Fig. 2. E ffec t of a single n eo n a ta l dose of co rtiso l u p o n  th e  acid  and n e u tra l m u co p o ly sacch a 
rid e  level o f cartilag e , liver and skin. Л =  ca rtila g e , NaCl 0 .9% . В =  ca rtila g e , C ortiso l. 

C liver, NaCl 0 .9 % . D liver. C ortisol. E  sk in , NaCl 0 .9% . F  sk in , C ortiso l
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(p <C 0.01) (Table I), w ith a significant decrease o f  both  the serum hexosam ine  
(A) and glycoprotein (B) levels (p <  0.001) (F ig. 3).

PAS p ositiv ity  was restricted to the cartilage mem brane (A); the cartilage  
stained more in ten siv ity  with alcian-hlue (B); the structure of the liver ap 
peared looser in the treated anim als and showed less PAS positivity (D); th e  al- 
cian-blue and PA S p ositiv ity  of the skin was som ew hat 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. В =  glycoprotein mg per 100 g

Discussion

The m etabolism  and regulation of m ucopolysaccharides is still a debated  
question. Studies by K r o m pe c h e r  (1960) have p o in ted  to the significant part 
of hypoxia in the regulation of MPS m etabolism . The latter according to  som e  
authors ( K r o m p e c h e r  et al. 1961; J ózsa et al. 1964; V al l en t  et al. 1966) 
depends on thyroid function , xvhile according to  others (Monk iiouse  1956; 
D a v id s o n  1964; L o r e n z e n  and Zach ar iae  1966; V a l l e n t  et al. 1966) on  
adrenocortical function.

Connective tissue is known to abound in MPS (Me y e r  and R a p p o r t  
1950; Y eanl o z  and F o rch ielli  1950; Ma r b e t  and W in t e r s t e in  1952; M u ir  
1958; J a ck so n  1961; B aló and B ang a  1961; N é m e t h -Csóka  1965) and to repre
sent the site of m ost antigen — antibody reactions ( B a s t e n i e  et al. 1958). It has 
been shown, th at the basophil, fibroblast and m ast cells abounding in M PS  
and especially those involved in MPS production, p lay a part in anaphylactic  
and inflam m atory reactions ( B r a u n s t e i n e r  1959; R i l e y  1963; P a d a w e h  
1963; Mic h e ls  1963; W in q u i s t  1963; B u r n e t  1965; S e l y e  1965; K e l l e r  
1966). B u r n e t  (1965) assum ed that the th ym ocytes can turn into m ast cells

A cta  M orphologien A ca d em ia c  S c ien tia ru m  llungaricae 16, 1968



168 K . V A L L E N T  e t  a l.

T able  I

E ffe c t o f  a single neonatal dose o f  cortisol upon the bone marrow basophil and  the qualitative
blood count

In d ic a te d  are th e  av erage  v a lu es (X ), th e ir  s c a t te r  (Sx) and  ra te  o f sign ifican ce  (p)

C ontrols 
0 .9%  NaCl

J  uve- 
nile Rod

Segment- 
. ed

Eosino
phil

Baso
phil Lym phocyte

Mono
cyte WBC

Bone
marrow-
basophil

P e r  cents

l . _ 2 22 _ — 72 4 8700.0 3

2. — 1 19 l — 76 3 9500.0 2

3. — — 24 — — 71 5 8900.0 4

4. — 1 15 — 80 4 9200.0 3

5. — — 19 i — 78 2 8100.0 2

6. — 1 14 1 — 81 3 9500.0 3

7. — 2 17 — 76 5 8900.0 3

8. — — 15 - — 82 3 7400.0 2

9. — 1 17 2 — 78 2 9300.0 4

10. — 1 15 — — 80 4 8200.0 3

X : 0 0.9 17.7 0.5 о 77.4 3.5 8770.0 2.9

Sx : — — — — — ± 1 .2 — ± 2 2 0 .0 ± 0 .2

Rod
Baso- Mono-

WBC
Bone

Cortisol 
1.0 m g/anim al

nile ed phil phil Lym phocyte Cyte marrow-
basophil

Per cents

l . _ 2 28 — 67 3 8,200.0 —

2. — 3 32 — — 61 4 7,700.0 —

3. 1 3 34 — — 59 3 8,300.0 —

4. 1 4 27 — — 65 3 8,900.0 —

5. — 5 29 — — 62 4 11,100.0 - -

6. — 2 33 — — 63 2 6,400.0 —

7. 2 5 28 — — 62 3 7,500.0 —

8. 1 4 31 — — 60 5 10,500.0

9. — 4 26 — — 68 2 9,700.0 —

10. — 3 31 — — 62 4 9,200.0 —

11. 2 18 — — 77 3 9,800.0 —

12. - 4 27 — — 66 3 11,000.0 —

X : 0.4 3.4 28.7 0 0 64.3 3.2 9 030.0 0

Sx : — — — — ± 1 .4 — ± 4 2 0 .0 —

p <  0.001 p >  0.60 p <  0.01
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and A c a s u  and W e s t  (1960) dem onstrated the capacity of m ast cells to  store, 
and also to  produce antibodies. These data suggest the role of MPS su b stan ces in 
im m unological reactions.

The present observations have confirm ed the results of S c h l e s i n g e r  

and M a r k  (1963) and of F a c h e t  et al. (1966) who found an inhibition  of, and  
a reduction in, the number of circulating lym phocytes, after cortisol treatm en t  
in the newborn period. In addition, a pronounced decrease in the serum hexos- 
am ine and glycoprotein levels in the neutral MPS content of the tissues and the  
num ber o f basophils in the bone marrow, has been registered. S im ultaneously  
an increased alcian-blue p ositiv ity , pointing to the presence of acid M PS in 
cartilage, beside a decrease of PAS p ositiv ity  was present. The opposite change  
in the content o f acid and neutral MPS has been observed in our experim ents  
( V a l l e n t  e t al. 1966), in accordance w ith  observations described in the liter 
ature ( B o a s  1956; K r o m p e c h e r  et al. 1961; J ó z s a  et al. 1964).

Particular attention  should be paid to the fact that the reduction  o f  
hexosam ine and glycoprotein levels was observed 4 weeks after one single dose 
of cortisol, i.e. at a tim e when elevated  blood corticoid values could not any  
longer prevail. Based upon our data it is suggested that a single dose o f cortisol, 
adm inistered neonatally produces a long lasting inhibition in the production  
o f  blast cells (fibroblasts, basophils, m ast cells), which might play a sig n ifi
cant role in MPS production. This suggestion has gained further support, w hen  
it was show n th at a similar treatm ent of adult anim als failed to elic it an y  
effect ( V a l l e n t  1967).
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W IR K U N G  E IN M A L IG E R , N E O N A T A L  V E R A R F O L G T E R  
H Y D R O C O R T IS O N IN JE K T IO N  A U F  D E N  SER U M - 

U N D  G E W E B E M U K O P O L Y S A C C H A R ID G E H A L T  B E I R A T T EN

К . V A LLEN T, M. PALKOVITS und  B. M ÄN D I

A nläß lich  de r U n te rsu ch u n g  der au f den  Serum - u n d  G e w e b em u k o p o ly sacch arid g eh a lt 
e n tfa lte n en  W irk u n g  einer e inm aligen , n eo n ata l v e rab fo lg te n  H y d ro c o rtiso n in jek tio n  lie ß e n  
sich nach v ier W ochen folgende E rgebnisse  reg is trieren : A b n a h m e  des Se-H exosam in-, -G ly k o - 
p ro te in -, sowie n e u tra le n  G ew eb em ukopo lysaccharidgehalts , s ig n ifik an te  V erm inderung  d e r  
K n o ch en m ark -B aso p h ilen zah l (M astzellen) und  de r z irk u lie re n d en  L y m p h o zy ten . D e r 
n e u tra le  u n d  sau re  G ew ebem ukopo lysaccharidgehalt z e ig ten  e in an d er en tg eg en g ese tz te  
V erän d eru n g en .

ДЕЙСТВИЕ РАЗОВОГО ВВЕДЕНИЯ ИНЪЕКЦИИ ГИДРОКОРТИЗОНА 
НОВОРОЖДЕННЫМ КРЫСАМ НА СОДЕРЖАНИЕ МУКОПОЛИСАХАРИДОВ

В СЫВОРОТКЕ И ТКАНЯХ

К .  В А Л Л Е Н Т ,  М. П А Л К О В И Ч  и  Б .  М А Н Д И

Авторы исследовали в опытах на крысах действие однократного введения новорож
денным крысам инъекции гидрокортизона на содержания мукополисахаридов в сыво
ротке и тканях, через 4 недели после введения гидрокортизона.

Разовое введение инъекции гидрокортизона новорожденным крысам вызвало умень
шение содержания гексозамина и гликопротеина в сыворотке и нейтральных мукополн- 
сахаридов в тканях. Достоверно понизилось число базофилов (тучных клеток) в костном 
мозге и число циркулирующих лимфоцитов. В тканях содержание нейтральных и кислых 
мукополисахаридов показало изменения противоположного направления.

Dr. K ároly V a l l e n t ; J. Sebészeti K linika, B udapest, Hungary
Dr. Miklós P a l k o v i t s ; A natóm iai Intézet, B udapest IX ., Tűzoltó u. 58 ,

H ungary
Dr. Barnabás MÁn d i; A natóm iai Intézet, D ebrecen, H ungary
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THE CHROMOSOMES 
OF THE RAT’S SOMATIC CELLS*

F ir s t  In s t i tu te  o f P a tho log ical A n a to m y  an d  E x p e rim en ta l Cancer R esea rch  
(D irec to r: Prof. .1. Haló), U n iv e rs ity  M edical School, B u d ap es t

M. S e l l y é i , Mária H é j j a s  an d  E. L á s z l ó  

(R eceived J u ly  20, 1967)

T h e  chrom osom es have  been s tu d ied  in  th e  hone m arrow  of a n o n -in b red  W is ta r  
a lb ino  r a t  s tra in . T he d ip lo id  se t w as fo u n d  to  co nsist o f 42 chrom osom es. D isce rn ib le  
in d iv id u a lly  in th e  k a ry o ty p e  w ere th e  chrom osom e p a irs  1, 2, 3, 13, 14, 19, 20 as well 
as th e  Y chrom osom e. U n d istin g u ish ab le  w ere th e  in d iv id u a l pairs w ith in  th e  g roups 
X , 4 — 10, 1 1 -  12 and 15 —18. As to  shap e , th e  ch rom osom es could be c lass ified  in to  
te lo cen tric : p a irs  2, 3, 4 — 10 and 19 as well as X  a n d  Y ; su b te locen tric : p a irs  1 an d  14; 
su b m ed io cen tric : pa ir 13; m ed iocen tric : p a irs  11, 12, 15 18 and 20. P a irs  3 a n d  19
could be iden tified  in d iv idually  by  th e ir  p e rm a n en t sa te llites . The Y ch ro m o so m e was 
a well d iscern ib le  m ark e r o f m ale cells. P o ly m o rp h ism  w ith in  the sam e sex  w as no t 
o bserved  in the  k a ry o ty p es  o f th e  te s ted  20 an im als .

W henever genetic, radiobiologic, oncologic and tissue culture experim ents  
are perform ed w ith  anim als, there is need for a thorough knowledge o f  the chro
m osom es in order to make a proper assessm ent o f  th e  changes they  undergo in 
pathological conditions or in response to  external influences.

Earlier investigators have uniform ly established that the som atic  cells 
o f the rat ( Rattus norvegicus), tested  in tissues and tissue cultures b oth  of 
em bryos and of adult anim als, contain 42 chrom osom es [5, 7, 9, 15, 17, 19] 
but, ow ing to a poor technique, the shapes of individual chrom osom es and the  
position of the centromere have not been clearly discernible. Then the m ethod  
o f treating cells w ith a hypotonic solution  [10, 21] has furnished the p ossib ility  
to isolate them  in the m etaphase stage so th at th ey  could precisely be counted  
and individually  exam ined. Later authors have confirm ed the chrom osom e  
num ber 42 as characteristic for the som atic cells o f  the rat; karyotypes (m ean
ing a classification o f chrom osom e pairs according to  length and shape) have 
also been set up [3, 6, 10, 14, 20, 22, 23] but the data differed in more th an  one 
respect. Particular im portance attaches to the sta tem en t N o w e l l  et al. [1 2 ], as 
well as H u n g e r f o r d  and N o w e l l  [ 6 ]  made about chrom osom al polym orphism , 
when th ey  found th at the sex chrom osom e X  o f the rat occurred in tw o  differ
ent form s, viz. 1. w ith the centrom ere situated  at the ends of the chrom atids;
2. w ith  the centrom ere in subterm inal location and consequently w ith  a pro
nounced short arm of the X  chrom osom e. E xam ining the inbred B N  rat 
stra in , th ey  found subterm inal X  chrom osom es in all animals, while in the

* B ased on  a p a p e r read  a t  th e  7 th  C ongress o f  th e  H u n g a ria n  Biologic S o c ie ty , Pécs,
1966.
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inbred  Lewis strain and the non-inbred W istar (albino) strain the tw o types  
o f X  chrom osom e occurred in various com binations, though am ong the cells 
o f one and the same anim al there has never been  any difference. A sim ilar 
kind o f  polym orphism  was observed by Y o s i d a  and A m a n o  [23] in the 3rd 
au tosom al pair.

Prior to our own investigations of the chrom osom al changes presenting  
th em selv es  in pathological conditions, we deem ed it advisable to determ ine  
th e  k aryotypes of the rats to  be studied.

Material and method

T h e  chrom osom es in  th e  bo n e  m arrow  cells of 20 a d u lt  W ista r ra ts  from  ou r ow n b reed  
w ere  e x am in ed . In tra p e r ito n e a lly  w as given colchicine in  so lu tion  in an  a m o u n t of 1.5 mg 
p e r  k g  o f bod y  w eigh t 4 to  12 hours before k illin g . A fte r d eca p ita tin g  th e  conical 
a n im a ls , fem ures were re m o v ed , th e  epiphyses cu t o ff a n d  th e  m arrow  w ash ed  in to  a 
c e n tr ifu g e  tu b e , w ith  p h y sio log ica l sa lt so lu tion . A fte r  cen trifug ing  th e  cell su sp en 
sion  a t  500 r.p .m . fo r 3 m in u te s  th e  su p e rn a ta n t w as d iscarded  an d  4 m l o f a 0 .8 %  
so d iu m  c itra te  so lu tion  w as lay e red  on th e  cells, w h ich  w ere  th e n  cau tiously  re su sp en d ed  an d  
k e p t  fo r  20 m inu tes a t  37° C. A fte r  rep ea ted  cen tr ifu g a tio n  som e of th e  su p e rn a ta n t  w as ag a in  
re m o v e d , leav ing  ro ugh ly  as m u ch  h y p o to n ic  so lu tio n  in  th e  tu b e  as w as th e  v o lu m e of th e  
s e d im e n te d  cells; th en  u n d e r  m ild  shak ing  2 3 m l of an  1 : 3 m ix tu re  of ace tic  acid  an d  ab so lu te
a lco h o l w as added. T h ir ty  m in u te s  la te r  th e  m ix tu re  w as cen trifu g ed , th e  s u p e rn a ta n t  d iscard ed , 
a c e tic  a lco h o l was ad ded  to  th e  cells an d  th e  m ix tu re  w as le f t  o v ern igh t a t  -j-4° C. N e x t d a y  th e  
su sp e n s io n  was again  cen trifu g ed  a n d  th e  so lu tion  w as th e n  su b s titu te d  f irs t  b y  a 45%  an d  
su b s e q u e n tly  by  a 60%  so lu tio n  of ace tic  acid ; a fte r  5 m in u te s , one th ird  vo lum e of m e th y l a l
coho l w as added . T he cell susp en sio n  was th en  d ro p p ed  o n  a slide and th e  fluid se t a lig h t. 
T h is  m e th o d , recom m ended  by  Sa ksela  and  Mo o r h e a d  [18] for th e  d e m o n s tra tio n  of sec
o n d a ry  co n stric tions , is p re fe ra b le  to  slow dry ing  [11, 16] and  has p roved  b e s t to  p re v e n t 
th e  ch ro m osom es of a cell m ov in g  to o  fa r a p a r t  on th e  s lide , an d  to estab lish  th e ir  a c tu a l n u m 
ber. T h e n  th e  p re p a ra tio n  w as h y d ro ly zed  in  1 N  h y d ro c h lo ric  acid a t 60° C fo r 6 m in u te s  an d  
s ta in e d  w ith  am m oniacal G iem sa so lu tion  [4].

I n  th e  specim ens fro m  each  an im al th e  n u m b er o f chrom osom es w ere co u n ted  in  100 
d iv id in g  cells and p ic tu res  w ere ta k e n  on O R W O  D o k u m e n te n  F ilm  (D K  3), u n d e r  oil im m e r
sio n  a n d  in  phase  c o n tra s t. F ro m  th e  negatives, lin ea r 3.5 to  4.5 en largem ents w ere m ade . T h e  
e n la rg e d  p ic tu res  of well sp re ad  m etap h ases  were cu t u p , th e  chrom osom es se lec ted  an d  p a ir 
ed in  o rd e r  to  set up  th e  k a ry o ty p e s .

T h e  chrom osom es o f th e  sam e serial n u m b er in  v a rio u s  div id ing  cells w ere fo u n d  to  
v a ry  in  le n g th  w ith in  w ide lim its . T h is seem s to  be in  re la tio n sh ip  w ith  th e  d esp ira liza tio n  o f  
th e  c h ro m a tin  sub stan ce , w h ich  is  m ore p ron o u n ced  in  th e  p rophase  an d  su b se q u e n tly  ( th e  
ch ro m o so m es being th in n e r  an d  longer) th a n  in  th e  la te r  s tag e  of th e  m e tap h ase . T herefore  
th e  le n g th  of each chrom osom e w as expressed  in  p e rc e n ta g e  of th e  to ta l len g th  of all c h ro m o 
som es in  th e  given cell; fu r th e rm o re , to charac te rize  th e  chrom osom e shape  ( th e  po sitio n  o f 
th e  cen tro m e re ), th e  size o f th e  long  arm  was expressed  in  percen tage  of th e  fu ll len g th  of th e  
g iv en  ch rom osom e (see T ab le  I an d  Fig. 3). M easurem en ts w ere tak en  of th e  cells of 6 fem ale  
a n d  12 m ale  anim als.

Results

B etw een 70 and 90%  of the dividing bone marrow cells were found to  
con ta in  42 chrom osom es. This is the diploid va lu e  (2n). D iverging counts were 
m o stly  below 42. B etw een  0.5 and 1% of the cells were polyploid, and m ost o f  
th ese  euploid, contain ing an exact m ultiple (usually  4n or 8n) o f the basic 
h ap lo id  number o f chrom osom es (n =  21) (F ig . 2.) Hyperdiploid cells w ith  
m ore than 42 chrom osom es were infrequent.
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Fig . / . Л )  D iv id ing  m ale cell and its k a ry o ty p e . T h e  a rro w  ( /* )  ind ica tes the Y ch ro m o so m e . 
B ) D iv id ing  fem ale cell a n d  its  k a ry o ty p e
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The 42 chrom osom es o f the rat-k aryotyp e m ay be divided into the m ain  
groups o f long and short chromosomes (Fig. 1). T he long ones are telocentric and 
are m arked by the absence o f a short arm, since th e  centromere is situ ated  at the  
end o f the long arm, except for the longest pair (the first one) w hich is subtelo- 
centric and therefore easy to  identify. W ell distinguishable is the telocentric  
2nd pair w ith  its size being alm ost as long as th a t of the first. T elocentric but 
m uch shorter are the chrom osom es of the 3rd pair, individually identifiab le b y

F ig . 2. O c to p lo id  r a t  bone  m arro w  cell w ith  well d is tin g u ish a b le  sa tellites of th e  ch ro m o so m es
19 ( / ) .  X 600

th e  D N A -d eficien t, fa in tly  staining, n eg a tiv e ly  heteropycnotic satellites lo ca t
ed near the centrom ere (F ig. 1). The te locen tr ic  chromosomes are uniform ly  
shorter from pair 4 to  10 and individual pairs are hard to d ifferentiate w ith in  
th is  group where the num ber of chrom osom es is 15 in the male and 16 in the  
fem ale cells. To th is group belongs the sex  chrom osom e X . The subtelocentric  
X  chrom osom e found by H u n g e r f o r d  and N o w e l l  [6] in every anim al of th e  in- 
bred B N  strain and in some more specim ens show ed the longest size in groups 4 
to 10. In our studies, though we failed to  fin d  subtelocentric X  chrom osom es 
in any anim al, we felt justified  on the basis o f  the above to  regard the first 
chrom osom e (in male cells) and the first and  second chromosomes (in fem ale  
cells) o f the group X —4 — 10, as X  chrom osom es.

M ost o f the short chromosomes were m ediocentric (seeT able 1 and F igs 1, 
3); so were those of pairs 11 and 12 which could  n o t be differentiated reliab ly  from  
each other as th ey  showed a nearly equal to ta l length and a nearly equal ratio
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betw een  the long and the short arms. Similar in size were the pairs 13 and 14; 
hut 13 consisted o f subm ediocentric chrom osom es with a sm aller ratio, w hile
14 rather o f subtelocentric chrom osom es with a larger ratio o f their long arms 
(Tahié I). Sm aller than in 11 — 12 were the m ediocentric chrom osom es in pairs
15 — 18, w ith a uniform decrease in size. Individual pairs w ith in  these groups 
were undiscernible. The pair 19 appeared as small telocentric chrom osom es 
w ith attached  satellites (Figs 1, 2). Pair 20 again was found to  consist o f  
m ediocentric chromosomes w hich, on account o f their sm all size, could be 
differentiated from groups 15 — 18. An unpaired telocentric chrom osom e, equal 
in size to  those o f group 15— 18, occurred in male anim als, and corresponded  
to  the characteristic male chrom osom e Y.

F ig . 3. D iag ram  of th e  r a t  k a ry o ty p e , based  on th e  average  size of six fem ale  (Ç) an d  12 m ale  
( J )  cells. Bold lines in d ica te  average chrom osom e leng th , as expressed  in  p e rcen tag e  o f th e  
w hole len g th  of th e  d ip lo id  set. T h in  lines in d ic a te  ranges. In d ica tio n s o f th e  c en tro m e re s  
(c o n str ic tio n s  on th e  bold lines) co rrespond  to  th e  average values. T h e  ap p en d a g es  a t  th e  

u p p e r chrom osom e ends 3 an d  19 s tan d  for th e  sa te llites
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Table I

R ela tive  length o f  rat chromosomes and ratio o f  chromosome a rm s , in  6 fem ale  and  12 male cells

Serial 
num ber of 

chromosome

A verage length of individual 
chrom osom e in percentage 
of the to ta l length of the 

diploid karyo type*+

Average ratio  of long arm 
to  the  to ta l chromosome 

length in percentage*

fem ale m ale fem ale m ale

l . 5.13 (4 .09— 5.91) 5.20 (4.56—6.06) 84.83 (82—91) 83.62 ( 8 0 - 8 8 )

2. 4.56 (4 .2 7 -  4.98) 4.64 (4 .0 5 -5 .5 5 )

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. 2.97 (2.76 3.19) 3.15 (2 .8 4 -3 .4 3 )

5. 2.75 (2.61 2.98) 2.88 (2 .6 8 -3 .3 2 )

6. 2.59 (2.34 2.87) 2.63 (2 .2 7 -2 .8 2 )

7. 2.43 (2.25 2.81) 2.44 (2 .1 4 -2 .6 6 )

8. 2.30 (2.18 — 2.54) 2.30 (2.13— 2.50)

9. 2.18 (2.06 2.44) 2.15 (1.94—2.32)

10. 1.99 (1.71 2.13) 2.00 (1.71 2.29)

11. 2.07 (1.89 -2.23) 2.16 (1.96— 2.40) 56.00 (50 63) 56.29 ( 5 0 -6 2 )

12. 2.01 (1.87 - 2 .0 6 ) 2.00 (1 .8 0 -2 .3 5 ) 54.75 (51 — 63) 55.62 ( 5 0 -6 3 )

13. 2.13 (1 .84— 2.33) 2.10 (1.89—2.60) 71.08 ( 6 5 -  76) 68.29 ( 5 7 - 8 2 )

14. 2.00 (1.18 — 2.20) 2.00 (1 .6 1 -2 .2 8 ) 74.16 ( 6 7 - 8 6 ) 74.67 (64— 93)

15. 1.83 ( 1 .7 1 -1 .9 4 ) 1.78 (1.42 2.08) 57.33 (51 68) 57.00 (51 66)

16. 1.70 (1 .4 9 -  1.84) 1.74 (1 .3 8 -1 .9 8 ) 57.75 (50 — 66) 54.25 (50 - 6 6 )

17. 1.49 ( 1 .3 2 -  1.78) 1.59 (1 .33— 1.89) 59.08 (50- 65) 54.50 (5 0 -6 5 )

18. 1.29 (1.11 1.40) 1.39 (1 .1 2 -1 .7 6 ) 56.75 (50 — 66) 54.75 (50—63)

V — 1.48 (1.29 1.80)

19.+ 1.10 (0 .77— 1.51) 1.07 (0 .8 0 -1 .4 5 )

20. 1.02 (0 .84— 1.28) 1.21 (0.87— 1.52) 57.46 (52—65) 55.42 (5 0 -6 3 )

* E x trem e  v a lu e s  g iv en  in  b rackets .
+ K ary o ty p e  a n d  chrom osom e sizes do n o t  in clu d e  th e  len g th  of th e  sa tellites.
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D iscussion

The num ber o f chrom osom es in som e cells was found to differ from  the  
diploid value (42). W hile the occurrence o f tetraploid  and octoploid cells m ay  
have been related with the division o f m egakaryocytes, the assum ption cannot 
he excluded that the colchicine b y  inhib iting the form ation of m itotic  spindle  
had arrested the m itosis and the polyploid  cells arose from repeated d ivision , 
endom itosis.

H ypodiploid  values result either from abnorm al division (non-disjunction , 
m ultipolar division) or are artefacts. In  the former case, about the sam e n um 
ber of cells ought to have presented itse lf  w ith more as with less than  42 chro
m osom es. H yperdiploid cells, how ever, were quite rarely encountered. M ulti
polar division in the normal hone marrow is so infrequent that it could not 
have accounted for the relative m ultitude o f hypodiploid cells. More probable  
is a loss o f chrom osom es in the course o f preparation, w ith the conclusion that 
the hypodiploid values usually are artefacts.

The karyotypes from anim als o f  the sam e sex displayed no d ifferencesc  
The absence of subtelocentric X  chrom osom es in our animals confirm ed thi 
claim  [1, 3, 8, 22, 23] that even noninbred rats contained none but telocentre  
X  chrom osom es. This seems to indicate the cytogenetical hom ogeneity o f our 
anim als, so far as ascertainable under the light microscope.

The perm anent satellites make it possible to  identify the individual te lo 
centric chrom osom es in pairs 3 and 19. These SAT-ehromosomes (sine acido  
thym onuclein ico) play a part in the process o f nucleolar organization [13]. 
Most authors [3, 20, 22, 23] had regarded the rat chrom osom e satellites as short 
arms, on ly  H u n g e r f o r d  and N o w e l l  [6]  becam e aware of their real nature. 
The satellites can only he dem onstrated in im peccable preparations and are 
som etim es well observable even in polyploid cells (Fig. 2). In hum an cells the  
SAT-chrom osom es do not occur as invariably as we found them in the rat [2]. 
O nly Y o sid a  and A mano  [23] reported on individual rats or rat strains lacking  
a satellite  in one or both chrom osom es o f the 3rd pair.

H u n g e r f o r d  and N ow ell  [6] in males of the B N  strain discovered a te 
locentric Y  chrom osom e which could not be d ifferentiated from the shortest 
members o f  the groups X  — 4 — 10. The telocentric Y  chromosome observed in 
our anim als was short and little practice was needed to identify it even w ithout  
setting  up a karyotype (Fig. la ). It suits itse lf well as a marker chrom osom e for 
the identification  o f dividing cells o f the male rat, allowing their differentiation  
from fem ale cells [24].

3 A d a  Morphologica Academiae Scientiarum Hungaricae 16, 1968
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C H R O M O SO M EN  D E R  SO M A T ISC H EN  Z E L L E N  B E I R A T T E N

M. SELL Y É I, M ÁRIA H É JJA S  und E. LÁSZLÓ

D ie C hrom osom en der K n o ch en m ark  w u rd en  be i W is ta r-A lb in o ra tte n  (keine  In z u c h t)  
n a c h  C o lch ic in b eh an d lu n g  u n te rsu c h t. D er D ip lo id v o rra t  b e s tan d  aus 42 C hrom osom en. Im  
K a r y o ty p  w aren  die 1., 2., 3., 13., 14., 19. u n d  20. C hrom osom paare  u n d  das Y -C hrom osom  
in d iv id u e ll  e rk en n b a r. In n e rh a lb  d e r X  —4 —10., 11 — 12. u n d  15 —18. G ruppen  ließ en  sich  d ie  
e in z e ln e n  P a a re  n ic h t d ifferenzieren . D er F o rm  e n tsp re c h e n d  können  die C hrom osom en fo l
g e n d e rm a ß e n  k lassifiz ie rt w erden : te lozen trische  C h rom osom enpaare : 2., 3., 4 — 10. u n d  19.; 
su b te lo z en trisc h e  P a a re : 1. u n d  14.; su b m ed io zen trisch es P a a r :  13.; m ed io zen trisch e  P a a re : 
1 1 -  12., 15 — 18. u n d  20. Die ind iv iduelle  E rk e n n u n g  d e r  3. u n d  19. P a a re  e rm ög lichen  die 
s te ts  anw esen d en  S a te llite n . D as ch arak te ris tisch e  M erk m al (»m arker«) de r m än n lich en  Zellen 
is t  d a s  Y -C hrom osom . D er K a ry o ty p  der u n te rs u c h te n  20 R a tte n  zeigte keine  in tra se x u e lle  
P o ly m o rp h ie .
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D e p artm en t o f A n a to m y , U n iv e rs ity  M edical School, B udapest

CELLULAR AND SYNAPTIC ORGANIZATION 
OF THE DORSO-MEDIAL THALAMIC NUCLEUS

Teréz T ö m b ö l  

(R eceived  J u ly  29, 1967)

T he cell ty p es  an d  sy n a p tic  a rc h ite c tu re  in  th e  nucleus do rso -m ed ia lis  o f th e  
th a la m u s  have  been stu d ied  on th e  basis o f c lassical Golgi an d  perfusion K o p sc h  p r e p a 
ra tio n s  in th e  ca t. F o u r cell ty p es  a re  described : (1) th e  thalam o -co rtica l re la y  cells; (2) 
Golgi I I  ty p e  in te rn eu ro n s ; (3) fusiform  cells, h a v in g  a non-specific  d en d ritic  a rb o riz a t io n  
p a tte rn ;  (4) a m edium  size cell, resem bling  T y p e  2 b u t  w ith  one longer ax o n  in  a d d itio n  
to  m an y  sh o rt b ranches. F o u r d iffe ren t k in d s o f  a ffe re n t fib re  a rb o riz a tio n s  can  be 
d is tin g u ish ed ; th e ir  ex ac t o rig in , how ever, is n o t  su ffic ien tly  known. T he m u tu a l  in te r 
re la tio n s  b e tw een  various cell ty p es  by  m eans of ax o n  co lla te ra ls or sh o rt a x o n s  a re  
described  in  d e ta il. T he fu n c tio n a l im p lica tio n s o f  neu ro p il a rch itec tu re  a re  b rie fly  
discussed.

In spite o f considerable differences in technical approach and general 
ou tlook  — according to their em phasis predom inantly on architectural, sy s
tem atic, developm ental or also on functional aspects — three main ty p es  o f  
neurons are usually  m entioned to  occur in the specific, particularly in th e  sen
sory relay nuclei o f the thalam us. There can he little  doubt that the th a la m o 
cortical relay neurons (Type 1) correspond to cells w ith  a relatively large body  
and so-called “ tu fted ” dendritic arborization pattern ( R a m o n - M o l i n e r  

1962; T ö m b ö l  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 m ay be considered Golgi II type neurons, 
have been described first by C a j a l  (1911) and repeatedly m entioned b y  various  
authors. From the less uniform group of m edium  size cells two different cell 
types appear to emerge: (Type 3) fusiform  cells w ith relatively few  stra ight 
and long dendrites having a rather indistinct or indeterm ined arborization  
pattern and (Type 4) a medium size cell resem bling in shape and arborization  
pattern o f the dendrites to the Golgi II neurons but for their axons th a t, 
although branching profusely in the close neighbourhood of the body, have at 
least one main branch that can be traced farther. T ype 3 obviously corre
sponds to the reticular form ation typ e cells described in m ost specific th alam ic  
nuclei by L e o n t o v i c h  and Z h u k o v a  (1963), and m ight be identical w ith  the  
type o f neuron described by S c i i e i b e l  and S c h e i b e l  (1966a) as an in tegrator  
neuron.

Classification of cell types on purely descriptive basis, however, leads 
not very far if it does not — or at least does not attem pt to — carry som e
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fu n ction a l m eaning or idea. The difficulties o f  m eaningful classification  m ay  
also b e different w ith  the various nuclei. In  th e  lateral geniculate b ody (LG B), 
for exam p le, the true relay cells are showing a m uch larger variab ility , as seen  
from  th e  papers o f S h k o l n i k - Y a r r o s  (1955) and  G u i l l e r y  (1959), and only  
few  and probably n ot the m ost im portant am ong them  correspond to  the  
fa ir ly  uniform  typ e [1J of the thalam ic relay nuclei. In spite o f striking sim i
larities o f the m ain cell typ es in m any of th e  specific  thalam ic nuclei it would  
be m isleading to m ake sweeping generalizations both in classification o f cells 
as w ell as in the functional significance a ttr ib u ted  to the various typ es. There 
is n o th in g  to exem pt us from  a careful structural analysis o f all nuclear subdi
v ision s o f the thalam us, using as criteria for th e  classification o f neurons not 
on ly  cell size and dendritic arborization p atterns b u t also all the relevant feature  
of th e  axon and its ram ification . Of equal, or from  the functional point o f view  
even  higher, im portance is a detailed study o f th e  terminal ram ification p a t
tern  o f  various axons both  afferent to the nucleus under consideration or of 
loca l source. The positions of various cell ty p es in  the terminal axonal feltw ork  
and their  synaptic relations are obviously m ore significant features than  minor 
or ev en  than m ajor variations of cell size and o f  the dendritic tree. Such stu d 
ies h ave to rely h eav ily  on Golgi procedures, as beautifully show n b y  the  
recent studies of S c h e i b e l  and S c h e i b e l  (1966b , c) on the reticular nucleus 
as w ell as the nucleus ventralis anterior. B u t th e y  are still on ly  prelim inaries 
to  further studies using degeneration m ethods for the distant connexions and 
electron  m icroscopic investigations for the fin er  details of synaptic structure.

The present paper is the first of a series devoted to the analysis o f the  
nucleus dorsalis m edialis (DM); it will be fo llow ed  by electron m icroscopic and 
degeneration  studies on the same nucleus.

Material and m ethods

T h is  s tu d y  is m a in ly  b ased  on Golgi m a te ria l o f  th e  ca t, how ever, also N a u ta  series o f 
b ra in s  o f  an im als c a rry in g  lesions o f various reg ions o r  p a th w a y s  c o n trib u tin g  a ffe re n t fib res 
to  th e  DM  have  been  ex am in ed  fo r te n ta tiv e  id e n tif ic a t io n  of various c h a ra c te ris tic  te rm in a l 
a x o n  ram ifica tio n s.

T h e  Golgi p ro ced u re  h as been  applied  in  y o u n g  k i t te n s  (1 — 2 days) in  th e  fo rm  of th e  
c la ss ica l ra p id  (osm ic acid ) p ro ced u re , rep ea ted  g e n e ra lly  accord ing  to  th e  su g g estio n s by  Va l 
v e r d e  (1962). T his k in d  of m a te ria l  and  these p ro c ed u re s  a re  essential for re liab le  in fo rm a tio n  
on  th e  course of ax o n s a n d  n e u ro n  con n ec tiv ity  on  la rg e r  scale.

U n fo rtu n a te ly  re la tiv e ly  l it t le  confidence c an  b e  p laced  in to  in fo rm a tio n  g a in ed  from  
im m a tu re  b ra in s con cern in g  d e n d ritic  an d  te rm in a l a x o n a l  ram ifica tions as well as th e ir  m u tu a l  
re la tio n s h ip s  and  sy n a p tic  a rran g em en ts  p a r tic u la r ly  i f  q u a n tita tiv e  re la tio n s  com e in to  
q u e s tio n : i.e. sizes a n d  sh ap es o f te rr ito rie s  em b raced  o r covered  by d en d ritic  an d  a x o n a l a r 
b o r iz a tio n s  of va rio u s k in d s. T hese  q u a n tita tiv e  p a ra m e te rs  of neuronal in te rre la tio n s  a re  o f 
c ru c ia l  im p o rtan ce  w h en ev e r fu n c tio n a l co n sid era tio n s a re  en tering  in to  th e  e v a lu a tio n  o f th e  
s t r u c tu r e ,  an d  since th e y  are  g rossly  changed d u rin g  th e  process of m a tu ra t io n  of th e  b ra in , i t  
is  im p o r ta n t  to  g a in  in sig h t in to  th e  Golgi a rc h ite c tu re  o f  th e  m atu re  or n e a rly  m a tu re  t h a la 
m u s  o r  o th e r  cen tres o f d e lay ed  m a tu ra tio n . Also, p h y sio lo g ica l in v estig a tio n s a re  m ad e  g e n e r
a lly  o n  m a tu re  an im als . W ith  these  considera tions in  m in d  i t  was th e  e n d ea v o u r o f th is  g roup  
to  d ev elo p  m o d ifica tio n s o f th e  Golgi p rocedure  g iv in g  sa tis fac to ry  re su lts  fo r th e  th a la m u s
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a n d  upper b ra in s te m  of a d u lt  o r n ear a d u lt an im als. A perfu s io n  K opsch p rocedure  (Sz e n t - 
á go th a i  1963; T ömböl  1967) using  — afte r rap id  p e rfu s io n  w ith  physiological sa line  o f th e  
deep ly  an ae sth e tize d  an im al as perfusion  flu id  a fresh ly  p re p are d  m ix tu re  of fo u r p a r ts  of 
5 %  po tassiu m  d ich ro m ate  so lu tion  and  one p a r t of 4 0 %  form ol (o r 5%  g lu ta ra ld e h y d e ) gives 
fa irly  reliable re su lts  in th e  a d u lt  c a t  o r even b e tte r  in  2 — 3 -m o n th -o ld  cats th a t  from  th e  p o in t 
o f v iew  of m a tu ra tio n  of th e  th a la m u s  (in the  Golgi p ic tu re )  can  safely  be considered to  hav e  an  
essen tia lly  a d u lt  p a t te rn  and  a d u lt  q u a n tita tiv e  p a ram e te rs . T h e  b ra in  cu t in to  3 m m  th ic k  
slices paralle l to  one of th e  H orsley-C larke p lanes is k e p t fu r th e r  24 hours in the  sam e flu id , 
an d  th en  is tran s fe rre d  in to  3 .5 %  potassium  d ich ro m ate  so lu tio n  for fu r th e r  4 d ay s. A fte r  
tre a tm e n t in th e  u su a l 0 .75%  silver n i tra te  so lu tion  fo r 4 d ay s  th e  la s t tw o step s of th e  p ro c e 
d u re  are ro u tin e ly  re p ea te d  once or, if  razo r b lade sec tio n s o f one or two u n im p o r ta n t reg ions 
o f one block or a n o th e r  do n o t show sa tis fac to ry  s ta in in g , even  tw ice. A rap id  em b ed d in g  in to  
cello id in  u p  to  8 %  co n ce n tra tio n  — secures good c u tt in g  q u a litie s  (50 1 ()()//) of com p le te
slices of the  b ra in , w ith o u t sh red d in g  or b reaking of th e  tis su e  an d  w ith  p rac tica lly  no loss o f 
th e  sta in ing . A lm ost u n in te r ru p te d  series w ith  th e  loss o f  one or tw o sections on ly  a t  th e  
surfaces of slices o f w hole b ra in s  can be m ade w ith o u t d iff icu lty .

A lthough  v a rio u s cell ty p es  o f th e  th a lam u s (an d  o th e r  u p p e r b ra in  stem  nuclei -  m ore 
ra re ly  of th e  low er b ra in  stem  from  th e  pons d o w nw ards — cereb ra l and cerebellar c o rte x ) 
an d  p a rticu la rly  te rm in a l axon  ram ifica tio n  are generally  well s ta in ed , larger axons — a lre ad y  
m y elinated  do no t s ta in  w ith  th is  procedure. T his is a co n sid erab le  d raw back  of Golgi w ork 
on th e  ad u lt b ra in  an d  h as to be tak e n  seriously in to  co n sid era tio n . In  o rder to get th e  co m p le te  
in fo rm a tio n  one has, there fo re , to  recourse  alw ays to  n e w b o rn  m a te ria l s ta in ed  w ith  th e  c lassi
cal rap id  p rocedure , w hich supplies th e  decisive in fo rm a tio n  on th e  neu ro n al in te rre la tio n s  on  a 
som ew hat la rg e r scale b y  show ing th e  tra jec to ry  of th e  m ain  ax o n s as well as th e ir  p re te rm in a l 
a rb o riza tio n s. T he c rucia l im p o rta n ce  of th is kind of in fo rm a t ion c an n o t be em phasized  enough  
as sp ec tacu la rly  i llu s tra te d  in  th e  recen t stud ies of S c h e i b e l  an d  Sc h e ib e l  (1966a, b , c). 
O ur p o in t of v iew  in dealing  w ith  va rio u s regions of th e  th a la m u s  a n d  gen icu late  bodies (Sz e n t - 
agothai  1963; Ma jo r o ss y  et al. 1965; Szentágothai  e t a l. 1966; T ömböl 1967) d iffers s lig h tly  
from  th a t  of Sc h e i b e l  an d  Sc h e i b e l  by being sh ifted  so m ew h at to w ard s the  s tru c tu ra l re la tio n s  
on a m ore m in u te  scale, ju s tif ie d  also by  the  use of th e  e lec tro n  m icroscope and its  co m b in a tio n  
w ith  degen era tio n  s tud ies . I t  is obv ious th a t  n e ith e r o f these  ap p ro ach es p re sen ts  th e  full 
p ic tu re , w hich is co m p le te  only if th e  in form ation  from  b o th  lines o f s tu d y  can be com bined  and 
m atch ed .

Results

7. ( ' e l l  t y p e s  o f  th e  m e d i a l  d o r s a l  n u c l e u s

From the usual cell types of the thalam us m entioned in the introduction  
all the four types appear, although with varying  incidence. In the order of 
frequency in which th ey  appear in the perfusion K opsch preparations these are: 
T ype 1 is obviously  the thalam ocortical projective neuron; Type 2 a short 
axon local cell closely resem bling Golgi II type neurons; Type 3 a medium  size 
“ reticular” or “ isodendritic” neuron and Type 4 a m edium  size cell resem bling  
T ype 2 but for having a longer axon, nevertheless w ith abundant local arbori
zations. Particularly in the prim ate thalam us authors often speak of a m edial 
or rostro-medial magnóét llular and a lateral parvicellular part. H ow ever, as 
also stated by K u h l e n b e c k  (1954) this differentiation  is by no m eans well 
defined and very little  if anything of such a difference shows up in Golgi m a
terial. Cell density  appears to be greater in more medial parts o f the nu
cleus gradually to decrease in lateral direction. Such differences are not con
spicuous w ith techniques so highly selective as th e  Golgi procedures. Tin* d if
ferences m ay also be caused by more fibres entering and starting to arborize in 
or sim ply running through the lateral part of the nucleus.
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F ig s 1 —4. T halam o-cortical re la y  cells (T ype 1) o f th e  DM nucleus w ith  c h a ra c te ris tic  “ tu f te d ”  
d e n d r it ic  a rb o rization  p a tte rn .  T h e  axons of th e  cells a re  seen in  Figs 2 an d  4. N o te  c h a ra c te ris 
t ic  sp h e ric  dendrite  tree  o f  th is  cell ty p e  in  F ig . 3, h a v in g  a rad iu s o f n o t m ore  th a n  150 ц .  

F rom  2 — 3 -m o n th -o id  c a ts , p e rfu s io n  K opsch  p ro ced u re
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Type 1 : the large thalamo-cortical projective neurons. This cell typ e, show n  
in F ig s  1 —4 , has a large m ultangular body and about 25 — 30 fi in diam eter. 5 — 10 
coarse principal dendrites originate from the cell body in radial direction. A t a 
rela tively  short usually less than  50 p distance from the cell body these m ain  
dendrites break off suddenly into brushes or tufts of secondary branches, re
sem bling the branchings o f the flow er-stem s of um hrelliferous p lants. Larger 
secondary branches m ay occasionally  show tertiary branchings in sim ilar  
fashion, although further branching is relatively poor and of sim ple d ichotom ous 
character. The dendritic tree occupies a fairly regular sphere w ith a radius o f  
about 150 p  as clearly seen in F ig. 3; few  of the term inal dendritic branches go 
beyond the shell o f 150 p  radius. This dendritic arborization pattern has been  
called “ tu fted ” by R am on-Mo l i n e r  (1962) and it is indeed m ost characteristic  
for nearly all specific thalam ic nuclei. As the sudden “ explosion” into the  
brush- or broom -shaped tufts occurs at distances less than 50 p  from th e cell 
body, each of these Type 1 cells is surrounded b y  a shell w ith a radius o f  approxi
m ately  40 — 80 p, in which there is a m axim um  density o f secondary dendritic  
branches im m ediately distal to the tu fts , whereas the density, for obvious geo
m etrical reasons, soon has to decrease in outer zones due to sparse further  
branching o f the dendrites. The im portance of th is for synaptic connexions 
has been m entioned previously (T ömböl  1967) and a hypothesis on the m odes 
and geom etry of synaptic linkage has recently been based on it b y  S z e n t - 
ÁGOTHAI (1967). Although — as we shall show in forthcom ing papers on th e  
synaptic  ultrastructure of this nucleus — the whole distal part o f the dendrites 
is covered w ith synaptic contacts, it is the region o f the secondary branches in 
the dense parts of the tufts th at has the largest number of postsynaptic differ
entiations in the form of short spine-like processes. Characteristic exam  [îles o f  
these are shown in Figs 5 and 6. The nature of these short blunt side-branches 
in various thalam ic or geniculate nuclei has been discussed repeatedly (S z e n t - 
a g o t h a i  1963; Majo ro ssy  et al. 1965; T ömböl 1967; E ccles et al. 1967). It 
has been shown that the short b lunt outgrowths dem onstrated in F ig. 5 are 
characteristic postsynaptic structures. They have generally a group o f m ito 
chondria or at least a single m itochondrion in their ends and have been term ed  
by S z en ta g o t h a i  (1963) for d istinction  from dendritic spines “ dendritic pro
trusions” , or “ digits” (in the cerebellum ) by F o x  et al. (1967). Som ew hat more 
d ista lly  these protrusions becom e larger and more slender, so th at th ey  are 
more closely resembling spines. H ow ever, as true spines are rarely found in th e  
EM picture o f dendrites believed to  belong to Type 1 cells, it is probable th a t  
th ey  are still “ protrusions” or “ d ig its” . It is obvious that in the dense parts  
o f the tu fts the postsynaptic surface is considerably increased by these o u t
grow ths.

The axon o f the Type 1 neurons is a thick sm ooth process originating from  
a d istinct cone of the cell body (F igs 2 and 4). After a tortuous initial course it
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lea v es the thalam us through  the anterior peduncle. In perfusion K opsch prep
arations of adult brains th e  axon can rarely be traced very far, obviously due 
to  its m yelin sheath, w hich  surrounds it a t 50 — 100 p  d istance from its origin. 
In  th e  classical rapid G olgi m ethod carried out according to V alverde’s m odi-

F ig s 5 and 6. S hort b lu n t  side  b ran ch es of T ype  1 cell d e n d rite s  (arrow s). T hese b ranches are  
n o t  sp ines b u t  ra th e r  so -ca lled  p ro tru sio n s. T h o rn -lik e  s tru c tu re s  on m ore d is ta l p a r ts  of th e  

d en d rite s  as in c o m p le te ly  s ta ined  te rm in a l k n o b s . Sam e m a te ria l as F igs 1 —4

fica tio n , in newborn or very  young k ittens but som etim es also in the perfusion 
K opsch  preparations (F ig . 7) one can recognize an in itia l collateral — already 
described in the sensory relay nuclei (T ömböl  1967) — which term inates in 
the close neighbourhood of the cell.

Type 2: the sm all Golgi I I  interneurons. This cell type is som ewhat less fre
q u en t than Type 1 in  perfusion K opsch preparations of the adult, but still 
com m on in most o f our m aterial. A lthough q u antitative estim ates should not 
be m ade with such h ig h ly  selective m ethods as the Golgi procedure, one has the  
fee lin g  that the num ber o f these small interneurons is som ewhat larger than
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F ig . 7. T ype  1 th a lam o -co rtica l re lay  neuron . A rrow  p o in ts  to d e licate  in itia l co lla te ra l o f tlie 
a x o n . In co m p le te ly  s ta in ed  th o rn -sh a p ed  b o u to n s  te rm in au x  are well seen on low er d en d rite s .

M a teria l as Figs 1 4

Fig. 8. Golgi II  type  in te rn u n c ia l cell w ith  ax o n  th a t  begins im m ed ia te ly  to a rb o rize  (righ t 
u p p e r  q u a d ra n t) . D endrites o f th is  cell are  “ w av y ” and h av e  an  irreg u lar b ra n ch in g  p a tte rn .  
N u m erous d ru m stic k  shaped  sp ines are seen on th e  d en d rite s ; th ey  becom e in creas in g ly  n u m e r

ous to w ard s th e  p e rip h e ry  of th e  d en d rites . Sam e m ate ria l as F igs 1 —4
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in  th e  sensory nuclei Y P L  YPM , where according to  the estim ate of McLardy  
( 1963) on Nissl staining th e  interneurons would atta in  ratios o f 1 : 3 — 1 : 5 as 
com pared to the thalam o-cortical relay (TCR) cells.

The cell bodies o f th ese  cells are of a rounded or ovoid shape, less than  
20 /t in average diam eter. F ew  (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 w avy  course from the very beginning (Fig. 9), or 
som etim es simply irregular (F ig. 8) w ith secondary branches given at right 
angles. In  the beginning th e  dendrites are sm ooth , but soon sm all spine-like 
processes appear, having th e  characteristic drum -stick shape (Figs 8 and 9).

F ig . 9. Sam e T ype 2 cell as in  F ig . 8. A rrow  p o in ts to  c h a ra c te ris tic  spine. P rofuse  a rb o riza tio n  
o f ax o n  can be seen  a t  r ig h t.  T w o-m onth-o ld  c a t,  p e rfu s io n  K opsch  procedure

T h ey  are sparse and shorter in proximal parts o f the dendrites and are becom 
ing increasingly num erous, longer and of more elaborate pattern in distal parts 
o f th e  dendrites (T öm bö l  1967). These processes closely resemble true spines, 
b u t in the EM picture th e  num ber of true axon spine synapses — so character
istic  o f electron m icrographs of the cerebral cortex or the molecular layer o f  
th e  cerebellar cortex, — is unexpectedly sm all (T ömböl  1967). One has, o f  
course, to be cautious in m aking quantitative estim ates by sim ply looking at 
electron micrographs as one is easily led astray by not being able to  predict 
from  the selective Golgi p ictures how large a fraction o f the whole tissue space 
appearing in the EM ought to be occupied by the “ sp iny branchlets” of the 
T ype 2 cells in the th a lam u s. These branchlets are obvious enough in the Golgi 
picture, but they m ay con stitu te  such a tin y  fraction o f the whole tissue space 
th a t the spine synapses disappear among larger elem ents. Thus we have not 
been  able to decide w hether or not to consider these processes true spines. The 
dendrites are considerably longer than the T ype 1 neurons; they  reach often  
400 p or more. The dendritic  arborization pattern is “ w a v y ” as term ed by  
R a m o n -Moliner  (1962).
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The axon readily stains w ith  the perfusion K opsch procedure end is thus  
obviously  unm yelinated (Figs 8, 9). Jt arises generally from the proxim al part 
o f one of the dendrites, seldom  from  the cell body itself. N ot far from the cell 
body it begins to arborize and all o f its branches arborize repeatedly. A lthough  
the axon branches are not confined to so rigorously lim ited  spaces than  the  
cerebral cortex often is, and the branching does not exhib it any regular p a t
tern , no branch of the axons appears to leave the territory o f the nucleus. On 
the contrary the dense part o f the arborization reaches less far than m ost o f  the  
dendrites do. There is, therefore, sufficient justification  for considering this 
cell type a Golgi II 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. T hey are m ostly m edium  in size, although their  
diam eter varies considerably, few dendrites originating predom inantly on the  
opposite ends o f their fusiform cell body (Fig. 10). These main dendrites arbor
ize by d ichotom y and give rise to straight secondary and to few tertiary bran
ches o f irregular radiate course. The dendritic arborization is sparse and the  
cells resemble the generalized cell ty p e  of the reticular form ation. As described  
by L e o n to v ic h  and Zh u k o v a  (1963) the m ajority o f the cells in the so-called  
non-specific nuclei o f the thalam us is of this typ e, how ever, th ey  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 o ff 
num erous collaterals, hut has alw ays a larger main branch which leaves the  
nucleus. It has not been possible to  trace any axon from this typ e o f neuron to  
its final destination. The sam e kind of cell has been described recently by
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S c H E i B E L  a n d  S c H E i B E L  (1966a) i n  v a r i o u s  n u c l e i  o f  t h e  t h a l a m u s ,  p a r t i c u l a r l y  

i n  t h e  V P L , a n d  h a s  b e e n  l a b e l l e d  “ i n t e g r a t o r  c e l l ” .

The spine-like structures that cover the surface particularly o f  the sec
ondary dendrites have no drum -stick heads hut taper off into a pointed tip . 
Such “ pseudo-spines” th a t occur in large num bers on Type 1 neurons have

F ig s 12 and  13. M edium  size T y p e  4 cell. A xon seen in  F ig . 13 can  be tra c e d  to  longer d is tan ce . 
P ro fu se ly  b ran ch in g  in it ia l  co lla te ra ls in d ic a te d  b y  arrow s. Sam e m ate ria l as F igs 1 — 4

been interpreted by our group as incom pletely  stained axo-dendritic boutons. 
T hi s explanation  is in accord with the EM picture.

T ype 4: Golgi-like cells with long axon. These cells are of m edium  size 
(20 — 25 p cell body diam eter), their dendritic tree resem bles closely th at of the  
Golgi II  (Type 2) interneurons from which th ey  differ by having more num erous 
prim ary dendrites and consequently a m ultangular cell body. The dendrites 
have som ewhat coarser but the same kind o f short spine-like side branches o f  
drum stick  shape (F igs 12, 13) which becom e increasingly num erous in more
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distal parts o f the dendrites. Their axon arises either from the cell b od y (Fig. 
12) or from one o f the principal dendrites and im m ediately  begins to  g ive o ff  
numerous collaterals that are always thinner than  the main axon. The latter  
can alw ays be traced beyond the borders of the DM nucleus. In perfusion  
Kopsch (adult) material it is, o f course, d ifficult to  trace axons at d istances, 
hut this typ e o f cell could also be identified in V alverde m odifications o f  the  
rapid Golgi procedure in a few days old k ittens (F ig . 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 o f the main axon appear to  
arborize w ithin  the DM nucleus itself. W hile w orking on the VPL, we have n ot 
been aware o f th is kind of cell (TÖM BÖL 1967) so th a t som e, mainly of the larger 
interneurons th at have not been identified on the basis o f their axons as really  
local i.e. Golgi II  type cells, m ay in fact belong to th is hitherto not su ffic ien tly  
recognized cell group.

2. Termination of thalamo-petal fibre systems in the M D  nucleus

As m entioned in the chapter on Material and m ethods the classical rapid  
Golgi procedures are excellent for tracing fibre system s and their preterm inal 
arborizations, while not quite satisfactory for estab lish ing the real m ode o f ter
m ination of the axons and their synaptic contacts. W hether this is due m ain ly  
to the fact that the synaptic structures are not su ffic ien tly  developed or w hether  
they  do not sta in  well in very young animals is not quite clear. The perfusion  
K opsch procedure, conversely, is excellent for sta in ing  the terminal axon  
ram ifications and synaptic contacts in the adult or near adult thalam us, but 
shows little o f the axons and their preterminal branchings. This account is 
based m ainly on perfusion K opsch preparations, but also series of young k itten s  
prepared according to the Valverde m odification o f the rapid Golgi procedure 
and N auta preparations o f adult degeneration m aterial have been exam ined  
for additional inform ation.

Four different types of afferent fibres can be d istinguished both according  
to direction of en try  into the DM nucleus and according to their character and  
pattern o f arborization: (a )  R elatively coarse ascending fibres entering the  
nucleus from the ventro-m edial direction; (b )  axons o f  m edium  size running in 
m edio-lateral direction; ( c )  corticothalam ic fibres; ( d )  thick fibres entering  
from the ventro-lateral direction. N either afferent nor efferent fibres of th is  
nucleus arc form ing solid bundles while entering or leaving  the nucleus and there  
are no major bundles which would sim ply traverse th is as in the case o f m any  
other thalam ic nuclei. The fasciculus retroflexus marks the border of the nucleus  
hut apart from being joined by few  of DM -efferents — axons of T ype 4  
neurons — and som e afferents, it has no specific relation to the nucleus.
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F ig s  14 to 17. A rb o riza tio n  o f (a ty p e) axons a r r iv in g  from  th e  v e n tra l  d irec tio n . P a re n ta l  
f ib r e  is  in d ica ted  by  a rro w  in  F ig . 14. D raw ing  in  F ig . 17 shows com plete  a rb o riz a tio n  of th e

fib res in d ica ted  in  F ig . 14

( a )  The relatively  coarse fibres entering from the ventro-m edial direc
tion  can be seen to arrive at the level o f the nucleus from the rostral, straight 
ascend ing  and from the caudal directions. The caudal fibres usu a lly  join  the 
fascicu lus rctroflexus. As sites of origin various mediobasal regions o f the brain 
h ave to  be considered such as the posterior hypothalam ic area and supra- 
m am m illary nuclei ( L e G r o s -Cl a r k , 1932); lateral septal nuclei, anterior part 
o f  th e  m edial forebrain bundle and ventral tegm ental regions (G u i l l e r y  1959); 
and also, the am ygdaloid com plex (N a u t a  and Y a l e n s t e in  1958). — R each
in g  different depths o f th e  DM during their ascent, the coarse afferents begin
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to  give o ff thin preterminal branches estab lish ing an irregular plexus throughout 
the nucleus (Figs 14 — 17). The same afferent m ay send branches to  m edial as 
well as lateral regions o f the thalam us. The term inal arborizations o f th ese  fibres 
are shown in Figs 15 and 16. The endings them selves are of two kinds; som e  
o f the th in  term inal axons form sinusoid or leaf-like terminal exp an sion s

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 o f w hich ter
m inates in one or som etim es a row o f successive knob-shaped th ick en in gs
(Fig. 16).

(b )  A xons o f medium  size, entering th e  nucleus from the lateral side, 
have sm ooth contours and irregular expansions into a w:ide field of the nucleus. 
The term inal branches o f the fibres are lost from sight after having given  rise to  
brush-like arborizations into straight very fine fibres ( f  igs 18, 19). N o sugges
tion  can be offered concerning the possible source of these fibres ex cep t the  
vague possib ility  that th ey  arrive from the pallidum  ( L e  G r o s -C l a r k  1932) 
or the am ygdaloid  com plex ( N a u t a  and V a l e n s t e i n  1958).

( c )  Cortico-thalam ic fibres have been identified  only ten tatively  on the  
basis th at entirely sim ilar fibres in the ventrobasal com plex have been show n  
by the degeneration m ethod, to be of cortical origin. The preterminal parts o f  
these fibres are m ost characteristic, having a straight or undulating course  
and very typ ica l spine-like side branches w hich term inate in t in y  knobs  
(F igs 20, 21, 22). As these fibres can be observed over considerable len gth s in
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great abundance in frontal sections of the brain, one might assume th a t th ey  
are th e  branches o f larger corticothalam ic fibres expanding within fron ta lly  
oriented disks of the thalam us. This kind o f radiate preterminal expansion  o f  
corticothalam ic fibres has been shown by Sc h e i b e l  and Sc h e ib e l  (1966a, b) 
and th e  preterm inal axons with their sp ine-like term inals dem onstrated in  
Figs 20, 21, 23 m ight w ell be parts of th is  d iskoid  branching of descending  
cortical fibres.

( d )  Coarse fibres entering the DM nucleus from the ventro-lateral side 
have an arborization pattern  that resem bles th a t  of specific afferents in  the  
ventrobasal com plex (F igs 23, 24, 25). The large fibres have sm ooth contours

F ig s 20 to 22. S tra ig h t  p re te rm in a l axons g iv ing  o ff s h o r t  te rm in al side b ran ch es  (c ty p e ) .
T here  was som e ev idence  in the  Y PL th a t  su ch  fib res  are of cortical o rig in

up to  their term inal expansions. The term inal expansions are large m ultip le  
thickenings, som etim es grape-like or otherw ise resembling the so-called  ro
settes o f the m ossy fibres in the cerebellum  (F igs 23, 24). Their likeness to  the  
lem niscal afferents o f  the VPL as well as th e  d irection from which th ey  appear 
to  com e has raised the possibility that th ey  m ight originate from the m edial 
lem niscus. Indeed there can be found rows o f degeneration fragm ents in the  
DM after lesions in the dorsal column nuclei o f  the medulla oblongata (F igs 
26, 27). The fragm ents are not too abundant and also not very large as one 
would expect from the large size of the preterm inal fibres. Thus the question  
o f  the origin of th ese fibres cannot be se ttled  unequivocally.
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F igs 23 to 25. Coarse fib res (d ty p e) e n te rin g  th e  I)M nucleus fro m  th e  v en tro -Ia te ra l side . 
T h e ir  te rm in a l a rb o riza tio n s  resem ble t h a t  o f th e  specific a ffe ren ts  in  th e V P L -  YPM . 2 — 3- 

m onth -o ld  c a t, perfusion  K opsch p ro ced u re
F igs 26 and 27. N a u ta  frag m en ts  in DM of a d u lt c a t 5 d ay s a f te r  lesion  in  dorsal colum n n ucle i

3. Local interneuronal connections

(a )  Connections established by the axons o f  Golgi 11 type neurons. As a l
ready m entioned, the axons of Golgi type interneurons (Type 2) arborize in 
the neighbourhood of the cell body. Arborization begins som etim es 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 o f 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 o f the same cell. This often gives the im 
pression as if the synapses would be established with the dendrites of the cell 
o f origin, as has been displayed in m any illustration o f the cerebral cortex and  
designers of nervous network models have built in such connections in their  
logical networks. It is, however, alm ost im possible to te ll on the basis o f the
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F ig . 28. R e la tio n s b e tw een  G olgi I I  ty p e  in te rn e u ro n  (left) and  th a la m o -c o rtic a l re lay  cell 
( r ig h t) .  A xon  ram ifica tio n s o f th e  Golgi cell a re  e s tab lish in g  co n ta c ts  w ith  d e n d rite  o f re lay  

n e u ro n  (up p er arrow ). T h ey  are  also in  close re la tio n  to  th e  cell b o d y  (low er arrow )

F ig s  29 and 30. D raw ing  an d  m ic ro p h o to g rap h  o f T y p e  4 neuron. T he d raw in g  show s ra m if i
c a t io n  p a tte rn  of in itia l ax o n  b ran ch es. M ain b ra n c h  of axon leaves th e  DM. V a lv erd e  m o d ifi

c a tio n  of th e  ra p id  Golgi p ro ced u re , 3-day-old k i t te n

G olgi picture w hether any contact observed is in reality a synapse. In the cere
bellar cortex, where the situation  is un iq u ely  favourable for the identification  
o f  synapses belonging to  various neurons both on the ligh t and th e  electron  
m icroscopic level, there is no indication  of synapses established w ith own  
dendrites. One should, therefore, treat th is observation w ith  scepticism  until 
conclusive evidence has been offered. S ynaptic , or at least very  close, contacts 
can  be observed betw een Golgi axon branches and dendrites (F ig. 28) of Type 1
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projective neurons. W hether occasional in tim ate relations to the cell bodies  
(F ig . 28) are true synapses is d ifficult to decide, particularly on account o f  the  
scarcity o f axo-som atic synapses in the EM picture of large cells. The abundant 
grape-like term inal expansions of Golgi II typ e axons observed recently  in the  
lateral geniculate body (Szeimtagothai et al. 1966) have not been found in the 
MD. This m ight indicate that synapses in th is nucleus are generally not of 
glom erular character. As has been shown in the LGB (Sze n t á g o t iia i  et al. 
1966) the Golgi axon endings are m ainly participating in the com plex glom eru-

F ig . 31. A xon te rm in a l ram ifica tio n  and  d is ta l p a r t  o f d en d rite  engaged in fo rm ing  a sy n a p tic  
g lom erulus. Such sy n a p tic  g lom eruli are  r a th e r  scarce in  th e  DM

lar synapses. Final conclusions on synaptic relations should, how ever, be re
served for the forthcom ing EM analysis o f th is nucleus.

(b )  Connections established by the collaterals of T ype 4 cell axons. C ollat
erals are given in abundance b y  the main axon branch in the close n eigh 
bourhood o f the cell o f origin (F igs 29, 30). The further branching o f  these  
in itial collaterals does not sign ificantly  differ from that of the T ype 2 axons. 
Their contacts are also similar m ainly to the dendrites of Type 1 or T ype 3 
cells. From the beaded character o f the term inal collateral branches and occa
sional close contacts with dendrites one gets the impression that syn ap ses are 
established either with dendrites b y  means o f small solitary term inal knobs 
or w ith dendritic spines in “ crossing-over” contacts.

(c )  Connections o f  initial axon collaterals o f  thalamocortical projection  
(T yp e  1 )  cells. Observations o f such initial collaterals in adult or near adult 
m aterial are scarce, so th at it is difficult to get inform ation concerning their  
further course and their term inal arborizations. They seem to arborize soon  
and to give rise to  delicate term inal branches entering the fine neuropil o f  the 
nucleus (F ig. 7).
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D i s c u s s i o n

The present observations are considered a preparatory step to further 
stu d ies using both degeneration  and EM m eth od s, first separately and then  
in com bination. H ow ever, to  be able to com bine degeneration and electron  
m icroscopy effectively , one has to have a clear know ledge (1) of the architecture  
o f  th e  nucleus under s tu d y , and (2) of its m ain fibre connections. These studies 
sa tis fy  as yet only con d ition  (1), while in consideration  of the scarcity o f data  
particularly on afferent fibre connections, sy stem atic  studies are needed for 
fu lfillin g  condition (2).

Recent studies on th e  architecture o f  various thalam ic nuclei (L eointo- 
v ic h  and Zhukova  1963; S c h e ib e l  and Sc h e i b e l  1966a, b, c; T ömböl 1967) 
b ave convincingly show n how little confidence can be placed into pure cy to 
architectonies, apart from  some basic (and qu ite im portant) quantitative in 
form ation on num bers and densities of various kinds of cells. U nfortunately, 
for a reliable d ifferentiation  of cells in the N issl picture — if at all possible — a 
previous thorough G olgi analysis of the region on adult material is an essential 
condition . It is thus to  be expected th at future Nissl studies conducted in 
know ledge of the m ore recent Golgi inform ation will be rewarding. A lthough  
rem arkable attem pts h ave been made by th e  classical cytoarchitectonie schools 
to  elaborate the N issl techn ique further b y  m aking plastic reconstructions of 
cells and their main dendrites, this cum bersom e procedure can hardly su b sti
tu te  Golgi studies. G i h r  (1964) has distinguished 11 cell varieties w ith the pro
cedure. However, it b ecom es obvious from Golgi studies that rough form , size 
and initial dendrite p a ttern s are of limited va lu e  for the subdivision of neurons 
in  various groups if  com pared with the d ecisive criteria: the whole dendritic  
arborization, spines or spine-like structures and character, and ram ifica
tion s o f the axon. D ue to  the high se lec tiv ity  o f  the Golgi procedure it is of 
course always possible th a t one or more im portant kinds o f cell have not y et  
been  observed, or th a t cells classified in a single group will later be subdivided  
in to  two or more subgroups on the basis o f  h itherto  unknown criteria. But 
granted this possib ility  o f  later corrections, we m ay still be confident th a t some 
o f  the major neuron ty p e s  and some of th eir  relations have been understood  
correctly.

As it appears from  th e present study, in gross Golgi architecture the DM 
nucleus does not differ significantly from th a t o f the specific sensory relay 
n u clei VPL, У PM or from  th at of the Va, Y L. The sam e cell types can be ob
served  although probab ly  their relative num bers are different. Also, the neuro
pil formed by several k inds of terminal axon  ram ifications, apart from being  
m ore delicate, w ith  m ore fine preterminal fibres and small term inals, is not 
principally different from  that of the sensory relay nuclei. Thalam ic m ossy  
fibres which are so characteristic of the anterior (Ca ja l  1911) and particularly

A c ta  M orphologica A c a d e m ia e  S c ie n tia ru m  Hungaricae 16, 1968



C E L L U L A R  A N D  S Y N A P T IC  O R G A N I Z A T IO N 2 0 1

o f  the posterior lateral group o f nuclei PL and pulvinar (Ma jo r o ssy  et al. 
1965) are practically lacking. The large sinusoid term inal expansions or rosettes 
o f the m ossy fibres are found m ainly in nuclei possessing com plex glomerular 
synapses. As few such glom erular structures can be seen in the Golgi picture, 
like the one shown in Fig. 31, it m ay be assumed th at glom erular synapses will 
not be found in large abundance in this nucleus. This is, how ever, not certain  
and final conclusions on m inute synaptic structures should be drawn only from  
EM studies.

From the sim ilarity of the Golgi architecture one can nevertheless extra
polate as much that the vast m ajority of synapses m ight be rather sm all axo
dendritic boutons. A xosom atic synaptic contacts are rare in th eV P L  (T ömböl 
1967), particularly on the larger cells. On sm all cells which m ay be identified  
as Golgi II 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 b y  synaptic  
contacts. This is probably the case also in the DM, as judged from the short 
blunt dendritic protrusions (Figs 5, 6), which are know n to be specific post- 
synaptic sites of thalam ic neurons. They are m ost abundant in the regions of 
the dendritic tufts. On the sm aller secondary and tertiary dendrites both of 
T ype 1 and Type 3 cells (Figs 6, 7, 11) there are m any thorn-shaped “ spines” , 
which according to all EM evidence in the VPL, VPM , VL are incom pletely  
stained boutons (T ömböl  1967; E coles et al. 1967), so that it is certain that 
there are terminal knobs in the DM. As m entioned in the description of Type 
2 and Type 4 cells, the long drum stick-shaped side branches m ay be real spines. 
True axon-spine synapses can be observed — although not in abundance — 
in m ost specific thalam ic nuclei. It is probably due to  the relatively  long and 
often  curved shafts o f the spines that it is difficult to  trace them  back to den
drites. As the number o f Type 2 and Type 4 neurons is quite considerable in 
this nucleus, a thorough EM analysis might furnish im portant inform ation on 
the m inute synaptic relations o f these cells.

So far as one can judge from the Golgi architecture, processing o f infor
m ation might occur according to similar elem entary m echanism s as in the  
V PL, YPM, VA and VL. The delicacy of the neuropil, the large number and 
diffuse arrangement o f sm all term inal knobs o f m ostly  axodendritic localiza
tion , indicate that considerable convergence from the various scarcely known  
afferent pathw ays m ay be required for bringing the TCR neurons to  action. 
The abundant connections of Golgi II type neurons w ith TCR neurons suggest 
th a t inhibitory shaping of the activ ity  patterns o f TCR neurons might 
be an im portant feature o f transm ission. The ex istence o f initial collat
erals o f TCR neurons and their probable connections w ith Golgi II
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ty p e  interneurons indicate th e  presence of a recurrent inhibitory pathw ay  
in trod u cin g  a phasing o f discharges b y  recurrent inhibition , as has been shown  
b y  A n d e r s e n  et al. (1964a, b) and E ccles et al. (1964) in the sensory relay 
nuclei. This has probably a sim ilar anatom ical basis (Tömböl  1967). — Although  
afferen ts w ith large term inations confined to circum script regions o f the neuro
pil appear to be rare, the dendritic  tree of the TCR neurons w ith its tufted  
arborization  pattern and the d en sity  of dendrites of the sam e cell in a shell 
surrounding the nucleus o f 40 — 80 /л radius leads to the inference th a t the TCR 
neurons m ight be stim ulated  effectively  by the axon ram ifications having  
term in a ls in this shell. In  sp ite  o f th e  delicacy of the neuropil th is m ight ensure 
sp ecific  patterns of transm ission o f sm all groups of TCR neurons having over
lap p in g  “ shells” in the above sense. These possibilités have recently been dis
cussed from the geom etric p oin t o f view  for the sensory relay nuclei by Sz e n t - 
Á g o t h a i  (1967). His considerations can be applied w ith minor adjustm ents to  
the DM . Such speculations on the possible functional grouping o f neurons in 
th is  nucleus should, how ever, be reserved for the future w hen more inform a
tion  on the EM architecture and on fibre connections will be availabe.
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Z E L L U L Ä R E  U N I)  S Y N A P T IS C H E  O R G A N IS A T IO N  
DES D O R S O M E D IA L E N  T H A L A M IS C H E N  K E R N S

T. TÖMBÖL

Die Zell typen  und die sy n ap t isch e  A rc h i te k tu r  des dorsom edialen  th a la m isc h e n  K e rn s  
d e r  K a tze  w urd en  in den klassischen G olg i-u n d  Kopschschen  P e r fu s io n sp räp ara ten  u n te r s u c h t .  
Vier Z e ll typen  sind zu beobach ten :  1. th a la m o k o r t ik a le  Verbindungszellen (re lay  cells); 2. 
In te rn e u ro n en  Golgi I I  Typs;  3. fusiform e Zellen m it  aspezifischer dendrit ischer  A rb o r i s a t io n ;  4. 
m it te lg roße ,  den  Zellen 2. T y p s  ähnliche Zellen m it  einem langen und  zahlreiche kurze  F o r t s ä tz e  
e n th a l te n d e n  Axon. Es lassen sich vier versch iedene  A rbor isa t ions typen  der  a f fe re n te n  F a se rn  
differenzieren; in bezug au f  den U rsp ru n g  s tehen  noch  keine, in jed e r  H ins ich t  s t ich h a l t ig en  
A ngaben  zur  Verfügung. Nach  e ingehender  E rö r te ru n g  der zwischen den ve rsch ied en en  Zell
ty p e n  b es tehenden  durch  A xonkol la te ra le  oder  kurze  Axonen  gebildeten  V e rb in d u n g en  f in d e t  
au ch  die funk tione lle  Rolle der neuropilen  A rc h i te k tu r  eine kurze Besprechung.

ОРГАНИЗАЦИЯ КЛЕТОК И СИНАПСОВ ДОРСОМЕДИАЛЬНЫХ ЯДЕР ТАЛАМУСА

Т. ТЁМБЁЛ

Типы клеток и архитектура синапсов в дорсомедиальных ядрах таламуса исследо
вались на кошках на основе классических препаратов Гольджи и иерфузионных препара
тов Копша. Дается описание 4 типов клеток: 1. таламо-кортикальные передаточные клетки;
2. промежуточные нейроны типа Гольджи 11; 3. веретенообразные клетки, имеющие неспе
цифический рисунок дендритической арборизации; 4. клетки средней величины, напомина
ющие тип 2, однако с одним длинным аксоном и множеством коротких ветвей. Можно раз
личать четыре различных вида арборизации афферентных волокон, однако их точное 
происхождение еще недостаточно выяснено. Подробно описываются взаимные связи между 
различными клеточными типами, осуществляемые короткими аксонами. Дается краткое 
обсуждение функциональной роли нейропильной архитектуры.

Dr. Teréz T ö m b ö l ; A natóm iai In tézet, Budapest IX ., Tűzoltó u. 58, H u ngary
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ENZYME HISTOCHEMICAL STUDIES 
ON KIDNEYS PRESERVED IN VITRO BY 

HYPOTHERMIA AND HYPERBARIC OXYGEN*
K. B a l o g h , j r . * *  and  I. B e s z n y á k * * *

(Received Ju ly ,  27, 1967)

R a t  k id n ey s  were kep t  for 24 hours u n d e r  h y p o th e rm ia  a t  am b ien t  pressure  or 
un d e r  h ype rbar ic  condit ions (60 lb. per sq. inch  oxygen  pressure). Fo r  com parison ,  
k idneys  were s to red  for 24 hours a t  room t e m p e ra tu r e  (20° C). The tissues were subse 
q uen tly  s tud ied  for the  d is t r ibu t ion  of D P N H  a n d  T P N  H d iaphorase ,  dihydrolipoic,  lac tic ,  
isocitric, succinic, glucose-6-phosphate  and  / / -h y d ro x y b u ty r ic  dehydrogenase  activit ies.  
The  microscopic a p p ea ran ce  of kidneys and  th e  h is tochem ical  d is t r ibu t ion  p a t t e rn  of 
a given enzym e were characteris tic  and co nsis ten t ly  un iform  with in  one ex p er im en ta l  
group. Swelling, d is in teg ra t ion  of a rch i tec tu re  a n d  m ark e d  loss of enzym atic  a c t iv i ty  
were seen in k id n ey s  k e p t  a t  room tem p era tu re .  T hese  changes were less p ro m in e n t  in 
k idneys  stored  a t  4° C. T he  best preserva t ion  o f  s t ru c tu re  a n d  enzym atic  ac t iv i ty  was 
seen in k idneys  k ep t  u n d e r  h ypo therm ia  com bined  w i th  hyperbar ic  oxygen. These  d a ta  
are suppor ted  b y  the  findings of previous t r a n s p la n t a t io n  s tudies w ith  similarly  s to red  
kidneys.  T he  p re sen t  resu lts  indica te  t h a t  p re se rv a t io n  of v iab il i ty  of tissues is closely 
re la ted  to the ir  b iochem ical  and s t ru c tu ra l  in teg r i ty .

Current interest in organ transplantation from  cadavers has raised several 
im portant technical problem s. One of these is the preservation o f organs until 
transplantation . For this purpose several m ethods o f tissue storage have been  
considered theoretically  feasible, and prom ising results have been obtained  
b y  the application o f hyperbaric oxygenation in com bination w ith hypotherm ia. 
Indeed, the preservation o f human cadaver k idneys has been attem pted  by  
these means [11]. Various organs of dogs have been used in similar transplanta
tion  studies by the M innesota group [18], and b y  others. These investigators 
reported the successful preservation of canine hearts [1, 3], lungs [4], k idneys 
[15, 16, 17, 21, 23], and small intestine [10, 20, 22] for 24 hours or more by  
the com bination o f hypotherm ia and hyperbaric oxygen .

It is not fu lly  understood by what m echanism (s) organs are preserved  
under these circum stances. The present stu d y  w as undertaken to correlate 
preservation of cell in tegrity  w ith enzym e a c tiv ity  in organs kept under hyper
baric oxygen and hypotherm ia. H istochem ical techniques were em ployed to  
stu d y  the m icroscopic appearance of kidneys and the distribution pattern o f  
certain oxidative enzym e system s.

* This work is ded ica ted  to Professor Joseph  Bah» on the  occasion of hav ing  com ple ted  
five decades in the  service of science.

** A ssis tan t  Professor  of Pa tho logy ,  H a rv a rd  Medical  School, Boston, USA.
*** Research  Fellow in Surgery,  T ufts  U n ive rs i ty ,  1964 1965. P e rm a n e n t  address :

D e p a r tm e n t  of C ard iovascu la r  Surgery ,  B udapes t  Medical School, B udapes t.
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Materials and methods

Conditions of t issue s to rage  were  s imilar  to  those  in the  previous s tu d y  [16], in  order 
to  p e r m i t  a  meaningful c om par ison  b e tw een  th e  h is tochem ical  findings a n d  the  re su l ts  of the  
k id n e y  t ra n s p la n ta t io n  e x p er im en ts .  F o r  convenience ,  however,  r a t  t issues were u se d  in s tead  
o f  d o g  k id n ey s .  H ea l th y  a d u l t  m a le  r a t s  were k e p t  on  a regu lar  l a b o ra to ry  d ie t  a n d  w a te r  ad 
l ib i tu m .  T h e  anim als  were d e c a p i t a te d  and  th e i r  k id n ey s  were rem oved  in toto w i th o u t  s t r ipp ing  
t h e i r  capsu le .  The  k idneys  were c u t  in h a lf  w i th  a  sh a rp  razor  b lade  a n d  the  sam p le s  were 
d iv id e d  in to  four groups, consis t ing  of tw e lve  t issue  blocks each.

Group I .  Controls. K id n ey s  were f rozen on  d ry  ice a n d  im m ed ia te ly  used for h is to ch e m i
cal  re ac t io n s .

Group I I .  Storage at 20° C. K id n e y s  were k e p t  in physiological saline so lu t ion  a t  room 
t e m p e r a t u r e  (20° C) u n d e r  a m b ie n t  pressure  for 24 hours.

Group I I I .  Hypothermia.  T issues were s to red  in cold (4° C) physiological sa l ine  solution 
u n d e r  a m b ie n t  pressure for 24 hours .

Group I V .  Combined hypothermia and hyperbaric oxygen. K idneys  were p re se rv ed  similar  
t o  G ro u p  I I I ,  b u t  under  h y p e rb a r ic  condit ions (60 lb. per sq. inch  0 2 pressure).

A f te r  24 hours,  th e  spec im ens  f rom  G roups  I I ,  I I I ,  and IY were rem oved  f ro m  the  saline 
so lu t io n  a n d  briefly b lo t ted  on  f i l te r  paper .  A f te rw ard s ,  th e y  were frozen on d ry  ice, to g e th e r  
w i th  t h e  f resh  tissue controls f rom  G roup  I.  All t issue  blocks were m o u n te d  to be c u t  in  a c ry 
o s t a t  ( — 18° C)at 20 [л. T he  frozen sections were m o u n te d  on clean coversl ips,  th aw ed ,  a n d  briefly  
d r i e d  a t  ro o m  tem pera tu re .  A f te rw ard s ,  m u lt ip le  sections were util ized from  each  b lock  for the  
h i s to ch e m ic a l  d em ons tra t ion  of one  of th e  following enzymes.*

D P N H  diaphorase  [30], T P N H  d iap h o ra se  [30], d ihydrolipoic  d eh y d ro g en ase  [2], 
l a c t ic  dehydrogenase  [25], isocitr ic  dehydro g en ase  [26], succinic dehydrogenase  [24], glucose- 
6 -p h o s p h a te  dehydrogenase  [26] a n d  /? -hydroxybu ty r ic  dehydrogenase  [25].

N it ro -b lue  té t razo l ium  was used  as th e  f ina l  e lectron  accep tor  in all h is to ch em ica l  reac 
t io n s .  T h is  té trazo lium  salt  p rec ip i ta te s  as a d a rk  blue, w a te r  an d  fa t- insoluble  d i fo rm a za n  a t  
t h e  s i tes  o f  enzym atic  red u c t io n  [24]. The  th eo re t ica l  and  p ract ica l  aspects  of t h e  e m ployed  
h is to ch e m ic a l  techniques have  been  discussed elsewhere [28]. All incuba t ions  were  t e r m in a t e d  
b y  r e p la c in g  the  media w i th  1 0 %  n e u tra l  fo rm alin .  T he  f ixed sections were m o u n te d  w i th  
K a i s e r ’s glycerol-jelly and  ex am in ed  u n d e r  th e  l igh t  microscope.

C on tro l  sections to ru le  o u t  nonspecific  reac t ions  were in cu b a ted  in m ed ia  f ro m  w hich  
o n ly  t h e  ind iv idual  subs tra tes  were  om it ted .  T he  sections failed to reveal e n zy m a t ic  ac t iv i ty .

Results

In fresh kidneys (Group I) ox id ative  enzym e activ ities were localized  
in th e  cytoplasm  of the tubular epithelium  throughout the cortex and the outer 
zone o f  medulla, whereas th e  glom eruli and the inner zone of m edulla (papilla) 
con ta in ed  little or no dem onstrable diform azan.

* Abbreviations used. A T P  — adenos ine  t r ip h o sp h a te .  D P N H  — reduced  d ip h o sp h o p y r i -  
d in e  nuc leo tide .  T P N H  — re d u ced  t r ip h o sp h o p y r id in e  nucleotide.

F ig .  1. Histochem ical  d is t r ib u t io n  p a t t e r n  of succinic dehydrogenase  a c t iv i ty  in r a t  k idney. 
S i te s  o f  enzym atic  a c t iv i ty  a re  in d ica ted  by  d ifo rm azan  deposits  t h a t  a p p ea r  b lac k  in th is  
p ic tu re .  E n zy m e  ac t iv i ty  is a lm o s t  en t i re ly  l im ited  to th e  tu b u la r  ep ithe lium  of th e  co r te x  a n d  
th e  o u te r  zone of the  m edulla.  U n re ac t iv e  glomeruli  ap p ea r  as small  b lan k  dots.  T h e  in n er  zone 
o f  t h e  m edu l la  (papil la) is also n eg a t iv e  ( r igh t  edge) X 14. (a )  G roup I. F resh  k id n e y  processed 
im m e d ia t e ly  after  sacrificing, (b )  G roup  I I .  K id n e y  stored  a t  room  te m p e ra tu re  fo r  24 h o u r s .  
N o t ic e  m a rk e d  swelling a n d  d is in teg ra t io n  of cor tex ,  w ith  str ik ing  loss of en zy m e  a c t iv i t y .  
( c )  G ro u p  I I I .  H y p o th e rm ia  (4° C) p re served  considerable  enzym e a c t iv i ty  in  c o m p ar iso n  to 
( b) ,  a l th o u g h  the  cortex  a p p ea rs  m a rk e d ly  swollen, (d )  G roup IV. H y p e rb a r ic  o x y g e n  w i th  
h y p o t h e r m i a  preserved m ore  e n zy m e  a c t iv i ty  t h a n  h y p o th e rm ia  alone. T he  p a r e n c h y m a  also 
a p p e a r s  swollen. The d is t r ib u t io n  p a t t e rn  o f  succinic dehydrogenase  a p p ro x im a te s  th e  n o rm al .
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The microscopic appearance and histochem ical distribution pattern of a 
particular enzyme w as characteristic and con sisten tly  uniform within one 
experim ental group. T he k idneys in Group I showed the normal enzym e p at
terns (F ig. la ) similar to  th o se  described in the original h istochem ical m ethodol
ogy  reports. The other groups showed lesser degrees of a ctiv ity  than  the cor
responding normal va lu es o f all enzym es. In addition, all stored kidneys 
(G roup II — IV) were oedem atous. The m ost m arked sw elling and disintegration  
o f th e  architecture was seen  in kidneys kept at room  tem perature for 24 hours 
(G roup II); this was accom panied by the low est enzym e a ctiv ity  (Fig. lb ) . 
M ore enzym atic a c tiv ity  w as seen in kidneys kept at 4° C (Group III) (Fig. lc ). 
A m ong the experim ental groups, the best preservation o f structure and the  
re la tiv e ly  highest en zym e a c tiv ity  was observed in kidneys kept at 4°C under 
60 lh. per sq. inch 0 2 pressure (Group IV) (F ig. Id). The visual evaluation o f  
en zym e activities in th e  h istochem ical reactions could be sum m ed up as follows

Group I >  Group IV >  Group III  )> Group II.

Discussion

In a previous stu d y  [16], one of us (I. B .) found th a t dog kidneys could 
he preserved in an e lectro ly te  solution for 24 hours in a refrigerator pressure 
cham ber m aintained a t 4° C and 3 to 5 AT A 0 2 follow ing which th ey  were 
replanted as autographs in to  the pelvis o f  the host. Two to three weeks after 
replantation , contralateral nephrectom y was perform ed. In a series o f 27 ani
m als receiving transplants preserved in th is m anner, there were 12 long-term  
survivors. When exam in ed  six to eight m onths follow ing contralateral ne
phrectom y the survivors w ere apparently h ea lth y . At the sam e tim e hypotherm ia  
or hyperbaric oxygen  alone failed to preserve v iab ility  of kidneys. Similar 
observations were m ade b y  the Minnesota group on a variety  of canine organs
[18].

It was evident from  the transplantation studies that hypotherm ia com 
bined  with hyperbaric oxygen  must preserve considerable am ounts of oxida
tiv e  enzym e activ ity  in  th e  kidneys. This was confirm ed b y  the present results 
because substantially  m ore oxidative enzym e activ ity  was dem onstrable in 
rat kidneys stored under hypotherm ia and hyperbaric oxygen  than w ith either 
hypotherm ia or hyperbaric oxygen alone. In contrast to our results, С а ы ч е  et 
al. [5] reported no sign ifican t changes in the h istochem ical distribution pattern  
o f acid and alkaline phosphatase, succinic dehydrogenase and D P N H  dia- 
phorase activities in dog kidneys preserved up to 17 hours in cold (4° C) 
H an k s’ solution at am b ien t pressure.

Little is know n about the m echanism s involved in the preservation o f  
structure and function  o f tissues under the described experim ental conditions.

A c ta  Morphologies, A ca d em ia e  S c ie n tia ru m Hungaricae 16 , 1968
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It is well known that hypotherm ia lowers m etabolic activ ity  anti thus de
creases oxygen consum ption o f tissues in vivo  as well as in vitro. H yperbaric  
oxygen , likew ise, depresses oxygen consum ption [7,27], inhibits tissue respi
ration and oxidative phosphorylation, i.e. ATP production under aerobic 
conditions [14, 29]. In addition, the a ctiv ity  o f succinic dehydrogenase [7, 
31] and other enzym es, particularly of those containing —SH groups, have  
also been shown to be inhibited by hyperbaric oxygen  [6, 8, 9, 12 — 14, 31 — 34]. 
R ecent data indicate th at hyperbaric oxygen  also appears to be involved  in 
the electron transfer chain [6]. In general, it has therefore been believed th at  
hyperbaric oxygen  sustained viab ility  of organs in vitro by these m echanism s. 
This v iew  was challenged by L i l l e h e i  et al. [19], who reported that canine  
hearts stored for 24 hours under hypotherm ia and hyperbaric oxygen, n itrogen  
or helium  all resumed a coordinated ventricular beat after revascularization. 
The findings in 15 preserved hearts suggested th a t oxygen is apparently not es
sential for preservation of organs in vitro, since an inert gas such as nitrogen  
or helium  also m aintained viab ility  of the hearts. The results o f L i l l e h e i  et al. 
indicate th at a com bination of hypotherm ia and high gas pressure influences 
the rate o f respiration and glycolysis of the cells in such a w ay as to m inim ize  
or delay irreversible cell dam age and death, even in the absence of oxygen .

O bviously, a histochem ical study of th is nature cannot provide answ ers 
concerning the m echanism s involved in the m aintenance of organ v ia b ility . 
H ow ever, itperm its light microscopic observation o f structuresand sim ultaneous  
visual evaluation  of histochem ical enzym e reactions. The results of th is stu d y  
suggest th at preservation of the v iab ility  o f tissues closely parallels their m or
phological and biochem ical integrity.
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H IS T O C H E M IS C H E  E N Z Y M U N T E R S U C H U N G E N  D E S  U N T E R  
H Y P O T H E R M I E  IN  H Y P E R B A R E M  S A U E R S T O F F D R U C K  K O N S E R V I E R T E N

N I E R E N

K . BALOGH jr. und  I. BESZNYÁK

R a tte n n ie re n  w u rd en  24 S tu n d e n  bei H y p o th e rm ie  u n te r  norm alem  D ru c k  sowie in 
h y p e r b a r e m  Sauerstoff  konse rv ier t .  Zu Vergleichszw ecken w urden  K on tro l ln ie ren  24 S tu n d e n  
be i  Z im m er te m p e ra tu r  (20° C) a u fb ew ah r t .  N achfo lgend  w urden  die Gewebe a u f  ih re  D P N H -  
u n d  T P N H -d ia p h o ra se -G eh a l t ,  fe rner  au f  die D ihydro l ipo id - ,  Milchsäure-, Iso z i tro n en säu re - ,  
S u k z in a t - ,  G lukose-6-phosphatase- und  3 - H y d ro x y b u t te r s ä u re -A k t iv i t ä t  u n te r s u c h t .  Das 
m ik ro sk o p isch e  Bild der Niere u n d  die histologische Vertei lung des jeweiligen E n z y m s  w aren
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in  den e inzelnen V ersuchsgruppen  c h a rak te r i s t isch  u n d  k onsequen t  identisch . Anschw ellen .  
D es in teg ra t ion  der  S t ru k tu r  u n d  ein m erk licher  Verlust  a n  enzym atischer  A k t iv i t ä t  w u rd e  in 
d e n  bei Z im m e r te m p e ra tu r  kon se rv ie r ten  Nieren  festges te ll t .  Diese V e rän d e ru n g e n  w aren  
weniger a u sg ep räg t  in  Nieren, die bei 4° C gehal ten  w urden .  S t ru k tu r  u n d  E n z y m a k t i v i t ä t  
b l ieben am  b esten  e rha l ten ,  w enn  m a n  die Nieren u n te r  H y p o th e rm ie  in h y p e rb a re m  S a u e r s to f f  
k o n se rv ie r t  h a t te .  Diese A ngaben f an d en  eine B es tä t ig u n g  du rch  die Ergebnisse  d e r  f rü h e re n  
T ra n s p la n ta t io n sv e rsu ch e  von ähnlich  k o n se rv ie r ten  N ieren . Die gegenw ärt igen  E rg eb n isse  
weisen d a r a u f  hin, daß  das E rh a l ten  der  Lebensfäh igke i t  de r  Gewebe eng m it  ihrer  b iochem ischen  
u n d  s t ru k tu re l len  In t e g r i t ä t  zu sam m en h ä n g t .

ГИСТОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ ЭНЗИМОВ В ПОЧКАХ, ХРАНЯЕМЫХ 
in vitro В УСЛОВИЯХ ГИПОТЕРМИИ И ГИПЕРБАРИЧЕСКОГО ДАВЛЕНИЯ

КИСЛОРОДА
К .  Б А Л О Г  М Л .  и И . Б Е С Н Ь Я К

Почки крыс хранились в течение 24 часов в условиях гипотермии при нормальном 
давлении среды или при гипербарических условиях (давление кислорода 60 фунтов/кв. 
инч). В целях сравнения контрольные почки хранились в течение 24 часов при комнатной 
температуре (20 °С). После этого в тканях почек были определены распределение D P M I  
и 'ГРN Н-диафоразы и активность дигидролипоидов, молочной кислоты, изолимонной 
кислоты, янтарной кислоты, глюкоз-6-фосфата и 3-гидроксимасляной кислоты. В пре
делах отдельных групп микроскопическая картина почек и гистохимическое распреде
ление отдельных энзимов были характерными и последовательно однообразными. Набу
хание, дезинтеграция построения и заметная потеря ферментативной активности были 
выявлены в почках, храняемых при комнатной температуре. Эти изменения были менее 
выраженными в почках, храняемы при температуре в 4 °С. Структура и ферментативная 
активность сохранялись лучше всего в почках, консервированных при помощи гипотер
мии в сочетании с гипербарическим кислородным давлением. Эти данные были подтверж
дены результатами прежних экспериментов по пересадке почки, храняемой при подобных 
условиях. Результаты настоящих исследований указывают на то, что сохранность жизне
способности тканей тесно связана с их биохимической и структурной целостностью.

Dr. K á roly  B alogh , j г.; Dep. of Pathology, Massachusetts General Hos
pital, Harvard Medical School, U.S.A.

Dr. I stván  B e s z n y á k : Dep. of Cardiovascular Surgery, Univ. Med. School,
Budapest, Hungary
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D e p a r tm e n ts  of Pa th o lo g y  a n d  Surgery ,  Albert  E ins te in  College of Medicine — B ronx  M unic ipa l  
H osp ita l  Center ,  New York ,  N. Y. 10461

HAEMORRHAGIC PANCREATITIS INDUCED 
BY ELASTASE*

J.J. Molnár , I. J. Sc h n e i d e r , S. T i n d e l , D. S h a pir a  and D. State

(Rece ived J u ly  29, 1967)

1. 75 mg of p a n cre a t ic  elastase in 15 ml d istil led w a te r  was infused in to  the  
pancreat ic  du c ts  of  dogs. 2. Short ly  a f te r  the  infusion a cu te  h aem orrhag ic  p a n c re a t i t i s  
developed in all 14 dogs. 3. Significant vascu la r  changes were p re sen t  in t h e  elastase- 
induced p ancrea t i t i s ,  s imilar  to those described by  R ich  a n d  D u ff  in 1936. 4. According 
to  l i te rary  d a ta  a n d  our  own m ate ria l ,  vascu la r  changes were less p ro m in e n t  in the  
t rypsin- in fused  pancreases  t h a n  in the  e lastase-infused ones.  5. I t  is suggested  t h a t  
th e  commercial  t ry p s in  used in 1936 by R ich an d  D u f f  w as n o t  free of e lastase  and  th e  
vascu lar  changes described by these a u th o rs  were due to  th e  e lastase  a d m ix tu re  r a th e r  
t h a n  to th e  t ry p s in  itself.  6. Б ог the  experim en ta l  p ro d u c t io n  of haem o rrh ag ic  p a n c re a 
t i t is  in dogs, t rypsin -free  crystal l ine  elastase is s t rong ly  recom m ended .

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 H u n t e r  [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 K lebs  [2]. 
O p i e , 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. R ich  and D u ff  [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. B aló and B anga  [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 d ed ica ted  to Professor Jo sep h  Baló on  th e  occasion of h a v in g  com ple ted  
f ive  decades in th e  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 a t e r i a l s  a n d  m e t h o d s

T w e n ty  fast ing m ongre l  dogs of b o th  sexes, weighing 15 to 22 kg were u sed  in the  experi 
m e n t s .  A fte r  in travenous so d iu m  p e n to b a rb i ta l  anaes thes ia  a midline ab d o m in a l  incision was 
m a d e  to  expose the bod y  of t h e  pan creas .  The accessory p a n cre a t ic  d u c t  (w hich  is the  m ajo r  
p a n c r e a t i c  duc t  in dogs) was id en t i f ie d  a n d  can n u la ted  w i th  th e  largest  p o ly e th y len e  c a th e te r  
p o ss ib le  (Fig. 1). The c a th e te r  was a d v an c ed  2 cm in to  the  in t ra p an c re a t ic  p o r t io n  of th e  d u c t ,

F ig .  1. A n a to m y  of d u o d e n u m  a n d  p an c re as  in dog w ith  c a th e te r  inser ted  in to  m a jo r  p an crea t ic
duc t

a n d  se c u red  with a silk l iga tu re .  R e f lu x  of clear p an crea t ic  ju ice  occurred in every  instance,  
i n d ic a t in g  t h a t  the ca th e te r  was p ro p e r ly  inserted.  U nder  sterile  conditions,  a  so lu t ion  of 75 mg 
p a n c r e a t i c  elastase dissolved in  15 ml distil led w a ter ,  as p rep ared  by th e  m e th o d  of G rant  
a n d  R o b b in s  [12], was a llowed t o  drip  via  the  ca th e te r  in to  the  p a n crea t ic  duc t .  Assays of 
t h is  p r e p a r a t io n  yielded 160 e la s to ly t ic  u n i ts  per mg. I n  six  con tro l  an im als  a so lu t ion  of 15 ml 
o f  d is t i l led  water  was used. T h e  e las tase  so lu tion  was slowly e levated  above  th e  an im al un t i l  
t h e  h y d r o s t a t i c  pressure w as su ff ic ien t  to  in it ia te  flow in to  the  pancrea t ic  d u c t .  The  requ ired  
p r e s s u r e  ranged  from 40 — 60 cm  w a te r ,  a n d  the d u ra t io n  o f  flow var ied  f rom  15 to  30 m inutes .  
A t  t h e  conclusion of the in fus ion  th e  c a th e te r  was rem oved ,  and  b o th  sides of th e  pancrea t ic  
d u c t  w e re  ligated. All an im als  w ere  sacrificed five hours  a f te r  the  com ple tion  o f  the  infusion, 
a n d  t h e  whole pancreas f ro m  e a c h  was rem oved  for gross an d  microscopic s tu d y .  All tissues 
w ere  im m e d ia te ly  fixed in  t e n  p e r  cen t  buffered fo rm alin  an d  rep re se n ta t iv e  sections were 
t a k e n  f ro m  each pancreas.  T h e  t is sues  were em bedded  in  p a raf f in  and  su b seq u e n t  sections 
s t a in e d  w i th  H & E  and v a n  G ieson  e lastic  p repara tions .

Common Du

C a th e t e r

Duodenum
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R e s u l t s

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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F ig .  2.  O edem atous in te rs t i t ia l  s e p ta  dividing th e  p a n c re a t ic  lobules. Dilated  ve ins  a n d  sca t 
te re d  m ig ra t in g  in f la m m a to ry  cells. H & E  X 60 

F ig .  3. W idespread h aem o rrh ag ic  areas ex tending in to  the  lobules,  destroying th e  acini.  H & E
X  60
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F ig .  4. P o r t io n  of a large a r te ry .  The  in te rna l  elast ic m em b ran e  is frayed. H & E  X 200 
Fig. 5. F ibrinoid necrosis in a m ed ium  size a r te ry .  11 & К X 200
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F ig .  6. Shadow o f  a  small  arteriole in th e  c en t re  o f  haem orrhage .  H & E  X 360 
F ig .  7. A  focus of fa t  necrosis su r ro u n d ed  b y  acute  i n f l a m m a to r y  exudate  in th e  pe r ip an crea t ic  fa t

A c ta  M orphologica A ca d em ia e  S c ie n tia ru m  H angaricae 16, 1968



H A E M O R R H A G I C  P A N C R E A T I T I S 2 1 9

The pathology of pancreatitis produced by autodigestive trypsin was 
studied by R ich  and D u ff  [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 R ich  
and D u f f , certainly becomes an interesting point, since our experiments with 
elastase showed similar if not identical vascular changes. In recent studies, 
B e c k  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 
R ich  and D u ff  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 
R ich  and D u f f  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 B e c k  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 W a n k e  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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D U R C H  E L A S T A S E  H E R B E I G E F Ü H R T E  H Ä M O R R H A G I S C H E  P A N K R E A T I T I S

J . J.  M OLNÁR, I. J .  SCHNEIDER,  S. T I N D E L ,  D. S H A P IR A  und D. STATE

l . I n  die A u s fü h ru n g sg ä n g e  der B auchspeiche ld rüse  v o n  H u n d e n  w urden  75 m g P a n -  
k rease las ta se  in 15 ml d es t i l l ie r tem  Wasser in fund ie r t .

2. Bei allen 14 H u n d e n  entwickelte  sich b a ld  n a c h  d e r  In fus ion  eine ak u te  h ä m o r r h a g i 
sche Pankrea t i t i s .
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3. B e i  der  d u rc h  E las tase  he rbe ig e fü b r ten  P a n k re a t i t i s  w aren  signifikante  G efäß  vcrän-  
d e ru n g e n  zu beobach ten ,  die den von  R ich u n d  D uff  im  Ja h r e  1936 beschriebenen ähnlich  
waren.

4. Die G efäßveränderungen  in der  B auchspeiche ldrüse  nach  Trypsin in fus ion  w a ren  
weniger ausg ep räg t  als nach Elastaseinfusion.

5. E s  wird angenom m en,  daß  das 1936 von R ich u n d  D uff benu tz te  h an d e lsü b l ich e  
T ry p s in  n ich t  frei von Elastase  war, und  daß  die du rch  diese A u to ren  beschriebenen G e fäß v e r 
ä n d e ru n g e n  eher  d u rc h  die E las tasenbe im ischung  als d u rc h  das T rypsin  selbst h e rb e ig e fü h r t  
waren.

6. E s  wird empfohlen , fü r  die experim entel le  E rzeu g u n g  einer häm orrhag ischen  P a n k r e a 
t i t i s  an  H u n d e n  Trypsin-fre ie  kristall ine  E la s ta se  zu verwenden.

ГЕМОРРАГИЧЕСКИЙ ПАНКРЕАТИТ, ВЫЗВАННЫЙ ЭЛАСТАЗОЙ

Й . Й . М О Л Ь Н А Р ,  И.  Й.  Ш Н Е Й Д Е Р ,  С. Т И Н Д Е Л ,  Д .  Ш А П И Р А  и Д .  С Т Е Й Т

1. В протоки поджелудочной железы собак авторы проводили вливание 75 мг 
панкреатической эластазы, разбавленных в 15 мл дистиллированной воды.

2. Скоро после вливания развился острый геморрагический панкреатит у всех 
14 собак.

3. При панкреатите, вызванном эластазой, наблюдались достоверные изменения 
сосудов, подобные изменениям, описанным Рич и Дафф в 1936 году.

4. Согласно литературным данным и собственому материалу авторов изменения 
сосудов поджелудочной железы были менее выраженными после вливания трипсина, чем 
после введения эластазы.

5. Предполагается, что примененный Рич и Даффом в 1936 году имеющийся в про
даже трипсин не был свободным от эластазы, и что описанные этими авторами изменения 
сосудов были вызваны скорее прнмесыо эластазы, чем самим трипсином.

6. Для экспериментального создания геморрагического панкреатита у собак реко
мендуется применять кристаллическую эластазу, не содержащую примесь трипсина.

John J. M o l n á r  

irai J. S c h n e i d e r  

Seym our T i n d e l  

D aniel S h a p i r a  

D avid  S t a t e

g<- ofD ep. of Path , and Surgery, Albert E instein Colie 
M edicine Bronx M unicipal H ospital Center, N ew  York, 
N. Y. 10461
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THE POSTNATAL TRANSFORMATION 
OF THE PINEAL GLAND*

N. A. K e r é n y i  and K .  S a r k a r  

(Received J u ly  29, 1967)

P o s tn a ta l  t ran s fo rm a t io n  of the  pineal g land  h as  been  shown on h u m an  m a te r ia l .  
T h e  t r a n s fo rm a t io n  begins a t  b i r th  and  is co m ple te  a t  2 — 3 weeks of age, p r o d u c in g  a 
c h arac te r is t ic  mosaic a r rangem en t .  The  mosaic  p a t t e r n  becomes less p r o m in e n t  a t  
a b o u t  six m o n th s  and  d isappears  comple te ly  a t  9 — 12 m on th s .  An analogy h a s  been  
n o ted  b e tw een  th e  p o s tn a ta l  t rans fo rm a tion  of th e  pineal  g land and the  p o s t n a t a l  in 
vo lu t io n  o f  th e  foetal  zone of the  adrenal  cortex.  A l th o u g h  the  two processes a re  d if fe r 
e n t  in  morphogenesis  th ey  show a s tr iking p a ra l le l i ty  in regard  to their p rogress ,  be ing  
re la ted  to  the  age of the  in fan t  as well as to c e r ta in  pathological  conditions s u c h  as 
congen i ta l  cyanotic  h e a r t  disease. The  a u th o rs  p ro p o se  to  use this phen o m en o n  as an  
e x p er im en ta l  model to faci l i ta te  a be t te r  u n d e r s ta n d in g  o f  the  postna ta l  t r a n s f o rm a t io n  
of th e  pineal gland.

Philosophers and scientists have been try in g  for two thousand years to  
give the pineal gland a m etaphysical or a physiological role. Considering the  
sm allness o f the organ, it is surprising how m uch space it has occupied in b oth  
speculative and scientific literature. H istological as well as physiological 
conceptions in regard to th is organ have frequently  changed. During a span  
of more than tw en ty  centuries, the theories about the epiphysis reflect the  
leading ideas o f m edical science, often under the influence of philosophical 
conceptions. First, it was stated  that the ep iphysis functions as an organ of 
m editation  enabling man to remember his past life. According to H e r o p h il o s  
of A lexandria [1], the pineal gland acts as a sphincter controlling the stream  
of thoughts. Ga len o  in 1562 [2] described the ep iphysis and he regarded th is  
organ as a gland with internal secretion. D e s c a r t e s  [3] saw in the p ineal the  
noblest o f all organs, the seat o f the soul. M a g e n d i e  [4] suggested th a t the  
epiphysis is an organ for reflex regulation o f th e  cerebrospinal fluid and o f  
intracranial pressure. The pineal was also considered as a rudimentary organ, 
supposedly o f sensory nature and related to  th e  third eye of L acertidae. 
In 1898, O tto H e u b n e r  [5] published a case report o f  a young boy w ho had  
shown precocious puberty and was found to have a pineal tumour. A t the  
beginning o f th is century, Ma rbu rg  [6] was the first to suggest that the m am 
malian ep iphysis would have an endocrine function  related to the developm ent 
o f sexual organs. According to Ma rbu rg , the ep iphysis inhibits sexual d eve lop-

* This work  is dedicated  to Professor Joseph  BalÓ on th e  occasion of having c o m p le te d  
five decades in the  service of science.
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m en t. A t the tim e o f puberty, atrophy o f th e  pineal gland begins and sexual 
m atu ration  takes place. This theory was som ew h at supported b y  th e  fact th at  
tu m ou rs destroying th e  epiphysis were often  associated with precocious puber
ty . There were observations to the contrary, however, and countless experi
m ents either adm inistering pineal extracts or, at the other extrem e, perform ing  
p in ea lectom y, failed to  y ield  conclusive ev id en ce one w ay or another [4]. 
Standard  endocrine tests  designed to determ ine th e  possible glandular functions  
o f th e  pineal were also inconclusive.

A review of the literature on pineal tum ours by K itay  [7] show ed that 
m ost o f  the tum ours associated with precocious puberty were not rea lly  pineal 
in origin but were either tumours of supporting  tissues or teratom as. On the  
oth er hand, tum ours associated with d elayed  puberty were, in m ost cases, 
true pineal tum ours. B oth  B argmann  [8] and H o ra n y i  [9] have dem onstrated  
th a t  th e  epiphysis does not necessarily a trop h y  after puberty; it has also been  
s ta ted  that the appearance of calcification does not alter the fu n ction  o f the  
pineal gland [10].

In 1958, L e r n e k  et al. [11] achieved a major breakthrough. An earlier 
observation  by M c C o r d  and A l l e n  [12] th a t bovine pineal ex tract would  
b lan ch  the skin o f the tadpole, was re-exam ined by L e r n e r ’s group, and as a 
resu lt th ey  isolated m elatonin; the structure o f  this compound is N -acety l-5- 
m eth oxytryp tam in e. M elatonin produces a contraction  of the p igm ent granules 
in  m elanocytes. In 1960, A x e l r o d  and W e i s s b a c h  [13] discovered th e  enzym e  
hydroxyindole-O -m ethyltransferase and show ed this to be responsible for 
ca ta ly z in g  the transform ation of N -acetyl serotonin  to m elatonin. In m am m als, 
o n ly  th e  pineal gland can synthesize m elaton in  and hydroxyindole-O -m ethyl- 
transferase is found to  be present on ly  in  th e  pineal gland. M elatonin is an 
an tagon ist of the m elanocyte-stim ulating horm one (MSH) [14].

The pineal suddenly became a centre o f  interest. The num ber o f publica
tio n s  dealing w ith  d ifferent functions of th e  epiphysis m ultiplied w ith  rem ark
ab le speed. It was dem onstrated that th e  m inim um  rate of rat p ineal blood  
flo w  per gram exceeds all endocrine organs w ith  the exception o f the neuro
hyp op h ysis [15]. E xperim ents have indicated  th a t the pineal gland synthesizes  
seroton in  during the day and m elatonin at n ight [16]. It was dem onstrated  
th a t  th e  pineal gland probably secrets a substance that inhibits som e aspects  
o f  gonadal function [17]. In the past few years, the epiphysis has becom e know n  
to  be a light-dependent biologic clock th a t, am ongst other functions, exercises 
control over sexual m aturation in m am m als [18]. The epiphysis w as identified  
as a fourth neuroendocrine transducer, over and above the previously  recog
nized three neurosecretory system s (hypothalam us — posterior p itu itary, 
hypothalam us — anterior pituitary, adrenal medulla) [19].

This fast progress in discovering the functions of the pineal gland was in 
no w a y  m atched b y  any significant am ount o f  new information as far as the
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m orphology of the pineal gland is concerned. W ith the exception o f  a recent 
study by G y o r k e y  et al. [20], practically no attem p t has been m ade to  corre
late the biochem ical findings with the m orphology of the gland.

E xam ination  of the human epiphysis is one o f the most neglected  su b 
jects in pathology. E ven in otherwise well com pleted autopsies, the pineal is 
often not exam ined. Since the detailed study o f R io -H ortega  in 1932 [4] few' 
data have been published [1, 9, 21] and none o f  these took notice o f  an e x 
trem ely im portant morphological feature; nam ely, the postnatal transform ation  
of the pineal gland. The excellent work o f G lo bu s  and Sib e r t  [22] touches  
upon the phenom enon, and D orothy R u sse l l  [23] also mentions it in  her te x t 
book on tum ours. The m ost detailed textb ook s or recent com plete review s o f  
the m orphology o f the epiphysis fail even to m ention this im portant m orpho
logical feature [1, 24, 25].

This striking paucity of inform ation and the continuously growing recog
nition o f functions of this im portant organ have prompted our in vestiga tion s. 
Their m ain purpose was to throw fresh light on the morphological appearance  
of the pineal gland of the newborn and the in fant, with particular em phasis 
on the postnatal transform ation o f the gland.

Materials and m ethods

Five  h u n d red  unselected  pineal g lands from  all age groups,  including 100 f ro m  n e o n a te s  
and  in fan ts  u n d e r  one year  of age, were exam ined .  All m a te r ia l  was fixed in bu ffered  f o r m a l 
dehyde. E a c h  g land, whenever  feasible,  was div ided, e i th e r  ver tica l ly  or hor izon ta l ly ;  one h a l f  
was em b ed d ed  in pa ra f f in  and the  o th e r  ha lf  was used for th e  p repara t ion  of f rozen  sec t ions .  
This ,  of  course, o f ten  could n o t  be carried o u t  in th e  new born  and  foetal ep iphyses ,  w h e re  a 
decision h ad  to be m ad e  e ither for em bedding  in toto, or using  th e  whole gland for f rozen  sec t ion .  
In  a n u m b e r  of cases, u l t ra - th in  sections were also exam ined .  A few of the foetal a n d  p o s t n a t a l  
g lands were c u t  and  stud ied  serially. The following s ta in in g  m ethods  were used: H a e m a to x y l in -  
eosin, p h o sp h o tu n g s t ic  ac id -haem atoxylin ,  PAS, P ru s s ian  blue reaction, Masson’s t r ic h ro m e ,  
Reticulin ,  v a n  Gieson, Verhoeff’s elastin, von  Kossá,  Cajal’s s ta in ,  H or tega’s and  B ie lschow sky’s 
silver im p re g n a t io n  m ethod .

Results

The shape o f the neonatal pineal gland in the first few weeks o f  life is 
rather irregular, and its relative size is m uch sm aller than that of other endo
crine organs at the same age. Its dim ensions are usually less than  0.3 cm  
except the length which m ay be 0.3 — 0.6 cm. The pineal gland in neon ates is 
situated  deep in a hollow, bounded by the corpora quadrigemina. No habenulae  
can be dem onstrated and the gland is som ew hat similar to a sessile skin tag  
w ith poor dem arcation towards the base. In the first six months o f  life the  
shape o f the pineal gland gradually becom es ovoid . However, the ad u lt gross 
appearance with the habenulae can hardly ever be dem onstrated before one  
and a half years o f age.
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F ig .  1. Section of p inea l  b o d y  o f  in fan t  a t  three weeks i l lu s t ra t in g  the  so-called m osa ic  a p 
pearance .  H aem a to x y l in -eo s in  X 125

F ig .  2. H igher  m ag n i f ica t io n  o f  th e  section of the  p in ea l  b o d y  shown in Fig. 1 to  i l lu s t ra te  th e  
s t ru c tu re  o f  “ m osaic  appearance” . H a em a to x y l in -eo s in  X 315
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F ig . 3. H ig h er m agnification  of th e  sec tio n  of p inea l bod y  show n in F igs 1 2, to  d e m o n s tra te
cellu lar d e ta ils . H aem ato x y lin -eo sin  X 800

F ig. 4. Sec tion  of p ineal body of in fa n t six m o n th s  o f age to show th e  so m ew h at less m ark e d  
b u t  still p reserved  m osaic p a tte rn . Sm all cy st-like  s tru c tu re  filled w ith  th in  PA S p o sitiv e  

m ate ria l is seen a t  th e  le ft m arg in . H aem atoxy lin -eosin  X 125
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The architectural changes observed b y  m icroscopical exam ination are 
even  more striking. The first few days of p ostn ata l life are marked hy profound  
alterations in the h isto lo g y  o f the pineal gland. A characteristic pattern of 
clear areas surrounded b y  narrow zones or bands of deeply staining cellular 
elem en ts slowly em erges. A lthough this p attern  is not present at the tim e of 
birth  it  invariably d evelop s b y  the end o f the third postnatal week. The devel
op m en t of this so-called  m osaic appearance is independent of the m aturity

F ig .  5. H igher  m agn if ica t ion  of p inea l  body  shown in Fig .  4, to  d em o n s tra te  the  still  p reserved  
l ines  o f  the  relatively sm alle r ,  s t ro n g ly  chromophilic  cells sep a ra t in g  the  groups of cen tra l  p a le r  

a n d  l a rg e r  cells. H aem a to x y l in -eo s in  X 315

o f  the newborn and it develops in surviving prem ature infants as well as in 
fu lly  mature neonates. T he mosaic appearance is due to the aggregation o f  
rather large and pale cells in to  round and polygonal m asses, which are separat
ed from  one another b y  anastom osing narrow bands o f densely packed smaller 
cells w ith chrom atin-rich nuclei. The m ajority o f  the nuclei o f the pale cells is 
irregularly ovoid in sh ap e, and the cells are loosely  distributed. On the other  
hand the peripheral bands o f  smaller cells are closely  packed with chrom atin- 
rich nuclei and w ith v ery  little  cytoplasm  (F igs 1 to  3). These smaller cells 
are som ewhat sim ilar in size and in appearance to lym phocytes. There are, 
how ever, transitional form s between the large pale cells in the centre and the  
sm all chrom atin-rich cells at the periphery. The m osaic appearance is fully
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F ig .  6. Section of pineal body of an in fa n t  aged nine m o n th s  i l lus tra ting  the  a lm o s t  com ple te  
loss of  the mosaic  a r ran g em en t  th ro u g h  a m ark e d  decrease in the n u m b er  of th e  sm all  d a rk

cells. H aem a to x y l in -eo s in  X 125

Fig.  7. H igher  m agnif ica tion  of the  section  of pineal body  show n in Fig. 6 to  d e m o n s t r a t e  th e  
b reak -up  of the mosaic a r ra n g e m e n t .  H aem atoxy l in -eos in  X 315
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F ig .  8. Section of p inea l  b o d y  o f  a newborn a t  24 h o u rs  showing the  absence of the  mosaic 
a r ra n g e m e n t .  H aem atoxy l in -eos in  X 125

Fig.  9. Section of p inea l  b o d y  o f  an  infant  w i th  c y an o t ic  congenita l  h e a r t  disease, aged four  
weeks. T he  m osa ic  a r rangem en t  is ab se n t .  H aem atoxy l in -eos in  X 125
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Fig. 10. H igher  m agnif ica tion  of the  sec tion  of pineal body  show n in Fig. 9 to d e m o n s tr a te  
irregn lar  g land-like  spaces. H aem atoxy l in -eos in  X 315
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d evelop ed  by three w eeks o f  age and it is very  w ell preserved until approxi
m a te ly  6 months o f age, at w hich tim e the pattern is gradually becom ing less 
w ell-defined (Figs 4 — 5). B y  9 m onths of age there is an alm ost com plete loss 
o f  th e  mosaic arrangem ent. The num ber of the small dark cells is m arkedly 
decreased. The aggregates o f  the larger and paler cells in a few  areas are still 
p artia lly  fringed by sem ilunar bands but in other areas the difference between  
th e  tw o  cell groups has com pletely  disappeared. The sm all cells seem  to assume

F ig  12.  H igher m agnif ica tion  o f  t h e  section  show n in Fig.  11, to i l lu s t ra te  de ta i ls  of the  “ glo- 
m eru lo id  s t r u c tu r e ” . H aem a to x y l in -eo s in  X 800

a new  character, becom ing elongated and more and more sim ilar to fibroblasts. 
T he pale, large cell aggregates on the other hand are becom ing smaller and 
m ore chromopliilic (F igs 6 — 7). In contrast to adult pineals where both  capil
laries and small arterioles are present, on ly  capillaries are seen in the neonatal 
p in ea l gland. They are easily  observed w ithin the central pale cell conglomer
a tes , but their presence in the darker zone is doubtful. As the parenchym al cells 
m atu re they  develop th in  argyrophil cytoplasm ic processes. In  the perikaryon  
clusters of tiny rods and dots resem bling the blepharoblasts o f ependym al cells 
are dem onstrable b y  phosphotungstic-acid  haem atoxylin  stain ing. A moderate 
num ber of fibrillary astrocytes are also present. At about 18 m onths of age 
th e  characteristic adult ty p e  of architecture is becom ing more and more appar
en t. A t 2% to 6У2 years o f age the general topography o f the m ature pineal
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gland is com pletely developed. Isolated alveolar nests o f cells are separated by  
connective tissue septa. Corpora acervuli, cyst form ation and other m orpholog
ical signs of “ degeneration” begin to appear as early as 3 years o f  age. The 
presence of septa, which give th e  gland a pseudoalveolar or lohulated architec
ture, varies from one pineal to another and also show s variations w ithin  the 
sam e gland. In m ost 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 m edullary (central) zone. In three pineal glands 
from blind subjects the interlobular septa were very th in  or absent. A lthough  
the sm all number exam ined does not allow any firm conclusion, this observa
tion  seem s worth recording.

As m entioned previously, the mosaic arrangem ent is absent at the tim e  
of birth (Fig. 8) and invariably develops by three w eeks o f age in norm al or 
prem ature infants. This developm ent is m arkedly delayed in infants w ith  
congenital cyanotic heart disease. The mosaic arrangem ent in these cases m ay 
still be absent as late as 4 weeks after birth. The pineal gland o f the newborn 
w ith congenital heart disease shows irregular gland-like spaces or “ glom eruloid  
structures (Figs 10 to 12).

D iscussion

The postnatal transform ation of the pineal gland is a w ell-defined mor
phological process which according to our observations takes place on a prede
term ined schedule. The developm ent of the so-called m osaic arrangem ent starts 
at dram atic speed im m ediately after birth. The transform ation is not dependent 
on m aturity because it starts at once in both prem ature and fullterm  infants. 
The characteristic m osaic pattern will be dem onstrable in m ost cases in the  
first post-natal week and the m osaic arrangement w ill be fu lly  developed by  
three weeks of age. The appearance shows little change from the first to  sixth  
m onths. The epiphyses at the above period are characterized by usually  round 
conglom erates of larger, loosely  arranged, less chrom opbilic cells, separated by  
continuous anastom osing bands o f smaller, densely packed cells, w ith chrom a
tin-rich nuclei and a narrow rim o f cytoplasm . A lthough these small cells re
sem ble lym phocytes and appear to be quite d istinct from the central groups of 
cells, th ey  probably represent im m ature forms of the larger cells and transitions  
can be dem onstrated betw een the tw o forms.

A fter six m onths o f age the continuity  o f the sm all anastom osing bands 
o f cells is beginning to break up. T hey gradually becom e larger, elongated, 
lighter staining and som ew hat sim ilar to the central cells. B y the end o f 9 
m onths, only rem nants o f the m osaic structure are left.

It is extrem ely in teresting to note the analogy betw een the above de
scribed postnatal transform ation o f the pineal gland and the postnatal involution
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o f th e  foetal adrenal cortex. This is not an analogy in m orphogenesis hut an 
an a lo g y  regarding the sequence of events that takes place im m ediately  after 
b irth . The involution o f the foetal adrenal cortex starts at b irth , irrespective 
o f th e  m aturity of the neonate. The involution is more or less com plete within  
th ree  weeks. R em nants of th e  foetal cortex, how ever, can be dem onstrated up 
to  9 — 12 months. L a n m a n  [26] has reported that in infants w ith  cyanotic  
con gen ita l heart disease, there is a delayed involution  of the foetal adrenal 
co rtex . As dem onstrated above, a similar delay of postnatal transform ation  
o f  th e  pineal gland occurs in infants w ith cyanotic congenital heart disease.

There are further evidences th at both adrenal cortex and m edulla may be 
re la ted  to the pineal gland. In rats reared in darkness a progressive activation  
o f  th e  epiphysis and o f th e  glomerular zone o f the adrenal cortex has been 
dem onstrated . There is a rem arkable sim ilarity in m any w ays betw een the 
p in ea l organ and the adrenal m edulla as regards structure and function; both  
are o f  neural origin and have a characteristic cell type that receives autonom ic 
innervation; both receive a high fraction of the cardiac output and contain  
pharm acologically active am ines as well as an alm ost unique m ethylating  
en zy m e producing epinephrine in the adrenal and m elatonin in the pineal [1].

The postnatal transform ation of endocrine glands is poorly understood. 
T he central nervous system  seem s to play an im portant role in the developm ent 
o f  th e  foetal zone of the adrenal cortex. The foetal zone is absent in anencephalic  
m onsters and it is also absent in cases of “ anencephalic ty p e” of hypoplasia of 
th e  adrenal [27]. E fforts at a better understanding o f this phenom enon were 
fru strated  by the d ifficulties o f finding suitable experim ental anim als. A m ongst 
m am m als only the prim ates and larger felidae are reported to  have a foetal 
adrenal cortex similar to  th a t in man [26]. The postnatal transform ation of the 
p in ea l gland occurs also in rodents and it can be studied in com m only used  
experim ental anim als. Considering the close relationship betw een  light stim u
la tio n  and the fu n ction  and m orphology of the pineal, the authors 
in ten d  to conduct experim ental studies, trying to influence the postnatal 
transform ation of the pineal gland by keeping the experim ental animals in 
co n sta n t darkness using a variety  of m ethods (enucleation, suturing the eyes, 
dark room w ithout surgical interference). The characteristic m osaic arrange
m en t of the postnatal transform ation of the pineal gland lends itse lf to an 
e a sy  evaluation using light m icroscopy and sim ple staining procedures.
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PO ST N A T A L E  T R A N S F O R M A T IO N  D E R  Z IR B E L D R Ü S E

N. A. K E R É N Y I und K. SARKAR

Die p o s tn a ta le  T ran s fo rm a tio n  de r Z irbeldrüse w urde a n  m ensch lichen  M ateria l u n te r 
su ch t. Sie beg in n t bei der G eb u rt u n d  ist im A lter von 2 — 3 W ochen  vo llen d e t, w obei eine c h a 
ra k te ris tisch e  M o sa ik s tru k tu r e n ts te h t .  D as M osaikm uster is t im  A lter von e tw a 6 M o naten  
w eniger m erk b a r, und  im A lter von  9 12 M onaten  ve rsch w in d e t es vollkom m en. Z w ischen de r
p o s tn a ta len  T ran s fo rm a tio n  de r Z irb e ld rü se  und der p o s tn a ta le n  In v o lu tio n  der fö ta le n  Zone 
der N eb en n ieren rinde  w urde eine A nalogie festgeste llt. O bw ohl d ie beiden  Prozesse m o rpho- 
genetisch  versch ieden  sind, zeigen sie eine auffa llende P a ra lle li tä t  ih rer P rogression  m it dem  
A lter des K indes sowie auch  a u f  gew issen patho log ischen  V erh ä ltn issen  wie z.B . de r Z yanose 
bei angeborenen  H erzfeh lern .

Die E rsch ein u n g  w ird als ex p erim en telles Modell zum  besseren  V erstän d n is  de r p o s t
n a ta len  T ran s fo rm a tio n  der Z irb e ld rü se  em pfehlen .
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ПОСЛЕРОДОВОЕ ПРЕОБРАЗОВАНИЕ ШИШКОВИДНОЙ ЖЕЛЕЗЫ
Н. А. КЕРЕНЬИ и К. ШАРКАР

Авторы выявили на человеческом материале послеродовое преобразование шишко
видной железы, начинающееся при рождении и кончающееся в 2—3-недельном возрасте, 
причем получается характерное мозаичное строение. В около 6-месячном возрасте мозаич
ность менее заметна и к 9— 12-месячному возрасту она совершенно исчезает. Между после
родовым преобразованием шишковидной железы и послеродовой инволюцией фетальной 
зоны коры надпочечников была выявлена аналогия. Хотя эти процессы в отношении мор
фогенеза различны, они показывают поразительный параллелизм в отношении прогресси
рования, как с точки зрения возраста детей, так и отдельных патологических условий, 
напр., врожденных пороков сердца с ранним цианозом.

Авторы предлагают использовать этот феномен в качестве экспериментальной мо
дели для выяснения послеродового преобразования шишковидной железы.

N . A . K e r é n y i ; D ivision  o f A nat. Path . D alhousie U n iv ., H alifax , N ova  
Scotia , Canada

K . Sa r k a r ; R esident P h ysician , Pathology In st., D alhousie U n iv ., H alifax, 
Nova Scotia , Canada
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D e p a rtm e n t of D erm ato logy  (D irec to r: L. Szodoray), U n iv e rs ity  M edical School, D ebrecen

SULPHATASE ACTIVITY IN HUMAN EPIDERMIS 
AND VARIOUS TUMOURS

K lára  V e z e k é n y i  

(R eceived  M ay 15, 1967)

In  no rm al sk in  th e  live lay ers  u p  to th e  s tra tu m  g ran u lo su m  show  uniform  
su lp h a ta se  a c t iv ity  while t h a t  o f th e  s tra tu m  corneum  is w eak . T h e  a c tiv ity  in  eccrine 
p e rsp ira to ry  g lands an d  follicles is h igh , in sebaceous g lan d s v e ry  high . In  cap illa ry  en- 
d o th e l w eak, in in f la m m a to ry  tissue  e lem ents in ten siv e  a c t iv ity  w as observed . Su l
p h a ta se  a c tiv ity  in  ben ign  ep ith e lia l tum o u rs and  basa liom a w as w'eak, in  m alig n an t 
ep ith e lia l tu m o u rs , in ten siv e . C onnective  tissue tu m o u rs  b eh av ed  d iffe ren tly . T um ours 
o f n eu ra l origin and  p ig m en t tu m o u rs  d isp layed h igh  a c tiv ity . P ig m en ted  tu m o u r cells 
and  m elanophages w ere su lp h a ta se  negative.

The localization and role o f  enzym es acting on various sulphate esters 
in plant, animal and hum an tissues have been studied by num erous authors. 
As to sulphatase a ctiv ity  in hum an epidermis and related tissues, however, 
on ly  the paper of H e w it t  et al. [5] was available. A m ong the enzym es belong
ing to  this group, phenyl and arylsulphatases are detectable by histochem ical 
m ethods. R oy [9] and D ogson et al. [3] differentiated three typ es of sulphatase. 
The occurrence o f these enzym es varies in the different anim al species. 
It is supposed that enzym e typ es A and В are lysosom al, w hile typ e C is m i
crosom al, in origin. According to R oy  [11] the three typ es cannot be differen
tiated  liistochem ically, as th ey  all act on the sam e substrate. W oohsmann  
and B ro so w sk i  [14] claim ed that the use of various inhibitors m akes it possible 
to distinguish the three types.

H uggins  and Smith  [6] have shown that the concentration  o f arylsul
phatases is 6 to 8 tim es higher in rat tum ours than in normal tissues. The purpose 
o f the present experim ents was to study sulphatase a c tiv ity  in normal skin 
and in tum ours originating from different dermal elem ents.

Materials and methods

A to ta l  of 97 specim ens rem oved  in local lidocaine an aesth es ia  w as exam in ed : 6 norm al 
sk in  specim ens, 5 specim ens from  in f la m m a to ry  conditions (sc leroderm a, lichen  ru b e r  p lan u s , 
v a scu litis  nodularis) and  86 specim ens from  d ifferen t tum o u rs . T he d iagnoses a re  show n in 
T ab le  I.

E s tim a tio n  of su lp h a ta se  a c tiv ity  was perform ed by the  azo -dye  m eth o d  of R u t e n b e r g  
e t  al. [ 12J. As form alin  f ix a tio n  in h ib its  su lp h a ta se  a c tiv ity  in h u m a n  tissues, 15 to  2 0 // th ick  
frozen  sections were p rep ared . As h u m an  tissues do n o t sp lit b e n zo y l-n ap h th y l su lp h a te  [4], 
p o tass iu m  6 -b ro m o -2 -n ap h th y l su lp h a te  (M ann R esearch  L ab o ra to rie s , N ew  Y ork) w as used

A d a  M orphologica A cadem iae S c ien lia ru m  Ih m g a r ic a e  16, 1968



238 K . V E Z E K É N Y I

a t  p H  6 .1 . Diffusion w as p re v e n te d  b y  su p p lem en tin g  th e  in cu b a tio n  m ed iu m  w ith  sodium  
ch lo rid e . T h e  optim al in c u b a tio n  tim e  w as 2 hours a t  37° C. C oupling  of th e  azo dye was 
p e rfo rm e d  a t  4° C in  25 m l 0.05 M  p h o sp h a te  b u ffer p H  7.6 co n ta in in g  25 m g D iazo B lue В [7].

H ig h  su lphatase  a c t iv ity  w as in d ic a te d  by  a blue co lour re ac tio n . W eak  reac tio n s  w ere 
c h a ra c te r iz e d  by a red  colour. S o m etim es th e  reac tio n  p ro d u c t d isso lved  in  lip ids w ith  red  
co lo u r.

C o n tro l specim ens in c u b a te d  w ith o u t su b s tra te  gave no colour reac tio n s .

T a b le  I

D is tr ib u tio n  of specim ens

Benign and malignant 
epithelial tumours Melanotic tumours

C ondy lom a acum inatum 1 N aevus p igm en tosus 8

P a p illo m a 2 M elanom a 5

N a e v u s  verrucosus ]

N a ev u s  sebaceous 1 Connective tissue and other tum ours

V e rru c a  seborrh eica 9

K era to acan th o in a 6 F ib rom a 3

K e ra to m a  seniel О Fibrosarcom a 1

B asa lio m a 15 H istiocy tom a 3

C arcinom a spinocellulare 16 N eurom a 1

C arcinom a m ix turn 1 N eurofib rom a 1

C arcinom a m edulläre 1 H aem angiom a О

M e ta ty p ic  carcinom a 2 G ranulom a fungoides 1

B ow en  type  carcinom a 1

A denocarcinom a 1

H id rad en o m a 1

C arcinom a m am m ae 1

Results

Normal skin and inflammatory conditions. The stratum  corneum showed  
no or a weak activ ity . In  hyperkeratosis in the so called interm ediate zone 
w as th e  strongest reaction  observed. In other (from th e basal to the granular) 
layers a similar blue colour reaction appeared in the cytoplasm  (Fig. 1). 
W ith in  the cytoplasm  a c tiv ity  was not uniform: tw o active zones were situated  
around the nucleus and beside the cell m em brane. Under high power the intra
cellu lar bridges seem ed to  react positively . The basal layer reacted weakly or 
n o t at all if melanin was present in larger am ounts. In  acanthosis no significant 
changes were observed.

Among esoderm al elem ents activ ity  was h ighest in the sebaceous glands, 
esp ecia lly  in peripheral undifferentiated  cells but d ifferentiated cells, too, were
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Fig. 9. M elanom a m eta sta s is  in  ly m p h  nod e. H igh su lp h atase
a c t iv ity  in  the  tum ou r cells

F ig. 10. S tro n g  reac tion  in  cellu lar e lem ents o f h is tio cy to m a

Fig. 11. H igh su lp h a ta se  a c tiv ity  in p ro life ra tin g  neurom a 
nerve fib res
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defin itely  positive. The red colour in the centre o f the lobes was probably caused  
by dissolved reaction products. Som etim es the structure of the gland Avas 
indistinguishable ow ing to the intensive colour reaction (F ig. 2).

The outer root sheath of follicles showed higher a ctiv ity  than the ep ith e
lium . The hair shaft was m ostly stained red.

Sulphatase a ctiv ity  in sw eat glands (Fig. 3) was som ew hat higher th an  
in the epithelium . Secretory cells of the alveoli contained coarser, the cells 
lining the ducts finer, blue granules. A faint diffuse sta in ing was observed in 
unstriated m uscles and in the endothelium  o f capillaries. Cellular elem ents  
in inflam m atory infiltrations showed high a c tiv ity . C onnective tissue fibres  
and cells never contained sulphatase under norm al conditions.

Benign and malignant epithelial tumours. In condylom a acum inatum  
sulphatase a c tiv ity  was som ew hat higher than in norm al epithelium . P a p il
lom as and naevus verrucosus behaved as the norm al epithelium . Sebaceous 
gland lobes in naevus sebaceus displayed intensive activ ity .

In verruca seborrhoeica the basal cell-type ep ithelia l proliferation show ed  
stronger a ctiv ity  than  the normal epithelium ; the in ten sity  of the reaction  
was, however, not uniform (Fig. 4). In pigm ented areas the reaction was w eak: 
it was stronger around keratinization centres. K eratinized parts were bright 
red in colour. In keratoacanthom a the epithelial lobes reacted sim ilarly as or 
som ew hat stronger than the normal epiderm is, th e  outer parts stained in ten 
sively , in others the cytoplasm  contained coarse granules. Keratinous pearls 
stained red (F ig . 5). Senile keratom a behaved sim ilarly to normal epithelium .

There was no difference in sulphatase a c tiv ity  betw een solid, adenoid , 
cystic , superficial and keratotic forms of basaliom a. The reaction was som etim es  
stronger in the outer голе of cells (Fig. 6). H ighly pigm ented parts in pigm ented  
basaliom a gave w eak or negative reactions.

In spinocellular carcinom a, sulphatase a c tiv ity  Avas stronger th an  in 
normal ep ithelium , especially in the outer cell rows of tum our nests and in less 
differentiated areas. The reaction som etim es revealed coarse granules. K era
tinous pearls sta ined  red. In a spinaliom a developing from  the wall of an ep i
thelial cyst the keratinized parts contained cells that m aintained their in ten 
sive sulphatase activ ity .

In m etatyp ic carcinom a sulphatase a c tiv ity  was intensive (Fig. 7) and  
quite especially so in m edullary carcinom a. In m ixed carcinoma the a c tiv ity  
corresponded to  th e  prickle or basal cell character o f various parts. In sections  
prepared from a Bow en type carcinom a high sulphatase activ ity  was revealed . 
E xtrem ely  strong reactions were observed in som e larger cells (clum ping cells).

In a case o f  hidradenom a activ ity  was m oderate. Tum our cell nests o f a 
rectal adenocarcinom a spreading to the skin show ed increased activ ity  and th e  
m etachrom atic substance produced by the tum our also gave a blue colour  
reaction (false p ositiv ity? ).
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In  a skin m etastasis o f breast cancer, the tum our cell nests situated  
am on g the fibrous bundles of the corium  were strongly p ositive (F ig. 8).

Melanotic tumours. N evus cells in com pound and derm al ty p es o f  nevus 
pigm entosus showed high activ ity . P igm ented  nevus cells gave w eak or nega
t iv e  reactions. In the cytoplasm  o f som e cells the reaction w as gnanular. 
M elanophage cells were negative.

In  melanoma and its m étastasés (F ig . 9) the tum our cells, w ith  the excep 
tio n  o f  pigm ented ones, exhib ited  strong a c tiv ity , som etim es of granular ap
pearance. E ventual segregated cells in th e  epithelium  over the tum our, were well 
distinguishab le from the epithelial cells b y  their higher activ ity .

Tumours of connective tissue and other origin. In cell-rich fibrom as the  
reaction  was weak and diffuse. A sim ilar diffuse, but stronger reaction  was 
observed  in derm atofibrosarcom a protuberans.

The cellular elem ents in h istiocytom a usually displayed an intensive  
a c t iv ity  (Fig. 10). In  a neuroma the tum our tissue com posed o f fibrous 
b undles were highly active (Fig. 11).

In neurofibroma the reaction was strong and diffuse. The endothelial 
lin in g  o f cavernous haem angiom as show ed weak activ ity . In the infiltrative  
sta g e  o f  granuloma fungoides the cellular elem ents gave a coarse granular 
reaction .

D i s c u s s i o n

There are only assum ptions as to th e  physiological role o f  arylsulphatases. 
In  certain  processes the arylsulphates m ay  act as sulphate donors. The prob
lem  is rendered more d ifficult by the fact th a t of various arylsulphates detected  
in urine only tyrosine sulphate has been dem onstrated in norm al tissues [3].

The finding th a t arylsulphatases are able to sulphatate a num ber of ste 
roids, especially dehydroepiandrosterone; less intensively androsterone, testo 
steron e , oestrone, pregnanolone, etc. [10] indicates their role in steroid m etabo
lism . For this reason th ey  are often referred to  as steroid sulphatases.

A  further in teresting observation is th a t the sulphatase a c tiv ity  is higher 
in  th e  tissues of male than  o f fem ale anim als [2, 14]. According to  H u g g in s , 
and S m i t h  [6] the h ighest a ctiv ity  can be observed in liver, spleen and kidney. 
T he degree of su lphatase activ ity  in various organs varies w ith the animal 
sp ecies.

I t  has been supposed that arylsulphatase plays a part in su lpliatation  
o f polysaccharides [5] although it is not identical with sulphotransferase [16].

The present studies have shown th a t sulphatase a ctiv ity  can be detected  
in  all cellular elem ents o f the skin. N uclei of cells and connective tissue are 
n eg a tiv e . As to normal skin, our results were almost identical w ith  those o f  
H e w i t t  et al. [5]. The live layers o f the epiderm is from the basal layer to  the  
stra tu m  granulosum show ed uniform p o sitiv ity . In the stratum  corneum  activ-
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Fig. 1. U niform  d is tr ib u tio n  of su lp h a ta se  a c tiv ity  in  norm al 
ep iderm is from  s tra tu m  basale to  s tra tu m  g ranulosum

Fig. 3. S u lp h a tase  a c tiv ity  in th e  alveoli o f an eccrine sw eat 
g land

Fig. 2. H igh  su lp h a ta se  a c t iv ity  in  seb aceou s g land

Fig. 4. U neven  reac tio n  in  ve rru ca  seborrhoeica. The reac tion  
is som ew hat s tro n g er th a n  in n o rm al epiderm is



Fig. 5. S u lp h a tase  a c tiv ity  in k e ra to ac a n th o m a ; i t  is sim ilar 
as or. in  th e  o u te r  row of cells, sligh tly  m ore in tensive  th an , 

in  norm al epiderm is. K era tin o u s pearls s ta in  red

Fig. 7. H igh su lp h a tase  a c tiv ity  in  m e ta ty p ic  carcinom a

Fig. 6. S u lp h atase  a c t iv ity  in basaliom a

Fig. 8. S u lp h a ta se  a c tiv ity  in  th e  tu m o u r cell g roups of a 
sk in  m etastas is  of b reas t cancer
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ity  was weak. This finding differs from data concerning the epidermal d istri
bution of other hydrolytic  enzym es which usually  accum ulate in the so-called  
interm ediate zone [13].

In the alveoli o f sw eat glands, ducts and the outer root sheath of fo llicles  
a ctiv ity  was m arked, and m ost marked in sebaceous glands.

No sex difference in activ ity  has been revealed  b u t th is might have been  
due to difficulties in quantitative evaluation o f the histochem ical reactions. 
In agreement w ith  the finding o f A u s t i n  and B i s c h e r l  [1], leukocytes in 
inflam m atory in filtrations showed strong sulphatase p ositiv ity .

In benign ep ithelia l tum ours the activ ity  w as sim ilar to , or som ew hat 
higher than, in the norm al epiderm is.

M alignant ep ithelial tum ours were usually  characterized by increased  
activ ity . Basaliom as were exceptions in this respect; in these tumours how ever, 
other enzym es also fail to exhibit increased a c tiv ity  [13].

Melanotic tum ours exhibited  high su lphatase a c tiv ity . In melanoma th e  
reaction was stronger than in pigm ented naevi. P igm ented  tum our cells either  
in the above tum ours or in seborrhoeic verruca and p igm ented basalioma, sim i
larly to m elanophage cells, were m ostly negative.

The behaviour o f connective tissue tum ours w as not consistent. Fibrosar
coma showed weaker activ ity  than benign h istiocytom a. Tumours of neural 
origin (neuroma and neurofibrom a) were h ighly active . As shown in rats b y  
W o o h s m a n n  and B k o s o w s k i  [14] the m edullary sheath  o f  nerve fibres contains  
sulphatase.
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S U L F A T A S E A K T IV IT Ä T  D E R  M E N S C H L IC H E N  E P ID E R M IS  
U N D  V E R S C H IE D E N E N  T U M O R E N

KLARA VEZEKÉNYI

Die S u lfa ta se a k tiv itä t  de r norm alen  und e n tz ü n d lic h en  H a u t sowie versch iedener 
T u m o ren  w urde u n te rs u c h t.

ln  der n o rm alen  H a u t  zeigen die lebenden  S chich ten  d e r  H a u t  bis zum  S tra tu m  g ran u lo - 
su m  dieselbe A k tiv itä t,  d ie H o rn h a u tre a k tio n  ist jed o ch  sch w ach . D ie R eak tio n  der e k k rin e n

A d a  M orphologica A c a d e m ia e  S c ie n tia ru m  llungaricac  16, 1968



2 4 2 K .  V E Z E K É N Y I

S c h w e iß d rü sen  u n d  de r Follikel is t leb h a ft, am  in ten siv sten  reag ieren  d ie T a lg d rü se n . Die 
R e a k tio n  des K ap illa r-E n d o th e ls  is t  schw ach , d ie  de r en tzündlichen  E le m en te  d ag eg en  s ta rk .

G u ta r tig e  E p ith e ln eu b ild u n g en  u n d  B asa lio m  verfügen  ü b er eine schw ache  A k tiv itä t ,  
b ö sa r tig e  E p ith e ltu m o re n  dagegen  ü b e r eine g es te ig e rte . Die A k tiv itä t  d e r  B in d eg ew eb eg e
sc h w ü ls te  is t  versch ieden , die der N erven- u n d  P ig m e n ttu m o re n  indessen  le b h a f t.  P ig m en tie rte  
T u m o rz e llen  u n d  M elanophagen  sind  in  d ieser B ezieh u n g  als negativ  zu  b eze ich n en .

АКТИВНОСТЬ СУЛЬФАТАЗЫ В ЭПИДЕРМИСЕ 
И В РАЗЛИЧНЫХ ОПУХОЛЯХ ЧЕЛОВЕКА

К. ВЕЗЕКЕНИ

Автором была исследована активность сульфатазы в невредимой и воспалительной 
коже и в опухоля.

В невредимой коже живые слон эпителия показывают до зернистого слоя одинако
вую активность, реакция рогового слоя слабая. Экринные потовые железы и фолликулы 
дают интенсивную реакцию, активнее всего оказались сальные железы. Эндотелий капил
лярных сосудов дает слабую, воспалительные элементы клеток — сильную реакцию.

Доброкачественные опухоли эпителия и базалиомы показывают слабую, злока
чественные опухоли эпителия — повышенную активность. Поведение соединительноткан
ных опухолей неодинаковое. Активность нейрогенных опухолей и меланом очень интен
сивна. Пигментированные опухолевые клетки и меланофаги дают отрицательную реакцию.

D r. K lára Y e z e k É n y i ; Debrecen 12, H ungary
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I n s t i tu te  o f P a th o lo g y  (D irec to r: P rof. J .  O hmos), U n iv e rs ity  M edical School, Szeged

TWO RARE FORMS OF TUMOUR 
IN THE HYPOTHALAMO-HYPOPHYSIAL SYSTEM

IN F U N D IB U L A R  C H O R IST O M A  A N D  G LIO B LA STO M A  
IN F IL T R A T IN G  T H E  P IT U IT A R Y *

D. B a r a  an d  P. L a n t o s  

(R eceived  J u ly  5, 1967)

Tw o cases hav e  been  rep o rted . T he f irs t  w as th a t  o f a 62-year-old fem ale  w ith  an  
in fu n d ib u la r  choris tom a w hich  did n o t a ffec t th e  h y p o th a la m u s  and th e  sh o r t  p o r ta l  
vessels, th u s  did n o t lead  to  necrosis o f th e  a n te r io r  lobe, an d  allowed th e  p assag e  of 
p a r t  o f th e  n eu ro sec re to ry  fib res  o f th e  su p ra o p tic o h y p o p h y sia l tra c t. T he second  case 
w as th a t  o f a fem ale aged 40 w ith  C en tra l R eck lin g h au sen ’s disease due to  a h y p o th a la m ic  
spon g io b las to m a . T his h ad  caused am en o rrh o ea  an d  d iab e tes  insip idus th e n  tra n s fo rm e d  
in to  a g lio b lasto m a  and  in v ad ed  th e  m ajo r p a r t  o f th e  hypo p h y sis .

Two cases of tum our are reported below . T hey were o f interest on account 
o f their rare occurrence and their relation to p itu itary  function.

Choristoma of the hypophysial stalk. Mrs. Z. S., a patient aged 62, 
suffering from carcinoma of the sigm oid, was subjected 5 days before her death  
to  resection o f the colon and adhaesiolysis in Szeged H ospital No. 1. E x a m i
nation  of the rem oved specim en (Dr. I. Török) revealed an exulcerated adeno
carcinom a. The direct cause of death  was general peritonitis. Other essentia l 
find ings established post mortem were postoperative atelectasis o f th e  lower 
pulm onary lobes; degeneration o f the parenchym al organs; subendocardial 
haem orrhage; acut splenic hyperplasia; and cachexia.

As a secondary finding, necropsy revealed behind the chiasm at the initial 
part o f  the sta lk  a greyish-w hite node, the size of a cherry stone, from  w hich  
the narrow stalk  advanced towards the neurohypophysis (Fig. 1). The h y p o th a 
lam us was not compressed by the tum our. The node consisted of large cells 
oval or rounded and for the m ost part ind istinctly  dem arcated, w ith a fin ely  
granulated, fa in tly  eosinophilic structure and sm all nuclei.

Sm all groups of such cells are som etim es observable in the neural lobe  
and infundibulum . Their origin is unknown. Some authors regard them  as 
neurogenous elem ents, others as degenerated basophilic cells (onkocytes). 
From these cells sm all tum ours m ay arise; th ey  were term ed choristom a by  
S t e r n b e r g  (1921) and P r i e s e l  (1922). Other term s suggested by later authors 
are adenom a deriving from anterior lobe cells ( L ö f f l e r , 1930); granular-cell 
pitu icytom a ( F e y r t e r , 1949); tum ourette tum our ( L ü t h y  and K l i n g l e r , 1951,

* B ased oil a p a p e r read  a t  th e  C ongress o f th e  H u n g a ria n  Society of P a th o lo g is ts , 
Szeged, 1966.
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S h a n k l i n , 1953); granular-cell m yoblastom a ( H a r l a n d , 1953). Including  
m inor tum our-like cell aggregations of m icroscopic size the incidence of choris- 
to m a  am ounts to 17% according to S h a n k l i n  (1953) and 6.4%  according to  
L u s e  and K e r n o h a n  (1955).

A part from som e episodes of vertigo w hich  occurred three or four m onths  
before the patient’s death and could well be attributed to other causes, the  
tu m o u r suspending the hypophysio-h ypothalam ic connection did not cause

F ig. 1. C horistom a of th e  h y p o p h y s ia l s ta lk

an y  sym ptom s. The thyroid  weighed 21.4 g and displayed m edium  dilated acini 
m o stly  lined w ith cuboid cells, eosinophilic colloid  in the lum en, and an increase 
o f in terstitia l connective tissue. The ovaries w eighed 4.2 g. T hey contained  
corpora albicantes and hyaline-w alled vessels. The adrenals weighed 9.3 g, 
w ith  discernible cortical layers, slight nodular hyperplasia and areas o f depleted  
lip o id . In the adenohypophysis the ratio o f  distribution on the basis of 2000 
cells w as 63.3%  chrom ophobic, 26.1%  eosinophilic , 10.6% basophilic. PAS  
preparations presented 12.1%  PAS positive and 87.9% PAS n egative cells. 
T hus th e  number o f acidophilic colls was near the lower lim it of norm al. 
T he practically n egative findings explain them selves through the observations 
of D a n d y  (1940), X u e r e b  et al. (1954) and R u s s e l  (1956) that high stalk  
in juries leave the m ain substance of the anterior-lobe parenchym a in tact since 
blood  supply is ensured b y  the short portal vessels in the lower part o f the  
sta lk .
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F ig. 2. Some sw ollen fib res  o f th e  su p rao p tico h y p o p h y sia l t r a c t  in th e  peripheral p o rtio n  o f 
th e  ch o ris tom a. 4 %  n e u tra l form ol fix a tio n , a ld eh y d e-fu ch sin , X 224

Fig. 3. L arge  H errin g  bodies. A ld eh y de-fuchsin , X 896
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There was neither polyuria nor polydipsia. Pre-operative serum  electrolyte  
v a lu es  were: Na 132, К  4 .9 , Cl 102 meq/1. The haem atocrit va lue w as normal. 
A ldehyde-fuchsin  staining, how ever, indicated a considerable sw elling o f certain  
fib  res o f  the supraopticohypophysial tract, w ith large Herring bodies both in 
th e  choristom a and the infundibulum  (F igs 2, 3). According to  th e  general 
v ie w , th is finding probably points to  a stasis of neurosecretion or in other 
w ords th a t the ADH  cannot reach the neurohypophysis. Similar observations 
w ere m ade in humans by M ü l l e r  (1955), S l o p e r  and A d a m s  (1956) as well 
as K o r p a s s y  (1960). On the other hand, the neurohypophysis showed no 
atro p h y  and contained a norm al q u an tity  of secretion. Since a num ber of thin  
neurosecretory fibres were revealed am idst the choristom a cells, we assume 
on e part of the supraopticohypophysial tract fibres made their w ay  across the 
tu m o u r into the neurohypophysis and retained their secretion-transporting  
fu n ctio n . Post-m ortal phenom ena have unfortunately rendered the m agnocel- 
lu lar nuclei of the anterior hypothalam us unamenable to a closer cytologic 
s tu d y .

Glioblastoma infiltrating the hypophysis.  Sch. I ., a 40-year-old  female 
p a tie n t had had am enorrhoea six m onths, polydipsia and polyuria (appr. 
5 litres daily) four m onths before death . Exam ination at the Municipal 
H o sp ita l of Makó revealed a low specific gravity of the urine w hich , together  
w ith  th e  result of w ater deprivation  and chlorothiazide tests in the absence of 
renal disease, ruled out other typ es o f polyuria and confirm ed the diagnosis 
o f  d iabetes insipidus. E xcessive em aciation  and neurologic sym ptom s were 
also  observed. With the suspicion of a diencephalic tum our she w as adm itted  
to  th e  Departm ent of N eurology o f the U niversity M edical School, Szeged 
12 d ays before her death. B y  that tim e the former sym ptom s o f polydipsia  
and  polyuria were not strik ing, whereas several subcutaneous nodes and café 
au la it spots appeared in th e  hyperpigm ented skin. These sym ptom s together  
w ith  th e  result of skin b iopsy  (Dr. A. T ó s z e g i ),  allowed to estab lish  the diag
n osis  o f  neurofibrom atosis. The p a tien t’s neural sym ptom s grew worse but no 
neurosurgical intervention could be risked on account of the p a tien t’s weak 
general condition.

Post-m ortem  exam ination  revealed a tumour which had destructcd  the 
w h ole  o f  the hypothalam us and invaded the surrounding m esencephalon, with  
haem orrhages (Fig. 4) and som e parts presenting the picture o f spongioblastom a  
(F ig . 5). Elsewhere the tum our was more abounding in anaplastic cells; there 
w ere regressive changes, pseudorosettes, a pseudopalisading o f cells and capilla
ry  proliferation (Fig.6), all th is apparently pointing to a fusiform  glioblastom a. 
T he brain and the hypophysis were rem oved separately. No norm al stalk  tissue 
w as seen. Adhering to  the surface o f the hypophysis (weighing 1.2 g) as well 
as to  th e  stalk orifice was a piece o f grey tissue; this proved to be a tumour 
w h ich  had spread from the environm ent through the capsule and destroyed the
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Fig. 4. T u m o u r in th e  h y p o th a la m u s and  en v iro n m en ts , w ith  local h aem orrhages

Fig. 5. S tru c tu re  o f sp o n g iob las tom a show n in Fig. 4; 4 %  form ol, h aem ato x y lin -eo sin , X 224

Acta M orphologici Academ iae S c ien ti n H  ungar icae 16, 1068
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F ig .  6. Changes p o in tin g  to  g lio b la sto m a : cell a b u n d an ce , necrosis, p seu d o p a lisad in g  of cells, 
a n d  cap illa ry  p ro life ra tio n , in  th e  tu m o u r show n in Fig. 4. H a em a to x y lin -eo s in , X 35

A c ta  M orphologica A cadem iae S c ie n tia ru m  H ungaricae 1 6 , 1968

F ig .  7. Loose tu m o u r tissu e  in  th e  v ic in ity  o f a n a rro w  str ip  o f a d en o h y p o p h y s ia l p a ren ch y m a. 
4%  form ol, PA S o ran g e, X 113. A: aden o h y p o p h y sis , T : tu m o u r
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greater part o f the parenchym a. The peripheral portion of the tum our [»re
sented the picture of glioblastom a. There was a rem aining 1 to 1.5 m m  wide 
strip o f adenohypophysis tissue; progressive oedema in its v ic in ity  did not 
allow a reliable evaluation o f the spongious tum our (Fig. 7). There w as also a 
sm all area o f fibrous, cell-rich neurohypophysis-like tissue, void o f 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 w alnut sized haem orrhagic  
cav ity  w ith no lining. D ilated acini abounding in colloid w ith a fla t lin ing of 
epithelium  were present in the thyroid (60 g). The adrenals (15 g) presented  
distinct cortical layers. A large am ount of lipoid was identifiable w ith O il-Red  
О in the fasciculate zone. Som e portions of the zona glom erulosa appeared  
thicker than usual. Am ong the post-m ortem  findings, bilateral h yp osta tic  
pneum onia and a high degree of cachexia deserved attention .

P atients suffering from neurofibrom atosis are known to present a var ie ty  
o f  endocrine sym ptom s for which the responsibility is attributed to  a gene 
lesion developm ental disorder respectively , as the essential causative factor  
(S z o n d i  et al. 1925), to increased STH release ( H a l l e r v o r d e n , 1952), to  
circulatory disorders due to endarteritis and periarteritis, or to a state  o f  e x c ite 
m ent or injury of the peripheral vegeta tive  nerves ( R e u b i , cit. O r t h n e r , 
1955). In a m orphologically d istinct group are listed those cases (including  
the one ju st dicussed) which are known as central R ecklinghausen’s disease  
( O r t h n e r , 1955) and are due m ostly  to a so-called chiasm atic (optic or h yp o
thalam ic) spongioblastom a.

In our case there were some special features such as the transform ation  
o f the hypothalam ic spongioblastom a into fusiform glioblastom a; the in filtra
tion  of the hypophysis by the tum our; and the im provem ent o f the d iabetes  
insipidus owing to a gradual destruction  of the adenohypophysis.

W e are  in d eb ted  to  P rofessor D r. H úszak  and  H ead  P h ysic ian  D r. D. Sza bó , fo r th e  
reco rds o f th e  p a tien ts .
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S E L T E N E  N E U B IL D U N G E N  IM H Y PO T H A L A M U S -H Y P O P H Y S E -S Y ST E M : 
CHORISTOM  D E S  H Y P O P H Y S E N S T IE L S , F E R N E R  »Z E N T R A L E R  

R E C K L IN G H A U S E N  FALL« MIT T U M O R Ö S E R  IN F IL T R A T IO N  
D E R  H Y P O P H Y S E

D. BARA und P. LANTOS

Zwei seltene S e k tio n sb e fu n d e  werden e rö rte r t:  Im  e rs te n  F a ll (62 jährige  F rau ) h a n d e lte  
es sich  um  ein hochliegendes, k irsch g ro ß es H y p o p h y sen stie l-C h o ris to m , das den H y p o th a la m u s 
n ic h t  kom prim ierte , ke ine  A deno h y p o p h y sen n ek ro se  v e ru rsa c h te , d a  die sog. ku rzen  p o rta len  
G efäß e  in ta k t blieben. E in  T e il d e r  neurosekre torischen  F a se rn  des T r. su p rao p tico h y p o p h y seu s 
z e ig te  einen norm alen  V e rlau f. Stellenw eise b ild e ten  sich  w egen der keu lenförm igen  A nschw el
lu n g  einiger dieser F a se rn  d a g e g e n  riesige H errin g sch e  K ö rp er. Im  zw eiten  F a ll fü h rte  ein 
m it  H y p o th a lam u s-S p o n g io b las to m  e inhergehender » zen tra le r  R ecklinghausen«  bei e iner 40- 
jä h r ig e n  F rau  zu D iab etes  in s ip id u s . Der T um or u m w a n d e lte  sich in  ein  G lioblastom  u n d  in fil
t r ie r t e  den größeren T eil d e r  H y p o p h y se .

РЕДКИЕ ОПУХОЛИ В ГИПОТАЛАМО-ГИПОФИЗАРНОЙ СИСТЕМЕ: ХОРИСТОМА 
НОЖКИ ГИПОФИЗА И (.ЦЕНТРАЛЬНЫЙ РЕКЛИНГГАУЗЕН. С ОПУХОЛЕВОЙ

ИНФИЛЬТРАЦИЕЙ ГИПОФИЗА

Д . Б А Р А  и П . Л А Н Т О Ш

Сообщаются два редких наблюдения на вскрытии: высоко локализированная хори- 
стома ножки гипофиза величиной с черешневой косточки у 62-летней женщины. Опухоль 
не сжимала окружающего гипоталамуса, оставила так наз. краткие воротные сосуды 
незатронутыми, и, следовательно, не вызвала некроза передней доли и пропустила часть 
нейросекреторных волокон супраоптикогипофизарного тракта. Эти волокна местами 
кольбовидно набухали и образовались гигантские тельца Герринга. Второй случай, это 
(«центральный Реклинггаузен» со спонгиобластомой гипоталамуса, приводивший у 40-лет
ней женщины к синдрому несахарного мочеизнурения. Опухоль преобразовалась в гли
областому и проникла в большую часть гипофиза.

D r. Dénes B a r a  ) т ,  ,  . . т „  . тт
._ > K órbonctani Intézet, Szeged, H ungary
D r. Péter L a n t o s  b J
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D ’A rcy  T h o m p so n :  O n G ro w th  am i F o rm

A bridged  E d itio n . E d. J .  T. B onner, C am bridge U n iv . P re ss  1966. — 346 P p ., 181 I l lu s tra t io n s ,
2 P la te s .

T h o m p so n ’s book on grow th an d  form  a p p ea red  f irs t in  1917 and  was su b se q u e n tly  
pu b lish ed  in  am plified  form  in 1942. T he p re se n t vo lum e is a re p rin t of th e  1961 e d itio n .

T h ere  are tw o fea tu res  to  show th a t  th e  book w as orig inally  w ritten  in  1917. F ir s t ,  i t  
co n ta in s  num ero u s d a ta  w hich reflect biological co n cep ts  as th ey  were SO years ago , c o n cep ts  
w hich  have  since e ith e r been overshadow ed or su n k  in to  ob liv ion  by new know ledge a n d  new  
no tio n s , a lth o u g h  th ey  are still w orthy  of n o te . Second, som e of the  in te rp re ta tio n s , if  v iew ed 
from  th e  ang le  of p re sen t knowledge, are  obso le te  as ce rta in  problem s have  since been  so lved  
by  m olecu lar biology an d  genetics.

T h e  w ork u n d e r review  is in te res tin g  an d  in s tru c tiv e  nevertheless because i t  an a ly se s  
fu n c tio n s govern in g  g ro w th  and form  from  th e  ang le  o f physics and m a th em a tic s , a n d  t r e a ts  
th em  no t s ta tic a lly  b u t dynam ically . T he p ro b lem s d e a lt  w ith  in the work d irec t a t te n tio n  to 
som e a sp ec ts  of ev o lu tion  w hich have re ce n tly  been  m ore or less neglected.

T h e  book co n ta in s  10 chap ters . T he follow ing are  o f especial in terest.
C h ap te r  I I  discusses dim ensional p ro b lem s. I t  is th ro u g h  m ath em a tica l re la tio n sh ip s  

th a t  ab so lu te  and  re la tiv e  size, surface, body  w eight an d  ex tension  are p ro jec ted  o n to  th e  
b o d y ’s h e a t and  energy  ba lance, on n u tr it io n , on  k in e tic  p henom ena (jum p , f lig h t)  a n d  on th e  
fu n c tio n  of sense o rgans, etc. I t  is also in a p h y sica l sense th a t  th e  question  in v o lv es p ro b lem s 
reg ard in g  th e  u p p e r and lower lim its of th e  size o f  o rgan ism s.

C h ap te r I I I ,  dealing  w ith cell form s, is h igh ly  in te re s tin g , a lthough  it t r e a ts  th e  s u b je c t  
so m ew hat m ech an istica lly . The au th o r recognized  th e  significance of surface ten s io n  a n d  m em 
bran e  ten s io n , th e  an alogy  of splashes and  d ro p s, he ana ly sed  the  surfaces of re v o lu tio n , a n d  
ra ised  th e  p rob lem s of asy m m etry  and a n iso tro p y  a t  a tim e w hen scien tific  an a ly se s  w ere 
still lack ing  in  these  respec ts. The a u th o r a t te m p ts  to su b s ta n tia te  his a rg u m en ts  b y  b io log ical 
exam ples, e. g. on  p ro tozoa , bu t it is now clear th a t  he is a c tu a lly  p resen ting  m odels.

C h ap te r  IV on  tissue  form s, cell ag g reg a tes , th e  ev o lu tion  of organic fo rm s a n d  sp a c e 
filling, is likew ise in te re s tin g  and in stru c tiv e . T h e  w ide range  of th is ch ap ter in clu d es D a rw in ’s 
p e r tin e n t th eo ries  as also L educ’s d iffusion  m odels an d  th e  b ranch ing  of blood vessels.

D ealing  w ith  th e  connections betw een  m ech an ica l stress and form , C h ap te r  V I I I  a p 
proaches th e  p rob lem  of m echanical effic iency. T he q u estion  of prim ariness in  th e  m a t te r  of 
s tru c tu ra l-fu n c tio n a l corre lations is, in th e  m ain , t re a te d  som ew hat m echan istica lly . In  th e  
conclud ing  p a r ts  o f th e  book the a tte n tio n  is d irec te d  to  th e  whole of th e  o rg an ism , a n d  th e  
a u th o r  re fers to  th e  ev o lu tio n ary  aspect o f phylogenesis. All th is  shows his aw aren ess o f th e  
fa c t th a t  th e  fo rm ativ e  developm ent and  change of th e  va rio u s p a rts  of th e  o rg an ism  are  no 
iso la ted  phenom ena.

T he logical connection  betw een th e  fo regoing a n d  C h ap te r IX , the  m ost in te re s t in g  one 
of th e  book, is, th u s , q u ite  ev iden t. C h ap te r IX  n am ely  deals w ith  the th eo ry  of t r a n s fo rm a tio n  
and  th e  phen o m en a  of re la tiv e  grow th (a llo m etry ). T h e  prob lem  is approached  by  m a th e m a t
ical fo rm u las an d  th e  C artesian  system  of co -o rd in a tes . S ta r tin g  from  a d e fo rm a tio n  of th e  
re c tan g u la r  co -o rd in a tes , th e  au th o r tu rn s  to th e  sy s tem s of rad ia l co-ord inates, a n d  an a ly se s 
th e  fo rm ativ e  evo lu tion  and  tran sfo rm a tio n s o f liv ing  system s m ath em atica lly , a n d  re fe rs  to  
th e  sign ificance of th e  th ree-d im ensional co -o rd in a te  sy stem s. T he m anner in  w hich t he e x am p les  
are deriv ed  from  a defo rm ation  of re c ta n g u la r  co -o rd in a tes  is really  a classical one ; th e  
serial exam ples illu s tra te  th e  law s of a llo m etric  g ro w th  an d  fac ilita te  their analysis.

T he p reface  w ritte n  by J . T. B onner, th e  e d ito r  o f th e  book, as also his fo o tn o te s  c o n ta in 
ing re ferences to  recen t papers are lend ing  an  u p -to -d a te  sp ir it to D’Arcy T h o m p so n ’s w o rk .

A lthough  so m ew h at obsolete, th e  book m akes v e ry  in te res tin g  read ing  an d  show s w ell 
th a t  how ever ra p id ly  science is advancing , th e  s tu d y  of fo rg o tten  works is a lw ays in s t ru c t iv e  
and  useful.

G y . K i s z e l y
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A n ltti U .  A r s t i la :  E le c tr o n  M icro sco p ic  S tu d ie s  o n  t h e  S tr u c tu r e  an d  H is to c h e m is tr y  
o f  th e  P in e a l G la n d  o f  t h e  R a t

S u p p le m e n t to “ N eu ro en d o c rin o lo g y ” Vol. 2. (S. K a rg e r , B a se l—New Y ork, 1967), 101 P p .,
72 Figs.

T his l ittle  m o n o g ra p h  p resen ts  an  exce llen t su m m a ry  of p resen t know ledge on  th e  
p in e a l body. The a u th o r ’s e lec tro n  m icroscopic an d  h is to ch em ica l stud ies have  c larified  n u m e r
o us co n tro v ersia l p ro b lem s a risen  in  c o n tex t of th is  en d o crin e  gland.

T he te x t, on a to ta l  67 pages, includes seven c h a p te rs . C h ap te r 1 is a sh o rt in tro d u c tio n , 
su m m ariz in g  th e  m ain  s t r u c tu r a l  and  fu n c tio n al a sp ec ts  o f th e  p inea l body. C hap ter 2 describes 
th e  a u th o r ’s e lectron  m ic ro sco p ic  find ings; th is is p e rh a p s  th e  m ost valuab le  p a r t  o f his w ork . 
C o rre la tin g  his own re su lts  w ith  well-selected re fe ren ces, h e  concludes th a t  th e  p in ea l b o d y  
c o n ta in s  th ree  d iffe ren t cell ty p es , i.e. d a rk  an d  lig h t m a in  cells and  in te rs titia l cells. An u n e q u i
v o c a l an d  persuasive  d iffe re n tia tio n  of th e  th ree  cell ty p e s  is p resen ted , based  on  th e ir  subm i- 
croscop ic  features. In c o n s is te n tly  w ith  th e  m ajo rity  o f a u th o rs , A rs tila  s ta tes  th a t  th e  in te r s t i t ia l  
cells a re  special p a re n c h y m a l cells, defin itely  d iffering  fro m  th e  glial elem ents of th e  c e n tra l  
n e rv o u s  system . C h a p te r  3, dealing  w ith  h is to ch e m is try , d iscusses th e  h y d ro ly tic  enzym es of 
th e  p in ea l body. T he m a in  cells of th is gland e x h ib it  ac id  p h o sp h a tase , a ry l-su lp h a ta se  an d  
th io a c e tic  acid este rase  a c tiv it ie s , b u t  do n o t give p o sitiv e  a lk a li p h osphatase  an d  ch o lin esterase  
reac tio n s . In  C h ap te r 4 is described  th e  u l tra s tru c tu re  o f p in ea l nerve fibres. A sh o rt e x p eri
m e n ta l  p a r t  ap p en d ed  to  th is  c h ap te r  discusses th e  su b m icro sco p ic  changes tak in g  p lace  in  th e  
n e rv e  fib res  u n d e r th e  in flu en ces  o f various ex p erim en ta l in te rv e n tio n s  such as b ila te ra l c erv ica l 
sy m p a th e c to m y , t r e a tm e n t  w ith  reserp ine  or o x y p e rtin e . In  C h ap te r 5 are p resen ted  th e  c o n c lu 
sions d raw n  by  th e  a u th o r .  C h ap te r 6 con tains a concise d e sc rip tio n  of th e  co n ten ts , w h e reas  
C h a p te r  7 a co m p ila tio n  o f carefu lly  selected re fe ren ces, in c lud ing  m ore th a n  150 p ap ers .

T he d e m o n s tra tio n  m a te ria l  (C hap ter 8) in c lu d es 72 figu res arranged  in 18 p la te s  an d  
occup ies 37 pages. E x c e p t  fo r 2 schem atic  d raw ings, th e  w hole m ate ria l consists of o rig in a l 
e le c tro n  m icrographs a n d  lig h t and  electron  m icroscopic  p ic tu re s  of h istochem ical reac tio n s .

B. M e s s

P rinted  in H u n g a ry
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NEUROBIOLOGY OF INVERTEBRATES

Proceedings o f  a Sym posium  held  a t the Biological R esearch  

In stitu te  o f  th e  Hungarian A ca d em y  o f Sciences (T ihany) 

Septem ber 4 — 7, 1967

Ed. b y  J . Salánki

In E nglish  • Approx. 480 pages • Cloth

The th irty-four papers presented  in  this volum e and w ritten  

b y  specialists in  the field o f  invertebrate neurom orphology, 

neurophysiology and zoology g iv e  an account o f  recent re
sults in  searching the nervous system  of annelids, m olluscs, 

crustaceans and insects.

Studies o f  th e  first part present m ainly subm icroscopical and  

histochem ical investigations from  the view point o f  fu n ction a l 
m orphology o f  structures in v o lv ed  in neural regulation . P a 

pers o f  th e  second part, d ev o ted  to  elem entary processes and  

to chem ical specificity  at cellu lar level, are p artly  o f  b io 

physical, p artly  o f pharm acological interest. The th ird  part 

contains papers discussing se lec ted  problems o f active  su b 

stances and enzym es in th e  nervous system  and heart, and  

also transport o f m aterials a long nerves. The fourth  part 

includes stud ies on neural in tegra tion , especially on problem s 

of learning and control o f  behaviour.

A K A D É M I A I  K I A D Ó

P u b lish in g  H ouse o f  th e  H u n g a ria n  A cad em y  o f  Sciences 
B u d a p e s t



T h e  A cta  M orphologica publish  p a p e rs  on  ex p erim en tal m edical su b je c ts  in  E n g lish , 
G erm an , F ren ch  and  R u ssian .

T h e  A cta  M orphologica ap p ear in  p a r ts  o f  v a ry in g  size, m ak in g  u p  volum es. 
M anuscrip ts sh o u ld  be addressed  to :

A cta  Morphologica, B udapest I X . ,  Tűzoltó и. 58.

C orrespondence w ith  th e  ed ito rs a n d  p u b lish ers  should be se n t to  th e  sam e ad d ress . 
T h e  ra te  o f su b sc rip tio n  to  th e  A c ta  M orpholog ica  is 165 fo rin ts  a  vo lum e. O rders m a y  

be p laced  w ith  “ K u ltú ra ”  Foreign  T rad e  C o m p an y  fo r B ooks and N ew sp ap ers  (B u d a p es t I . ,  
F3  u tc a  32. A ccoun t N o. 43-790-057-181) o r  w ith  rep re sen ta tiv es  a b ro ad .

L es A cta  M orphologica p a ra issen t en  fran ç a is , a llem and , an g la is  e t  ru sse  e t p u b lie n t  
des tr a v a u x  du  do m ain e  des sciences m éd ica les  expérim en ta les .

L es A c ta  M orpholog ica  so n t p ub liés sous fo rm e de fascicules q u i se ro n t ré u n is  en  
vo lum es.

O n  est p rié  d ’en v o y e r  les m an u scrits  d e s tin ée  à l’adresse su iv a n te :

A cta  Morphologica, B u dapest I X . ,  Tűzoltó и. 58.

T o u te  correspondence  d o it ê tre  en v o y ée  à  c e tte  m êm e adresse.
L e  p rix  de  l’a b o n n em en t est de 165 fo r in ts  p a r  volum e.
O n  p e u t s’a b o n n e r  à  l’E n trep rise  d u  C om m erce E x té rieu r de  L iv re s  e t  J o u r n a u x  

« K u ltú ra»  (B u d ap es t I . ,  F 6  u tca  32. C o m p te -c o u ra n t No. 43-790-057-181) ou  à  l ’é tra n g e r  
chez to u s  les re p ré se n ta n ts  ou déposita ires.

«A cta M orphologica» публикуют трактаты из области экспериментальных медицин
ских наук на русском, немецком, английском и французском языках.

«A cta M orphologica» выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации авторские рукописи следует направлять по 
адресу:

A cta  Morphologica, B u dapest I X . ,  Tűzoltó и. 58.

По этому же адресу направлять всякую корреспонденцию для редакции и адми
нистрации.

Подписная цена «A cta M orphologica» — 165 форинтов за том. Заказы принимает 
предприятие по внешней торговле книг и  газет «K ultúra»  (B u d a p e s t I . ,  FS u tc a  32. 
Текущий счет №  43-790-057-181) или его заграничные представительства и уполномо
ченные.



4 0 ,— Ft

Reviews of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

ALBANIA
N derm arja 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 
Pannónia Books
2, Spadina Road 
Toronto 4, Ont.

CHINA
Waiwen Shudian
Peking
P. O. B. 88

CZECHOSLOVAKIA

Artia
Ve Smeikdch 30 
Praha 2
PoStovná Novinová Sluiba 
Dovoz tisku 
Vinohradská 46 
Praha 2
Mad’arská Kultura 
Vddavské nám. 2 
Praha I
Poïtovd Novinovd Sluiba 
Dovoz tlace 
Leningradskd 14 
Bratislava

DENMARK
Ejnar Munksgaard 
Nörregade 6 
Copenhagen

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 
Leninstraße 16 
Leipzig 701 
Zeitungsvertriebsamt 
Clara Zetkin Straße 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 
Keizersg rächt 471 —487 
Amsterdam C 
Martinus Nijhof 
Lange Voorhdut 9 
The Hague

INDIA
Current Technical Literature 
Co Private Ltd.
India House O PP 
GPO Post Box 1374 
Bombay I

ITALY
Santo Vanasia 
Via M. Macchi 71 
Milano
Libreria Commissionaria Sansoni
Via La M armora 45
Firenze

JAPAN
N auka Ltd.
92, Ikebukur O-Higashi 1-chome
Toshima-ku
Tokyo
Maruzen and Co. Ltd.
P. O. Box 605
Tokyo-Central
Far Eastern Booksellers
Kanda P. О. Box 72
Tokyo

KOREA
Chulpanmul
Phenjan

NORWAY
Johan Grundt Tanúm 
Karl Johansgatan 43 
Oslo

POLAND

RUCH
ul. W ronia 23 
Warszawa

ROUMANIA
Cartimex
Str. Aristide Briand 14—18 
Bucureçti 

SOVIET UNION
Mezhdunarodnaya Kniga 
Moscow G —200

SWEDEN
Almquist and Wiksell 
Gam la 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

26. IX. 1968 In d e x : 26.017



M o rp h o lo g ica
Academiae

Scientiarum
Hungaricae

A D I U V A N T J B U S

J. В ALÓ, P. E N D E S,  К. FARKAS, L. H A R A N G H Y ,  
B. KELLNER, I. KROMPECHER,  GY. R O M H Á N Y I,  

E. SOMOGYI,  J. SZ ENT ÁG OT HA I

R E D I G I T

I. T Ö R Ő

T O M U S X V U  F A S C I C U L U S  3

Akadémiai Kiadó Budapest
ACTA M ORPH. HUNG
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O R V O S T U D O M Á N Y I  K Ö Z L E M É N Y E I

S Z E R K E S Z T Ő S É G  ÉS K IA D Ó H IV A T A L : BU DA PEST V ., A LK OTM Á N Y  U . 21. 

Technikai szerkesztő:

D r .  S o m o g y i  E n d r e

Az A cta M orpholog ica  ném et, ango l, f ra n c ia  és orosz n y e lv en  közö l é rtek ezések e t a  k ísé r
le te s  o rv o stu d o m án y  tá rg y k ö réb ő l.

Az A c ta  M orphologica  változó te r je d e lm ű  füzetekben  je le n ik  m eg. T öbb  fü z e t a lk o t  egy 
k ö te te t .

A  közlésre s z á n t  k éz ira to k  a k ö v e tk e z ő  cím re kü ld en d ő k :

A cta  Morphologica, B udapest IX ., Tűzoltó u. 58.

U g yanerre  a  c ím re  kü ldendő  m in d e n  szerkesztőségi és k ia d ó h iv a ta li  levelezés.
Az A c ta  M orpholog ica  előfizetési á ra  k ö te te n k é n t  belfö ldre 120, k ü lfö ld re  165 F t .  M eg

re n d e lh e tő  a  belfö ld  sz á m á ra  az A k a d ém ia i K iad ó n á l (B u d ap es t V ., A lk o tm á n y  u tc a  21. 
B a n k sz ám la  05-915-111-46), a  kü lfö ld  s z á m á ra  ped ig  a  „ K u l tú r a ”  K ö n y v - és H ír la p  K ü l
ke resk ed e lm i V á lla la tn á l (B u d ap est I . ,  F ő  u tc a  32. B ankszám la: 43-790-057-181) v a g y  a n n a k  
k ü lfö ld i kép v ise le te in é l és b izo m án y o sain á l.

D ie A cta  M orpholog ica  v e rö ffen tlich en  A b h and lungen  aus d em  B ereiche d e r  e x p e r i
m en ta l-m ed iz in isch en  W issenschaften  in  d e u ts c h e r , englischer, fran zö sisch er u n d  ru ss isch e r 
S p rach e .

D ie A c ta  M orpholog ica  e rscheinen  in  H e f te n  w echselnden U m fages. M ehrere  H e fte  
b ild e n  einen B and .

D ie zu r V erö ffen tlich u n g  b e s tim m te n  M an u sk rip te  sind  a n  d ie folgende A d resse  zu 
sen d en :

A cta  Morphologica, B u d a p est IX .,  Tűzoltó и. 58.

A n die gleiche A n sch rif t ist a u ch  je d e  f ü r  die Schriftle itung  u n d  den V erlag  b e s tim m te  
K o rre sp o n d en z  zu  r ic h te n .

A b o n n em en tsp re is  p ro  B and : 165 F o r in t .  B este llb ar bei d em  B uch- u n d  Z eitu n g s-A u ß en - 
h a n d e ls-U n te rn eh m e n  »K ultúra«  (B u d a p es t I . ,  F ő  u tca  32. B a n k k o n to  N r. 43-790-057-181) 
o d e r  bei se inen A u s la n d sv e rtre tu n g en  u n d  K om m issionären .
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R esearch  In s t i tu te  of t lie R o u m an ian  A cad em y  of Sciences (H ead : Prof. M. G ü n d i s c h ); 
D e p a rtm e n t o f A natom y (H ead : P ro f. T . Ma ros) of th e  In s t i tu te  o f M edicine 

and P h a rm aco lo g y , T îrgu-M ureç

INVOLVEMENT OF THE OPTIC SYSTEM IN 
EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS

IN THE DOG

T . M a r o s  a n d  L .  L á z á r

(R eceived  A u g u s t 4, 1966)

C hanges occurring  in th e  o p tic  system  of dogs in the  course o f  e x p e rim e n ta l 
allerg ic  en cephalom yelitis  have  been  s tu d ied  u n d e r th e  ligh t m icroscope. T h e  o p tic  
a p p a ra tu s  w as fo und  to he involved  as f req u e n tly  as in cases of h u m an  d e m y e lin a tin g  
en cep h alo m y elitis  and m u ltip le  sclerosis. A lso, a sy m p to m a tic  m orpholog ical ch an g e  
ap p eared  early  in th is area.

i lie fa c t  t h a t  th e  op tic  a p p a ra tu s  is a ffec ted  early  and freq u e n tly  m ig h t he due 
to th e  close co n n ec tio n  betw een  n eu ro g lia  and  connective  tissue in th e  re tro b u lb a r  p o r
tio n  of th e  o p tic  nerve. An im p o r ta n t  role in th e  developm en t o f d em y e lin a tio n  an d  
sc lero tic  foci is a ttr ib u te d  to th e  re ac tiv e  and  a s tro cy tic  in te rfascicu la r o lig odendrog lia l 
e lem en ts. T h e  conspicuous freq u en cy  of p e riv a scu la r  processes in  th e  o cc ip ita l pole 
seem s to  he connected  w ith  increased  fu n c tio n a l vaso m o to r a c tiv ity .

Frequent m orphological changes in the optic system  are characteristic  
o f experim ental allergic encephalom yelitis (E A E ). Such changes som etim es  
give rise to conspicuous m anifestations such as irreversible or tem porary b lind
ness, while som etim es the changes cannot be observed by routine m ethods  
because no objective sym ptom s are present.

Since dam ages of the optic system  arc frequent in m ultiple sclerosis as 
also in other hum an dem yelination diseases [15], it seemed ju stified  to  stu d y  
it in th e  ЕЛЕ o f dogs. The study w as designed in order to investigate th e  fa c
tors w hich determ ine the nature o f  the m orphological changes and to establish  
w hy th ey  occur so frequently in certain parts of the optic system .

Material and method

T w e n ty  m ongrel dogs of bo th  sexes a n d  d iffe re n t ages were used. T he m odel e x p e rim e n t 
by  w hich  E A E  was in duced  as well as th e  obse rv ed  neuro log ical sym ptom s and  m o rp ho log ical 
changes hav e  been described  earlier [18, 19, 21]. E y eb a ll, op tic  nerve, op tic  ch iasm a, o p tic  
t r a c t  a n d  occip ita l pole o f the  an im als w ere rem o v ed , fixed  in a 1 : 10 so lu tion  of fo rm ol and  
b ro m fo rm o l, and s ta in e d  w ith  h a em a to x y lin -e o sin , M asson’s m ethod , m yelin  s ta in  an d  silver 
im p re g n a tio n  (for th e  d e m o n s tra tio n  o f n eu ro n a l a n d  glia elem ents).

1 A  eta M orphologica Academ iae S c ien tiarum  H an g a r icae 16 , 1968
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Results

Clinical sym ptom s.  In  3 animals b ilateral com plete blindness accom pa
nied b y  the absence o f  pupillary reflexes w as observed, while disorders of 
vision  m anifesting them selves indirectly w ere registered in 6 anim als. T hey  
fell w ed w ith the eyes non-existent objects m oving in the air, or snapped at 
non-existing flies, a phenom enon ind icative o f  scotom a; some of them  m issed  
th e  offered food, presum ably owing to diplopia. A ll these animals displayed  
ophthalm o-leucoencephalitic  lesions th at w ere frequently  com bined w ith acute  
m yelitis. Changes in  th e  optic apparatus w ere observed in nearly all anim als 
irrespective of w hether th ey  displayed m anifest signs o f disturbed vision.

Circulatory d isturbances were observed in the optic system  of 10 anim als. 
L ocalization  and frequency of the gross changes are listed in Table I.

Table I

Affected areas

Optic Optic Optic tract Occipital
nerve chiasma pole

H y p eraem ia  ........................................................................ 8 8
M inor h a e m o rrh a g e ........................................................... 10 1 1 7
H a em a to m a  .........................................................................
Foci o f haem orrhage an d  m a la c ia ............................

2
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 
betw een  the sheaths o f the optic nerve as far as the optic chiasm a. In an
other case the entire w hite substance around the calcarine fissure turned  
in to  an extensive soft focus.

Microscopic picture.  The m orphological changes characteristic of EA E  
[18 , 19], could all be found in the optic apparatus.

M ixed perivascular foci appearing at the different stages of m yelin  
sh eath  destruction were registered in th e  follow ing parts of the optic appa
ratus.

(i) R etrobulbarly, 1 cm behind the lam ina cribrosa (11 dogs)
(ii) In the optic chiasm  (5 dogs)
(iii) In the op tic  tract (9 dogs)
(iv) In the op tic  radiation (16 dogs). In these, dem yelination was the  

predom inant phenom enon in 10 cases, vascu lar and perivascular phenom ena  
in 5 cases, cerebral oedem a and a swelling o f the m yelin sheath in one anim al.

Conspicuous signs o f dem yelination were observed in the optic nerve, 
op tic  chiasma and optic tract in 12 anim als.
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Fig. 1. Vesicles o f d iffe ren t sizes in th e  ganglionic  layer. M allory’s s ta in . E y ep iece , 6 X , Lens,
2 4 /0 , 42

Nature arid frequency o f  changes

(a) Retina. This organ occasionally showed microscopic haem orrhages 
and frequently perivascular lym phocytic-p lasm acytic in filtrations, precisely  
corresponding to those described by F o g  [6 ]  in m ultiple sclerosis.

Retinal phlebitis and periphlebitis were also observed, likew ise phenom 
ena known from m ultiple sclerosis [9]. N evertheless, m ost ganglion  cells 
were of a normal aspect, and it was the appearance of serous m icrocysts which 
pointed to the circulatory disturbance (F ig. 1).

R eactive forms o f the m acroglia w ithout signs of essential reorganiza
tion o f the other retinal elem ents were frequent in the chronic phase. T hicken
ing o f the adventitia , a constant concom itant sign, made the blood vessels 
visib le 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 m ost pronounced in the retrobulbar  
portion o f the optic nerve, and especially in the im m ediate v ic in ity  o f  the  
lam ina cribrosa (Fig. 2). Proceeding towards the chiasm a, the cicatricia l as
pect o f the widening connective tissue septa becam e gradually less pronounced  
and the number of interfascicular glial elem ents (m ostly oligodendroglia) grew 
gradually lower (Fig. 3).
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F ig . 2. R e tro b u lb a r p a r t  o f o p tic  nerve. Note m ark e d  g liosis betw een  w idened connective  
tissue septa. S ilv e r-c a rb o n a te  im pregnation . E y ep iec e  6 X ,  Lens, 24/0, 42

The neuroglia o f m ix ed  composition (oligodendroastrocyte) (Fig. 4), as 
seen  in  the incipient p h ase , w as in the course o f  dem yelination  (Fig. 5) grad
u a lly  replaced by ty p ica l astrocytes which form ed com pact glial scars at the  
lev e l o f and next to th e  lam in a  cribrosa.

(c) Chiasm and optic  tract. Changes here were less marked, m yelin  
lesion s — precursors o f  dem yelination  — were o f  reversible character, sclerotic 
foci were scattered and appeared later (Fig. 6). T he interfascicular neuroglia  
show ed  hyperplasia, som etim es with the predom inance of oligodendroglial 
cells and sometimes w ith  th a t  of astrocytes.

(d) The lateral genicular body showed in  som e cases marked hyperergic 
perivasculitis (with or w ith o u t bleeding) w hich w as usually confined to earlier 
foci o f  dem yelination or sclerosis.

(e) Optic radiation. E xu d ative  perivascular foci, frequently accom panied  
b y  m icroscopic haem orrhages, were practically  constant phenom ena. Beside  
haem atogenic and a d v e n tit ia l elements, m icroglial cells were also involved  in 
th e  perivascular in filtra tion s (Fig. 7), and th is to  a greater extent than in the  
other parts of the optic  apparatus. Predom inance o f microglial elem ents was 
fou n d  to he a constant phenom enon also in foci o f dem yelination form ed in 
th e  acute phase of th e  d isease. Microglial reaction  was w eakest in the optic  
n erve where the m ajority  o f  cellular elem ents appeared to he of oligodendro
g lia l origin.
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Fig. 3. S c lero tic  focus w ith  p ro life ra tion  of neurog lial e lem en ts. S ilver-carbonate  im p re g n a tio n .
Eyepiece. 6 X, L ens, 24/0, 42

Fig. 4. R eac tiv e  tran s fo rm a tio n  of o ligodendroglia l cells, suggestive  of a s tro cy tes . S ilver- 
c arb o n a te  im p regnation . E yepiece  6 X , Lens, 24/0, 42
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F ig . 5. M iddle p o rtio n  of o p tic  n e rv e . A b u n d an t m y e lin  g lobules ind ica tive  of d e m y e lin a tio n  
M yelin s ta in . Eyepiece, 6 X , L ens, 24/0, 42

F ig . 6. O p tic  t r a c t  n ea r to  th e  ch iasm . W eak s ta in in g  re ac tio n  ind ica tes ad v an ced  dem yeli 
n a tio n . M yelin s ta in . M agnif.: E y ep iece  6 X , Lens, 6/0, 16
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F ig. 7. O ccip ital pole, w h ite  m a tte r . P e riv a scu la r  in f iltra te s  a lte rn a tin g  w ith  zones of d iffuse  
cell in filtra tio n . S ilv er-carb o n a te  im p reg n a tio n . E yepiece , 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 circum scribed or diffuse foci.

Changes in the optic nerve were often accom panied by hyperergic - 
frequently necrotizing processes occurring in the spinal cord or in the brain 
stem . Involvem ent o f the occipital pole was usually  associated w ith changes 
in the other parts o f the hem ispheres.

D iscussion

The fact that both the optic nerve and the spinal cord are dam aged in 
EAE a feature characteristic also o f human optic neurom yelitis [24J 
might be due to the abundance o f m esenchym al elem ents in these organs. A 
com m on factor is presum ably responsible for the sim ultaneous occurrence o f  
hyperergic processes in the spinal cord and the optic nerve. Structural proper
ties o f the perivascular connective tissue and the neuroglial lim iting m em 
branes are probably in the background of the phenom enon. This assum ption  
seem s to be supported by the observation  that the pathologic processes take  
preferably place in the retrobulbar segm ent of the optic nerve and in the v i
cin ity o f the lam ina cribrosa, areas rich in tissue elem ents of m esenchym al 
origin.
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The peculiar reactiv ity  of the optic neuroglia and its connection with 
the con n ective tissue is m ade obvious b y  som e phylogénie and ontogénie data. 
The neuroglial apparatus undergoes notable changes during the developm ent 
of th e  connection tissue system  o f the optic nerve. The m ost significant change 
consists in  the appearance o f increasingly num erous differentiated (fibrous) 
glia l elem ents. For instance, the optic nerve o f Petromyzon  is devoid o f support
ing con n ective tissue, and the neuroglia is represented only by axially  arranged 
ep en d ym al cells. In  am phibians and reptiles, astrocytes appear w ith  the in 
crease in perivascular connective tissue [10, 27], to  be followed b y  intrafas- 
cicular p lasm atic astrocyte structures [2, 25]. The interfascicular rows o f neuro
glia in  birds consist alm ost exclusively  o f oligodendroglia [1]. Interfascicular  
con n ective  tissue septa m ake the glial structure o f  the optic nerve still more 
in tr ica te  in m am m als [7]. The connective-tissue apparatus in the optic nerve 
of m am m als of the higher orders is even  more com plicated and abundant [32] 
w h ich  leads to an overw helm ing predom inance o f astrocytes in man [17, 31], 
w ith  an alm ost com plete absence of m icroglia [3].

The developm ent o f the optic nerve presents a number o f further in 
terestin g  features. In the hum an new born the neuroglial apparatus in the  
op tic  nerve consists alm ost entirely o f oligodendroglia, and i l  is in the course 
of con n ective  tissue growth that astrocytes em erge in increasing num bers [3]. 
T h ey  appear first at the level of the lam ina cribrosa [4, 29, 30].

W hile, according to our observations, oligodendroglia is predom inant 
in th e  optic nerve of young dogs, astrocytes and transitory forms appear in 
increasing num bers w ith advancing age.

Sim ilar transitory structures have been observed in man not on ly  from 
the optic  nerve but from the optic chiasm  and the optic tract as well [3, 17, 
31]. W e are in agreem ent w ith  other authors [23] th at oligodendroglia and 
astrocytes of the optic nerve are but tw o varieties o f the same neuroglia.

The neuroglial structure, the developm ent o f which is correlated w ith  
the grow th  of the supporting connective tissue is in our opinion a decisive  
factor in the optic (retrobulbar) localization  o f the process. To the sam e factor 
m ight he due the fact that sclerotic foci develop along the subpial connective  
tissu e 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 presum ably induced by the in flam m atory process in which the m esenchym al 
elem en ts are involved; this is particularly probable the optic system  where the  
in terconnection  betw een neuroglia and ad ven titia l connective tissue is espe
c ia lly  close [5].

Som e further factors m ay also have a part in the retrobulbar localiza
tion  o f  dem yelinating processes, thus a hyperaesthesia of the m yelin, reactive  
changes o f which occur sooner near the lam ina cribrosa than elsewhere. Ear-
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lier studies have shown [13, 22] th a t the m yelin sheath  showed th e  earliest 
changes at the junction of m yelinated  and unm yelinated segm ents o f  the nerve 
fibre.

R eactive cell types o f the interfascicular neuroglial rows m ay p lay  a sig
nificant role in processes occurring independently o f the connective tissu e  septa  
and the blood vessels [11, 12]. These foci, precursors o f  sclerosis, rem ain long 
reversible, especially in the chiasm  and the optic tract. The regenerative power 
of the optic apparatus, observed in  lower animals [26, 28] m ay likew ise be due 
to the sam e structural properties, i.e . the absence or low  num ber o f connective  
tissue septa and astrocytic elem ents.

Functional changes in local circulation, too, seem  to play an im portant 
part in the localization o f allergic and hyperergic processes. There are data 
concerning the existence o f  a correlation between the localization  o f the said 
processes and functional factors [8]. It  is perhaps owing to a sim ilar m echanism  
th at circulatory disorders such as hyperaem ia, haem orrhage and inflam m atory  
processes are marked in the optic apparatus. The functional stresses to  which  
the hum an optic system  is more exposed than that of other species m ay be 
regarded as another reason w hy m ultiple sclerosis so frequently occurs in the 
optic apparatus.

Conclusions

The optic system  is nearly alw ays affected in the experim ental encepha
lom yelitis o f dogs. M icroscopic changes are usually  dem onstrable even  if  the 
optic apparatus shows no pathological signs. Lesions appear in m ost cases in 
the optic nerve and the occip ital pole, hut the retina and som etim es even  the 
optic chiasm , the optic tract and th e  lateral geniculate body m ay also be in
volved . The process m ostly resem bles an optic neurom yelitis.

A correlation presum ably ex ists between the site o f  the changes and the 
m orphological properties o f th e  affected areas. The fact th at p athologic  pro
cesses arise early and frequently in the retrobulbar segm ent o f the op tic  nerve 
may be due to the close connection  between the richness of supporting con
nective tissue and the rows o f interfascicular neuroglia. R eactive and astro
cytic oligodendroglial elem ents are presum ably im portant factors in early  
dem yelination  and sclerosis, and it is the optic system  th at seem s to  sustain  
the earliest damage.

The frequency of perivascular processes in the occip ital pole m ay be due 
to increased vasom otor a c tiv ity  in connection with functional stresses. This 
m ight be even more significant in hum an pathology than  in anim al experi
m ents.
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B E T E IL IG U N G  D E S  N E R V U S-O PT IC U S-SY ST E M S B E I  E X P E R IM E N T E L L E R  
A L L E R G IS C H E R  E N Z E P H A L O M Y E L IT IS  V O N  H U N D E N

T. MAROS und L. LÁZÁR

Die m orp h o lo g isch en  V eränderungen  des N e rv u s-o p ticu s-S y stem s bei ex p erim en te lle r  
a llerg ischer E n zep h a lo m y elitis  von H u n d en  w urden  m it lich tm ik ro sk o p isch en  M ethoden u n t e r 
su ch t. D as N erv u s-o p ticu s-S y stem  n im m t am  Prozeß ebenso  h ä u fig  te il, wie bei d e r a k u te n  
d em y elin isierenden  E n zep h alo m y elitis  und  de r Sclerosis m u ltip le x  des Menschen. Es sc h e in e n  
dabei au ch  sy m p to m fre ie  m orpholog ische V erän d eru n g en  frü h z e itig  au fzu tre ten .

F ü r  die h äu fig e  u n d  frühe  L okalisa tion  des p a th o lo g isch en  Prozesses im N erv u s-o p ticu s- 
System  w erden  die im  re tro b u lb ä re n  A b sch n itt des S eh n e rv en  w a h rn eh m b aren  in tim en  B e z ie 
hungen  zw ischen d e r G lia u n d  dem  B indegew ebe v e ra n tw o rtlic h  g em ach t. In der f rü h ze itig e n  
E n ts te h u n g  de r D ém yélin isa tions- u n d  Skleroseherde w ird  d en  re a k tiv e n  und a s tro c y to id e n  
O ligoden d ro g lia -E lem en ten  der in te rfasz ik u lären  G lia -R e ih en  e ine  bedeu tende  R olle z u g e 
schrieben . D ie au ffa llen d  h äu fig  v o rk om m enden  p e riv a sk u lä re n  Prozesse  des o k z ip ita len  P o ls 
w erden m it der fu n k tio n e lle n  V asom oto rik  in Z u sam m en h an g  g e b rac h t.

УЧАСТИЕ СИСТЕМЫ ЗРИТЕЛЬНОГО НЕРВА В ЭКСПЕРИМЕНТАЛЬНОМ 
АЛЛЕГРИЧЕСКОМ ЭНЦЕФАЛОМИЕЛИТЕ У СОБАК

Т .  MAPOI1I  и Л .  Л А З А Р

Обычными микроскопическими методами исследования были изучены морфологи
ческие изменения системы зрительного нерва при экспериментальном аллергическом 
энцефаломиелите у собаки. Система зрительного нерва участвует в процессе так же часто, 
как и при острых демиелинизирующих энцефаломиелитах человека. Кажется, что здесь 
сравнительно рано развиваются также бессимптомные морфологические изменения.

Как предположительную причину частой и рано развивающейся локализации пато
логического процесса в системе зрительного нерва, авторы выдвигают роль тесных связен 
между глией и соединительной тканыо, наблюдаемых в ретробульбарном участке зритель
ного нерва. В раннем развитии очагов демиелинизации и склероза значительная роль 
приписывается реактивным и астроцитоидным элементам олигодендроглии межфасцикуляр
ных рядов глии. Периваскулярные процессы, поразительно часто поражающие окципи
тальный полюс, авторы приводят в связь с функциональной вазомоторикой.

Dr. Tibor M a r o s  ) Tîrgu-Mures (Roumania)
Dr. László L á z á r  ( Gh. Marinescu str. 38.
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D e p artm en t of P a th o lo g y  (D irec to r: P rof. G y . U o m h á n y i ),
U niv ersity  M edical School, P écs

DEGRANULATION OF TISSUE EOSINOPHIL 
LEUKOCYTES

G . K e l é n y i

(R eceived F e b ru a ry  20. 1967)

(P re lim in ary  re p o rt)

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. 1 to 3 granules per 10 /X1 of cytoplasm. Mature human blood and bone mar
row eosinophils showed an avarage number of 7 to 15 specific granules per 
10  Ц2 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.

T he tissues w ere fix ed  in 1%  osm ium  te tro x id e  in 0.15 M p h o sp h a te  buffer pH  7.2, iso to n -  
ized w ith  7 .5%  sucrose , and  a f te r  d e h y d ra tio n  in e th an o l th e y  w ere em bedded  in A ra ld ite  (C iba, 
Basel). I  l tr a th in  sec tions w ere s ta in ed  e ith e r w ith  u ra n y l a c e ta te  (sa tu ra te d  so lu tion  in  7 0 %  
e th an o l) for 15 seconds, or w ith  p o tassium  p e rm a n g an a te  (5%, so lu tio n  in distilled w a te r)  fo r 
5 seconds, and  w ith  lead c itra te  [4]. W hen  exam in ing  a la rg e  n u m b e r  o f tissue and e x u d a te  
eosinophils we o ften  found  g ranules in w hich  th e  ex te rn u m  o r m a tr ix  seem ed to be n o t so d en se  
and  co m p act as in in ta c t  form s, resu ltin g  in reversed  den sitie s  o f  th e  g ranu les, i.e., in c o n tr a s t  to  
u ran y l a ce ta te -s ta in e d  n o rm al g ranules, th e  c rysta llo id s a p p e a re d  to  be denser th a n  th e  m a 
trices. In  o th ers  th e  m a tr ix  h ad  becom e looser and a fine g ra n u la r-v e s ic u la r  s tru c tu re  a p p e a re d . 
Seem ingly m ore a lte red  form s show ed ru p tu re s  in th e  g ra n u le  m em b ran e  w ith a s c a tte r in g  o f 
som e of th e  vesicu lar e lem en ts in to  th e  cy top lasm . T he n u m b er o f  g ran u la r-v es icu lar and  d is r u p t 
ed g ranules v aried  from  cell to  cell in th e  sam e tissue. G en era lly , o f 3 to  5 ad jacen t eosin o p h ils  
1 or 2 ex h ib ited  a n u m b er o f a lte red  g ranules, w hereas th e  g ra n u le s  in  th e  others seem ed to  be 
in ta c t. P a ra lle l to  these  changes o f th e  m atrices, some of th e  c ry s ta llo id s  a t  f irs t slightly  in creased - 
in d en sity  as m easu red  by  d en sito m étrie  trac in g s of th e  e le c tro n  m icrographs across c r y s ta l 
loids of ne ig h b o u rin g  no rm al and  a lte red  granules. L a te r , d u rin g  th e  com plete  d is in teg ra tio n  of 
th e  g ranu les, th e  c ry sta llo id s n o rm ally  d isap p eared  (F igs 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.

F ig . 1. In  som e of th e  specific  g ranules (a rro w s) th e  crystallo ids seem  to  be  d en se r th a n  the  
m a tr ic e s , i.e ., th e ir  d ensities are  rev ersed  w h e n  com p ared  w ith  n o rm al g ran u le s . M agn.:

ap p ro x . X 9000

F ig s  1 — 4. E osinoph il g ran u lo cy tes  from  p e m p h ig u s  b lis te r  fluid (F ig . 1) a n d  fro m  a  lym ph  
g la n d  in  H o d g k in ’s disease (F igs 2—4). O sm iu m  te tro x id e -A ra ld ite ; s ta in e d  w ith  u ran y l 

a c e ta te  (F ig s 1 — 3) o r p o tassiu m  p e rm a n g a n a te  (Fig. 4) an d  lea d  c itra te

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 g ranules (arrow s) show  loose, g ran u la r-v es icu lar m a tr ice s ; th e ir m em b ran es 
seem to be in ta c t.  M agn.: approx , x  15 000

F ig. 3. Besides u n a lte red  specific g ran u les th e re  is one in the  c en tre  o f  th e  field w ith  g ran u la r- 
v esicu lar m a trix  and loosened m em brane . A t arrow , d isco n tin u ity  o f  th e  g ranule  m em b ran e  

m ay be seen. M agn.: 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 W e l s h  and G e e r  [10], G h a d i a l l y  and P a r r y  [11] and H u d s o n  [ 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.

F ig . 4. D isrup ted  eo sinoph il g ran u lo cy te . Som e of th e  g ranules (a rro w s) show g ran u la r- 
vesicu lar m a trice s  a n d  d isru p ted  m em b ran es. M agn. : ap p ro x . X 9000

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 S e e m a n  and P a l a d e  [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.

A c ta  M orphologica A ca d em ia e  S c ie n tia ru m  H ungaricae 1 6 , 1968



D E G R A N U L A T IO N  O F  T I S S U E  E O S I N O P H I L  L E U K O C Y T E S 2 6 9

R E F E R E N C E S

1. A r c h e r , G. T ., H irsch , J .  G.: (1963) M otion P ic tu re  S tud ies on D e g ran u la tio n  of 
H orse E o sin o p h ils d u rin g  Phagocytosis. J .  exp . M ed. 118, 287. 2. L it t , M.: (1964) S tu d ie s  in
E x p erim en ta l E o sin o p h ilia . V I. U p tak e  of Im m u n e  Com plexes b y  Eosinophils. J .  Cell B iol. 23, 
335. — 3. T e ir , H .: (1966) N eubildung u n d  A b b a u  der G ran u lo zy ten . Verh. d tsch . Ges. P a th .  
50, 219. — 4. V e n a b l e , J .  II ., Co g g esh a ll , R .: (1965) A S im plified  L ead C itra te  S ta in  fo r U se 
in E lec tro n  M icroscopy. J .  Cell Biol. 25, 407. 5. G u s e k . W .: (1960) Zur U l t ra s tru k tu r  u n d
N a tu r  der G ran u la  in F ib ro zy ten  und  “,p seu doeo sin o p h ilen ”  L eu k o zy ten  im fa se rb ild en d e n  
G ranu la tio n sg ew eb e . F ra n k f . Z. P a th . 70, 523. — 6. B o-R a sm u sse n , F ., E g e b e r g , J . :  (1966) 
The U ltra s tru c tu re  o f  E osinophilic  G ran u lo cy te  in the  P e rito n e a l C av ity  of R a ts  Fo llow ing  I n 
jection  of F e rr itin . Scand . J .  H aem at. 3, 257. — 7. R o ss , R ., K le b a n o ff , S. J . :  (1966) T he 
Eosinophil L eu k o cy te . F ine  S tru c tu re  S tu d ies  o f  C hanges in  th e  U te ru s during  th e  E s tro u s  
Cycle. J .  ex p . M ed. 124, 653. — 8. H u d so n , G.: (1967) E osinoph il G ranules and U ra n y l A c e ta te . 
An E lectron  M icroscopic S tu d y  of Guinea P ig  B one M arrow . E x p . Cell Res. 46, 121 -9 . K e l e n y i . 
G., Z o m ba i, E ., N é m e t h , Á.: (1965) Ilis to ch em isch e  u n d  e lek tronenm ikroskop ische  B e o b a c h 
tu ngen  an  de r spezifischen  G ranu lation  de r eosinoph ilen  G ran u lo zy ten . A cta  h is to ch em . 22, 
77. 10. W e l s h , R . A ., G e e r . G. C.: (1959) P h ag o cy to s is  o f M ast Cell G ranule b y  th e  E o sin o 
philic L eu k o cy te  in th e  R a t. Am er. .1. P a th . 35, 103. 11. G h a d ia l l y , F. M., P a r r y , E . W .:
(1965) Possib le  S ignificance of Some M orphological V a ria tio n s  in th e  Eosinophil G ran u le  R e 
vealed b y  th e  E le c tro n  M icroscope. N a tu re  (L o n d .)  206, 632. 12. See m a n , P. M., P a l a d e . G.
E.: (1967) Acid P h o sp h a ta se  Localization  in R a b b it  E osinoph ils. J .  Cell. Biol. 34, 745.

Dr. Gábor K e l é n y i : Pécs, Dischka Győző u. 5., Hungary

2 Irin iVfor/>/t"loi‘ira I г a deni iae Scientiariim Hungáriáié li t, №(.8





Acta Morphologien Acad. Sei. hung. 16 (3), pp. 271— 283, 1968

In s t i tu te  o f C ytology (D irec tor: P rof. Dr. A. S. T r o sh in ) of th e  A cadem y of Sciences
o f th e  U S SR , L eningrad

THE ULTRASTRUCTHRE OF DIFFERENTIATING CELLS 
OF THE HEART MUSCLE IN THE STATE OF MITOTIC

DIVISION
P. P. R u m y a n t s e v  and E. S .  S n i g i r e v s k a y a  

(R ece iv ed  April 15, 1967)

An electron  m icroscopic an a ly sis  o f th e  m ito tic  figu re  in  th e  develop ing  r a t  m y o 
c a rd iu m  (3, 5, 15, 19 day em b ry o s a n d  2 — 3 day  old ra ts )  has revealed  in all p h ase s  o f  th e  
d iv ision  of m uscle cells th e  p resence  of bund les o f hex ag o n a lly  a rranged  m y o fila m e n ts  
and  specia lized  co n tac t s tru c tu re s  (in te rca la ted  discs a n d /o r  desm osom es). T h e re  is a 
p a r tia l  d isap p earan ce  of Z-discs an d  d iso rien ta tio n  of m y o filam en t bund les a f te r  o n se t 
o f th e  m etap h ase , h u t no co m p le te  d ed iffe ren tia tio n  of d iv id ing  m y o card ia l cells.

H ence th e  curren t th eo ry  o f m yogenesis s ta tin g  th a t  DN A  syn thesis a n d  m ito sis  
are in h ib ited  a fte r  the onset o f e la b o ra tio n  of c o n trac tile  p ro te in s is no t a p p licab le  to  th e  
card iac  m uscle cells. These re su lts  a re  in ag reem en t w ith  th e  p rev iously  o b ta in e d  ev i
dence of З Н -thym id ine  in co rp o ra tio n  in to  th e  nuclei o f th e  h e a r t  m uscle cells c o n ta in in g  
som e m vofibrils.

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 H o y e r  [20], G o d l e w s k i  [14] and 
S c h o c k a e r t  [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 
fibr es 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 W o h l f a r t h - B o t t e r m a n  [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). M u i r  [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 M u i r  reflects electron microscopic 
observations. On the contrary, W a i n r a c h  and S o t e l o  [42] describe numerous 
mitoses in heart myoblasts of young chick embryos stressing the fact that no 
myofibrils could be found in such cells. W e i s s e n f e l s  [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 e i s s e n f e l s  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.

M a t e r i a l  a n d  m e t h o d

Pieces o f h e a r t  ven tric le  (1 -  2 eu. m m ) from  13— 15 19-day w hite ra t  e m b ry o s  and 
new born  ra ts  (2— 3 d ay s a fte r  b ir th )  were fixed  w ith  cold 1%  OsO., a t  pIT 7.4. A fte r d e h y d ra 
tion in  a lcoholic  series th e  pieces were em bed d ed  in b u ty l-m e th y l-m e tac ry la te  (8 : I) a n d  in 
some cases in A ra ld ite . S ta in in g  was done d u rin g  d e h y d ra tio n  b y  th e  ad d itio n  of u ra n y l a c e ta te  
and p h o sp h o tu n g stic  acid  to 96%  alcohol, a n d  in sec tions w ith  u ra n y la ce ta te  and lead  c itra te  
so lu tions. Sec tions on copper grids covered w ith  fo rm v ar film  were exam ined  u n d e r th e  JK M -5g 
electron  m icroscope. M icrographs were tak e n  a t  3000 -12 ,000  m ag n ifica tio n  and su b se q u e n tly  
en larged  to  th e  desired  size. In  th e  m a jo rity  of cases, w ith  3 — 4 h rs o f work we could rev ea l no 
more th a n  one or a t  m ost tw o m ito tic  figures. T he p re sen t p ap er deals w ith  th e  o b se rv a tio n  of 
several dozens o f m ito tic  figures located  w ith in  card iac  m uscle fib res in all the  s tag es o f  m yo- 
cardii.l h istogenesis.

K e s u l t s

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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F ig . 1. N ucleus o f h e a r t  m uscle cell of 19-day-old r a t  em b ry o  a t the  stage of early  p ro p h ase . 
C — chrom osom e, M f — m yofib rils , M — m ito c h o n d ria . T h e  arrow s m ark  a g roup  o f e lectro - 

d en se  s tru c tu re s , p ro b a b ly  in d ica tin g  th e  o n se t o f  n u c leo lar desaggregation . X 10 700

sûm es which form com pact masses, hut also the reconstruction process o f the  
nuclear mem brane o f which flattened  vesicles and cisternes originating prob
ab ly  from elem ents of the endoplasm ic reticulum  and chrom osom al cluster  
surface (Fig. 4) are quite typ ical. The com ponents of the m itotic apparatus, 
centrio les and spindle filam ents, are seldom  revealed as the former is usually  
b ey o n d  the plane o f section , and the la tter  is well preserved only after som e 
sp ecia l procedures (see ref. 3, 16). A nyhow , lead citrate staining in som e cases 
reveals spindle filam ents in the form of ty p ica l m icrotubules [3, 16, 26, 32] 
ab ou t 200 Â in diam eter (insertion in Fig. 4). In  a great number of m itotica lly  
d iv id in g  cells observed at different stages o f  m yocardial developm ent, the  
cy to p la sm  contained bundles of typ ica l m yofilam ents am ong which thick  
m y osin  threads about 150 Â in diam eter and som etim es th in  filam ents of 
50 Â  were clearly v isib le (Figs 2, 3, 4). Cross sections of such bundles reveal a 
hexagon al pattern o f individual filam ents (F ig . 3) characteristic of m yofibrils 
[21]. The larger bundles of m yofilam ents are frequently located at the polar 
region  o f d ividing m uscle cells (Fig. 3). Closer to  the equatorial zone, the ac
cu m u lation  of sarcoplasm ic masses pushes th e  m yofilam ent bundles tow ards 
th e  surface m em brane. As a result, th ey  are distributed in th is zone as a very  
th in  discontinuous layer and in the section  on ly  a few m yofilam ents (Figs 2, 3)
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Fig. 2. M etaphase  in h eart m uscle cell of 13-day-old r a t  em b ry o . M f — m yofibrils; C c h ro 
m osom es som e of w hich a p p ea r as paired  s tru c tu re s : M m ito ch o n d ria . X9700. In se r tio n  

en larged  p o rtio n  of m yofibril seen a t rig h t u p p e r  co rn er o f Fig. 2. x  40 000

can be seen usually . In m any a case one m ay observe m yofilam ents in the close  
proxim ity o f the chrom osom al substance, th is m ay be due to the tan gen tia l 
plane o f the section. Unlike the non-dividing heart m uscle cells the m itosis  
is characterized as a rule by a more disordered orientation of m yofilam ent  
bundles which results in the transverse, oblique as well as longitudinal sec
tioning o f such bundles in the adjacent regions o f the cytoplasm  (Figs 3, 4). 
Moreover, the subdivision of m yofilam ent bundles into sarcomeres by co n tra st
ing Z-lines was unfrequent during m itosis, it m ostly  occurred before th e  
m etaphase. It  m ust, however, be stressed th at in th e  early prophase (F ig . 1) 
no appreciable change in myofibrillar structure can be detected. In the la te  
telophase we hardly ever found typical Z-discs (F igs 2, 3, 4), a fact strik in gly  
distinguishing the m yofibrillar apparatus o f the d ivid ing cells from th a t o f  
interkinetic ones where Z-discs are usually prom inent. The partial d isappear
ance of Z-discs including their membranous com ponent [12], is indicated by th e  
fact, too, that in the m etaphase the m yofilam ent bundles som etim es are to  be
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F ig . 3. A naphase  in h e a r t  m uscle cell o f 19 -day-o ld  r a t  em bryo. С — chrom osom es; М m i
to ch o n d ria . In  th e  le ft u p p e r  co rner m yofib rils  o f  one a d jacen t cell are seen. X 16 000. In se r
t io n :  d e ta il o f th e  p o la r  p a r t  o f an  an ap h asic  cell, rep re sen tin g  d isordered  m y o fila m e n t (Mfl) 

b u n d les  w hich are sectioned  lo n g itu d in ally , t ra n s v e rsa l ly  (arrow s) and  o b lique ly . X 37 000

4cla  M orphologica A ca d em ia e  S c ien tiarum  H ungaricae 16 , 1968



U L T R A S T R U C T U R E  O F  D I F F E R E N T I A T I N G  C E L L 2 7 7

Fig. 4. T elephase  chrom osom es (C) in h e a r t  m uscle  cell o f a 2-day-old ra t. On th e  su rface  of the  
chrom osom es, m em b ran o u s coating re c o n s titu tin g  th e  n u c lear envelope is v isib le . Mfl m y o 
f ila m en t bund les . X 45 700. The figure in se rte d  a t  th e  u p p e r  r ig h t rep resen ts a n o th e r  p o rtio n  of 
th e  sam e m ito tic  cell where double p rofiles o f  sp ind le  f ilam en ts  (arrow s) near th e  ch rom osom al

(C) m ate ria l a re  seen. X 56 200
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su bd iv ided  into section s o f about the sam e len gth  as that o f sarcomeres in 
m yofibrils o f adjacent non-dividing cells; som e rarefications instead o f absent 
Z-lines were seen here. The partial or even com plete disappearance o f som e 
Z-lines m ay play an im portant role in th e  above-described disorientation of 
m yofilam ent bundles.

The second ty p ica l tra it enabling us to  id en tify  the tissue nature o f  d i
v id ing  heart m uscle cells is the persistence at the boundary of a great num ber 
of such cells, special con tact structures, desm osom es and/or prim itive in ter
calated  discs. This persistance of desm osom e-like structures prevents the m i
to tic  cell from a com plete rounding off and from  th e loss of its association  
w ith the neighbouring ones. The tendency for such a separation is shown by  
the frequent divergence particularly in the equatorial region of m em branes of 
m itotic  and adjacent m uscle cells, resulting in th e  form ation of som e kinds 
of boundary lacuna. Som etim es such lacunae are found to be crossed by cy 
top lasm ic bridges rich in  m yofilam ents w hich belong to dividing or on the  
contrary, to the adjacent non-dividing cells. A sim ilar persistence of desm o
som es preserving the zones o f  close contact betw een  dividing and interkinetic  
cells, w as observed in  th e  epidermis [6].

The fact th at d iv id ing  muscle elem ents are frequently considerably  
larger than  m esenchym al m itotic cells is used as an auxiliary criterion helping  
to distinguish the tw o  kinds of cell. The ultrastructure of m itochondria in 
m itotic  and interk inetic m yocardial cells seem s to  be rather similar; the m ean  
size o f organelles, th e  num ber of their cristae, and the degree of m atrix con
trast are typ ical for th e  g iven stage of h istogenesis. B y  the tim e the chrom o
som es have settled  in  th e  equatorial plane th e  m itochondria becom e located  
as tw o separate com plexes on both sides o f th e  m etaphase plate closely  to  
the polar zones o f th e  cell (Fig. 2). In ana- and telophase cells, m any m ito 
chondria move tow ard the equatorial zone (F ig. 3) wherein they are distrib
u ted  betw een daughter cells after the end o f division . The elem ents o f en
doplasm ic reticulum  to  w hich vesicles originating from the dissolved nuclear 
m em brane are probably added [32] form in the m etaphase and the early ana
phase tw о “ caps” on both  sides of the equatorial plate. The walls o f these  
vesicles are as a rule sm ooth  membranes n o t covered w ith  ribosomes. W e also 
found in some o f d iv id in g  cardiac m uscle cells, sm all isolated tubuli lying  
beyond the “ caps” , w hich belong to the “ rough” typ e of endoplasm ic retic
ulum  observed in a num ber of interkinetic em bryonic myocardial cells [28J. 
Sm ooth membrane vesic les forming som etim es sm all isolated groups m ight 
originate from the G olgi elem ents. More th an  once, in meta- and anaphase  
cells, we observed lysosom e-like granules w ith  the contrast content surrounded  
b y  membranes.

Large lipid drops frequently observed in m yocardial cells usually  were 
not present during m itosis. Random ly d istributed  in cytoplasm ic granules
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150 — 250 Ä in d iam eter m ay represent both free ribosom es and glycogen; 
som etim es it is rather hard to distinguish them .

The comparison of m itotic figures o f heart m uscle cells at different 
stages o f m yocardial histogenesis has shown th a t all the above-m entioned  
traits m ay occur irrespective of a differentiation leve l of the m uscle cells b e
ginning to divide. A t later stages of developm ent a som ew hat increased num 
ber of m yofilam ents and hence o f their bundles has only been observed.

Discussion

Ultrastructural analysis o f m itotic figures in the developing myocardium  
has w holly confirmed the evidence of light m icroscopy [33, 34, 36] showing  
th at karyokinetic d ivision  is accom plished in cardiac m uscle cells which have  
accum ulated some am ount of m yofibrils. The data obtained arc in full accord 
w ith our previous observations concerning the incorporation of 3H -thym idine  
into the nuclei o f cardiac m uscle cells in the course o f differentiation [33, 34]. 
Taking into account the current concept of m yogenesis [4, 19, 25, 30, 37], it 
would be reasonable to  assume that 3H -thym idine is incorporated not into  
the nuclei of partially differentiated cardiac m uscle cells but into those of 
persisting prim itive m yoblasts intim ately  connected w ith the cells containing  
m yofibrils. In such a case, however, it is difficult to  understand the w ay by  
which the numerous m yofilam ents, desm osom es and cardiac m uscle cells 
m ay be elaborated during a period G 2 lasting in the em bryonal m yocardium  
2 — 2.5 hours [33, 34]. Moreover, at the investigated  stages o f histogenesis we 
found no cells the ultrastructure of which would have made us to regard them  
as prim itive non-differentiated m yoblasts w ithout any m yofibrils. All these  
data have made us to  discard the hardly probable suggestion  that D N A  syn 
thesis and mitoses take place in different categories o f  heart m yogenic elem ents 
and to state th at both these fundam ental acts of the cell cycle are well com 
patible w ith a certain degree of differentiation o f m yocardial cells.

The obtained evidence perm its of quite a different interpretation of the 
concepts developed by som e investigators [5, 19, 25, 37] concerning the com 
petition o f contractile protein synthesis and reduplication o f D N A  and d iv i
sion of nuclei during m yogenesis. This com petition was com m only interpreted  
as an absolute one, i.e. com plete cessation o f D N A  synthesis and m itosis in 
the m yogenic cell ju st after it begins producing m yosin  and actin [19, 25, 30, 
37]. This view  was based solely on the analysis o f skeletal m uscle histogenesis. 
The above electron m icroscope evidence and the previously obtained autora
diographic data [33, 34] have shown th at in the developing m yocardium  there 
is no similar “ absolute” form o f com petition betw een  cell reproduction and 
differentiation. The interference o f these processes m ay be revealed during 
myocardial histogenesis only as a step by step w ithdraw ing from the m itotic
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cycle  o f an increasing num ber of muscle cells w hich have accum ulated some 
“ critica l m ass” of contractile  proteins [33, 34]. The gradual increase in the 
du ration  of the m itotic cycle  periods in more differentiated cardiac muscle 
cells [33, 34] shows th a t th ese  cells m ust overcom e some d ifficulties when pro
v id in g  for m ultiplication processes sim ultaneously w ith a progressive accu
m u lation  in the cytoplasm  o f specific proteins. Perhaps the different forms of 
com p etition  between the processes of cell reproduction and differentiation  
are n o t necessarily based so lely  on the repression of genes controlling the for
m er o f  these processes (the synthesis o f D N A  polym erase, proteins o f m itotic  
apparatus, etc.) just after th e  onset of elaboration of specific proteins as it is 
suggested  by H o ltzer  et al. [19, 30, 37]. It is quite possible th a t the cell is 
n ot able to supply w ith  su fficien t energy both these processes sim ultaneously, 
esp ec ia lly  if  d ifferentiation proceeds very rapidly. Thus, m ay be the case in 
sk e le ta l muscle h istogenesis as com pared w ith  th a t o f the m yocardium  the  
cells o f  which accum ulate m yosin  and actin  m uch more gradually.

The structure o f tissu e  elem ents m ay also p lay a sign ificant role in the  
determ ination  of th e  degree o f com petition  betw een the processes o f differen
tia t io n  and reproduction. In the course of form ation of giant p lasm odial fibres 
of sk eleta l muscles, th ese processes m ay easily be separated spatia lly , the  
non-differentiated  m yob last being the cell for reduplication, w hile the multi- 
nu cleated  fibre form ed b y  fusion o f m yoblasts is lim ited to the accum ulation  
o f specific  proteins [19, 25, 30]. H ow ever, according to  Z h in k in  and A n d r e 
e v a  [45] and K it iy a k a r a  and A n g e v in e  [24], 1 —2 hrs after 3H -thym idine  
inj ection  one can see labelled  nuclei even in m yofibril-containing m ulti-n u cleat
ed fibres of developing skeletal m uscles. These data call for a revision  o f cur
rent v iew s concerning th e  relationship betw een the proliferation processes and 
th e  synthesis of specific proteins during histogenesis o f th at ty p e  o f muscle. 
An indispensable condition  o f such a revision is the analysis o f skeleta l muscle 
histogenesis at the u ltrastructural level which is the only w ay to exclude errors 
concerning the presence or absence of protoplasm ic con tinu ity  betw een  the 
proliferating cell and th e  m ultinucleated  fibre.

It is premature to  decide if  one can interpret as a sign of “ dedifferentia
tio n ” the changes in th e  structure of specialized com ponents o f  the heart 
m uscle cell which accom pany m itosis such as the partial disappearance o f  
Z -lines, desorientation and possib le dissolution o f a part of m yofilam ent bundles, 
and som e sim plification o f  intercalated disc structures. A brief note in the 
ab stract of the paper o f K a st e n  et al. [23], statin g  th at cultured rat heart 
m uscle  cells continue to  con tact during m itosis, indicates th at if  som e “ de
d ifferentiation” w ould indeed  take place, it is not enough pronounced. In 
an y  case, the preservation during division of a great number o f m yofilam ent 
bundles and of specialized contact structures, even if sim plified and disordered 
to  som e degree, m ust facilita te  the rapid redifferentiation o f p ostm ito tic  cells.
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Owing to the difficulties in find ing  m itotic  figures in ultrathin  sections, 
further investigations are necessary to  elucidate m any im portant details of 
karyokinetic division in myocardial cells (such as nuclear m em brane desaggre
gation in the prophase, cytokinesis in the telophase, partial disappearance and 
restoration of Z-discs, etc).

Studies on the ultrastructure o f the developing myocardium failed to 
present reliable suggestions concerning am itoses o f  its muscle nuclei observed  
by a num ber o f investigators m ainly during the postnatal h istogenesis [27, 
39]. A rarely observed occurrence o f tw o close “ paired” nuclei in th e  sam e cell 
m ay be interpreted as a result o f section ing o f  an infolded nuclear m em brane 
or o f  the absence o f plasm atom y in the late telophase, especially i f  th e  num erous 
recent data speaking against am itoses in th e  developing skeletal m uscle fibres 
are taken into account [4, 7, 9, 25, 38, 45].
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U L T R A S T R U K T U R  D E R  D IF F E R E N Z IE R E N D E N  M Y O K A R D Z E L L E N  W Ä H R E N D
D E R  M IT O S E

P. P. R U M JA N Z E W  und  E. S. S N I G I R E W S K A J A

Die e lek tro n en m ik ro sk o p isch e  A nalyse d e r K e rn te ilu n g  im M yokard v o n  3, 5, 15 u n d  
19 T ag e  a lte n  R a tte n e m b ry o n e n  u n d  2 — 3 Tage a lte  R a t te n  zeigte in  säm tlichen  T eilu n g sp h asen  
d e r  M uskelzellen das V o rh an d en se in  von B ü n d e ln  aus h e x ag o n a l geordneten  M uskelfasern  u n d  
sp ez ifischen  K o n ta k ts tru k tu re n  (In te rk a la rsc h e ib e n  u n d /o d e r  D esm osom en). N ach  E in se tzen  
d e r M etap h ase  lä ß t sich  ein  teilw eises Schw inden de r Z -S cheiben  u n d  eine D e so rien ta tio n  de r 
M u sk elfaser-B ü n d e ln , jed o c h  ke ine  vo llkom m ene D e d iffe re n tia tio n  der in T eilung  b egriffenen  
M y o kard ia lze llen  b eo b ach ten .

D ie übliche T h eorie  d e r M uskelgenese, n ach  de r d ie D N A -Synthese  u n d  die M itose n ach  
d em  E in se tzen  des A u fb a u s  k o n tra k tile r  P ro te in e  eine H em m u n g  erleiden, lä ß t  sich d a h e r  a u f  
d ie  M yokardze llen  n ic h t  an w en d en . Diese E rgebn isse  s tim m e n  m it der frü h eren  B eo b ach tu n g  
ü b e re in , daß  in die M y o fib rillen  en th a lte n d en  Z ellkerne  des M yokards 3 H -T h y m id in  in k o r
p o r ie r t  w ird.
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УЛЬТРАСТРУКТУРА ДИФФЕРЕНЦИРУЮЩИХСЯ КЛЕТОК МИОКАРДА ВО ВРЕМЯ
МИТОЗА

П. П.  Р У М Я Ц Ц Е В  и Е .  С. С Н И Г И Р Е В С К А Я

Электронномикроскопический анализ деления клеток в развивающемся миокарде 
(3, 5, 15 и, 19-дневные зародыши и 2—3-дневные крысы) показал во всех фазах деления 
мышечных клеток наличие пучков из гексагонально размещенных мышечных волокон и 
специфических контактных структур (интеркалярных дисков и/или десмосом). После 
начала метафазы выявляемо частичное исчезновение Z-дисков и дезориентация пучков 
мышечных волокон, однако полной дедифференциации делящихся миокардиальных клеток 
не наблюдается.

Следовательно, обычная теория о миогенезе, согласно которой синтез Д РК  и митоз 
после начала производства контрактильных белков потерпевают торможение, в отношении 
миокардиальных клеток несостоятельна. Эти результаты соответствуют прежним наблю
дениям, что в ядра клеток миокарда, содержащие миофибриллы, встречвается ЗН-тимидин.

P .  Р .  R u m y a n t s e v  

Е. S .  S n i g i r e v s k a y a
Leningrad, F-121, pr. Makiina, 32, U SSR
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D ep artm en t o f A na to m y  (D irec to r: P rof. J .  Sz e n t á g o tiia i). 
U n iv ersity  M edical School, B u d ap es t

1Y10N0AMINERGIC INNERVATION OF EXTRA- AND 
INTRACEREBRAL VESSELS

T. D o n á t h

(R eceived M ay 30, 1967)

As ju d g ed  from  th e  com plete  lack  of su rro u n d in g  nerve  e lem ents th a t  w ould give 
fluorescence e ffec t w ith  th e  F a lck -H illa rp  tech n iq u e , in tra ce re b ra l vessels have  no a d re n 
ergic in n e rv a tio n . T he sparse ad renerg ic  nerve p lex u s o f th e  p ia i vessels gives few  side 
b ran ch es to  th e  in itia l p o rtio n  of th e  in tra ce re b ra l vessels, w hich  can be traced  on ly  for 
ab o u t a few  ten s  o f m icrons as fa r as th e  vessels a re  en sh e a th ed  by  th e  lep to m en in x . 
A cellu lar sh e a th  h av in g  a s tro n g  au to fluo rescence  o f u n k n o w n  n a tu re  co n tinues a long  
the  in tra ce re b ra l course o f th e  vessels.

Literature on cerebral vessels is highly controversial. Early observers 
( K o e l l i k e r , 1896; H u n t e r  1900, L a p i n s k y , 1913) described nerves jo in in g  
vessels that enter into the brain tissue, while others ( B e r g e r , 1924; H a s s i n , 

1929) failed to  find nerves along the intracerebral vessels. Later C l a r k  [1929, 
1934], P e n f i e l d  [1932], C h o r o b s k i — P e n f i e l d  [1932], G r i g o r i e v a  [1932], 
H u m p h r e y  [1939], B a k a y  [1941], H a d j i o l o v  et al. [1954] and H a g e n  [1955] 
dem onstrated pictures of an abundant cerebral vascular innervation. On th is  
basis, how ever, S t ö h r  [1957] took for granted the direct nervous regulation  
of intracerebral vessels. More recent studies using the electron m icroscope 
( P e a s f ; — M o l l i n a r i  [1960], S a m a r a s i n g h e  [1963, 1965]) did not give any  
support to the assum ption o f an innervation o f the intracerebral vessels. 
W hile H a g e n  reported nervous elem ents to penetrate into the media and even  
to reach the intim a forming a term inal reticulum , the electronm icroscopical 
pictures did not reveal nerves in the adventitia  o f  the intracerebral vessels.

The problem  of the tonic regulation of extra- and intracerebral vessels 
is o f crucial im portance for cerebral blood circulation. It would be, therefore, 
decisive to show , w hether the cerebral vessels have any vasom otor nervous 
regulation, or w hether, as found recently in the retina, the tonus of the v es
sels lacking innervation  m ight be regulated by chem ical m echanism s ( H o 

g a n —  F e e n e y  [1963]; or, a lternatively , as surm ised by F o g  [1939]), by sim ple  
autoregulation of the contractile elem ents through m echanical forces.

The usual w ay o f investigating the innervation  o f intracerebral vessels  
was to  exam ine silver stained sections. Im pregnation, however, seem s not to  
be an appropriate m ethod for the detection  in the cerebral tissue of the peri
vascular nerve fibres. This is on the one hand due to  the fact th at the nerve
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can n ot be differentiated w ith  certainty  from  the argyrophilic connective  
tissu e , and on the other hand, that the in ten sely  argyrophile central nervous 
tissu e  appears to consum e all the silver available for im pregnation, so that 
n oth in g  is left for the delicate and less argyrophilic vasom otor fibres. Thus, 
id en tifica tion  of the nerves depends m ain ly  on the judgem ent of th e  in vesti
gator. Furtherm ore, silver stains do not perm it any conclusion concerning  
th e  functional character of the fibre.

Method

T h e  p re sen t s tu d y  be ing  concerned  exclu siv e ly  w ith  th e  m onoam inerg ic  f ib re  sy s tem , th e  
h ig h ly  sensitive  and specific  fluo rescence  m e th o d  w as used. In s te a d  of th e  u su a l h isto log ical 
se c tio n s  i t  was found  a d v a n ta g e o u s  to  s tu d y  th e  in n e rv a tio n  on  vessels e x tra c te d  fro m  th e  
c e re b ru m . B locks h av in g  a su rface  a rea  o f a p p ro x im a te ly  0.25 sq .cm  w ere excized  from  th e  
b asis a n d  fro m  th e  co n v ex  la te ra l  surface  o f th e  r a t  a n d  c a t b ra in . S ta r tin g  fro m  th e  m idline 
(F ig . 1) th e  cerebral su b s ta n c e  w as sc rap ed  o ff fro m  th e  b locks th a t  w ere p laced  on  th e  slides 
w ith  th e ir  m eningeal surface . V essels e n te rin g  fro m  th e  m eningeal frag m en t in to  th e  cereb rum  
b e ca m e  th u s  a tta ch e d  to  th e  slide ex ten d in g  in  cen tip ed e-lik e  m an n e r in  la te ra l  d irec tio n . This 
te c h n iq u e  allowed to  s tu d y  th e  e x tra ce reb ra l vessels o f th e  p ia  m ate r, th e ir  b ra n ch e s  en te rin g  
in to  th e  cereb ral tissue, a n d  also th e  in tra c e re b ra l p a r ts .  T he nerve  e lem en ts of th e  b a s ila r  a rte ry  
a n d  o f th e  large  cerebral a r te r ie s  w ere also ex am in ed  in  c ry o s ta t and  fro zen-d ried  sections. F o r 
th e  e x a m in a tio n  of th e  m on o am in erg ic  nerves o f  th e  vessels th e  m eth o d  o f F alck  e t al. (1962) 
w as ap p lie d , using  th e  co n d en sa tio n  of p a ra fo rm a ld e h y d e  gases w ith  ca tech o lam in es , i.e. n o ra d 
re n a lin e , dopam ine  or 5 -h y d ro x y tr ip ta m in e , in  th e  fo rm  of a specific h igh ly  flu o re sce n t su b 
s ta n c e  (3 — 4 d ih y d ro x y iso q u in o lin e) (Co r r o d i, F u x e , D a hlström , N o r b e r g , M a lm fo rs). 
U sin g  5 ra ts  for each v a r ia tio n , 4 an d  12 h o u rs  p r io r  to  sacrifice MAO in h ib itio n  w as induced  
w ith  100 m g/kg  n ia lam ide  a n d  m onoam ine d e p le tio n  w ith  5 m g/kg  reserp ine .

F ig . 1. D iag ram  of m eth o d  fo r rem ov ing  b ra in  tis su e  from  e x tra -  and  in tra c e re b ra l vessels. T he 
p ia i su rface  of excised b locks is p laced  on th e  su rface  of th e  slide (a), th e  b ra in  tis su e  is rem oved  

as in d ic a te d  in  (b ) and  th e  p re p a ra tio n  dried  as a m em b ran e  (c)

A c ta  M orphologica A cadem iae S c ien tia ru m  H u ngaricae  16 , 1968
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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  o f this plexus consists of w avy varicose fibres, 
with more intensive fluorescence at the sites of the varicosities (F ig. 2). The 
fibres form ing the plexus are nearly identical in thickness. D en sity  o f  the  
plexus is more marked in the angles o f ram ifying vessels (Fig. 3). The num ber  
of nerve elem ents showing fluorescence is sign ificantly smaller than in vessels  
from other regions of the sam e character and size. This difference is w ell seen  
in Figs 4 and 5 com paring tw o sm all arteries o f the same caliber (50 /i) having  
the sam e source of sym pathetic supply (Sup. cervical ganglion) in th e  pia 
(F ig. 4) and a ciliary artery (F ig. 5).

The nerve plexus is situated  on the outer surface of the m uscular layer  
beneath  the th in  adventitia  characteristic of piai vessels. The nerve fibres do 
not seem  to enter the deeper strata o f the m edia, nor do they  show specific  
term inations on individual m uscle cells. As shown also by electron m icroscopy, 
the neurom uscular contact is effected sim ply by not too in tim ate con tacts  
betw een fibres emerging from the plasm a of the Schwann cells and m uscle

Fig. 2. S p a r se  p le x u s  o f  v a r ic o s e  f ib r e s  e x h ib 
i t in g  c h a r a c te r is t ic  g reen  f lu o r e s c e n c e . C at. 

P a r a fo r m a ld e h y d e  r e a c t io n . 2 0 0  X

I' ig. 3. M o n o a m in e r g ic  n e r v e  p le x u s  is  s o m e 
w h a t  d e n se r  a t  th e  a n g le s  o f  v a s c u la r  r a m i
f ic a t io n s . P ia  m a te r . R a t .  P a r a fo r m a ld e h y d e  

r e a c t io n . 140  X
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F igs 4 — 5. Vegetative  p lex u s  o f  piai  (Fig. 4) a n d  c il iary  a r te ry  (Fig. 5) of  identical calibre 
(50 // in diameter).  A drenerg ic  n e rv e  supply of the  piai  vessel is re m a rk ab ly  poor as compared 

w ith  o ther vessel o f  s im ila r  calibre. Rat.  P a ra fo rm a ld e h y d e  reaction. 140 X

F ig . 6. Cross section of b a s i la r  a r te ry .  T ran 
sec ted  monoaminergic n e rv e  f ib res  running 
b e tw ee n  the  outer  m usc le  l a y e r  and  the ad 
v e n t i t ia .  Rat.  C ryosta t  sec tion .  Pa ra fo rm al

dehyde reac t ion .  200 X

Acta  Morphologica Academiae Scientiarum  Hungaricae 16. 1963

Fig. 7. Cross section of basilar  a r te ry .  After  
t r e a t m e n t  w i th  m onoam inooxidase  inhib i tor  
(n ia lam id e)  the  fluorescence becomes consid
e r a b ly  s t ronge r  and  causes m u ch  sca tter ing  
o f  l ig h t .  R a t .  C ryosta t  section. P a ra fo rm a l

dehyde  reaction. 200 X
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Fig. 8. T h e  v e s s e l  e n te r in g  in to  th e  cere b r u m  
is  jo in e d  for  a fe w  t e n s  o f  m ic r o n s  b y  1 2
n e r v e  f ib r e s  d e ta c h e d  fro m  th e  v a s c u la r  p le x u s  
a n d  s e e m in g ly  h a v in g  free  t e r m in a t io n s . In  
th e  fu r th e r  in tr a c e r e b r a l p o r t io n , la c k in g  
m o n o a m in e r g ic  in n e r v a t io n , th e r e  are c e lls  
s h o w in g  a n  in te n s iv e  o r a n g e  f lu o r e s c e n c e .  

C at. P a r a fo r m a ld e h v d e  r e a c t io n . 140

Fig. 9. I n tr a c e r e b r a l  v e s s e l ,  la c k in g  m o n o -  
a m in e r g ic  in n e r v a t io n  w ith  e lo n g a te d  c e lls  
h a v in g  o v o id  n u c le i ,  a rra n g ed  p a ra lle l to  th e  
v e s s e l  lo n g itu d in a l  a x is .  T h e  co a rse  p la s m a  
g r a n u le s  o f  t h e  c e l ls  sh o w  a v iv id  f lu o r e s 
c e n c e . C a t. P a r a fo r m a ld e h y d e  r e a c t io n . 4 0 0  x

cells crossed by the f ibres. There are also individual fibres which have no d i
rect relation to vessels and which term inate freely in the piai tissue.

In the cross-section pictures of the basilar and m iddle cerebral arteries 
the cross sections o f 10 — 20 adrenergic fibres or perhaps fibre bundles can be 
seen (Fig. 6) corresponding to vasom otor nerves that run predom inantly lon
gitudinally along the outer surface o f the m edia.

In anim als pretreated with МЛО inhibitor, the nerve cross sections show  
a strong diffuse scattering of fluorescence, obviously  due to accum ulations o f  
larger am ounts o f catecholam ines (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 o f  the piai vessel, w hich  
then soon taper o ff and are lost from sight. W hether th ey  term inate freely or 
only lose their catecholam ine contents cannot be judged on the basis o f th is  
material. On the further intracerebral portion o f the vessels no nerve fibre 
giving a specific fluorescence is discernible.

Irta \Iorpliolof'ica . trinliiniur Scicnliariim Hun^aricae 19, 19 9H
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From  the very place o f the cessation  o f innervation, how ever, cells are 
seen  having  an orange fluorescence (Fig. 8) around the arterioles about 15 — 
30 /и in  diam eter. M orphologically, these cells, having an elongated form and 
ovo id  nuclei, are arranged parallel to th e  vessels. Fluorescence is due to the  
coarse granulation of the plasm a, the nuclear area appears em pty. This granu
lar fluorescence, an autofluorescence present also in untreated  preparations, 
does n o t show any changes after adm inistration  of either reserpin or nialam ide
(F ig . 9).

D iscussion

From  the above findings it seem s th a t the adrenergic innervation  of the 
piai vesse ls is rather poor if  com pared w ith that of other vascular regions. 
I t  seem s nevertheless to be sufficient to  induce, experim entally, vasoconstric
t io n  b y  direct stim ulation. On the other hand, long-distance effects, such as 
tran section  of the cervical sym p ath etic , injection  of procaine into the superior 
cerv ica l ganglion, etc., do not seem  to cause any significant change in cerebral 
circu lation .

The number of nerves around th e  m ain arterial stem s o f the brain is 
m uch larger and only sligh tly  less than  in other arteries o f sim ilar size. As the 
nerves are in im m ediate contact only w ith  the outer m uscle cells, for the m e
dia as a whole there is no possib ility  o f  direct neural transm ission. On the 
basis o f neuropharm acological experim ents it may be assum ed th at deeper 
s itu a ted  m uscle cells m ay be reached b y  the transm itter substance through  
diffusion . This diffusion theory o f  chem ical transm itter has been advanced for 
th e  fem oral artery by D o l e z e l  (1966). A lternatively , excita tion  exercized by  
th e  nerve elem ents on the outer layer o f m uscle cells m ay d irectly  propagate  
to  th e  deeper rows. As show n in th e  sem i-diagram m atic Fig. 10 by th e  adrener
gic fibres, the vessels entering into the cerebrum are joined up to the point 
w here th e  vessel is still surrounded b y  its leptom eningeal sheath . According  
to  th e  electronm icroscopical findings o f S a m a r a s i n g h e  [1965] th is portion 
•— in  sp ite of being situated  in the brain tissue — should be considered essen
t ia lly  still of extracerebral character. In  th is region the nerve fibres are found 
b etw een  the adventitia  consisting of a single cellular layer and the outer 
m uscle  cell-layer. Betw een the ad ven titia  and the leptom eningeal sheath, 
con sistin g  sim ilarly of a single cellular layer, there is a cleft, the V irchow - 
R ob in  space.

Onwards from the site where the tw o  cellular layers merge into one single 
cellu lar coating and the intracerebral portion proper begins, no adrenergic 
n erve fibre has been observed. The single cellular coating o f th e  vessels shows 
a strong autofluorescence orange in colour. W hether this cell row belongs to  
th e  ad ven titia  or to the lep tom eninx and w hether the cells w ith  respect to their 
origin  are transform ed glial cells or o f m esenchym al character (m ast cells,
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Fig. 10. S e m i-d ia g r a m m a t ic  s te r e o s c o p ic  v ie w  o f  t h e  m o n o a m in e r g ic  in n e r v a t io n  o f  e x t r a -  a n d  
in tr a c e r e b r a l v e s s e ls ,  a)  L e p to m e n in x ;  b)  E x tr a c e r e b r a l  p o r t io n  o f  v e s s e l;  c) V ir c h o w - R o b in 's  
sp a c e ;  d ) I n tr a c e r e b r a l  p o r t io n  o f  v e s s e l ;  e)  T r a n s e c t io n s  o f  a d r e n e r g ic  n e r v e s :  f )  A d r e n e r g ic  

f ib r e ;  g)  I n t e n s iv e  f lu o r e s c e n c e  o f  c y to p la s m

m acrophages) cannot lie decided. Nor has been elucidated the chem ical nature  
o f the autofluorescent granules ( F l e i s c h h a u e r , 1964).

The lack o f an adrenergic innervation  o f the intracerebral vessels cor
roborates the physiological and clinical observations according to which no d i
rect neurogenic constrictor effect seem s to exist. The only possible in vo lvem en t  
of the sym p ath etic  innervation in the regulation o f cerebral circulation  is 
a rem ote and not very significant effect exercized through the extracerebral 
(piai) vessels. The contractile cells o f the true intracerebral vessels appear to  
rely m ainly on direct chemical and hum oral stim uli and other local factors.
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M O N O A M I N O E R G I S C H E  I N N E R V A T I O N  D E R  E X T R A -  U N D  

I N T R A Z E R E B R A L G E F Ä S S E

T . D o n a t h

G eurteilt n ach  d em  to ta le n  Fehlen von  u m g e b e n d e n  N ervenelem en ten , die bei U n te r
su ch u n g  m it der F a lck -H illa rp sc h e n  M ethode eine F lu o re scen z  geben w ürden , besitzen  die I n t r a 
zerebralgefäße keine a d ren e rg isch e  Inn erv a tio n . D as sp ä rlich e  adrenerg ische N ervengeflech t der 
lep tom en ingealen  G efäße  g ib t eine geringe A n zah l v o n  N eb en ästen  zum  A n fan g sab sch n itt der
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In traze reb ra lg e fäß e  ab, die sich  jed o ch  n u r  bis zu einer E n tfe rn u n g  von  e tw a  e in igen  Z ehn tel- 
m ik ro n en  verfolgen lassen, d o r t  w erd en  sie d u rc h  die L ep to m en in x  v e rd eck t. L ängs d e r in t r a 
zereb ra len  G efäße läß t sich eine zellenförm ige Scheide m it s ta rk e r  A u to fluo reszenz  u n b e k a n n te r  
N a tu r  b eo b ach ten .

МОНОАМИИОЕРГИЧЕСКАЯ ИННЕРВАЦИЯ ВНЕ- И ВНУТРИМОЗГОВЫХ
СОСУДОВ

Т . Д о н а т

Судя по тотальному отсутствию окружающих нервных элементов, показывающих 
при исследовании методом Фальк— Хилларпа флюоресценцию, внутримозговые сосуды не 
имеют адренергической иннервации. Редкое адренергическое нервное сплетение сосудов 
твердой мозговой оболочки отдает немногочисленные боковые ветви к начальному участку 
внутримозговых сосудов, которые можно проследить на расстоянии лишь в несколько 
десятков микрона, где сосуды прикрываются твердой мозговой оболочкой. Вдоль внутри
мозгового хода сосудов выявляема клеточная оболочка с сильной автофлюоресценцией 
неизвестной природы.

Dr. Tibor D o n á t h ; Bud ap e s t, IX.., Tűzoltó u. Â8, Hungary

A cta  M orphologica A cudem iae S c ien tiarum  H angar icae 16 , 196fí





Acta Morphologien Acad. Sei. hung. 16 (3), pp. 295 303, 1968

In s t i tu te  o f Surgical A na to m y  and  O p era tiv e  Surgery  (D irec to r: Prof. T. K a r l i n g e r ) 
U niv ersity  M edical School, Pécs

OCCURRENCE OF SPECIFIC TISSUE ELEMENTS 
SEVERAL YEARS AFTER ALLOPLASTIC VASCULAR

REPAIR
G. B artos

(R eceived  Ju ly  6, 1967)

V ascu lar p rostheses of various k inds hav e  been  ap p lied  to  dogs in o rder to  s tu d y  
th e  b e h av io u r o f vessel-specific tissue  e lem en ts in th e  a rea  o f regeneration  b e tw een  th e  
1st an d  th e  8 th  p o sto p e ra tiv e  year. Sm ooth  m uscle  cells, e la stic  fibres and e n d o th e liu m  
w ere p re sen t in th e  ad eq u a te ly  nourished  p a r ts  o f  th e  re g en e ra ted  area even a f te r  sev e ra l 
y ears . T h eir n u m b er - especially  th a t  of e lastic  f ib res  w as found to d im in ish  w ith  
a d v an c in g  tim e, i.e. w ith  th e  p rogress o f fibrosis in  th e  o u te r  and inner envelope.

Literature on experim ental vascular rep lacem ent contains few  papers 
on the q u alitative problems of m orphogenesis. As regards the question as to  
whether structures characteristic of vascular tissue are formed in th e  area 
of the graft, V o o r h e e s  et al. [10], the pioneers o f vascular prosth etics, 
described th at the inner sheath o f prostheses was lined by endothelinm -like  
cells, whereas th ey  found no sm ooth m uscles and elastic fibres either in fresh  
or in old preparations. These findings were subsequently  confirmed by m ost 
authors, particularly Me i j n e  [6], Ma c k e n z ie  [5] and Stu m p  et al. [8J who  
verified these observations, especially those concerning the endothelium , b y  
silver n itrate im pregnation.

P e t r y  and I I e b e r e r  [7] observed sm ooth m uscle-like cells in the inner, 
and to a less ex ten t also in the outer, layer enveloping the prostheses. T h ey  
saw no elastic elem ents or saw them  only in  the form  o f poorly developed in 
distinct fibres. In addition to confirm ing these observations in respect o f sm ooth  
muscles, J e l ű in e k  et al. [3, 4] dem onstrated the presence of elastic fibres in 
the area of regeneration. Apart from iden tify in g  sm ooth-m uscle cells and  
elastic fibres by current staining procedures, th ey  differentiated them  b y  a 
special polarization m ethod. F l o re y  et al. [1] in experim ents on m on k eys  
dem onstrated m icroscopically and subm icroscopically the presence o f all three  
vessel-specific tissue elem ents in the inner envelope.

E xcep tin g  the experim ents of V o o r h e e s  et al. the period of observation  
was less than  a year in those of the aforesaid authors so that no con v in cin g  
data are available as to  the later survival of the specific elem ents formed in the  
graft-area. On the other hand, later authors [2, 9, 12, 13] deal only w ith  the  
endothelium  so th at the last com m unication o f V o o r h e e s  [11] is un ique in
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th is  respect: exam ining an eight-year old graft, he found sm ooth m uscle and 
elastic  fibres in the new ly formed intim a at the boundary betw een  the host 
v esse l and the prosthesis.

M a t e r i a l  a n d  m e t h o d

E m p lo y in g  v a rio u s k in d s  o f v ascu la r p ro s th e se s  (som e of our ow n design), th o rac ic  and 
a b d o m in a l ao rtic  su b s ti tu tio n  a n d  a o rto -su b c lav ian  b y p a ss  were perform ed on  117 a d u lt  m o n 
g re l dogs. D etails re g ard in g  surg ical tech n iq u e  a n d  v ascu la r p rostheses h av e  a lre ad y  been 
d e sc rib e d  [14, 15]. T he o b se rv a tio n  period  la s ted  fro m  one d ay  to e igh t y ears . S ec tio n s 6 to  12 /1 
th ic k  w ere em bedded  in  p a ra f f in  or celloidin a n d  p a ra f f in ,  sta ined  w ith  h aem ato x y lin -eo sin , 
a z a n , o rcein , o rce in -iro n h aem ato x y lin , fu r th e r  b y  th e  m eth o d  of E ndes an d  M asson.

R e s u l t s

Group I  (76 cases w ith  observation periods of one day to  one year).
Two to three-w eck-old preparations. In highly porous grafts an inner 

layer o f young granulation tissue d eveloped , in the new ly form ed intim a  
ela stic  fibres had form ed (Fig. 9). The inner surface was covered by a row of 
f la t  endothelioid  cells, w hile other cells o f  th e  inner sheath were still undiffer
en tia ted . Many preparations displayed on the outside, at the boundary be
tw een  m edia and neoadventitia  as also in th e  latter, clearly v isib le bundles of 
som etim es undulatory elastic fibres.

Three-m onth old preparations. B esides elastic fibres, also the endothe
lium  was well observable (Fig. 1). The superficial zone of the neointim a con
ta in ed  moreover a large num ber o f spindle-shaped cells [3] w hich stained like 
th e  sm ooth  m uscles o f arterioles of the neoadventitia  and those o f the aorta.

Six-m onth old preparations. A netw ork  of elastic fibres w as present in 
all three layers. Fig. 10/a presents the p icture of a network o f elastic fibres in 
th e  superficial zone o f a highly porous prosthesis, while delicate elastic fibres 
in th e  media covering the inner aspect o f  the prosthesis can be seen in Fig. 
10/b. A bundle of elastic fibres in the neoad ven titia  of a m oderately porous 
prosthesis is shown in Fig. 11. W ith the use o f  loose prostheses, m any sm ooth- 
m uscle-like cells, in ten sively  reacting w ith  E ndes’ stain, could be seen in the  
n eoin tim a (Fig. 4). Sim ilar cells were observed  in the media on both  sides of 
the prosthesis.

Group I I  (32 cases w ith observation  periods from one to  three years). 
Sm ooth-m uscle cells and elastic fibres w ere found in this group also. Compared 
w ith  Group I, the elastic fibres were less marked in the inner sheath . They  
could  often be identified  only after th e  inner envelope had been detached  
from the synthetic m aterial. D evelopm ent o f  elastic fibres w as more pro
nounced  in the n eoadventitia  of the outside. I t  contained an undulatory elastic
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Fig. 1. E n d o th e lia l cells in a 3 -m on th  p re p 
a ra tio n . H aem ato x y lin -eo sin . 630 X

Fig. 3. S m ooth  m uscles in th e  neo in tim a  (sine). T h re e -m o n th  p re p ara tio n . Azan. 630 X

Acln Morphologien Academiae Scientiarum  Hiingaricae 16, 1968

Fig. 2. E n d o th e liu m  of neointim a. T h re e -y e a r  
p re p a ra tio n . Iro n  haem atoxy lin -eosin . 280 X
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F ig . 4. Sm ooth  m uscles in  th e  neo in tim a. S ix -m o n th  p rep ara tio n . E n d e s’ s ta in . 280 X

F ig .  5. Sm ooth  m uscles in th e  n eo in tim a. T h ree -y ea r  p re p ara tio n . Ilae in a to x y lin -e o sin . 450 X
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fr ig. 6. S m ooth  m uscles in th e  n e o in tim a . Seven-year p re p a ra tio n . E n d es’ s ta in . 280 X

plate in  a one-year preparation. In the sam e preparation, the superficial zone 
of th e  inner envelope contained a syncitium  of sm ooth-m uscle cells, sim ilar 
to those of the host vessel.

In three-year old preparations the elastic fibres of the inner sheath  were 
poorly developed. H ighly porous prostheses were exceptions in th is respect 
(F ig. 2). Conditions in the outer sheath  were approxim ately the sam e as in 
one-year preparations. In contrast to  elastic filtres, a fairly large num ber of 
sm ooth-m uscle cells was found in the superficial zone o f the neointim a and a 
sm aller am ount in the media o f all typ es o f prosthesis (Fig. 5).

Group I I I  (9 cases w ith observation  periods of four to eight years). 
E lastic  fibres in the inner sheath  were still poorer and could he d em on strat
ed on ly  on the isolated lining as can he seen on the four-year preparation  
presented in Fig. 12. It was likew ise in a deep layer o f the isolated inner sheath  
th at elastic fibres were observed around the nutrient vessels o f a five-year  
preparation. Sm ooth-m uscle cells were well visible in four-year preparations
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F ig . 10/a E lastic  f ib res  in  th e  neo in tim a. S ix -m o n th  p re p a ra tio n . O rcein -ironhaem atoxy lin .
280 X

F ig . 10/b E lastic  f ib res  in  th e  in n er long itud inal zone o f th e  m edia. S ix -m on th  p re p ara tio n .
O rcein -iro n h aem ato x y lin . 280 X
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Fig. 9. E la stic  f ib r e s  in  th e  neointim a. S ix te e n -d a y  preparation . O rcein. 1 2 0 x



Fig. 7. Sm ooth  m uscles in  the n eo in tim a . F o u r-y ear p rep ara tio n . 
M asson’s sta in . 12 0 x

Fig. fi. S m ooth  m uscles in the host a o rta  íro m  Fig. 7. M asson’s
stain. 1 20 X
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Fig. 11. E la stic  fibres in the  n e o ad v e n titia . S ix -m on th  p re p a ra tio n . O rcein. IS

Fig. 12. E lastic  fib res in the n eo in tim a  (p lan e  section  from  th e  iso lated  inner sh ea th ). F o u r-
y ear p re p a ra tio n . O rcein. 120 X

4 A d a  M orphologien Academ iae Sc ien liarnm  IIim gnricav 10, 196ft
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(F ig . 7). As regards shape and staining, th ese  cells were sim ilar to  the corre
sponding cells o f th e  h ost vessel (Fig. 8).

In 7 to 8-year preparations, there w ere few elastic fibres in both  the  
inner and the outer envelope, whereas sm ooth-m uscle cells could be observed  
in  th e  superficial zone o f  th e  inner sheath b o th  in the m iddle and at the p e
riphery of the prosthesis (Fig. 6).

D iscussion

It is evident from  th e foregoing th a t vessel-specific  tissues persist around 
vascu lar grafts for several years, although their  am ount dim inishes w ith  ad
van cin g  tim e. This applies to elastic fibres in  particular whose dwindling is 
presum ably hastened b y  progressing fibrosis o f  the inner and outer sheaths. 
T he observations have proved the presence o f  elastic fibres in  the neoadven
t it ia , a phenom enon to  w hich no reference has been made in earlier com m uni
cation s which contain  likew ise no m ention o f the delicate elastic fibres som e
tim es present in the m edia. The number o f sm ooth  m uscles and elastic fibres was 
h igh est in the w ell-nourished zones of th e  graft area, e.g. in the superficial 
layer o f the inner sh ea th , in  the outer zone o f  the m edia on the outside o f the  
prostheses, further in the neoadventitia.
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S P E Z IF IS C H E  G E W E B S E L E M E N T E  M E H R E R E  J A H R E  N A C H  
A L L O P L A S T IS C H E R  G E F Ä S S T R A N S P L A N T A T IO N

G. BARTOS

V erschiedene G e fäß p ro th e se n  w urden H u n d e n  e in g ep flan z t u n d  die V erän d eru n g en  der 
gefäßspez ifischen  G ew eb se lem en te  im R e g en e ra tio n sb e re ich  vom  e rs ten  bis zum  ach ten  p o s t
o p e ra tiv e n  J a h r  v e rfo lg t. I n  d e n  a d äq u a t e rn ä h r te n  T eilen  des reg en e rie rten  B ezirks w aren  
so g a r n a ch  m ehreren  J a h r e n  n o ch  M uskelzellen, e la s tisc h e  F ase rn  u n d  E n d o th e l zu beo b ach ten . 
Ih re  A n zah l, insbesondere  d ie  d e r  elastischen F a se rn , n a h m  m it der Z eit, d. h. m it  dem  F o r t 
sc h re ite n  der F ibrose d e r in n e re n  u n d  äußeren  G e fä ß h ä u te , ab.

A d a  M orphologien A c a d e m ia e  S c ien tia ru m  Hungaricae 16, 1968
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СПЕЦИФИЧЕСКИЕ ТКАНЕВЫЕ ЭЛЕМЕНТЫ ЧЕРЕЗ НЕСКОЛЬКО ЛЕГ 
ПОСЛЕ АЛЛОПЛАСТИЧЕСКОЙ ТРАНСПЛАНТАЦИИ СОСУДОВ

Г. БАРТОШ

Авторы имплантировали собакам различные протезы сосудов и в области регенера
ции следили за изменениями сосудоспецифических тканевых элементов, наблюдаемых в 
течение восьми лет после операции. В частях с адекватным питанием в регенерированной 
области даже по истечении нескольких лет выявляемы мышечные клетки, эластические 
волокна и эндотелии. Их число, в частности, количество эластичных волокон, с течением 
времени, то есть, по мере прогрессирования фиброза во внешней п во внутренней оболоч
ках сосудов, понижалось.

Dr. Gábor B a r t o s ;  Pécs, Széchenyi tér 5., I I . Sebészeti K linika, H ungary

4* írta  Morpliologica A cadem iae  S c ien tia r tim  Hunguricae 16, 1968
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D e p artm en t of D erm ato logy  and  V enereology (D irec to r: P rof. L. Szodoray), 
U n iv e rs ity  M edical School, D ebrecen

EFFECT OF ULTRAVIOLET LIGHT ON THE EPIDERMIS
III.

H IS T O C H E M IS T R Y  O F  C E L L  R E S P IR A T IO N  
A N D  P H O S P H O R Y L A T IO N

E v a  S z a b ó  a n d  I r é n  H o r k a y  

( R e c e i v e d  J u l y  7 ,  1 9 6 7 )

H istochem ical changes in duced  in th e  ep iderm is by exposure  to  U V -ligh t, hav e  
been stud ied .

(1) Follow ing the  a d m in is tra tio n  of a single large dose of U V -ligh t, succin ic  d e 
h ydrogenase  a c tiv ity  increases d u rin g  the  f irs t  hours in th e  basal-cell lay e r and  th e  
s tra tu m  granulosum . I t  d isap p ea rs  from  th e  la tte r ,  b u t  increases fu r th e r  in th e  p rick le 
cell and  th e  basal-cell layers a t  th e  ap p earan ce  of p a rak e ra to s is . A c tiv ity  is v ig o ro u s in 
th e  en tire  epiderm is, and especially  so in the  s tra tu m  g ran u lo su m , a t  th e  d e sq u a m a tio n  of 
parakera to sis .

Acid p h o sp h a tase  a c t iv ity  increases d u rin g  the  f irs t ho u rs  in th e  s t r a tu m  g ra n u 
losum  and  the  s tra tu m  co rneum , and becom es v e ry  in ten siv e  in th e  en tire  ep id e rm is  at 
th e  d ev elopm en t o f p a ra k e ra to s is , to decrease du rin g  d esq u am a tio n .

N on-specific e sterase  a c tiv ity  is in tensive  in th e  p a ra k e ra to tic  nuclei.
(2) R ep ea ted  a d m in is tra tio n  o f single e ry th e m a  doses o f U V -light m o d era te ly  

increases succinic deh y d ro g en ase  a c tiv ity  in th e  en tire  ep iderm is, especially  in th e  s t r a 
tu m  granu losum . Acid p h o sp h a ta se  a c tiv ity  is p ron o u n ced  in th e  h y p e rk e ra to tic  zone 
and  in the  s tra tu m  g ranu losum .

(3) A bsorp tion  o f U V -rays by  the s tra tu m  g ran u lo su m , by p ro m o tin g  cellu lar 
m etab o lism , induces q u ick er an d  im p erfec t n uc lear d eg eneration  an d  gives, th u s , rise to 
th e  developm en t of p a rak e ra to s is .

Sm all doses o f U V -ligh t induce , on the o th e r  h a n d , h y p e rk e ra to s is  becau se  the 
am o u n t of im p arted  energy  does no t suffice for im p a irin g  cellu lar a c tiv ity .

Irradiation of the skin by U V -light induces disturbances in the m etabo
lism o f th e  epidermis. The enzym atic phenom ena in the background o f such  
disturbances were studied in detail by H a n k e  (1] who exam ined th e  histo- 
chem ical effect of UV-rays o f different w avelengths and doses on tin* web of 
frogs and the skin of mice. He found that, after a certain period o f la ten cy , 
enzym atic activ ity  was especially  increased in tin* w avelength  range betw een  
280 and 320 in//. He did not regard the reaction as specific since any im part - 
m ent o f energy gives rise to sim ilar reactions in every cells. It was, on the  
other hand, em phasized by D a n i e l s  et al. [2] th at exposure to U V -light in
duces cellular degeneration. Prior to degeneration they  observed no h isto ch em 
ical change pointing to enzym atic disturbances. Once the process o f  degen
eration  had started, glycogen synthesis increased w ithout a sim ultaneous in 
crease in succinic dehydrogenase and acid phosphatase activ ities. Other authors 
[3, 4] studied the cellular m etabolism  of glycogen and proteins w ith a view
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to  m aking inferences concerning enzym atic changes in the skin due to UV- 
ligh t.

In  earlier com m unications [5, 6] we have quoted  authors who have poin t
ed o u t that irradiation b y  U Y -light produces changes in cellular m etabolism . 
T he question  has not been  se ttled  whether th ese  changes are anabolic or ca t
abolic  in nature.

Cell respiration is one o f the decisive factors influencing cellular m etab
o lism . Different enzym es (cytochrom e oxidase, dehydrogenase, etc.) consti
tu te , each, a separate link  in  the chain o f b io logical oxidation; th ey  are m ost 
a c tiv e  where the processes o f  m etabolism  are m ost vigorous [7, 8].

Again, phosphatases p la y  a significant role in  interm ediary carbohydrate  
m etabolism , in the com position  and decom position  o f nucleic acid. Acid 
phosphatases are especia lly  active in the stratum  granulosum , a phenom enon  
ju stify in g  the conclusion th a t  they are in vo lved  in physiological kary- 
orrhexis. Their activ ity  is enhanced under p athologic  conditions such as the pro
cesses associated w ith  parakeratosis [9, 10]. N uclear degeneration is deter
m ined  also by other en zym es, e.g. D N A -depolym erase, am inopolypeptidase, 
tyrosin ase. These enzym es are responsible for th e  physiological degeneration,
i.e . keratinization o f th e  epiderm is.

The present exp erim en ts were designed to  stu d y  cell respiration and pro
cesses o f phosphorylation b y  exam inations o f tissue enzym es in order to ob
ta in  data  regarding the m etabolic changes induced in the epiderm is by expo
sure to  UY-light.

Material and m ethod

O b ta in in g  and t r e a tm e n t  o f  specim ens has been  desc rib ed  earlie r [5, 6]. A fte r p rep arin g  
3 to  5 Ц un fix ed  frozen sec tio n s (p a r t ly  in the  c ry o s ta t)  f ro m  th e  sk in  specim ens, th e y  w ere s tu d 
ied  fo r  succinic d eh y d ro g en ase  [11], cy tochrom e o x id ase  [12], a lka line  and  acid  p h o sp h a tase  
a cc o rd in g  to  Gömöri [13] an d  Va d á s z  [14], non-specific  e s te ra se  [15], am in o p o ly p ep tid ase  [16], 
a n d  ty ro s in ase  [17].

Results

Group I. Irradiat ion with 4 erythema doses of  UV-light

After 4 to 6 hours.  Succinic dehydrogenase a ctiv ity  was increased in the 
basal-cell layer and in th e  stratum  granulosum  (Fig. 1) as com pared w ith  the 
norm al skin’s reaction (F ig . 2). No cytochrom e oxidase activ ity  was observed  
at th is  time. Acid phosp h atase was increased in the stratum  lucidum , and a 
narrow  zone of increased a c tiv ity  was found in the stratum  cornerum as well 
(F ig . 3). For com parison, norm al acid phosphatase a ctiv ity  of the epidermis 
is show n in Fig. 4. A m inopolypeptidase a c tiv ity  was normal.

A c ta  M orphologica A ca d em ia e  S c ie n tia r u m  H angaricae 16 , 1698





Fig. 3. G luteal sk in  4 h o u rs  a f te r  irrad ia tio n  w ith  4 e ry th e m a  doses. Acid p h o s
p h a ta se  reac tion , n a p h th o l m e th o d . A ctiv ity  a p p ea rs  o n ly  in th e  form  of a double 

hand in th e  s t r a tu m  corneum  and th e  s t r a tu m  lucidum

Fig. 4. G lu teal  skin. Control.  A c i d  phosphatase  reac t ion ,  n a p h th o l  method. A c t iv ity
is p r e s e n t  on ly  in stratum  co rn eu m



1

Fig. 9. G luteal skin a f te r  e ig h t irrad ia tio n s  w ith  a single e ry th e m a  dose. Acid 
p h o sp h a tase  reac tio n , n a p h th o l m ethod . Increased  a c tiv ity  in s tra tu m  g ra n u lo su m

and corneum







Fig. 7. G lu tea l sk in  24 h o u rs  a f te r  irrad ia tio n  w ith  8 e ry th e m a  doses. A lkaline 
p h o sp h a tase  re ac tio n , G o m o ri’s m ethod . In c reased  a c t iv ity  in  s tra tu m  corneum  and 

in th e  cy to p lasm  o f ce rta in  cells in th e  deep er lay e rs  o f th e  epiderm is

Fig. 8. G lu teal sk in  a f te r  e ig h t ir rad ia tio n s  w ith  a  single e ry th e m a  dose. Succinic
dehydrogenase  re ac tio n . A c tiv ity  is d isp layed  b y  th e  basal-cell lay e r only



. 5. G luteal skin 48 h o u rs  a f te r  irrad ia tio n  w ith  4 e ry th e m a  doses. In ten s iv e  
non-specific  e s te ra se  a c tiv ity  in p a ra k e ra to tic  layer

. 6. G lu teal  skin 8 d a y s  a fter  irradiation w ith  1 e r y th e m a  doses. S tro n g  su cc in ic
d e h y d r o g e n a s e  a c t iv i ty  in basal-ce ll  layer





Fig. 1. G lu tea l  skin 4 hours  a f te r  i rrad ia t ion  w i th  4 e ry th em a  doses. Succ in ic  d e 
hydrogenase  reac tion .  Increased ac t iv ity  in basal-cell  layer and s t ra tu m  g ra n u lo su m

Fig. 2. G luteal  skin. Control.  Succinic d eh y d ro g en a se  act iv ity  in basal-cell l ay e r
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After 48 hours. Succinic dehydrogenase a c tiv ity  at this tim e was esp e
cially  vigorous where parakeratosis had not y e t  developed. No cytochrom e  
oxidase activ ity  was observed. Acid phosphatase a ctiv ity  was intensive in 
the area of parakeratosis. N on-specific esterase a c tiv ity  was marked in pa- 
rakeratotic nuclei (F ig. 5).

After 72 hours. Succinic dehydrogenase a ctiv ity  was increasing anew  
in the basal layer, and the activ ity  of acid phosphatase involved also the prick le
cell layer.

After 5 to 6 days. Succinic dehydrogenase was m ost active in the b asal 
layer, and — advancing upward — form azan crystals were practically no 
longer dem onstrable in the stratum  granulosum  (Fig. 6). Acid phosphatase  
and non-specific esterase were m ost active in th e  stratum  granulosum and th e  
parakeratotic zone. No cytochrom e oxidase a c tiv ity  was registered.

After 12 days. N either acid phosphatase nor non-specific esterase a c t iv 
ity was marked in the desquam ating parakeratotic layer. On the other hand, 
succinic dehydrogenase in the stratum granulosum  showed normal values.

Group 11. Irradiation with 8 erythema doses o f  UV-light.

After 6 to 12 hours. Dehydrogenase o f acid phosphatase activ ity  w as 
marked in the upper layers o f the epidermis.

After 24 hours. Dehydrogenase was present in traces only while acid  
phosphatase a ctiv ity  increased further in all layers. Alkaline phosphatase  
activ ity  was considerably increased (Fig. 7).

Group I I I .  Irradiation with 8 x 1  erythema dose,

Dehydrogenase activ ity  increased alm ost im perceptibly in the b asa l
cell layer and in the lower part of the stratum  granulosum  (Fig. 8); increase 
in acid phosphatase a ctiv ity  was likewise m odest in the stratum  granulosum  
and the stratum  corneum  (Fig. 9). N on-specific esterase activ ity  seemed to  be 
increasing in the stratum  granulosum.

D iscussion

It has repeatedly been reported [18, 19, 20] th a t the activ ity  of enzym es  
involved in processes o f oxidation and phosphorylation  is increased in cond i
tions associated w ith  parakeratosis and acanthosis. It has moreover been show n  
that thickening o f the horny layer caused by U V -ligh t is an aspecific change  
[20, 21]. M etabolic phenom ena connected w ith th ese  processes are, therefore, 
of the same nature as those observed in parakeratosis o f a different a e tio lo g y .

Absorption o f U V -light accelerates cellular a c tiv ity  in the epiderm is, a 
phenom enon which being determ ined by the special function  of each layer  
m anifests itse lf d ifferently  in the various strata . E nzym atic activ ity , after
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increasing during the hours follow ing irradiation, disappears a lm ost com 
p le te ly  after the form ation o f the parakeratotic layer. Cell respiration, and con
seq u en tly  also cellular a c tiv ity , are accelerated  by the absorption o f energy  
w hich  leads to im perfect nuclear degeneration  and parakeratosis. T hus, UV- 
lig lit absorbed by the basal-cell layer increases cell respiration and accordingly  
prom otes nuclear division . In the last phase of regeneration fo llow ing UV- 
irradiation , i.e. in th a t of desquam ation, the parakeratotic layer is thrown  
o ff b y  th e  new ly form ed hyperkeratotic scales since the form ation o f the hyper- 
keratotic  layer requires an increased rate o f  nuclear degeneration in th e  stra
tum  granulosum . As pointed  out by M i e s c h e r  [21], habituation to  ligh t, i.e. 
th ick en in g  of the keratotic substance, resu lts if  the epidermis is exposed  to  
repeated  small doses o f UV-rays. F orm ation  of the hyperkeratotic zone de
pends on a constant slight stim ulation  o f epidermal m etabolism .

T he phosphorylation reactions are in harm ony with those o f ox id ative  
en zym es. Acid phosphatase activ ity  is in ten se in the keratogenic zone even  
before th e  developm ent of parakeratosis, a phenom enon which adm its o f the  
assum ption  that UV -rays induce anabolism  or catabolism  in a direct manner. 
T he appearance of the double band in th e  com pact stratum  corneum  and the 
stratu m  granulosum seem s to support th is  assum ption. Subsequently, w ith  the  
d evelop m en t of parakeratosis acid phosphatase activ ity  is enhanced over the 
entire epiderm is, a phenom enon which is likew ise non-specific, it being present 
in other parakeratotic conditions, too.

R epeated adm inistrations of sm all doses of UV-rays also increase epi
derm al phosphatase activ ity .

The present experim ents ju stify  th e  conclusion th at U V -irradiation  
d irectly  prom otes cellular m etabolism , b o th  anabolic and catabolic reactions. 
T hese enzym atic reactions start those m etabolic changes w hich result in the  
v isib le  but no longer specific m orphological picture.
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E F F E C T  O F  U V - L I G H T  O N  T H E  E P I D E R M I S Ш)

D I E  W I R K U N G  D E R  U V - B E S T R A H L U N G  A U F  D I E  E P I D E R M I S

I I I .  H istochem ie der Z e l la tm ung  und  der Phosphory la t ionsprozesse  

É. SZABÓ und I. IIORKAY

Bei d e r  U n te rsu ch u n g  einiger h is tochem ischer  V erän d e ru n g en  der O b e rh a u t  n a c h  UV- 
B estrah lung  w urde  festgestell t:

1. In  den e rs ten  S tu n d en  nach  e inm aliger  B es t rah lu n g  m it  größeren U V -Dosen  e rh ö h t  
sich die S u cc in odehydrogenase -A ktiv i tä t  im Str .  g ran u lo su m  und  im Str.  basale ;  hei d e r  E n t 
s teh u n g  der  p a rak e ra t i t i s c h en  H o rn sch ich t  ve rsch w in d e t  sie aus dem Str. g ranu losum , w ä h re n d  
sie im Str .  sp inosum  u n d  Str. basale  gesteigert  ist. N ach  Abschilferung der P a ra k e ra to s e  l ä ß t  
sich in der ge sam ten  O be rhau t ,  vor allem aber  im Str.  g ranu losum  sta rke  A k t iv i t ä t  n achw eisen .

In den e rs ten  S tu n d en  nach der B e s t rah lu n g  ste iger te  sich die A k t iv i tä t  der  s a u ren  P h o s 
p h a ta se  im Str .  granu losum  und Str.  c o rneum ,  be im  E n ts te h e n  der P a rak era to se  w ar  sie in der  
gesam ten  O b e rh a u t  sehr erheblich und  bei d e r  A bsch ilferung  n a h m  sie ab. In  den p a r a k c r a to -  
t ischen K ern en  war eine s ta rke  n icht-spezif ische E s te ra se -R ea k t io n  nachweisbar.

2. N ach  m eh rfach e r  U V -B es trah lung  m it  1 E D  war die S u c c in o d eh y d ro g en ase -A k t iv i tä t  in 
der  O b e rh a u t  m äßig  u n d  im Str.  g ranu losum  a u sg ep räg t  gesteigert .  Die A k t iv i t ä t  d e r  sa u ren  
P h o sp h a ta se  w ar  dagegen in der h y p e rk e ra to t i sc h en  H ornsch ich t  und  im Str .  g ra n u lo s u m  
in tensiver.

3. Die im Str.  granu losum  ab so rb ie r ten  S t rah len  induzie rten  du rch  die S te ig e ru n g  des 
Zellstoffwechsels e inen schnelleren u n d  u n v o l lk o m m en en  K e rn a b b a u  u n d  b ew irk te n  d as  E n t 
s tehen  der p a rak e ra to t is ch e n  H ornsch ich t .  A uf  W irk u n g  kle iner UV-Dosen erfolgte die B i ld u n g  
des h y p e rk e ra to t i sc h en  K era t in s  aus dem  G runde ,  weil die E n erg ieve rm it t lung  zu g e r in g  war 
um eine pathologische V eränderung  der  Z ellfunk tion  herbeizuführen.

ДЕЙСТВИЕ УЛЬТРАФИОЛЕТОВЫХ ЛУЧЕЙ НА ЭПИДЕРМИС
Е .  С А Б О  и  И .  Х О Р К А Й

При исследовании гистохимических изменений, возникающих в эпидерме после 
облучения ультрафиолетовыми лучами, было установлено:

1. В первые часы после однократного облучения более большой дозой ультрафио
летовых лучей активность сукцинодегидрогеназы повышается в области Str. g ra n u lo su m  
и basale.  I Три развитии паракератитического рогового слоя она исчезает из Str.  g ra n u lo su m  
а в области Str.  sp inosum  и basale  она усиливается. При шелушении паракератоза во 
всей надкожице, а особенно в Str. g ran u lo su m  наблюдается сильная активность.

В первые часы после облучения реакция кислой фосфатазы усиливается в области 
Str. g ranu losum  и corneum , при развитии паракератоза она во всей надкожице очень 
значительна, а при шелушении она уменьшается.

В паракератитических ядрах наблюдается очень сильная неспецифическая эсте
разная реакция.

2. После повторного применения облучения ультрафиолетовыми лучами дозой, 
вызывающей эритему, во всей надкожице наблюдается незначительное усиление реак
ций сукцинодегидрогеназы, причем в области Str.  g ranu losum  ее активность более бы, 
ражена.

Реакции кислой фосфатазы более выражены в области гиперкератозного рогового
СЛОЯ И Str.  g ranu losum .

3. Лучи, поглощаемые в Str.  g ran u lo su m ,  вызывают путем повышения клеточного 
обмена вешеств более быстрый и неполный распад ядер и приводят к образованию пере- 
кератозного рогового слоя.

Образование гиперкератозного рогового слоя наступает под влиянием небольших 
доз ультрафиолетовых лучей потому, что передача энергии незначительна и недостаточна 
для того, чтобы вызвать патологическое изменения функции клеток.

Dr. E va S z a b o ; H ospital o f C ounty Fejér. Székesfehérvár, H ungary
Dr. Irén H o k k a y ; Debrecen, Bőrklinika, H ungary
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I n s t i tu t e  of  A na tom y, U n ivers i ty  Medical School, Budapest

THE GOLGI ARCHITECTURE OF CLARKE’S COLUMN
M. R é t h e l y i

(Received S ep tem b er  22, 1967)

A Golgi s tu d y  of Clarke’s colum n in the  k i t t e n  has  confirmed the ex is tence  o f  two 
types  o f  neurons  viz. [1] m ain cells, giving rise to the  dorsal spinocerebellar t r a c t  (DSCT) 
fibres, and  [2] border cells, small in te rn eu ro n s  w i th  shor t  axons and resem bling  Golgi 
II  ty p e  neurons.  Three  k inds of dorsal fun icu lus  a f fe ren ts  could he d is t ingu ished ,  all of 
which  are p r im a ry  sensory neuron  colla terals.  One group could he iden tif ied  (a) as l a  
(muscle spindle) a ffe ren t  collaterals,  a n o th e r  (b)  as l b  (Golgi tendon o rgan)  co lla te ra ls  
and a th ird  (c) as p ro b ab ly  of cu tan eo u s  origin. W hile  groups (a) and (c) t e r m in a t e  in 
the  larger  dorsom edial  sector of the  co lum n, group  (b) te rm in a tes  exclusively in a sm alle r  
v en tro la te ra l  sector. I t  is inferred t h a t  th e  Clarke neurons  t h a t  convey m uscle  spindle 
in fo rm a t ion  are d ifferen t  and  d ifferen tly  loca ted  from  those t h a t  ca r ry  Golgi t en d o n  
organ  in form at ion .  M utua l  synap tic  in te r re la t io n sh ip s  of  the Clarke colum n n e u ro n s ,  and  
some geometric  p a t t e rn s  of  synap tic  a r ra n g e m e n ts  are considered.

Apart from the early cytoarchitecton ie descriptions our know ledge of 
the dendritic and axonal architecture o f Clarke’s colum n is m ainly based on 
the classical Golgi descriptions o f the spinal cord (v. L e n h o s s é k , 1895; R a 

mon y Ca j a l , 1909). The fundam ental and rather peculiar structural properties 
of th is nucleus — viz. (1) the '‘close” character, i.e. sharp restriction o f  the  
dendritic arborizations to  the confines o f  the nucleus; (2) the predom inantly  
longitudinal orientation  o f its dendrites; (3) the origin of axonal collaterals, 
term inating in this nucleus, from the m edial part of the dorsal funicu lus, 
whereas little  if any connections are established between the general axonal 
neuropil o f the other spinal grey m atter and th a t o f the column; and (4) the  
axons o f the main cells running tow ards the dorsal superficial region o f the  
lateral funiculus, where they  form the dorsal spinocerebellar tract (DSCT) -  
em erge clearly from these descriptions. In terest has been aroused by th e  first 
electrophysiological studies on synaptic transm ission  in this nucleus (G r u n d - 
fe st  and Ca m p b e l l , 1942; L loyd  and McI n t y r e , 1950), which appeared to  
show a good agreem ent with the subsequent observations by Sz e n t á g o t h a i  
and A l b e r t  (1955) on the peculiar syn ap tic  arrangem ent between large calibre 
primary afferents and the Clarke neurons. A successive series of in vestigation s  
into the electrophysiology of the DSCT hy L u n d b e r g  and co-workers (L a
po r t e  et al., 1956; L aporte  and L u n d b e r g , 1956; L u n d b e r g  and Os- 
CARssoN, 1956; I I olm q u ist  et al., 1956; L u n d b e r g  and W i n s b u r y , 1960; 
L u n d b e r g  and O sca rsso n , 1960) using unit level recordings revealed  th a t,
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apart from a powerful synaptic articulation w ith  la  and partly also o f lb  pri
m ary afferents, not on ly  the afferent but also th e  intrinsic connections of the  
colum n are more com plex than hitherto im agined . Cutaneous prim ary affer
ents are found to contribute presynaptic stim u lation  to these neurons.— Clear 
signs o f interneuronal, partly  inh ib itory, a c tiv ity  indicate th at either the  
colum n is entered b y  presynaptic axons other th an  primary afferents, or there 
are interneurons w ith in  the column itself. Sm all cells situated predom inantly  
on th e  surface o f the colum n have been described earlier (R amón y  Ca j a l , 
1909) but nothing essential is known about th e  distribution of their axons. 
Sz e n t Ágothai (1961a) m ade an attem pt to  exp la in  the synaptic arrangem ent 
in th e  ligh t of the new  physiological observations w ith consideration to the  
p ostu la te  of having inhibitory synaptic connections. Anatom ical inform ation, 
how ever, particularly w ith  respect to Golgi architecture, was still n ot at the  
leve l required for such an undertaking. R ecen t Golgi reinvestigations o f  v a r
ious regions of the CNS, prom pted by the increased demand for such data  
b y  th e  w ealth of new  physiological inform ation and encouraged by the dem ands 
of electron m icroscopy, have brought forward a great abundance o f new  de
ta ils  o f im portance lacking from the classical descriptions. The present paper 
aim s at a reinvestigation  o f the Golgi architecture w ith special consideration
(1) o f  the cell typ es; (2) of the origin from the w hite m atter and distribution  
w ith in  the colum n o f various types of axons or collaterals; (3) o f the initial 
course o f Clarke cell axons, particularly possib le initial collaterals and their  
sy n a p tic  relations; (4) o f the synaptic interrelations of the Clarke neurons, 
and aim s, finally  (5) at an understanding o f th e  geom etric design o f th is region.

M a t e r i a l  a n d  m e t h o d s
T he  spinal cord o f  new born ,  3 and  7 days old k i t t e n s  w as  t rea te d  according to t h e  classical 

r a p id  Golgi p rocedure  w i th  r e p ea te d  im pregnat ion .  60 — 70 m icron  thick sections f rom  the  lower 
th o ra c ic  a n d  u p p e r  l u m b a r  segm ents  were cu t  in th e  t ran sv e rsa l ,  the  sag itta l  and  th e  h o r izon ta l  
p la n e s  w i th  reference to  t h e  n a tu r a l  postu re  of  th e  cat .  (These expressions are conseq u en t ly  
u se d  b o t h  in the  t e x t  a n d  t h e  legends of the  figures .)  — F o r  experim en ta l  degenera t ion  pu rposes  
do rsa l  ro o t  ganglia  o r  L,, were rem oved  in a d u l t  ca ts .  F o u r  or five days la te r  th e  an im als  
were  killed, the  b ra in  a n d  th e  sp inal cord were f ixed  in 4 %  n eu tra l  formalin. F ro zen  sections 
were  p re p a re d  from  th e  u p p e r  lu m h a r  and lower th o rac ic  p a r t  of the cord in the  th re e  card ina l  
p lan e s  a n d  the  sections were  sub jec ted  to th e  N a u ta  p rocedure .

Results

(1 )  The cell types o f  Clarke's nucleus

For the study o f the cell bodies, their axons and dendritic arborization  
pattern  sections in both  longitudinal planes — sagittal and horizontal —- 
are b est suited, whereas little , if any, in form ation  of significance can be gained  
from  transverse sections. B oth cell ty p es m entioned by R amón y  Ca ja l  
(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, o f  spheric or irregular ellipsoid form (Figs la ,  lb ,  
lc ) . I t appears from the sagittal as well as from th e horizontal sections th at  
the dendrites leave the som a in tw o opposite directions, i.e. cranial- and caudal- 
wards, and after som e in itial deflections run parallel w ith the spinal cord  
axis. The length  of the dendritic tree is roughly equal in the two directions. 
According to  m easurem ents o f 14 focal cells, the w hole span of the dendritic  
tree is 400 — 500 microns in length. As the dendrites are confined in w idth  to  
a strip 70 — 80 microns w ide, the average focal cells occupy longitudinally  
oriented cylindrical spaces. The dendrites are surrounded by thin axons  
running parallel to them , as pointed  out by Sz e n t á g o t h a i  and Al b e r t  (1955) 
(Fig. Id).

b) Border cells ( “ cellules marginales ou lim itantes” ). These cells accord
ing to their nam es, are localized predom inantly 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 o f the cell w ith large trunks, which soon divide into tw o, three 
or occasionally more branches (Figs 2a, 2b, 3a, 3b). The dendrites have a 
much less regular course than  the dendrites o f the main Clarke cells m aking  
it difficult to reduce the space occupied by the dendritic tree to any sim ple  
geom etrical form. The total dendritic span of th ese cells in longitudinal d i
rection varies betw een 300 and 400 microns and th e  dendrites have spines o f  
characteristic drum stick shape (Fig. 2c). The axons stain  readily anil originate  
from one of the dendritic trunks near the cell body, as has been described b y  
F amón у  Ca ja l  (1909). The axons im m ediately begin  to arborize and cannot 
be traced outside the territory o f the nucleus (F igs 2d, 3b).

(2 )  Origin from the white matter and distribution within the column o f  afferent
axons or collaterals

Three different types o f dorsal funiculus collaterals can be observed in 
the studied Golgi m aterial v iz. (a) collaterals (or axons) th at appear to term i
nate exclusively  in Clarke’s colum n (b) collaterals to  the interm ediate region  
and to the ventral horn, g iving only side branches to the column; and (c) 
collaterals to the dorsal horn yield ing side branches to  Clarke’s nucleus. — N o  
other preterm inal axons arising from any other part o f the grey m atter that 
would enter the colum n have been observed. On transverse sections Clarke’s 
nucleus appears as a round or som etim es as a som ew hat elliptic territory. 
The fibres entering the nucleus, the m ajority 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 o f co lla t
erals to the medial part of the ventral horn th at arc seen frequently and that
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F ig . 1. The focal or m a in  cells, their dendrites and  supposed axons. Foca l  cells ( ind icated  by 
a r ro w s)  are seen in h o r izo n ta l  (a) and in sag i t ta l  (b) and  (c) sections, 180 X (d). D endr i te  sur
r o u n d e d  by  a num ber  o f  paral le l  axons,  1250 X. (e) and  (f) axons, ru n n in g  in t ran sv erse  d irec
t io n .  T h e ir  beginnings a re  in d ica ted  by  r inged  arrows, ic =  init ial ( recu rren t)  collaterals.  The 
m ed ia l  (left) and la te ra l  b o rd e rs  (r ight)  of C larke’s nucleus are m ark ed  b y  doub le  arrows. Note 
t h e  in it ia l  collaterals ten d in g  to w ard s  the  b o rd e rs  o f  th e  column. 500 X — R a p id  Golgi p ro c e 

dure ,  (a) — (d) 7-day-old,  (e) an d  (f) 3-day-old k i t te n
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Fig. 2. Fo rm  a n d  axonal  a rbo riza t ion  of the  border cells (a) H or izon ta l  section of C larke’s 
column. The r igh t  m arg in  of the p h o to g rap h  corresponds to  the  midline. Border cell s i tu a te d  
close to the medial b o rd e r  is ind ica ted  by arrow, 180 X .  (b) H o r izo n ta l  section with C larke’s 
column of bo th  sides. Midline is m ark e d  by dashed line, a r ro w  ind ica tes  a border cell. 180 X (c) 
Dendri te  of border  cell, no te  charac te ris tic  d ru m st ick  sh ap e  spines.  1250 X (d) Axonal a rb o r i 
zation o f  a border  cell in p h o to m ic ro g rap h  (left) and  in a c am era  lueida drawing  (right);  ax  

axon. I250 x  Rapid  Golgi p rocedure ;  (a), (b)  and  (d) 7 -day-old ,  (c) 3-day-old k i t ten
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F ig . 3. Shape and axonal  a rb o riza t io n  of a b o rd e r  cell, (a) Sagitta l  section w i th  bo rder  cell. 
180 X  (b) The same cell u n d e r  h igher  power. N o te  axonal  a rborization (ax  ax o n )  a round  the  
p a r e n t  cell. Dotted  line su r ro u n d s  a te rm ina l  e x p an s io n  belonging to the  sam e axon .  1250 X -  

R a p id  Golgi p rocedure ,  3 day-old k i tten
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Fig. 4. T ran sv erse  section of the spinal cord w i th  C larke’s nucleus (a) Clarke’s nuc leus  is 
o u t l ined  by d o t te d  line, a set (a) of  colla terals aris ing  from the  dorsal funiculus (d f) ,  some 
o th e r  f ib res  (fp) are passing by the lateral b o rd e r  of  the  nucleus. Note lack of s t a in e d  nerve  
fibres a n d  te rm in a ls  in the  ven tro la te ra l  sector o f  the  nuc leus  on the left side; cc t h e  e p e n d y 
mal wall of  the  centra l  canal.  180 X (b) Same as (a) a t  h igher  m agnification  (500 X ) A bund le  
of co lla te ra ls  aris ing from the  dorsal funiculus (df)  are g iving te rm inal  expansions to  the  v e n 
t ro la te ra l  p a r t  of  Clarke’s nucleus and to the  a d ja c e n t  grey m at te r .  The l a t te r  are m a rk e d  by 
a rrow s (a t  b o t to m  right) .  These collaterals correspond  to se t  (b). R ap id  Golgi p roced u re ,  n ew 

born  k i t te n
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str ic tly  avoid giving any connections to the colum n are shown in F ig. 5. All 
collaterals and branchings show n in Fig. 5 are ex a c t tracings of fibres from  our 
preparations.

a) Collaterals directed exclusively to Clarke’s nucleus. These collaterals
arise from  the m edial and rather deep part o f  the dorsal funiculus. U pon  
reaching the dorsal border of the column the m ore lateral ones turn into la ter
al, th e  m edial ones into m edial direction and before giving penetrating  
branches to the nucleus run for some distance around its dorsal circum ference 
(F ig . 5a). Collaterals arising from sites in betw een  often give rise to  tw o  
branches, from which one runs around the dorsal border of the colum n in m edial 
and th e  other in la teral direction. The further course o f these fibres being lon 
g itu d in a l, it cannot be traced in transverse section s, so that sections in the  
sa g itta l and horizontal planes have to be consu lted . As seen from Fig. 7 there  
is good  reason to  assum e th a t the large axons, having  both them selves as w ell 
as th eir  term inal branches a longitudinal course strictly  w ithin the colum n, 
b elong to this group. The axonal neuropil o f th e  colum n derives to consider
able ex ten t from these large longitudinal axon al branches that are m ainly  
ascend ing , but to  som e ex ten t also descending branches of the original dorsal 
funiculus collaterals m entioned at the beginn ing  o f this paragraph (F igs 7b, 
7c). A s seen from F ig . 8 th ese large, longitud inal preterminal axon branches 
can be traced along distances of 500 — 600 m icrons, so that their real length  
m ay be much greater. T hey are giving at frequent intervals side branches that 
term in ate w ith m ultip le bulbous thickenings in  close neighbourhood o f the  
preterm inal longitudinal axon. There is a rem arkable topical arrangem ent o f  
th ese  collaterals in tw o respects: ( i )  the collaterals arising in lateral parts o f  
the dorsal funiculus area are giving rise to  th is  set enter the lateral parts o f  
th e  colum n, whereas those arising from m edial points enter predom inantly  
m edial regions of th e  nucleus; ( i i )  this set o f collaterals term inates only in the  
dorsom edial 2/3—3/4 o f th e  colum n, whereas a ventrolateral sector o f  —•
2/3 o f  the nucleus is le ft com pletely  free (F igs 4a , 5a).

b) Side branches o f  collaterals to the intermediate region and the ventral 
horn. The second set o f collaterals shown in F igs 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 colum n. They arise from a region  
o f th e  dorsal funiculus d istin ctly  lateral from  th a t giving rise to set (a). T hey  
curve around the lateral border of the nucleus and begin to break up into  
branches at the base o f the dorsal horn. Som e o f these branches enter Clarke’s 
nucleus from its ventrolateral or lateral side and term inate in its already m en
tioned  ventrolateral sector. In sagittal or horizontal sections the longitudinal 
course o f these branches can seldom be d istinguished from other axonal 
branches, as show n in F ig. 7a. The branches entering Clarke’s nucleus do not 
appear to represent the m ain term ination sites of these collaterals as som e
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Fig. 5. D iag ram  showing the  d ifferen t  sets — (a), (b) a n d  (c) of p r im ary  a f fe ren ts  which  
c o n ta c t  C larke’s colum n and a fo u r th  set (d) — pass ing  by the  column a t  its  l a te ra l  side.

E x p lana t ion  in t e x t

of them  can be traced clearly to medial parts o f  the ventral horn. There is 
no convincing evidence o f their having synaptic  contacts with m otoneurons. 
One m ay safely sta te  th at the bulk of synaptic contacts by these collaterals is 
established in lam inae V, V I, V II and V III o f  H exed (1954), i.e. only in the  
m edial parts of the first three of these layers. Q uite similar results are gained  
from N auta preparations. Fig. 6. shows a transversal section of the spinal cord
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F ig . 6. T ransverse  section of th e  spinal cord a t  L, f ive  d a y s  after  hav ing  rem oved  th e  ipsila tera l  
sp in a l  ganglion L 4 (for o r ien ta t io n  see inset a t  lef t  top) .  Degenera ted  frag m en ts  c a n  be seen 
ex c lu s iv e ly  in the v en tro la te ra l  sec to r  of Clarke’s nuc leus  and  in the grey m a t t e r  l a te ra l  to the 
nuc leus .  D o tted  line indicates th e  confines of Clarke’s nucleus.  500 X. — Adult  cat ,  N a u ta  p rocedure
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in Lj. Spinal ganglion L, was rem oved in this anim al. Clarke’s nucleus is pres
ent upwards from L:i, but degenerated fibres appear on ly  at L,. D egenerated  
fragm ents are seen on the ventrolateral part o f Clarke’s nucleus and on the  
adjacent grey m atter. Comparing th is picture w ith the corresponding Golgi 
preparation (Fig. 4b) the sim ilarity is conspicuous. It em erged from all o f our 
N auta series — particularly well v isib le in horizontal sections th at preced
ing from aft to front the degenerated fragm ents appear first at the lateral 
border o f the colum n and upwards gradually spread in m edial direction, which  
would be in good agreem ent w ith the description given by S zE N T Á G O T H A l  

(1961b). H owever, the exclusive occurrence w ithin  the ventrolateral sector  
of the colum n o f degeneration fragm ents in the low erm ost segm ent m ight in
dicate th a t set (b) of collaterals enters more caudally than set (a.)

In Fig. 5d a group o f collaterals entirely sim ilar in origin and initial 
course is shown having no connection  with Clarke’s nucleus. In the Golgi 
preparations, th e  tw o sets (b) and (d) m ight easily be m istaken for being one 
set. H ow ever, if, as it was done in Figs 51> and 5d, the collaterals are separ
ated on the basis o f the criterion w hether or not th ey  have side branches to  
Clarke’s colum n the difference betw een the tw o sets becom es apparent. W hile 
set (b) has a rather indiscrim inative mode of term ination  in a wide but still 
defined area, set (d) has a circum script term ination area in the interm edio- 
m edial nucleus o f the earlier authors (medial part o f lam ina V II o f R exed). 
The degeneration pictures shown recently by S z e n t á g o t h a i  (1966) doubtlessly  
prove th at these collaterals derive from primary afferents.

(c) Collaterals to the dorsal horn. A lthough relatively  rare in this m aterial, 
one can find collaterals originating from the m ost m edial portion of the dorsal 
funiculus that run horizontally tow ards the centre o f the dorsal horn (lamina 
IV of R exed). D uring their course through the dorsal border of th e  colum n  
they give off sm all side branches, which enter and probably after som e  
longitudinal course w ithin the colum n — term inate in the dorsal sector of 
that nucleus. The course o f these collaterals would be fairly characteristic of 
cutaneous prim ary afferents, if it were not for the extrem ely  m edial origin of 
the collaterals in the dorsal funiculus. B ut, as is the case also w ith the co llat
erals o f set (a), they take origin from the ascending dorsal funiculus fibres 
only several segm ents above their entrance into the cord, which m ay account 
for their medial position in the dorsal funiculus.

(3 )  The initial course of  Clarke cell axons

The origin o f the main cell axons failed to show in the Golgi series. In 
horizontal sections rather coarse axons could, how ever, 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 w ith fair p robab ility  
as the axons o f the focal cells. T hey issue initial collaterals m uch thinner  
than the parent axons both inside and outside the column. Som e o f th e  former 
approach the margin of the colum n, where they  turn into longitudinal direction. 
Their term inations could not be observed directly; they  appear to  contribute  
to the longitudinal axonal neuropil o f the colum n (Figs le , If).

Origin, arborization and term ination o f the border cell axons are easier 
to observe. T hey originate from one o f the main dendritic trunks near the cell 
body. After a short tortuous course — as already m entioned th ey  begin to 
arborize into branches of equal size, which soon divide repeatedly g iv in g  rise 
in a similar m anner to  an axonal arborization in the neighbourhood o f the 
parent cell (Figs 2d, 3b). This arborization is oriented predom inantly lon g itu d i
nally  and strictly  confined to the territory o f the column. The delicate term inal 
expansions of these axons can be seen in abundance within small d istance from  
the cell of origin (Fig. 3b). This ty p e  o f  axonal arborization closely resem bles 
that o f Golgi II typ e nerve cells. It could o f course be argued w hether such 
cells can ju stly  be called true Golgi II typ e neurons. They are certain ly  local 
internuncial cells w ithout any indication  of any axonal branch reaching other 
grey regions. A dm itted ly , the axonal arborizations of m any true Golgi II 
type neurons, especially in the cerebral and cerebellar cortex, are denser and 
restricted to sm aller territories or the arborization territory has a m ore strictly  
determ ined shape. These are, how ever, differences of degree only. E ntirely  
sim ilar local interneurons were described earlier and their significance has been 
recently brought into focus by the studies o f S z e n t a g o t h a i  et al. (1966), 
T ö m b ö l  (1967) and S z e n t á g o t h a i  (1967b) in the thalam us and genicu late  
bodies. T hey were referred to by these authors always as Golgi II ty p e  cells.

(4 )  The synaptic interrelations o f  Clarke column neurons

As Clarke’s colum n consists of tw o types of nerve cells, both o f w hich are 
giving off initial collaterals inside the nucleus, various possibilities o f  local 
neuronal coupling have to be considered. Q uantitatively , there seem s to  be a 
considerable difference betw een the richness of arborization of the average

Fig. 7. Dorsal funiculus collaterals en te r ing  C larke’s colum n as seen in sag i t ta l  sections.  In 
b o th  p h o tographs  as well as in the  d raw ing ,  dorsal is to  the  right and  ven tra l  to th e  left.  The 
dorsal  funiculus (df) is seen in (b) and  (c) b u t  to save space it  had to be o m it ted  in (a), (a) Dorsal 
fun icu lus  collateral ( ind icated  by a rrow s) which runs  th ro u g h  Clarke’s colum n giv ing o ff  a th in  
secondary  b ran ch  ( ind icated  by  r inged arrows) to its v e n tra l  par t .  This collateral  is, therefore ,  
supposed  to belong to set (b). Double arrows ind ica te  th e  dorsal and ven tra l  borders  o f  C larke’s 
colum n. 500 X (b) Dorsal funiculus colla teral  (left in p ho tom icrograph  ind ica ted  by  a r row s  - 
an d  r ig h t  in d rawing) divides on reach ing  the  dorsal b o rd e r  of the  colum n and  the  b ran ch es  
begin to ru n  cranial- and cauda lw ards .  The  long itud inal ly  oriented  b ranches  soon give off 
side branches.  500 X (c) Similar k ind of colla teral ,  h av in g  only an  ascending course  in the 
colum n. H av ing  reached  the  colum n it yields te rm in a l  branches.  500 x . Both in (b) a n d  (c) 
double  arrows m ark  the dorsal border  of  C larke’s column. Rapid  Golgi p rocedure ,  7-day-old

k i t te n
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border cell axon and the sparse branching of th e  m ain cell initial collaterals. 
H owever, if  the larger num ber of the main neurons and the weak stain ing  
qualities of these axons are considered, the im pression m ay be m isleading. 
E xact cell counts o f the tw o cell types might help to a better understanding  
o f the possible m utual synaptic relationships.

Considering the m utual interconnections o f the tw o types of neurons the  
following four possibilities have to be envisaged.

(a) The in itia l axon-collaterals of the m ain cells m ay term inate on th e  
border cells. From the m entioned fact that m ost o f these collaterals tend to  
arborize in the marginal zone of the column (F igs le ,  If) this proposition is 
most probable.

(b) These collaterals m ight contact other m ain cells. There is no w ay to  
exclude this possib ility  on the basis o f the present m aterial, and S z e n t a g o t h a i  

and A l b e r t  (1955) have in fact assum ed this ty p e  o f connection from their  
degeneration m aterial. H ow ever, th ey  then failed to  consider the existence of 
local interneurons w ithin  the colum n, which could well explain the persistence  
of term inal knobs in com pletely  deafferented colum ns. A lthough R a m o n  y  

C a j a l  advanced the theory th a t initial collaterals ten d  to term inate on the same 
kind o f cell, this view  has not been substantiated  b y  recent histological stu d 
ies (e.g. S z e n t á g o t h a i , 1967a) and also physiological evidence seem s to  
favour the assum ption th at initial collaterals con tact local interneurons 
( E c o l e s  et al., 1954; A n d e r s e n  et al., 1964; a general discussion of this ques
tion for the Purkinje cell has been given in Chapter IX  by E c c l e s  et al., 
1967).

(c) The axons o f the border cells may con tact 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 exc ita tion  w ithin a restricted  
area around th e  nerve cell. E lectrophysiological in vestigation s ( L a p o r t e  et 
al., 1956; H o L M Q U iS T  et al., 1956; C u r t i s  et al., 1958., J a n s e n  et al., 1966) lcd 
to the assum ption of excitatory  or inhibitory interneurons intercalated b e
tw een the primary afferents and the focal cells. The border cells would fit well 
into such a concept as they  certain ly receive synaptic  contacts from prim ary  
afferents. As th ey  arc o f Golgi II typ e, they could very  well be, at least partly, 
of specific inhibitory character. As according to proposition (a) the border cells 
receive the initial collaterals o f the main (focal) cells, the tw o propositions (a) 
and (c) together would involve the possibility of recurrent inhibition (or facili
tation) as shown to ex ist in the dorsal colum n nuclei and in the thalam ic  
nuclei.

Fig. 8. Long ascending collateral  in the  neuropil  of Clarke’s co lum n. L ongitud inal ly  o r ien ted  
axonal  neuropil  of Clarke’s column. A single larger axon,  p ro b a b ly  a colla teral  of a p r im a ry  
affe ren t  (se t  (a)) is show n in the  d raw in g  a t  r igh t  with its  side b ran ch es  and  term inal  knobs.  
Arrows indica te  th e  p o in t  where the  b ranches  originate. R ap id  Golgi procedure ,  3-day-old

k i t ten
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(d) The axons o f the border cells m ight term inate on other border cells. 
The histological data seem  to  support th is assum ption, although the evidence  
is n o t conclusive. On the analogy o f th e  specific nuclei o f the thalam us and 
esp ec ia lly  of the lateral geniculate b ody ( S z e n t á g o t h a i  et a l . ,  1966) the as
su m p tion  holds a fair am ount of probab ility . M echanisms o f d isinhib ition  or 
disfacilita tion , if  they  were present, could w ell be explained on th is structural 
b asis. Further electrophysiological and electronm icroscopic studies might 
help to  clarify these in teresting  issues.

F ig . 9. D iagram  i llu s t ra t ing  th e  geom etrica l  a spec ts  of  Clarke’s co lum n as discussed in P a r a 
g r a p h  5, w i th  ind ica tion  o f  sy n a p t ic  in te r re la t io n  b e tw een  the  two cell types .  FC  =  focal cell: 
D S C T a  =  axon  of focal cell com posing  th e  f ib res  of  the  dorsal sp inocerebe l la r  t r a c t ;  Rec. 
coll. =  recu r ren t  collateral  o rig ina t ing  f ro m  th e  focal cell axon;  BC =  b o rd e r  cell; BCa =  axon 
o f  t h e  b o rd e r  cell; P.  aff. =  p r im a r y  a f fe ren t  axon .  This d iagram  has  been  d eveloped  from  the 
ea r l ie r  one of S zen tágo tha i  (1961a), w here  t h e  poss ibility  of in te rn eu ro n s  w i th in  Clarke’s 

co lum n i tse l f  was n o t  t a k e n  in to  consideration
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(5 )  The geometric design o f  Clarke's column

It has been m entioned that the form of the focal cell dendritic trees can 
he reduced to the shapes o f  cylinders with longitudinally  oriented axis. As the 
colum n varies betw een 150 and 250 microns in diam eter and as the m ain cell 
dendritic tree measures about 70 — 80 microns in transversal d iam eter in the 
ideal case seven such cylinders (one in the core and six in the surrounding  
m antle) could he accom odated within the colum n w ithout 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 con tin u ity  o f the 
cylindric spaces belonging to several cells in the longitudinal d irection. H ow 
ever, the predom inantly longitudinal orientation o f the axonal neuropil 
w ithin the column perm its to  draw certain im portant conclusions on synaptic  
geom etry. It has been recognized by S z e n t á g o t h a i  and A l b e r t  (1955) and 
later again em phasized by S z e n t á g o t h a i  (1961a) th at the prim ary afferent 
axon collaterals ascend for considerable distance w ithin the colum n and estab
lish repeated and very large contacts with the dendrites th ey  accom pany in 
alm ost “ clim bing fibre” like fashion. This view  is supported essentia lly  by the 
Golgi observations, although certain smaller differences have to he m entioned. 
As shown in Fig. 8, a single prim ary afferent collateral can he traced for over 
500 microns distance, and in reality it is obviously m uch longer. It gives off 
several preterm inal branches o f predom inantly longitudinal orientation . From  
the position of the term inal th ickenings of these preterm inal branches it can 
well be im agined th at th ey  are in contact m ainly w ith the same or w ith sev 
eral longitudinal dendrites o f  the same focal cell. A ssum ing this to be th e  case 
w ith the collateral shown in Fig. 8 (right) one w ould arrive at around 50 or 
more boutons given to the sam e cell by a single prim ary afferent. Considering  
the density  of primary afferent preterm inal branches ascending through any 
cross section of the colum n — as it appeared also from the degeneration pictures 
of S z e n t á g o t h a i  and A l b e r t  (1955) one should assume each o f the 
dendrites to  be thoroughly buried in a tangle of preterm inal branches running 
parallel and giving contacts o f  “ boutons term inaux” and “ boutons de passage” . 
This then would correspond to  the high power picture seen in Fig. Id . The data  
available at present do not perm it similar speculations to he made on th e  affer
ent and efferent contacts o f  the border cells. H ow ever, as their axonal ar
borizations are also longitudinally  oriented, the synaptic relations betw een  bor
der cells and focal cells m ay be o f essentially  sim ilar character. T hese main 
features of synaptic geom etry are diagram m atically illustrated  in Fig. 9 using 
also the inform ation presented by S z e n t á g o t h a i  and A l b e r t  (1955) and 
S z e n t á g o t h a i  (1961a and b).
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D i s c u s s i o n  a n d  c o n c l u s i o n s

T he general geom etric features of synaptic con n ectiv ity  having been 
d iscu ssed  in paragraph (5) it  now  remains to m ake an attem pt at correlating 
th e  structural observations w ith  some of the more recent physiological find
ings concerning im pulse transm ission  through Clarke’s colum n. The general 
conclusions drawn by S z e n t á g o t h a i  and A l b e r t  (1955) and S z e n t á g o t h a i  

(1961b ) on a rather pow erful k ind of synaptic articulation betw een primary  
— probably  mainly la  — afferents that are in good agreem ent w ith  physio
lo g ic a l observations w ill not be discussed here. V ery little  if  anyth ing could be 
ad d ed  from  the h isto logical p o in t o f view  at the present stage and the author 
hopes to  be able to return to  th is problem on the basis o f EM and degeneration  
stu d ies .

Perhaps the m ost re levan t new observation, from  the functional point 
o f v ie w , is the separation o f  tw o  different territories in Clarke’s colum n, receiv
ing an entirely different in p u t from primary afferents. The larger dorsomedial 
part o f  the column receives relatively  coarse prim ary afferent collaterals (set 
(a) o f  collaterals) th at are exclu sively  directed to  Clarke neurons. As judged  
from  their origin from a re la tiv e ly  medial region of the posterior funiculus, 
th e  prim ary afferents g iv in g  rise to these collaterals have entered the spinal 
cord several segm ents below  th e  origin of the collaterals. In addition  th ey  are 
arranged approxim ately in  the som atotopic relation described b y  S z e n t 

á g o t h a i  (1961b) on the basis o f secondary degeneration after cu ttin g  dorsal 
roots, which in itse lf is am ple proof of these collaterals being o f prim ary sen
sory  origin. As the sam e sector o f the colum n receives also side branches o f  
collaterals directed to  the centre o f the dorsal horn (set (c) o f collaterals), the  
m ost obvious explanation  o f  th is would be th a t set (a) are the collaterals of 
la  prim ary afferents and se t (c) the cutaneous afferents, both  o f w hich h ave  
b een  shown to contact Clarke neurons ( L u n d b e r g  and O s c a r s s o n , 1960). 
T he separation, how ever, o f  cells contacted b y  m uscle spindles and cutaneous 
afferen ts cannot be deduced  from the Golgi observations. T hat set (a) are 
o b v io u sly  the la  afferents fo llow s also from the fact that this set contacts the 
considerable m ajority o f  Clarke neurons, as it em erges also from physiological 
exp erim en ts ( L u n d b e r g  and O s c a r s s o n ,  1956).

As little if  any convergence is observable at the level o f the Clarke neu
rons from la  (muscle sp indle) and lb  (Golgi tendon organ) prim ary afferents 
( L u n d b e r g  and O s c a r s s o n , 1956; J a n s e n  et a l., 1966), the assum ption is 
close  at hand to consider set (b) of collaterals as being derived from the lb  
prim ary afferents. This is also supported b y  th e  facts th at (i) the num ber of 
Clarke neurons con tacted  b y  the (b) collaterals can hardly be more than one 
th ird  o f the total cell p op u lation , which agrees w ell w ith  the 36%  given by  
L u n d b e r g  and O s c a r s s o n  (1956); (ii) the first collaterals given from any seg-
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m ent during their ascent are typ e (b) collaterals (F ig . 6) which again are in 
accord w ith the observations of O s c a r s s o n  (1957).

The fact th a t secondary neurons o f the DSCT belonging to the m uscle 
spindle afferents and those belonging to the Golgi tendon organ pathw ay have 
separate territories is in itse lf  o f considerable interest and m ay give som e clue 
to the design of further physiological experim ents. O f even more significance, 
however, is the observation  o f the additional connections o f lb  prim ary afferent 
collaterals in m edial parts o f the interm ediate grey m atter (lamina V I, V II) 
and in lamina V III  o f th e  ventral horn. As it w ill be shown in a forthcom ing  
paper, the far m ajority o f nerve cells giving rise to crossed ascending ven tro
lateral funiculus fibres is localized in this very region o f the grey m atter. It is, 
therefore, interesting to speculate w hether these lb  collaterals are contacting  
cells originating from the ventral spinocerebellar tract or those from the sp i
nothalam ic tract or possib ly  both. This kind of reasoning should not, how ever, 
be carried too far for the present as the main dorsal funiculus fibres o f both  
la  and lb  afferents can have — and obviously have — other collaterals in 
other levels to entirely different regions of the grey m atter. The fact, therefore, 
th at any collateral giv ing rise to term inal branches ending around different 
cells tells us som ething in the positive sense, but collaterals directed tow ards a 
single group of cells does not give any useful inform ation in the negative sense.
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G O L G I - A R C H I T E K T U R  D E R  C L A R K E S C H E N  S Ä U L E

Die Unte rsuchung  d e r  C larkeschen  Säule von  K a tz e n  m it  dem Golgischen Im p rä g n a 
t io n s v e r fa h re n  bestä t ig te  das  V orhan d en se in  v o n  zwei N eu ro n en ty p en ,  u.zw.
1. d e r  H auptzellen , aus d en en  die F a se rn  des T rac tu s  spinocerebellaris  dorsa l is  ih ren  Ausgang 
n e h m e n ,  u n d  der Randzellen , k le in e r  In te rn e u ro n en  m it  k u rzen  Axonen, die d en  N euronen  vom 
T y p  Golgi I I  ähnlich sind. E s  konnten . drei T y p en  d e r  dorsalen a f fe ren ten  S tränge  iden tif i 
z ie r t  werden:  a) afferente  k o l la te ra le  Äste (Muskelspindeln,  T yp  Ia),  b)  K o l la te ra len  (Gol- 
g i sch es  Sehnenorgan, T y p  Ib)  u n d  c) der  T yp  c, die v e rm u t l ich  aus der  H a u t  s ta m m t .  W äh 
r e n d  die Gruppen  a) u n d  c) im  g rößeren  dorsom edia len  Sek tor  der  Säule  end igen ,  endigt  die 
G r u p p e  b) ausschließlich im  k le in e ren  v en tro la te ra len  Sektor.  Es wird  angen o m m en ,  daß  
s ich  d ie  Clarkeschen N eu ro n en ,  die die In fo rm at io n  an  die Muskelspindel ü b e rm i t te ln ,  von den 
j e n e n  Clarkeschen N eu ro n en  u n te rs ch e id e n ,  welche die In fo rm a t io n  an  das  Golgische Sehnen
o r g a n  weiterleiten u n d  au ch  v e rsch ieden  lokalisiert  sind. Die wechselseitigen Beziehungen der 
N e u r o n e n  der Clarkeschen Säule  u n d  einige geometrische M uster  der S y n ap sen v e rte i lu n g  wer
d e n  besprochen.

АРХИТЕКТУРА ГОЛЬДЖИ ДОРЗАЛЬНОГО ЯДРА СПИННОГО МОЗГА
М. РЕТХЕЙИ

Методом окраски Гольджи дорзального ядра спинного мозга автор выявил у кошки 
наличие двух типов нейронов, а именно 1. г л а в н ы х  к л е т о к , от которых отходят волокна 
дорзального спинномозгового тракта (ДСМТ) и 2. краевы е к л е т к и , небольшие промежу
точные нейроны, с короткими аксонами и нейроны, напоминающие тип Гольджи 11. Удалось 
идентифицировать 3 типа дорзалных афферентных пучков: а )  мышечные веретена типа 1а, 
афферентные коллатеральные ветви, б )  коллатерали типа I б, сухожильный орган Г ольджи, 
и в )  тип в, предположительно кожного происхождения. Пучки а )  и в )  окончаются в более 
крупном, дорзомедиальном секторе дорзального ядра спинного мозга, в то время как 
группа в /кончается иекючител ьно л ишь в меньшем, вентролатеральном секторе. Полагается, 
что нейроны Кларка, передающие информацию мышечному веретену отличаются от тех, 
которые передают информацию сухожильному органу Г ольджи, и что они различно локали
зованы. Обсуждаются обоюдные синаптические взаимоотношения нейронов дорзального 
ядра спинного мозга и некоторые геометрические рисунки распределения синапсов.

Dr. Miklós R é t h e l y i ; Budapest IX . T űzoltó u. 58., H ungary
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D ep ar tm en t  of A n a to m y ,  U n ive rs i ty  Medical School, B u d a p es t

STRUCTURAL BASES OF BLOOD FLOW REGULATION 
IN THE SMALL INTESTINE

J. V a j d a , T. K a p ó s a  and Z. H e r p a i

(Received N o v e m b er  20, 1967)

A s tu d y  perform ed  w ith  the  a id of var ious injection tech n iq u es  (c o rro s io n  cas t  
a n d  t r a n s p a re n t  in jection  specimens) a n d  silver s ta ins on the  small  in te s t in e  in m an  
a n d  some labora to ry  animal species (ca t  and  dog) revealed an  a b u n d a n c e  o f  a r te r io 
v enous  (AV) anastomoses.  Some of th e i r  specific sites of localizations,  t h e i r  var ious 
k inds  and the ir  rich nerve supply  are described. Arterial a n d  venous  a rb o r iz a t io n  p a t 
te rn s  are thorough ly  analyzed  and  th e i r  possible functional  significance discussed. 
A b u n d a n ce  of AV anastom oses and  the  rich nerve  supply  e ither o f  th e  a n as to m o se s  or 
th e i r  approaches po in t  to the ir  significance in the  regulation  of b lood flow. Venous 
va lves  were encountered  only  in the  a rcade  zone of the  m esenteric  veins. T h e  com m on 
ve ins of  dra inage  of groups of 10 — 16 villi an d  their  strange re la t io n  to  t h e  dense  a r 
te r ia l  capillary plexus of the su b m u co sa  are th o u g h t  to be of crucial  significance  in 
the  d evelopm en t  of venous stasis in th e  mucosa.

Introduction

The exceptionally  high and add itionally  very variable m etabolic require
m ents o f  intestinal absorption over the whole surface o f the sm all in testin e  

enlarged in gigantic proportions b y  the v illi — have their reflection s in  
the density  and com plexity  o f the structural substrates o f circu lation . Blood  
flow  considerably increases during digestional processes and considerably  
decreases in starvation. O bservations according to which the oral parts o f the  
jejunum  are the best supplied whereas blood flow  gradually decreases tow ards 
the colon are indicative of the close correlation between circulation and ab
sorption.

The m esenteric area, being also a region of blood storage, p lays an im 
portant role in the control o f blood distribution  in the whole organism . One of 
the main instrum ents in the peripheral regulation of blood flow  are arterio
venous (AV) anastom oses. S p a n n e r  (1931) and S c h u m a c h e r  (1938) were 
am ong the first to describe direct connections between arteries and v ein s in 
the m esentery and the in testinal w all, an observation confirm ed later b y  m any  
others. B y  w ay o f these AV anastom oses the blood supply o f the portal system  
m ay be increased considerably. B ypassing the capillary bed by a considerable  
fraction o f in testinal blood flow  m ight restrain the usual fall in blood pressure  
at levels ensuring the sufficient speed o f portal circidation.
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The aim of the p resen t exam inations was to  elucidate some of the m or
phological bases of the loca l control of blood flow  in  the in testinal wall and the  
m esentery.

Material

T he  studies were p e r fo r m e d  on the  small in te s t in e  o f  the  ca t ,  the  dog and of m an .  
H u m a n  m ateria l  was o b ta in e d  f ro m  fresh cadavers  a n d  f ro m  sections of surgically rem oved  
in te s t in e .  F rom  this we o n ly  u se d  p a r t s  n o t  showing m a jo r  p a tho log ica l  changes and to  which  
th e  m esen te ry  with  su ff ic ien tly  lo n g  vessels were a t ta ch e d .

Technical procedures

Preference was g iv en  to p rocedures  offering the  poss ib i l i ty  of  direct studies in th ree  
d im ensions.

1) Arteries and v e in s  w ere  injec ted  separa te ly  w i th  f i l te red  In d ian  ink d ilu ted  1 : 10 
w i th  distil led water  and  k e p t  a t  body  tem pera tu re .  B o th  a r te r ia l  and  venous sys tem s were 
t h o ro u g h ly  cleaned of blood b y  pe rfus ion  with physiological saline to which  papaverine  h a d  been 
a d d e d ,  i t  being impossible  to  i n je c t  arteries or veins of  t h e  villi w i th o u t  the  previous use  of 
sp a sm o ly t ic  drugs. F illing o f  t h e  vessels was con tro l led  in  b o th  cases un d e r  the dissecting 
m ic roscope  and was c o n t in u e d  u n t i l  complete  b lack en in g  o f  th e  villi. The intest ines th u s  
in jec ted  were exam ined  a f te r  c lear ing  according to Sp a l t e h o l z  (1914).

2) Corrosion spec im ens  w ere  obtained b y  in je c t io n  of PY C -pow der  d ilu ted  in equal  
a m o u n t s  w i th  acetone a n d  cyc lohexanon .  After  a d m in i s t r a t io n  o f  p apaver ine  chloride (0.01 
g /k g )  a n d  5 %  heparin  (I  m l/k g ) ,  th e  animals were o v e rn a rc o t iz ed  w ith  ether.  Afte r  exposure  
o f  t h e  abdom en  and th e  th o r a c ic  cav i ty  the  anim als  were  p laced  in to  w a te r  of  37° C a n d  the 
vessels of the head, e x tr e m i t ie s  a n d  of the kidneys were l iga ted .  A can n u la  was in troduced  into 
a o r ta  a n d  vena po r tae  a n d  th e  whole  in tac t  v a scu la r  sy s te m  o f  the  abdom inal  viscera was 
p e rfu sed  under  low p re ssu re  f ro m  the  aorta  with  physio log ica l  saline of body tem p e ra tu re .  
A f te r  com ple tion  of the  p e r fu s io n ,  cyclohexanon was in je c te d  from  the  ao r ta  un til  it a p p ea red  
a t  th e  lum en of the  p o r ta l  ve in .  A t  fi rs t  about  10— 15 m l of com ple te ly  colourless 2 %  PVC 
d i lu t io n  was used for in jec t io n .  According to our  experience  th is  concen tra t ion  ensures the  
f i ll ing  up  of the f ines t  cap i l la r ie s  a n d  ex travasa tes  can  be avo id ed  b y  in jecting  a t  low pressure.  
In je c t io n  was then  c o n t in u e d  w i th  plastic  solution of th e  sam e  c o n cen tra t io n  b u t  s ta ined  red 
b y  a d d in g  powdered d y e  if  t h e  in jec tion  was m ade  f ro m  the  a o r ta ,  a n d  blue if the  injection 
w as  m ad e  in the  reverse  d i rec t io n ,  i.e. from the  p o r ta l  ve in .  F in a l ly  an add it ional  10 ml of a 
5 %  coloured d i lution was in je c te d  into the larger vessels.  T h e  dye  could  th u s  diffuse f rom  the  
m o re  concen tra ted  c o n te n t s  o f  th e  larger vessels to w a rd s  the  th in n e r  d i lution injec ted  at 
f i rs t .  U n d e r  stereom icroscopic  con tro l  of the villi, p re ssu re  was slowly raised un t i l  th e i r  t ips  
h a d  s ta ined  red and th e i r  b a sa l  p a r t s  blue. Prior  to th e  p o ly m e r iza t io n  of the resin, a glass or 
p las t ic  tu b e  of a d eq u a te  t h ic k n e s s  was in troduced in to  t h e  lu m en  of the  in testine  in o rder  
to  m a in ta in  its cylindrical sh a p e .  Corrosion of th e  t is sue  was th e n  performed b y  placing 
p a r t s  of the  intestine a n d  th e i r  m esen te ry  into d i lu ted  a n d  th e n  g radual ly  more concen tra ted  
hydroch lor ic  acid. A fte r  t h o r o u g h  washing, the  r e m a in in g  coloured casts of the  vessels were 
su b je c ted  to e xam ina t ion  u n d e r  a  dissecting microscope.

3) In  each case pieces o f  th e  mesentery a n d  as a  con tro l  also sections of the  in tes t ine  
were  exam ined w ith  G ro s s -S c h u l tz e ’s silver im p re g n a t io n  m eth o d .

Results

Numerous AV anastom oses are present betw een  primary side branches 
o f the main radial arteries and veins of the m esentery . Their number increases 
especially  in the region o f  the arches and im m ed iate ly  centred to the arches.
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Fig. J. AV anas to m o ses  in the  m esen tery  of 
tile cat .  Silver n i t ra te  im p re g n a t io n .  A a r 
tery.  V vein,  S co nnec ting  b ra n ch  sp i

rally tw is ted  a t  its origin

Fig. 2. AV anas tom oses  with  r ing -shaped  
th icken ings  a t  the ir  origin in the  m esen te ry  
of the  c a t .  Silver n i tra te  im p reg n a t io n .  
A a r te r y .  V vein. R connecting  b ra n c h  

em erg in g  w i th  a r ing-shaped th ick en in g

AV anastom oses m ay be divided into two groups, those that start w ith  
spiral loops (Fig. 1) and others having ring-shaped thickenings (Fig. 2). In the  
former kind the arterial lim b turns into the ven ou s limb w ithout any appre
ciable change in w idth . In the connections h avin g  ring-shaped th ickenings the  
arterial limb narrows down before turning in to  a vein . The ring-shaped  
thickening on the initial portion  of the AV anastom osis is caused by an in
crease in the num ber o f sm ooth-m uscle elem ents. In  the im m ediate v ic in ity  o f  
thickenings, and even am ong the muscular e lem en ts, numerous unm yelinated  
fibres m ay be discerned.

From the rich nerve plexus accom panying th e  m esenterial arteries abun
dant branches take o ff at the sites of the AV anastom oses, to attach th em selves  
closely to the vessels connecting the artery and th e  vein  (Fig. 3). The sm aller  
arteries of the m esentery exh ib it characteristic co ils, which are never seen in 
the accom panying veins (F ig. 4). No change o f the lum en occurs in these coils. 
The term inal m esenterial vessels arising from th e  arcades separate into three  
distinct groups, tw o im m ediately  below the tw o  surfaces of the m esentery  
continue subperitoneally to both  sides of the in testin e , whereas the central 
group enters the wall of the intestine directly and supplies the m esenterial
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F ig . 3. N e rv e  fibres in the  m esen te ry  of the 
c a t  a cc o m p a n y in g  AV a n as to m o ses  which 
e m erg e  w i th  ring-shaped th icken ing .  Im p reg 
n a t io n  a f te r  silver n i t ra te  in jec t io n  of the 
a r te r ie s .  A artery. V vein ,  N — nerve 
a c c o m p a n y in g  the  vascular  b u n d le ,  F  - nerve 
f ib re s  ad jo in in g  the a r te ry .  AV =  a n a s to 
mosis.  A r ra n g em e n t  of th e  ne rv e  f ib res  t h a t  
jo in  t h e  connecting  b ran ch  is seen, as well 
as t h e  th ick en in g  of the in it ia l  p a r t  of the 
a n a s to m o s e s .  Owing to the  s i lver  n i t ra te  in 

j e c t io n  the  lumen is d a rk  in colour

F ig . 4. Loops a t  the m esen ter ic  a r t e r y  of 
the  cat.  Silver n i tra te  im p reg n a t io n .  A — tw is t 
ed  a r te ry ,  V =  vein tak in g  a s t r a ig h t  course 
n o t  following the loops of t h e  a r te ry .

N  nerve joining the v ascu la r  bundle

one th ird  o f the total circum ference o f th e  in testinal wall (Fig. 5). Num erous 
in terarteria l connections are found in the arcade zone m ainly betw een  the 
arteries. They either sim ply jo in  (Fig. 6) or are connected by sm aller branches 
w hich  thus form islands (F ig . 7). Many AY anastom oses occur in th is dense 
vascu lar plexus. Two sm aller branches arising from arteries often jo in  into a 
short com m on trunk before entering the ve in  (Fig. 8). These AV anastom oses  
are regularly present betw een  the vessels o f the central group, in b o th  plastic 
casts and Indian ink in jection  specim ens (Fig. 9). Their lum en measures
0.3 — 0.5 mm in diam eter.

Th e vessels running along the in testin a l wall i.e. the lateral group vessels, 
after a short initial course proceed in the suhserosa. Above them  a fin e  capillar 
n etw ork  is formed, which issues postcapillary veins radially (Fig. 11). Reaching  
th e  m iddle zone of the la teral surface th e  arteries divide into tw o branches, 
th e  larger of which d ivides into the m uscle layer, whereas a th inner one con-
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Fig- У- AV anas tom oses  a rranged  in groups 
on the mesenteric  bo rder  of the  in testine  of 
the  cat.  P rep a ra t io n  c leared af te r  the arteria l 
sys tem  had been in jec ted  w ith  Ind ia  ink. 
A a r te ry ,  V vein,  C connections.  The 
India  ink has flown th ro u g h  th e  connections 

into the veins an d  has  filled them  up

F ig . 10. АЛ anastom oses in wall of  h u m a n  
in tes t ine .  T he  arteria l  sys tem  was injected 
with d i lu ted  India  ink as described in Fig. 
9 th e n  the  specimen was cleared. A a r 
tery ,  V vein,  C connections.  The  venous 
sy s tem  defectively filling up th rough  the  
connec tions  is seen, as well as the  tr iad  a r 
te ry  — connecting  branches conveying  

veins which form a ring

tinues below tin* surface towards the antim esenteric border. On the very place 
of division AV anastom oses (Figs 10, 12) are characteristically established be
tw een alm ost each larger arterial branch and its accom panying veins. These AV 
anastom oses are w ider than those in the arcuate zone. The smaller arterial bran
ches proceeding tow ards the antim esenteric border are often connected by  
delicate coiled transversal branches. In the antim esenteric region, the arteries 
from the two sides are having abundant m utual interconnections (Fig. 13).

While penetrating through tin* muscle layer the arteries are fla ttened  
corresponding to the directions of the muscle cells and literally squeeze th em 
selves through the m uscle bundles (Fig. 14). The capillary network formed in 
the muscular layer is sparse, whereas the p lexus o f the subm ucosa is o f extrem e  
richness (Fig. IS). The skeleton of the subm ucosal plexus is formed by arteries 
of about 0.2 mm th ickness, the interarterial space being occupied by thin cap
illaries. Only few larger veins traverse this purely arterial plexus.

The larger vessels of the submucosal p lexus break through the lam ina  
muscularis m ucosae where on its interior surface they are arranged into aJ  П
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F ig . 17. A rte ria l  capillaries in th e  in tes t ine  
o f  t h e  ca t .  Specimen cleared af te r  th e  a r te r ia l  
s y s te m  h as  been in jected  w ith  In d ia  ink  u n 
d e r  t h e  dissecting microscope, ta k in g  care  
t h a t  t h e  In d ia  ink should no t  pass  in to  the  
v e n o u s  p lexus .  The cen tra l  tw is ted  a rterio le  
o f  t h e  v i llus is seen, as well as i ts  m an t le - l ike  
d iv is ion  on  th e  surface of the  villus. AV a n a s 
to m o ses  on the  basic p a r t  of  th e  villus are in 

dicated  by  an  a r ro w

Fig. 19. Cross-section of in te s t in a l  villi in 
th e  cat.  T he  a lm ost  hexagonal  fo rm  of the  
cross section and  the  cross sec tions o f  the  
capillaries a r ranged  on the  su rface  o f  the  
villi is seen. The  emerging conv ey in g  veins 

are ind ica ted  by  an  a r row

dense tangential arterial m eshw ork rich in anastom oses. The m eshes o f the 
larger branches are interconnected  b y  a dense capillary network. The central 
arterioles of the villi take their origin from the anastom osing branches (Fig.
16) o f  th is plexus. T hey arise from its main branches in tufts supplying 10 —15 
v illi and proceed directly tow ards their tips. The central arterioles o f  the villi 
h ave side-branches — well discernible also in  hum an material — th a t emerge 
near th e  base of the v illi. In larger villi occasionally  two or even more central 
vesse ls  are present. The arteriole runs, having but few secondary side branches, 
up to  the peak where it branches in characteristic fountain shaped fashion  
form ing a descending m antle-like plexus below  the surface of the v illu s (Fig.
17 ) . The capillary network o f the whole villus is an arterial one in th e  apical 
th ird , becom ing venous in the basal tw o-thirds (Fig. 18). In purely  venous 
corrosion casts the apical part of the villi rem ains unfilled giving a character
istic  pattern  of open tubes (F ig. 23). A t th e  base the side branches o f  th e  cen
tra l arteriole form AY connections w ith in  the v illus itself. In venous Indian  
ink  preparations the superficial venous plexus of the villi is well discernible,
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Fig. 21. Venous sys tem  of the in te s t in a l  wall 
of  th e  c a t  in cross-section. P r e p a ra t io n  c lear
ed a f te r  the veins have been  in jec ted  with 
d i lu ted  Ind ia  ink. The  a r ra n g e m e n t  of  the 
venous  plexuses is observable.  L su b m u c o 
sa, in which the  crossing venous s tem s  are seen: 
2 m uscu la r  layer,  with convey ing  veins 
ru n n in g  be tw een  muscle bundles ;  3 larger 
conveying  venous s tem  proceed ing  tow ards  

the surface

Fig. 22. Magnification of Fig. 21. N u m b e r  I 
shows the si tuat ional  plane o f  the  lam ina  
m uscu lar is  mucosae. T he  c o n v ey in g  vein 
crossing over the  subm ucosa  ( in d ic a te d  by 
an  a rrow ) and  collecting the  v e n o u s  b ran ch es  
emerg ing  from  1 0 -  16 villi. N u m b e r  2 ind i
cates the  venous plexus b e tw ee n  th e  sub- 

m ucosa and the m uscu la r  lay e r

w hich arriving at the hase o f the villi becom es progressively a hexagonal la ttice  
(F ig. 19) w ith the main draining veins arising from  the angles. There is a sim- 
tlar venous network in the layer o f the Lieberkühn crypts (Fig. 20) with  
the difference th at here the central arterioles are lacking. The ven ou s p lexus  
o f 10 — 16 villi are collected at the level o f  the lam ina muscularis m ucosae into  
larger stem s o f drainage. These veins which depending on the d en sity  o f  the 
villi collect blood from a sm aller or greater area of the mucosa (F igs 21, 22) 
are crossing the profuse arterial capillary netw ork of the subm ucosa radially . 
In the muscular layer they  accom pany the fla t ribbon-like coiled arteries and 
fin a lly  the veins pass under the serosa where th ey  take up the blood from  the  
stella te branches o f the subserous network and then join the arteries in pairs.

Venous valves occur on ly  in the veins o f the arcade zone (F ig . 24), 
while none are found in the veins o f the in testinal wall proper. A dditional 
valves are encountered in m esenterial veins in close neighbourhood o f  lym ph  
nodes.
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D i s c u s s i o n

In spite of all their  lim itations, corrosion and transparent injection spec
im ens if  combined are esp ecia lly  well suited for th e  exam ination of the v ascu 
lar system . The first m eth od  yields clear in form ation  about the three-dim en
sional architecture, w h ile th e  latter shows the relations of the vessels to  their 
surroundings.

According to th e  p resen t observations, th e  vascular bed of the sm all 
in te stin e  is a highly co m p lex  system  that ow ing to  its m anifold internal con
n ection s may be p articu larly  adapted to fu n d am en ta l changes in direction as 
w ell as to those in various functional param eters of blood flow  according to  
actu al requirements. P articu lar significance can  be attributed to the various 
kinds of anastom oses. T h ey  have been d iv ided  b y  S c h u m a c h e r  (1938) and 
T i s c h e n d o r f  (1948) into tw o  large groups. T his subdivision  is in agreem ent 
w ith  the types found in th e  present study, w hile other authors distinguished  
a larger number of d ifferen t kinds of an astom osis.

The third typ e, th e  one described by S t a u b e s a n d  (1950), as resem bling  
th o se  of the carotid g lom u s, was not met w ith  in  th is study.

The significance o f  AV anastomoses lies prim arily in the possib ility  to 
increase the venous reflu x  and consequently accelerate local blood circulation. 
A dditionally , as stressed  b y  P a t z e l t  (1942), AY anastom oses m ight serve as 
a device to secure appropriate distribution o f b lood in various parts o f  the  
in testin a l wall. D ecrease o f  arterial pressure m igh t be the main purpose of 
th e  anastom oses of th e  la tera l subperitoneal arteries. These anastom oses are 
arranged at the sites im m ed iately  before p en etratin g  into the muscular layer. 
Contraction of the circular muscle layer o b v iou sly  — as can be surm ised also 
from  their flattened shape — blocks blood flow  tow ards the depth and diverts 
th e  blood tOAvards th e  v e in s  situated in the subserosal area. The reflux m ay even  
increase in the m esenterial veins during the p erista ltic  wave due to increased  
flow  through the AY anastom oses.

An im portant fa c t, especially in the case o f diseases involving local 
changes of the m ucosa, is th a t the common v ein s o f drainage from the m ucosa  
perforate the profuse cap illary  network o f th e  subm ucosa. All pressure changes 
w ith in  the subm ucosal arterial plexus have th e ir  repercussion on blood flow  
o f the perforating v e in s , including a com plete suppression of circulation. In 
th is  latter case stasis m a y  occur in the co llectin g  area o f the veins.

There is no d ifference of any sign ificance in vascular architecture be
tw een  the animal species examined and m an.
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S T R U K T U R E L L E  G R U N D L A G E N  D E R  B L U T S T R O M R E G E L U N G  IM D Ü N N D A R M

.1. VAJDA, H. HA POSA und Z. H EH PA I

I m  D ü n n d a r m  von  Menschen, K a tzen  und H u n d e  w u rd e n  m it  Hilfe von v e rsch ie d en e n  
In jek t io n sm e th o d en  (Korros ions- u n d  t r a n s p a r e n te  I n je k t io n sp rä p a ra te )  sowie S i lb e r im p r ä 
gnation  zahlreiche arte r io -venöse  A nastom osen  b e o b a c h te t .  Die spezifischen L o k a l i sa t io n s 
stellen, verschiedenen A rten  u n d  die reiche In n e rv a t io n  dieser AV-Anastomosen w erd en  
beschrieben. Ihre Anzahl ,  reiche N ervenversorgung  sowie au ch  die ihrer U m gebung  weisen 
a u f  eine B edeu tung  in der S teu eru n g  des B lu tkre is laufs  hin. V enenklappen  fa n d en  sich  nur  
in der A rkadenzone  der  M esenterialvenen. Die g em e in sam e n  Venen der aus 10 16 Z o t te n
b es teh en d en  G ru p p en  sowie ihre e igentümlichen B ez ieh u n g en  zu den dichten a r te r ie l len  K a 
p illargeflecht in der S u b m u co sa  haben  ve rm utl ich  eine en tsch e id en d e  Bedeutung  in d e r  E n t 
s tehung  der  V en en s tau u n g  in der  Mucosa.
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СТРУКТУРНЫЕ ОСНОВЫ РЕГУЛЯЦИИ КРОВОТОКА В ТОНКОЙ КИШКЕ
Й. ВАЙДА, Т. РАПОША и 3. ХЕРПАИ

Исследование тонкой кишки человека и подопытных животных (кошки и собаки) 
с помощью разных инъекционных методов (коррозионные препараты и прозрачные инъек
ционные препараты), а также красителей серебра, выявило многочисленные артерио
венозные анастомозы. Дается описание специфических мест локализации, различных 
видов артерио-венозных анастомозов, а также их богатой иннервации. Подробно анализиру
ются артериальные и венозные арборизации и обсуждается их предположительная функ
циональная роль. Значительное число и богатая иннервация артерио-венозных анасто
мозов и их окружения указывают на значение последних при регуляции кровотока. Вен
ные клапаны обнаружены лишь в зоне дуги мезентериальных вен. Состоящие из групп 
10—16 ворсинок общие вены и их специфические связи с густым артериальным капилляр
ным сплетением в подслизистой предположительно имеют решающее значение при возник
новении застоя вен в слизистой.

D r. János V a j d a  

Dr. Tibor R a p o s a  

Dr. Zsolt H e r p a i

Builapest IX., Tűzoltó u. 58., Hungary
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Fig. 20. V e n o u s  p lexus in the  layer  o f  the  
L ieb erk ü h n  c r y p t s  of  the villus. C o r re sp o n d 
ing to t h e  bas ic  p a r t  of the  c ryp ts  a n d  the  
villi, t h e  honey-com b-like  design of th e  v e 

n o u s  p lex u s  is well discernible

Fig. 23. I n te s t in a l  villi of the  cat.  Cor
rosion p re p a ra t io n  a f te r  in jec tion  o f  the  
veins w ith  PVC. A t  the  sites in d ica ted  by  
arrows the  p e a k  of the  villus,  supp lied  w ith  

arterial  capillaries,  has  not filled up

Fig. 24. C ast  o f  venous valve fo u n d  in 
in test ine  o f  ca t .  Corrosion p re p a ra t io n  of 
the a r te r ia l  a n d  venous  sys tems filled up  
with red a n d  b lue  PVC. The venous  c o n 
veying s te m ,  as well as a t  the  sites i n d ic a t 
ed by a rrow s,  the  negative  cast of th e  v e 

n o u s  va lve ,  are seen



Fig. 14. Corrosion p re p a ra t io n  of the  a r te 
ries pe rfo ra t ing  the  m u sc u la r  layer in the 
intestine o f  the cat.  T he  a r te r ia l  sys tem  has 
been injec ted  w ith  red PVC. A t  the site part 
indicated by an a rrow  the  tw is ted  course of 
the a r te ry  co rresponding  to the  muscle fibres 
may he observed  and also the f la t tened 

s t a te  of the l a t t e r

Fig. 15. Cross section of a corros ion  p re 
p a r a t io n  o f  the  intestine of th e  ca t .  1 

c en tra l  arterioles of the villus,  2 cap il
lary  p lexus  of the mucosa and  the  s u b m u 
cosa. T h e  arteries forming the  ske le to n  of 
the  subm ucosa l  plexus are in d ic a te d  by an 
a rrow . .4 f la t tened ,  twisted a r te r ie s  cross
ing the  m u scu la r  layer, 4 — superf ic ia l  con

veying vein

Fig. \(). Centra l  a r te r io les  o f  tin* villi in the 
intestine o f  the  cat.  Corrosion prepara tion  
after  in jec tion  with s ta ined  PVC. In the 
area bordered  by the  d o t te d  line the  cen
tral a r te r io les  of  ab o u t  10 16 villi emerge

from the  same com m on stem

Fig. Ifi. Corrosion p repara t ion  o f  villi in 
the  in te s t ine  of t h e c a l ,  a f te r  th e  s im u l ta n e 
ous in jec t ion  of the arteria l an d  v e n o u s  sys
tem s  w ith  red and blue s ta in e d  PVC at 
iden t ica l  pressure.  The peak o f  th e  villi 
s ta in e d  red. the  basic tw o - th ird s  b lue,  cor
re sp o n d in g  to the arteria l and  v e n o u s  sys

tems, respectively







F ig. 8. AV anastom oses emerging w i th  two 
th in  a r t e r i a l  s ta lke  on the m esen te r ic  b o r d 
er o f  t h e  in te s t in e  of the cat. Corrosion  p r e 
p a r a t io n  a f te r  the  s im ultaneous in je c t io n  of 
the  a r te r ie s  w i th  red, and of th e  v e in s  w i th  
blue s t a in e d  PVC. A — a r te ry ,  V — vein ,  
C =  c o n n e c t in g  branches. The  a r ro w  p o in ts  
to an  a m p u l l a r  d i la tation before th e  f lo w 

ing into the vein

Fig. 11. S u b s e ro u s  vascular  p lexus in the  
in testine  o f  t h e  cat.  Corrosion p re p a ra t io n  
after in je c t io n  o f  the  vascular  sys tem . 
A =  a r te r ie s  r u n n in g  under  the  subserous 
plexus. A t  t h e  site  indicated b y  an  a r ro w  
a fine c ap i l la ry  ne tw ork  is fo rm ed  which 
continues r a d ia l l y  into postcapil lary  veins

F ig. 12. AV anastomoses in th e  in te s t in a l  
wall o f  the  cat.  Corrosion p r e p a r a t i o n  of 
the  a r te r ia l  and  venous sys tem  s i m u l t a n e 
ously in je c te d  w ith  red an d  b lu e  PVC. 
Ked a r t e r y ,  blue =  vein. T he  c o n n e c t in g  
b ra n c h ,  in d ic a te d  by an a rrow , is t r a n s p a 

rently thin

big. 13. I n te ra r te r i a l  connections of the 
an t im esen te r ic  b o rd e r  of the  in te s t ine  of 
the cat.  C orros ion  prepara t ion  of the  v a s 
cular s y s te m  a f te r  injection w i th  PVC. T he  
an t im esen te r ic  border  is ind ica ted  by  a 
do t ted  line. A  - arteries. I t  is seen t h a t  

w i th o u t  a n y  change  of w id th  — the  a r 
teries p ass  in to  a n o th e r  with an almost 

s t r a ig h t  course



Fig. 5. A r te r ia l  a n d  venous plexus in th e  m esen ter ic  bord
er of the  in te s t in e  of the eat. Corrosion p re p a r a t io n  of the 
m esenteric  and  in test inal  vessels a f te r  in je c t io n  w ith  PVC. 

Red a r te r ie s  ru nn ing  to the in te s t in e ,  blue =  veins

Fig. (). In te ra r te r ia l  connec tions  on  the 
m esenteric  border o f  the  in te s t ine  of the 
dog. Red arteries in w hich  a rrow s indi
cate the direction of the  blood flow, C - in
te ra r te r ia l  connection in which depending  
on changes of pressure prevailing  in the  two 
arteries direction of the  blood flow might 

t urn

Fig. 7. I s l a n d s  formed by the  in te ra r te r ia l  
co nnec tion  on the mesenteric  b o rd e r  o f  tin; 
in te s t in e  o f  the  cat.  A =  a r te r ie s  w i th  the 
d i rec t io n  o f  the  blood flow ind ica ted .  C 

in te ra r t e r ia l  connections ac t ing  as p re s 
sure-equalizers .  The  m esenteric  b o rd e r  is in 

d ica ted  by  a dotted  line
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D e p a r tm e n t  of  Forensic  Medicine (H ead :  Prof.  Dr. Ï. Gy. F a z e k a s ), University  Medical School,
Szeged

EFFECT OF ALCOHOL ON THE CORTICOSTEROID 
FRACTIONS IN RAT TISSUE EXTRACTS*

1. G y . F azekas  and A. T. F azekas

T he  a u th o rs  inves tiga ted  the  effect of su b cu tan e o u s ly  injected alcohol on  the 
corticos tero id  f rac t ions  of r a t s ’ var ious t issue e x t r a c t s .  T h e  steroid frac t ions were  re 
vealed hy c h ro m a to g ra p h y  developed in a lkalic  so lu t ion  o f  tétrazo lium  blue a n d  th ey  
were e s t im a te d  q u a n t i t a t iv e ly ,  too. As com p ared  w ith  the  va lues  of control a n im a ls  the 
to ta l  corticos tero id  c o n te n t  of  all tissues decreased  in th e  f irs t  hour a f te r  a lcohol  a d 
m in is t ra t io n ;  th is  was followed by  an increase a f te r  2 a n d  3 hours and hy an  expressed  
decrease  again  a f te r  5 and  6 hours. The  n u m b e r  o f  cor ticosteroid frac t ions v a r ie d  in 
the  organs,  h av ing  been the  highest in the  l iver [9] a n d  skeletal  muscle 110]. T h e  a m o u n t  
of s te ro ids  re la ted  to th e  u n i t  weight of  tissues was found  to  be highest in the  ad ren a ls ,  
in the  h e a r t  and  in th e  kidneys.  The  changes in th e  to ta l  a m o u n t  of cor t icos te ro ids  
a f te r  alcohol a d m in is t ra t io n  are described to  changes  in a d ren a l  activity .  T h e  a u th o r s  
discussed the  possible e xp lana t ions  of different  s te ro id  c o n te n t  of various o rg a n s  a f te r  
the  use  o f  alcohol and the  ways of alcohol effects on s te ro id  metabolism.

It has been shown that tissue extracts derived from any of the organs 
of rabbits or dogs contain glucocorticoid and mineralocorticoid a c tiv ity  
[4 — 35] w hich, in a series of paper chrom atographic analyses of rat [53, 54] 
and guinea pig [68, 69] tissues proved identical w ith  various corticosteroid  
fractions. These observations provided am ple evidence th at, under p h y sio log 
ical circum stances, the various organs and tissues are able to store co r tico 
steroids (peripheral corticosteroid hormone depot). E xperim ents in this lab ora
tory have show n that adm inistration o f alcohol to in tact [55, 56] and adrenal- 
ectom ized rats [51, 52, 57 — 60], and to hum ans [66, 67], causes an in itia l rise 
in the corticosteroid (corticosterone, hydrocortisone) content of peripheral 
blood, which is follow ed by a substantial dim inution. The adrenal corticoste 
roid fractions o f the rat were dem onstrated to decrease in the first hour, then  
m arkedly to increase during the second to third hour, returning successively  
to control values or som ew hat below them  in the course o f the follow ing 8 to  
10 hours [64, 65].

It is a well established fact that alcohol enhances the secretory a c t iv ity  
of the adrenals [48, 49, 51, 52, 59, 60], while corticosteroids have been show n  
to increase the activ ity  o f alcohol dehydrogenase in the liver [43 — 47] and  
catalase activ ity  in peripheral blood [70 — 73], th u s, the adrenal gland and

* This  w ork  is ded icated  to  Professor Jo sep h  B aló  on th e  occasion of having co m p le te d  
five decades in the  service of science.
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corticosteroids seem to  p lay an im portant part in the oxidative destruction  
o f a lcohol. In view  o f these results it appeared interesting to in vestigate  the  
effect o f  alcohol on the corticosteroid fractions of various tissue extracts. 
T he question  seemed to  bear some im portance not only from the p oin t o f view' 
of a lcohol and corticosteroid  m etabolism , but also from the tox ico logica l, 
endocrinological, and pathological aspects.

The present paper deals with results obtained in the rat.

M a t e r i a l s

E x p er im en ts  were pe rfo rm ed  on 260 male W is ta r  r a t s  weighing 150 to  200 g, k e p t  on a 
s t a n d a r d  diet.  The an im als  were t rea ted  in se p a ra te  g roups  of 20 ra ts  each. F iv e  groups,  i.e. 
100 r a t s ,  served as contro ls .  R a ts  of the  contro l g roups  were  killed by d e ca p i ta t io n  every  m o r n 
ing a t  9.00 a.m.,  w i th o u t  a n y  prev ious t r e a tm e n t ;  th e  o rgans  of these r a t s  were im m ed ia te ly  
r e m o v e d  and  stored for 2 hours  a t  — 10° C. T he  e x p e r im e n ta l  animals rece ived  a t  9.00 a.m.
0.8 g p e r  100 g body  w eigh t  of  alcohol in a 20 %  a q u eo u s  solution, su bcu taneous ly .  One, 2, 3, 
4, 5, 6, 8, and  10 hours  a f te r  th e  injection of alcohol, t h e  animals were killed b y  d e cap ita t io n ,  
one  whole  group on  each su b seq u e n t  occasion. T he  o rg a n s  were removed an d  the  identica l  ones 
p oo led ,  s to red  a t  — 10 C for 2 hours ,  and  th en  hom ogenized .  The var ious o rgans  a n d  t issues 
w ere  e x tra c te d ,  and  th e i r  cor ticosteroid c o n ten t  e s t im a te d  by a se m iq u a n t i ta t iv e  p a p e r  c h ro 
m a to g r a p h ic  m ethod .  T h e  w e igh t  of the tissue sam p le s  was the same in th e  con tro l  and  ex p er i 
m e n ta l  groups,  and  a t t a in e d  th e  following ex tre m e s :  ad ren a l ,  0.5 to 0.9 g; b ra in ,  25 to 32 g: 
lungs,  20 to 37 g; h e a r t ,  10 to 15 g; spleen, 10 to 20 g; liver, 70 to 130 g: k idneys ,  22 to 35 g: 
sk e le ta l  muscle, 200 to  280 g.

M e t h o d s

Tissue e x trac ts  were  p rep ared  by the  m e th o d s  of B ush and F e r g u s o n  [1, 2J and 
E n d r o c z i  [3a], originally  described for blood a n d  a d re n a l  tissue, respec tive ly ,  a n d  modified 
by  u s  in  several respects .  I n  o rd e r  to rem ove c h rom ogens ,  purif ication  c h ro m a to g ra p h y  was 
u n d e r t a k e n  in the  B ush  5 sy s tem ,  using W h a t m a n ’s No. 3 paper;  the m ate r ia l  was th e n  rech ro 
m a to g r a p h e d  in the  B u s h  5 sys tem , allowing cortiso l ,  cortisone, corticosterone, a n d  11-deoxy- 
c o r t ico s te ro n e  s t a n d a rd s  (1, 2, 2.5, 5, and 10 /jg) to  r u n  paral le l  with the  e x t ra c ts .  C h ro m a to g ra 
p h y  in th e  l a t te r  sys tem  to o k  6 and  a ha lf  hours ,  a f te r  w hich  the ch ro m a to g ra m s  were allowed 
to  d r y  a t  room te m p e ra tu re .  T he  s ta r t ing  line w as  in d ica ted  by a m ark  in u l t r a v io le t  light,  
a n d  th e  chromogen im p u r i t ie s  which gave a w h i te  fluorescence were also no ted .  T he  m ate ria l  
t h u s  p re p are d  was developed  in a 9 : 1 m ix tu re  o f  2 N  sodium hydrox ide  an d  0 .1 %  aqueous 
t é t r a z o l iu m  blue. W ith in  a few m inutes ,  the  s te ro id  com pounds  possessing a 17-a lpha-keto- 
s ide  ch a in  ap p ea red  in t h e  fo rm  of blue fo rm a z a n  sp o ts  of varying in tens i ty .  B y  com paring  
t h e  colour in tens i ty  of t h?  spots  derived from  th e  t is sue  ex tracts  w i th  t h a t  o f  th e  s ta n d a rd  
p r e p a r a t io n s  i t  was poss ib le  to de term ine  the  R f  va lues .  Q u an t i ta t iv e  e s t im a t io n  was u n d e r 
t a k e n  by  m easu r in g  th e  ex tens ion  and colour i n te n s i ty  of  the  fo rm azan  spots.  T h e  c h ro m a to 
g r a m  was th e n  dried u n d e r  an  infrared lam p  for  45 to  60 min. This p ro ced u re  c onver ted  the  
w h o le  c h ro m a to g ra m  in to  d a rk  violet,  r en d er in g  th e  fo rm azan  spots no m ore  d is t ingu ishab le  
f r o m  o th e r  areas of the  pap er .  On drying a t  70 to  80° C the  alkaline f luo rescen t  reac t ion  a p 
p e a re d ,  which is given on ly  by  steroids w i th  a 3 -oxo-de lta -4  side chain.

T he  dried c h ro m a to g ra m  was th e n  exposed  to  u l travio le t  l igh t ,  u s ing  an  analy t ica l  
q u a r t z  lam p and a UG  5 f ilter.  T he  spots showing ye llow  fluorescence were ro u g h ly  com pared  
w i th  th e  spots given b y  the  reference s ta n d a rd s .  O n  basis of the R f  va lues  an d  the  results  
o b t a in e d  by  com paring  th e  tw o  kinds of reac t ion ,  th e  corticosteroid c o n te n t  o f  the  spo ts  was 
c a lc u la te d  and expressed  in fig  per  100 g t issue w e igh t .  The  spots which gave th e  té t razo l ium  
b lu e  a n d  the  alkaline f lu o rescen t  reactions,  an d  to  w h ich  no reference s t a n d a r d  was available,  
w e re  d es igna ted  as c o m p o u n d s  X t , X 2, X 3, X 4, X , ,  X ( , and X-; these cou p o u n d s ,  on basis of 
t h e i r  R f  values,  could be identif ied  with a cer ta in  risk  o f  u ncer ta in ty ;  in the  T ab les  a quest ion  
m  a r k  serves to ind ica te  th is  c ircumstance.
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Tabic I

Corticosteroid fractions in fig per 100 g in the tissues of control rats without alcohol treatment. R f  values, tétrazolium blue reaction, N aO II reaction (fluorescence) and the corresponding standards

Tétrazolium  blue r: + Tétrazolium blue r: + Tétrazolium blue r: Tétrazolium blue r: + Tétrazolium  blue r. + T étrazolium  blue r.: -f-
NaOII r.: NaOII r NaOH r.: NaOII r. + 1 NaOII г NuOH r .: +

Rf.: 0.10 =  X, hexahydro- Rf.: 0.13 =  X 2 tetrahydro- Rf.: 0.18 =  X;) te trahyd ro - Rf.: 0.29 =  Cortisol + Rf.: 0.42 =  X . aldosterone Rf.: 0.47 =  cortisone
Organs cortisone? cortisone • cortisone •

Group of animals Group of animals G roup o f animals G roup of animals Group of anim als Group of anim als ,

1 1 2 1 3 4 5 1 1 2 ! 3 4 5 1 2 3 4 5 1 2 I 3 4 5 1 2 3 •t 5 1 2 3 4 5

Adrenals — — — __, 271.4 270 262 272 282 — — — _ — __ __ __ __ __ __ __ __ __

Brain — — — — — — — — — — — — — — — — — — — __ — — — — — — __ __ __
Lungs — — — — — — — — — — — — — 0.3 0.4 0.6 0.3 0.5 — — — — — — _ —
H e ar t — — — — — — — — — — — — 1.0 1.2 0.8 1.5 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 0.8
Kidneys — — — — — — — — — — — — — — 0.4 1.2 0.3 0.3 0.3 — — — — — 3.8 4.8 6.1 4.9 5.2
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 0.2

Tétrazolium  blue r.: + Tétrazolium  blue r.: + Tétrazolium blue r.: + Tétrazolium blue r.: L Tétrazolium  blue r.:
N aO II r.: + NaOII r. blue fluorescence NaOII r.: NaOII r.: + NaOH r.: +

Rf.: 0.58 =  X 6 tetrahydro-
Rf.: 0.69 =  Xe tetrahydro-

Rf.: 0.72 =  X7 dihydrocor- Rf.: 0.80 =  corticosterone Rf.: 0.87 =  1 l-desoxy-17-
corticosterone ? costerone ? t isone ? hydroxy corticosterone ?

Group of animals Group of animals Group o f animals G roup of animals Group of anim als

1 2 3 4 5 1 1 2 3 4 5 1 2 I 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 1.5 5.0 — — — — —  ! 10.9 5.0 4.0 3.0 3.3 6.3 2.0 3.4 4.2 5.0
H e a r t 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 1.9 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 2.5
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 1.5 2.0 3.0 2.7 2.0 3.0



T a b le  I I I

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.: -j- 
NaOII r. =  yellow fluorescence

Tétrazolium blue r.: -f- 
NaOH r. =  —

Tétrazolium blue r.: +
NaOH r.: yellow fluorescence

Tétrazolium blue r.: -f 
NaOH r.: yellow fluoresceence

Rf.: 0.13 =  X2 = tetrahy drocortisol ? Rf.: 0.18 =  X3 =  tetrahy drocortisone? Rf.: 0.29 == cortisol Rf.: 0.42 =  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

216.6 472.5 _ _ _ ___ ___ ___ ___ 189.9 _ — j — ___ — __ j — 202.7 ___ — — 56.8 ___ 71.8 97.4
— — — — — — — — — — — — — — — — 1.8 - — 5.3 — — — — — — — — — — — —

— — — — — — — — 0.3 — — — — — — — 2.7 — — — — — —  — — — — — — — — —

— — — — — — — — 0.4 — — — — — — — 3.4
2.7

— 6.0 — — — — — — — — — — — — —

_ _ ___ ___ — — — — — — — 1.8 — — — — 2.0 — — 1 — — — —  — — — — — — — — —

— — — — — — — — 0.5 — — 4.2 — — — — 0.6 — — 9.1 — — —  — — — — — — — — 1.6
— — — — 0.9 — — — — — ' 2.8 0.9 1 . 0 1.7

A d ren a ls
B ra in
L ungs
H e a r t
Spleen
L ive r
K id n e y s
Ske le ta l  muscle

Tétrazolium blue r.: +
NaOH r. =  yellow fluorescence

Rf.: 0.47 =  cortisone

after hours alcohol

Tétrazolium blue r.: +
NaOH r. =  yellow fluorescence

Tétrazolium blue r.:
NaOH r. =  blue fluorescence

Rl'.: 0.58 =  X5 =  tetrahydrocorticosterone

after hours alcohol

Rf.: 0.69 =  X6 =  tetrahydro-17-hydroxy-ll-desoxyeorticosteronc?

after hours alcohol

1 2 3 4 5 6 8 10 1 2 3 4 5 6

A d ren a ls _ _ _ — — 202.7 206.8 144.4 714.2 56.8 23
B ra in — — — — — — — — — 5.8 4.9 3.1 —
L u n g s — _ — — — — — 0.7 5.5 — 6.9 — 5.1 —
H e a r t — — — — — — — — — 13.8 12.8 — 8.1 —
Spleen — — — — — — — — 8.1 10.3 11.5 10.1 —
L iver 1.0 — — — — — — — 2.1 0.9 0.1 — 0.9 —
K id n e y s — — — — — — — 2.0 3.5 3.5 11.1 6.6 6.5 —
Ske le ta l  muscle 0.5 — — — — — — 1.3 3.0 1.2 1.1 1.9

1197.6
2.7 
3.5
9.7

6.8

10 1 2 3 4 5 6 8 10 1 2 3 4 5 6 8 10

649.3 540.4 1034.4 72.2
—]-----------

285.7 340 __ 119.8 161.3 — — 772.8 ___ ___ ___ — ___

2.4 7.4 — 3.5 3.1 — — 1.4 5 .2 — — 3.8 — — — — —
3.6 6.1 4.0 5.1 — — — 1.2 3.6 — — — — — — — —
4.7 6.4 10.3 12.8 — — — 1.6 — — 6.9 — — — — — —

10.7 8.1 10.0 11.5 6.0 — _ — 4 .2 — — — — — — — —

— 1.5 1.4 3.9 1.3 0 .3 — 1.4 — — 0.5 — — — — —

2.7 1.5 1.7 3.2 5.3 2.6 — 4.1 3.4 — 2.3 — — — — — —

3.0 2.7 3.0 0.6 0.5 — — 2.2 1 . 0 — — 1,2 — — — — —

Tétrazolium blue r.: +
NaOH r.: =  yellow fluorescence

Rf.: 0.72 =  X7 =  dihydrocortisone?

after hours alcohol

Tétrazolium blue r.: -|- Tétrazolium blue r.: +
NaOH r.: yellow fluorescence NaOH r.: yellow fluorescence

Rf.: 0.80 =  corticosterone Rf.: 0.87 =  ll-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

A drenals 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
B ra in 1.9 8.5 7.7 6.3 0.9 4.7 8.5 8.7 1.8 — 0.4 — — — 2.7 0.7
L u n g s 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
H e a r t 4.3 17.2 17.1 8.6 4.5 8.0 12.2 7.8 6.4 5.5 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
L iv e r 1.5 2.8 2.0 — 1.2 1.1 2.7 1.5 1.5 — 1.2 — — — 1.3 1.6
K id n e y s 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
Ske le ta l  muscle 2.1 7.0 3.0 1.8 4.7 9.0 5.7 8.1 1.1 2.3 1.5 — — — 1.8 0.3



E F F E C T  O F  A L C O H O L  O N  T H E  C O R T I C O S T E R O I D  F R A C T IO N S

The m eth o d  has a range of e rro r  o f  a b o u t  -£_■ 10 to 15%. The m ethod  used  for e x tra c t io n  
in th is  s tu d y  proved to have  an  efficiency o f  a b o u t  60 to 7 0 %  thus,  a p p ro x im a te ly  30 to  40%  
of  th e  to ta l  corticosteroids p re sen t  in th e  t issues h ad  escaped detection. A ccord ing ly ,  th e  ex 
t r a c t s  ana lysed  by the  above c h ro m a to g ra p h ic  m ethod ,  con ta ined  only a b o u t  60 to  7 0 %  of 
th e  corticos tero ids present in the  t issues and  organs.

R esults

Table I summarizes the corticosteroid fractions present in the tissue  
extracts o f control rats not receiving alcohol; all values were com puted  for 
100 g o f w et tissue weight. The results were expressed in m icrogram s, deter
m ined on basis of the tétrazolium  blue and N aO H  reactions. In all th e  5 con
trol groups the adrenals contained 5 fractions o f corticosteroids: tetrahydro-

TOTAL STEROID

h our

1

corticosterone (R f 0.58), te trah yd ro-17-h yd roxy-ll-d esoxycorticosteron e?  
(R f =  0.69), dihydrocortisone? (R f 0.72), corticosterone (R f 0 .80), and 
ll-d eoxy-17-h yd roxy-corticosteron e ? (R f =  0.87). Tetrahydrocortisol (R f  
0.13) could be detected in a single. Tt is remarkable that com pounds having  
R f values o f 0.10, 0.18, 0.29, 0.42, and 0.47 should not have been d etected  in 
the adrenal tissue extracts, although these com pounds were present in some 
of the other organs analysed in th is study. It should be stressed th a t th e  com 
pounds w ith  R f values of 0.58, 0 .69, 0.80 and 0.87, were invariably  present in
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Fig- 2

F ig . 3

th e  adrenals and all o ther organs and tissues, w hile those w ith an R f of 0 .7 2 , 
on ly  in the adrenals. T he values obtained for the corticosteroid content of 
different organs and tissu es o f  the control rats were in agreem ent w ith  the data  
ob ta in ed  by us in previous studies [53, 54].

Table II shows th e  corticosteroid fractions o f the tissues and organs of 
th e  control rats, arranged according to the horm one content o f the various
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Table II

Corticosteroid fra c tio n s in the order o f  R f  values and total steroid content o f  control male rats

R f Compound
Total corticosteroid content

Adrenal H eart K idney Spleen Brain Lung Liver
Skeletal
muscle

0.10 Xj =  hexahydrocortisone? 1.5 ± 1 .4 1 .0 ± 0 .6
0.13 X 2 =  tetrahydrocort iso l? 271.4 +  7.1 — — — 0.3 ±0 .1 0 .2 ± 0 .0
0.18 X 3 =  tetrahydrocort isone? — — — 0.5 ->-0.1
0.29 cortisol 1.0+  0.2 0 .3 ±0 .1 1 .0 ±0 .2 — 0.4 ±0.1 2.5 ± 0 .9 0 .3 ±0 .1
0.42 X j  aldosterone? — — — — — 2 .2 ± 0 .2 0 .2 ±0 .1
0.47 cortisone — VO oo — — — 0 .8 ± 0 .2 1.0+0 .1
0.58 X 5 =  tetrahydrocorticoste-

rone 226.1 ->-137.4 6.7 ± 2 .3 3.0 ±1 .2 6.7 ± 3 .5 3 . 9 - 0 . 7 2.7 +  2.2 2 .4 ± 0 .7 0 .9 ± 0 .3
0.69 X fi =  te trahydroxy-17-hyd-

roxy  11-desoxycortico- 
sterone 304.5 ±214 .9

ЧНON 9.3 ± 2 .3 6.7 ± 4 .4

OOC
O-H°N 4.5 ->-3.6 0.8 ± 0 .3 0.9 ± 0 .5

0.72 X .  =  dihydrocortisone? 543.2 — 91.3 — — — — — — —
0.80 corticosterone 1541.6 +  307.7 10 .9±7 .4 9.3 ± 4 .2 6.3 ± 5 8 .6 ± 5 5.2 — 3.2 2.8 ±  1 4.7 ± 5 .1
0.87 1 l-desoxy-17-hydroxycorti-

costerone 522.2 +  265.3 6.5 ±5-2 O
l

cc oo to 5.6 ± 1 .3 4 .9 ± 2 .5 4 .2 ± 1 .4 3.1 ± 0 .7 2 .3 ± 0 .5
Total steroid content 3409.0 36.0 32.6 26.3 22.3 17.0 16.4 12.0
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Table IV

Total corticosteroid content in fig per 100 g in the tissues o f control rats and rats 1 —10 hours

Organ

Total 
steroid 

content of 
control 

rats /xg g 
per 100 g

Total steroid content in /xg per 100 g in alcohol

lh 2h 3h 4h

A d re n a ls 3409.0 2486.6 5206.7 5671.7 1898.8
H e a r t 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
B ra in 22.3 12.9 8.5 21.2 19.6
L ungs 17.4 26.0 18.7 17.1 0.3
L iver 16.4 9.6 5.1 7.3 6.4
Ske le ta l  muscle 12.0 10.5 16.2 7.5 4.4
T o ta l  s te ro id  con ten t  of organs 

w i th o u t  adrenals 163.0 130.6 156.2 193.4 99.4
in  p e r  cent 100 80.1 95.8 118.6 60.9

C hange  in /zg per 100 g 0 19.9 4.2 18.6 - 3 9 . 1
Fötal s te ro id  con ten t  of  organs in 

c lud ing  the  a d ren a ls / ig  per  100 g 3572.0 2548.9 5362.9 5865.1 1998.2
in  p e r  cent 100 71.3 150.1 164.1 55.9

C hange  in /гg per  100 g 0 - 28.7 +  50.1 +  64.1 44.1

organs. The tota l corticosteroid content o f  the different organs o f  the rat is 
also show n.

T able III sum m arizes the changes observed  in response to  0.8 g/100 g 
b o d y  w eight of 20%  alcohol in the corticosteroid  content of the various tissues 
and organs, as checked at different points o f  tim e between 1 and 10 hours after 
alcohol adm inistration.

Table IV shows the to ta l corticosteroid  content of the d ifferent tissues  
and organs of the rats receiving 0.8 g/100 g o f  alcohol subcutaneously , as com 
pared to  parallel values obtained in the control groups. The tim e course o f the 
changes occurring in response to alcohol w as as follows. T otal corticosteroid  
co n ten t o f all the organs and tissues a tta in ed  163.0 pg/lOO g in  th e  control 
an im als, which in the first hour after a lcohol adm inistration was reduced to  
an average o f 130.6 fig. This was follow ed b y  an increase to 156.2 fig and 193.4 
fig after 2 and 3 hours, respectively, th u s, th e  maximum rise w as obtained 3 
hours after alcohol treatm ent, and the increm ent attained 30.0 /ig/100 g, 
18.4%  o f the initial value. Four hours after the adm inistration o f alcohol, 
how ever, to ta l corticosteroid content d im inished to an average of 99.4 f i g/100 g, 
th en  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 a lcohol, and it 
a tta in ed  116.3 //g, i.e. 71.3%  of the control value. Eight hours after alcohol 
adm in istration  an average o f 105.9 /tg/100 g w as 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  
th e  in itia l value.

A c ta  M orphologica A cadem iae Sc ien tia ru m  H ungaricae 16, 1968



E F F E C T  O F  A L C O H O L  O N  T H E  C O R T I C O S T E R O I D  F R A C T IO N S 347

after the injection  o f  0.8 g/МО g aelhylalcohol

treated rats. Hours after the giving of alcohol
Maximal 

1nereas

change in total steroid content 

Decrease

centsh 6» 8h 10h p g per 100 g per cent jig per 100 g per

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 +  23.5 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 4.5 — 15.3 92.0
7.5 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

As show n in Table II, in the untreated control rats the adrenals invariab ly  
contained 5 corticosteroid fractions, while 1 fraction  was found only  o cca 
sionally. The skeletal muscle of these anim als contained  10 fractions, w hile th e  
liver 9 fractions, the kidneys 6 fractions, the heart, sp leen , and lungs 5 fractions  
each, and the brain 4 fractions. Thus, skeletal m uscle and the liver contain the  
greatest num ber of corticosteroid fractions.

The to ta l am ount of steroids as com puted 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 sm aller quantities were found in the spleen (26.3 p g /100 g), 
brain (22.3 pg/l()0  g), lungs (17.0 pg/100 g), liver (16.4 p g /100 g), and th e  least 
in the skeletal m uscle (12.0 pg/100 g).

The high corticosteroid content of cardiac m uscle m ight in some w ay be 
related to the high activ ity  of the heart, while the high steroid level found  in 
the kidneys to  the excretory function of this organ. The low steroid co n ten t  
o f the liver is in all probability a consequence o f the high rate of steroid d e
struction in th is organ, and this m ight he responsible for the presence o f  
these corticosteroid fractions. Skeletal muscle contained  10 corticosteroid frac
tions hut the to ta l steroid content per unit o f tissue weight was the low est  
(12.0 /ig/100 g), a finding difficult to explain. Considering, however, th a t th e  
total steroid concentration in skeletal muscle am ounted to one third o f th at 
in cardiac m uscle, the lower steroid content o f  skeleta l m uscle may he related
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to  its lower a ctiv ity  level as compared to  heart muscle. Further investigations  
are required to check th is assum ption.

The fact th a t th e  liver and the sk eleta l m uscle contained 5 corticosteroid  
fractions, the k idneys 2, and the heart, sp leen , and lungs 1, w hich were not 
present in adrenal tissu e extracts can he ascribed to the conversion o f adrenal 
steroids in these organs, while the presence here of other corticosteroid  com 
pounds (cortisol, cortisone, aldosterone?) ind icates that steroid horm ones are 
elaborated in organs other than the adrenals, too. This assum ption needs fur
ther confirm ation.

The data in Table II  are in accord w ith  results obtained in previous 
stu d ies [53, 54].

Table IV indicates th at 1 hour after th e  adm inistration o f alcohol the 
to ta l corticosteroid level was reduced in  th e  adrenals, heart, k idneys, brain, 
liver, and skeletal m uscle, and elevated  in  th e  spleen and lungs. In v iew  of 
our earlier finding according to which a lcohol causes a rise o f th e  plasm a cor
ticosteroid  level, it seem s reasonable to  assum e that the observed reduction of 
th e  to ta l steroid con ten t of the adrenals and other organs in response to  alco
h o l was due to a release o f these com pounds into the blood, leading to  a deple
tion  o f  the tissue stores. Two and 3 hours after the adm inistration o f alcohol, 
th e  to ta l steroid content o f the various t issu e  extracts exhibited  a substantia l 
rise w hich could be accounted for by th e  increased adrenocortical activ ity . 
T his is in agreem ent w ith  the observation th a t blood steroid levels undergo a 
further increase during th is period [55, 56 ], allowing an augm ented accum u
la tion  of these com pounds in the various tissu es. The total corticosteroid con
te n t  o f m ost of the organs exhibited a su b stan tia l reduction 4, 5, and 6 hours 
after the injection o f alcohol; this m ight h ave been the result o f dim inished  
adrenal activ ity , as indicated  by a previous study where corticosteroids had 
been  detected  in blood plasm a and adrenal tissu e [55, 56, 63, 64, 65].

It is evident, th a t the dim inution o f  adrenocortical a ctiv ity  4 to  6 hours 
after the adm inistration o f alcohol and th e  consequent reduction o f the total 
corticosteroid  content of the various tissu es are not w ithout effect on the func
tion  o f  these organs and the whole organism . Thus, for exam ple, the cardiac 
m uscle contained on ly  77.7%  of the corticosteroids found in the norm al rats 
6 hours after the adm inistration of a lcohol; as already m entioned, after the 
adrenals the heart m uscle contained th e  largest am ount o f corticosteroids  
per unit of tissue w eight. This observation m ay bear some practical im portance. 
I t  has been shown previously [36, 37] th a t 121 o f a total of 137 patien ts (88% ), 
w ho had died of acute cardiac failure, had  som e alcohol in their blood. This 
observation  calls for a study in this d irection  o f the m echanism  o f acute car
diac death.

The to ta l corticosteroid content o f th e  brain after the adm inistration  of 
alcohol showed parallel changes w ith th a t  o f  the adrenal g l a n d s ;  the values
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were alw ays below the control level. The dim inution in response to  alcohol 
m ight he related to the dim inished functional capacity of the central nervous 
system  and the loss of consciousness during alcohol intoxication . The reduction  
in to ta l corticosteroid content was substantia l: 1 hour after the adm in istra
tion  o f 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). A lthough there was a subsequent 
rise in the course of the 3rd and 4th hours, despite the considerable increase 
in adrenocortical activ ity  during this period, the values still remained far below  
norm al values, and at 5 to 6 hours a further dim inution to 4.0 and 4 .7  fig/ 100 g 
occurred, i.e. an 82%  decrease as com pared to the control values, and 8 to 10 
hours after the adm inistration of alcohol, the values were still depressed.

The progressive dim inution o f the to ta l steroid content of the liver, which  
am ounted to 92% at 6 hours, and the reduced values observed during th e  2nd 
and 3rd hours wrhen adrenocortical a ctiv ity  was transiently e levated , were 
probably due to the augm ented m etabolism  o f steroids in response to  alcohol. 
The reduction of to ta l steroid content after alcohol seems to be in consisten t 
w ith  the observations of K anai [74] and earlier results from this laboratory  
[49, 50], according to which the adm inistration  o f alcohol, sim ilarly to  glu
cocorticoids [75], was increasing the glycogen stores of the liver. The reducing  
effect o f alcohol on the to ta l hepatic steroid content and the augm enting effect 
of alcohol and corticosteroids on its to ta l glycogen , point to an eventual corre
lation betw een the enhanced destruction o f corticosteroids and the form ation  
of glycogen. On basis o f the present as well as previous results it seem s reason
able to  assum e th at this holds true also for the skeletal muscle, on alcohol 
adm inistration a similar dim inution o f the to ta l corticosteroid level w as asso
ciated w ith  an increase in glycogen con ten t, w ith  the difference th a t in the  
2nd and 10th hours there was a 35 and 12.5%  increase of total steroid concen
tration , respectively , all rem aining values being considerably depressed; the 
m axim um  reduction, observed at 4 hours, am ounted to 63.3% .

A satisfactory explanation for the increased corticosteroid con ten t of 
splenic extracts 1, 2, 3, and 4 hours after the adm inistration of alcohol (w ith  
a m axim um  increase of 89.3%  in the 3rd hour) could not he obtained  in this 
study. A considerable reduction, sim ilar to th a t observed in other organs, 
followed th is initial rise which was m axim al (90.4% ) in the 5th hour, h u t even  
10 hours after the injection o f alcohol the values were 25.8%  belowr th e  control 
level.

The lungs contained sign ificantly more corticosteroid at 1, 5 and 10 
hours than  the controls did, although both  in the 1st and 5th hour th e  adrenal 
hormone content was substantia lly  depressed, indicating a reduced a ctiv ity  
of the gland. In contrast, 4 hours after the adm inistration of alcohol, a reduc
tion was observed in the to ta l corticosteroid level o f the lungs w hich w as the  
greatest o f all the organs tested , am ounting to 98.2% . During the 2nd and 3rd
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hours w hen adrenal a ctiv ity  was m axim al, the lungs contained corticosteroids 
in am ou n ts which were not significantly d ifferent from the control values. 
A sa tisfactory  explanation  for th is observation  is lacking. The m echanism s 
u n d erly in g  the above changes and their even tu a l consequences are beyond  
th e  scop e o f this paper, and the data obtained are insufficient for such conclu
sions to  be drawn. It should first be established w hether the observed changes 
in th e  corticosteroid fractions are specific to  a lcohol, or other stressor agents  
are lik ew ise  capable of eliciting alterations in th e  steroid content o f  various 
organs, even tu a lly  alterations o f different character. It would be im portant to  
determ ine whether the repeated adm inistration o f alcohol, or prolonged stress 
effects w ould  cause a change in the corticosteroid fractions o f the tissues and  
organs, particularly the adrenals, and w hether there is any difference in the  
responses given to the various stressor im pacts. These and other questions 
can b e answered, o f course, only on the basis o f  further investigations.

I t  h as been established by S t e v e n s  et al. [78] and C o h n  et al. [3] th at  
d elta-4 ,3-ketosteroids are conjugated w ith glucuronic acid on the A ring in the  
liver o f  m ice. T hey also show ed that liver and k id n ey  extracts are capable of 
b in d in g  corticosterone in increased am ounts as compared to other organs. 
As th e  rat adrenal produces corticosterone in  th e  highest am ount o f all the  
steroid  horm ones, th is com pound m ay be bound in the various organs as a 
glucuronide ester, is accum ulated  in the cells in  th is  form, and liberated from  
th is b on d  in response to stressor stim uli such as alcohol. Compatible w ith th is 
assu m p tion  is our previous observation [61, 62] th a t both in tact and adrcnal- 
ectom ized  rats exhib it increased serum beta-glucuronidase activ ity  after the  
ad m in istration  of alcohol. It  is possible th at th e  organism, by increasing p las
ma b eta  glucuronidase a ctiv ity  enhances the liberation  by specific hydrolysis 
o f g lucuronic acid-bound steroid stores. The corticosteroids thus liberated enter 
the b lood  stream  together w ith  free glucuronic acid. This latter form s w ith  
alcohol a glucuronide, thereby reducing its to x ic ity , while the free steroids 
en h an ce the m etabolization  o f alcohol partly b y  increasing the a c tiv ity  o f  
alcohol dehydrogenase in the liver [43 — 52, 55, 57, 58, 65] and augm enting  
ca ta lase  activ ity  in blood [70 — 73].
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W I R K U N G  DES A L K O H O L S  A U F  D I E  C O R T IC O S T E R O ID F R A K T IO N E N  
IN  R A T T E N G E W E B E - E X T R A K T E N

I. GY. FAZEK AS u nd  A. T. FAZEKAS

Die W irkung  von su b k u ta n  in j iz ie r tem  Alkohol a u f  die S te ro id frak tionen  w u rd e  in v e r 
sch iedenen  R a t te n g e w e b e -E x t ra k te n  u n te r s u c h t .  Die S te ro idfrak tionen  w u rd e n  n a c h  ch ro 
m a to g ra p h i s c h e r  T ren n u n g  in a lka l ischer T e traso liu m b lau -L ö su n g  en tw ickel t  u n d  q u a n t i t a t i v  
b e s t im m t.  D er  G esam tcortico idgehal t  n a h m  in der  e rs ten  S tunde  nach  d e r  A lk o h o lv erab re i 
ch u n g  in allen Geweben ab, 2 bis 3 S tu n d e n  d a n a c h  erfolgte ein Anstieg u n d  5 bis 6 S tu n d e n  sp ä 
t e r  eine au sg ep räg te  A bnahm e.  In  den  e inzelnen Organen  w ar  die Zahl d e r  S te ro id f rak t io n en  
un te rsch ied l ich ,  in d e r  Leber w u rd e n  9 u n d  in den  Skelet tm uskeln  10 F r a k t io n e n  ge funden .  
Bezogen a u f  das  E inhe i tsgew ich t  der  Gewebe w ar  der S te ro idgehab t  in den  N e b en n ie ren ,  im 
H erzen  u n d  in den  Nieren am  höchsten .  Die n a ch  A lkoholverabreichung  b e o b a c h te te n  V e rän 
d e rungen  des Gesam ts te ro idgeha lts  w erden  der  v e rä n d e r te n  N e b e n n ie ren a k t iv i tä t  zugeschrie 
ben. Die m öglichen Ursachen des u n tersch ied l ichen  Stero idgehalts  in den ve rsch ied en en  O rg a 
nen  n a ch  A lkoholgaben  und  die M echanism en  der  A lkoholwirkung au f  den S te ro idm etabo lis -  
m u s  w erden  besprochen.
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ДЕЙСТВИЕ АЛКОГОЛЯ НА ФРАКЦИИ КОРТИКОСТЕРОИДОВ В ВЫТЯЖКАХ
ТКАНЕЙ КРЫСЫ

И. Д. ФАЗЕКАШ и А. Т. ФАЗЕКАШ

Авторы исследовали действие подкожно введенного алкоголя на фракции корти
костероидов в вытяжках различных тканей крысы. Проводилось также качественное 
определение отдельных фракций. По сравнению с величинами контролен в первый час 
после введения алкоголя во всех тканях наблюдалось понижение общего содержания 
кортикостероидов. По истечении 2 и 3 часов следовало повышение и через дальнейшие 
5 и 6 часов — опять выраженное понижение. Число кортикостероидных фракций в от
дельных органах было различным, наивысшее число было выявлено в печени (9) и в скелет
ной мышце (10). В переводе на единицу веса тканей количество стероидов оказалось выше 
всего в надпочечниках, в сердце и в почках. Изменения общего количества кортикостерои
дов, наблюдаемые после введения алкоголя, приписываются изменениям активности надпо
чечников.

Dr. I .  Gyula F a z e k a s  „  .  т .  , т  . ,  ,  лл т т^  1 bzeged, Kossuth Laios sugarút 4U, Hungary
Dr. A. Tibor F a z e k a s  I й  3 e  6  J
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RENAL VASCULAR CHANGES IN CHRONIC RENAL 
INSUFFICIENCY

P. G ö m ö r i , I. M u n k á c s i , E. S z a l a y , I. V a r g a  and B. Z o l n a i

(R ece ived  O c tober  5, 1967)

The  k idney  of 38 p a t i e n ts  who had died of chronic u ra em ia  has been  in jec ted  
w i th  polyvinyl chloride dissolved in a m ix tu re  of cyclohexanol a n d  acetone, a n d  c o r ro d 
ed in hydrochloric  acid. In  the  p rep ara t io n s  spindle fo rm at ion  on the  vessels, m ic ro 
an eu ry sm s in the arterioles, s t r ic tu res ,  m ostly  a t  the  origin  o f  the  arte ries ,  com ple te  
a r te r ia l  ob l ite ra t ion ,  a p p ea ran ce  o f  spira l  and  to r tu o u s  vessels were observed .  T here  
was ex tensive  g lomerular  d e s t ru c t io n ,  while th e  affe ren t  and e ffe ren t  arte rio les  becam e 
recanalized  a t  the vascu la r  pole of  the  d is in teg ra t ing  glomeruli,  a process t h a t  led to  the  
fo rm at io n  of aglom erular  vessels.  T he  la t te r  were able to ensure  t u b u la r  b lood  su p p ly  
a n d  to m a in ta in  tu b u la r  ac t iv i ty  a f te r  the des t ru c t io n  of glomeruli.  In  ad d i t io n  to  these 
phenom ena,  recapil lariza t ion  was observed. I t  is suggested t h a t  g rave  v ascu la r  changes  
a ccom pany ing  chronic renal  fa ilure  are due to hypertens ion ;  therefore,  d ru g  t r e a tm e n t  
of renal hypertens ion  is recom m en d ed .  A corre lation  was revea led  between th e  g ra v i ty  
of renal  vascu la r  changes a n d  the  g ra v i ty  of changes in the eyeground .

E xam inations o f corrosion preparations of the kidney of seven p atien ts  
as also the results of related anim al experim ents were described in previous  
com m unications [2, 3]. The kidneys of five patients who had died o f  chronic  
glom erulonephritis were found to have undergone characteristic changes  
such as extensive destruction o f the glomeruli followed by recanalization  of 
the afferent and the efferent arterioles with the form ation o f aglom erular  
vessels at the site of the degenerating glomeruli, which ensured tubular blood 
supply after glomerular destruction . No such changes were observed in tw o  
patients who had succum bed to  subacute glom erulonephritic uraem ia.

Corrosion preparations m ade post mortem from the kidneys of 47 p atien ts  
have been exam ined in the present study.

Act a Morphologien Acad. Sei. hung. 16 (3),  pp. 353— 3 6 2 , 1968

Material and method

38 of the 47 pa t ien ts  died of chron ic  u raem ia ,  while 9 had been  suffering from  essen tia l  
h y p e r ten s io n  or a n e p h ro p a th y  which did n o t  result  in u raem ia  so t h a t  th e y  died of som e o th e r  
disease such as h e a r t  failure or apop lexy .

Corrosion prepara t ions  were m ade  according to the  m ethod  o f  Mu n k á csi  [6],  w ith  
Z o ln ai’s m odif icat ion  [10] in some cases. INPiN of p a t ie n ts  who had  died of u ra em ia  u su a l ly  
exceeded 100 to 120 mg per  100 ml, while crea tin ine  clearance a m o u n te d  to ,  or was less th a n ,  
10 to  12 m l/m in .  All pa t ien ts  were isos thenuric ,  and the  clinical m an ifes ta t ions  were those  of 
chronic  u raem ia .  B o th  k idneys were rem o v ed  af te r  d e a th ;  one for corrosion, the  o th e r  for h is
tological  s tudy .  T he  presen t  paper  deals  only w ith  cases in which the  clinical diagnosis  agreed 
w ith  the  histological diagnosis. Diagnosis of  chronic  pye lonephrit is  was based on the  histolog-
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i c a l  c r i te r ia  described b y  K im m e l s t ie l  [4]. P o ly v in y l  chloride dissolved in  a m ix tu re  of 
c y c lo h ex a n o l  and ace tone  w as  in jec ted  into th e  r e n a l  a r te r y  accord ing  to  M unkácsi’s te c h 
n i q u e  [6]; the  k idney  w as  co rro d e d  in concen tra ted  h y d ro ch lo r ic  acid, a n d  th e  p re p a ra t io n  e x am 
in e d  u n d e r  a ste reom icroscope .  T h e  following diseases were  diagnozed in 38 p a t i e n ts  who h ad  
d ied  o f  u raem ia :  14 cases o f  ch ron ic  g lomerulonephri t is ,  5 cases o f  su b a c u te  g lom eru lonephri
t i s ,  7 cases of  chronic  p y e lo n e p h r i t i s ,  2 cases of  K im m els t ie l -W ilso n ’s syndrom e,  2 cases of 
r e n a l  sc leroderma, 3 cases o f  m a l ig n a n t  hypertens ion ,  4 cases of amyloidosis,  one case o f  essen
t ia l  h y p e r ten s io n  com bined  w i th  secondary  renal fa ilure .  I n  add it ion ,  9 p a t i e n ts  were exam ined  
w h o  h a d  no chronic r e n a l  fa i lu re :  five had  essentia l  h y p e r te n s io n  o r  arteriosclerosis, two h ad  
r e n a l  sc leroderma a n d  tw o  h a d  lu p u s  e ry th em a to d es .  T h e  cause of d e a th  in these  cases was 
a p o p le x y  or cardiac  fa ilure.

Results

Corrosion preparations showed the fo llow ing differences between nor
m al (Figs 1, 8) and diseased kidneys.

(1 )  Spindle-like vessels. The lum en o f m ajor vessels, e.g. the interlobar 
and interlobular arteries, th e  arciform arteries, show ed spindle-like dilatations  
and strictures. The la tter  were no local m yogen ic constrictions but consisted  
in an initial d ilatation  and gradual narrowing o f the vessels so that the lumen 
show ed an uneven surface (Fig. 2).

( 2 )  Microaneurysms.  Encountered ch ie fly  in the arterioles (interlob
ular and afferent), th ese  presum ably represented a later stage of the spindle
like change. In these m icroaneurysm s the lum en 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 
th e  periphery; th ey  u su a lly  ended with an abrupt obliteration (“stop ” ) or con
tin u ed  suddenly as th in  structures of spiral or tortuous course (Fig. 3).

( 3 )  Strictures, obliterations, “stops” . U su a lly  in com bination w ith  spindle
like or m icroaneurysm al vessels, a constriction  was v isib le at the origin of 
th e  arteries, although it som etim es occurred at a greater distance as well. 
O bliterations of th is  kind com pletely occluded som e minor vessels, suddenly  
form ing “stops” . Their end portion was a lw ays rounded (F igs 4, 5).

( 4 )  Spiral  and tortuous vessels. These occurred in cortex and medulla 
alike. They dom inated th e  picture in cases o f  renal cirrhosis w hatever its origin. 
The developm ent o f such vessels is presum ably due to  parenchym al contrac
tion , a phenom enon w ell know n from histological preparations. It m ay be pro
duced experim entally  b y  ligation of the renal artery and is known to occur 
under physiological cond itions in the renal p elv is, the ureter and the uterus, 
w h ile  it  has not been  observed in the renal parenchym a under normal condi
tio n s. The vasa recta, to o , took  a spiral form  (F ig. 6).

( 5 )  Glomerular degeneration and aglomerular vascularization.  The delicate  
intraglom erular loops w ere destroyed, w hile th e  part around the vascular  
pole persisted. The afferent vessel formed a m icroaneurysm  at the pole so that 
th e  vestig ia l glom erulus show ed a chicken-leg ram ification. W ith advancing
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Fig. I. Vascular cast f rom  norm al k idney  showing; in te r lo b u la r  ar te ry  and glomeruli.  
PVC corrosion prepara tion .  100 X

Fig. 2. Spindle-form in te r lo b u la r  a r te ry  and  degenerated  g lomeruli .  PVC corrosion p r e p a r a 
tion. 120 X . a spindle-form a r te r y

Id a  M orphologien A cadem iae  S c ien lia ru m  H ungaricar If), 1068
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Fig. 4. Marrowing a n d  v ascu la r  “ s to p ” . PYC corrosion p re p a ra t io n .  300 X 

a na rro w in g  a t  th e  origin o f  vas  rec tum  
h -  = incom plete  fill ing of a f fe ren t  arterioles

degeneration , the afferent vessel becam e increasingly narrow, th en  disappeared, 
so th a t  the glomerulus ceased to fill and the vessel ended in a “ s to p ” . I f  vas
cular degeneration was restricted  to the glomerular capillaries, th e  afferent 
v esse l com m unicated w ith  the efferent one at the vascular pole w hich led to  
th e  form ation of aglom erular vessels. These developed at an early  stage, dur
ing  capillary destruction. In a previous paper we have described aglomerular 
vesse ls  which had developed in rabbits w ith chronic Masugi nephritis, whereas 
no such  vessels were found in the case o f acute Masugi nephritis (F igs 7, 8, 
9a, 9b).

I d a  M orphologien A cadem ine Se ien !it H iingnricae 16. 1968

F ig . 3. Afferent a r te r io le  showing m ic roaneurysm s,  and degenerated  g lomerulus.  
PVC corros ion p rep ara t io n .  300 X
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Fig. 6. Spiral in te r lobu la r  a r te ry ,  w ith  de 
genera ted  a n d  h y p e r tro p h ied  glomeruli.  PVC 

corrosion p rep ara t io n .  300 x

(6 )  Glomeruli o f  various sizes. H ypertrophic and small degenerated g lo 
meruli were found side by side right from the initial phase of glom erular de
generation.

(7 )  Capillarization. New capillaries m ay form  in chronic renal failure. 
W hile the glom erular capillaries are degenerating, the afferent arteriole m ay

Ida Morphologica Academiac Scienliarum Hnngaricae 16 , 196f{

Fig. 5. N arrow ing  a t  the  origin of in te r lobu la r  a r te ry .  PVC corrosion p re p a ra t io n .  120
a na rro w in g

Fig. 7. Aglom eru lar  arteries a t  th e  b asa l  p a r t  
o f  an  in te r lo b u la r  a r te ry ;  note  g lom eru li  in its 
pe r iphera l  port ion . PVC corros ion p r e p a r a 

tion. 120 X



3 5 8 P .  G Ö M Ö R 1  e t  ul.

F ig .  9/a . A ffe ren t-e ffe ren t c o m m u n ica tio n  a t 
v a s c u la r  po le  o f degenerated  g lo m eru lus. PVC 
c o rro s io n  p rep ara tio n . 200 X .  a =  v as affe- 
re n s . b =  a ffe ren t-e ffe ren t com m u n ica tio n , 

c — vas efferens

Fig. 9/b. A ffe ren t-e ffe ren t co m m u n ica tio n  a t 
v a sc u la r  po le  o f degenerated  g lom eru lu s. PVC 
co rrosion  p re p a ra tio n . 200 X , a -  v a s  affe- 
ren s, b =  v a s  efferens, c =  a ffe re n t-e ffe re n t 
c o m m u n ica tio n , d =  d eg enerated  g lo m eru lus

A c ta  M orphologien Academ iae Scientia l H ungaricae 16, 1968

Fig .  8. N orm al v a scu la r  p o le  o f glom erulus. РУ С  corrosion  p rep ara tio n . 220 
a —  a ffe re n t a rterio le , b e ffe re n t arterio le
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Fig. 10/a. Gapilla rizat ion  of a fferent  arteriole.  PVC corrosion p repara tion .  120 x .  
a capillaries of a f fe ren t  arteriole

A da  Morphologien Academiae Scienliarum  liungaricae Ю, 1908

Fig. 70/6. Capil larizat ion  of in te r lobu lar  a rteries .  PVC corrosion p repara t ion .  220 
a =  capillaries,  6 in te r lo b u la r  a r te ry
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em it at th e  vascular pole or at the side o f th e  interlobular vessels new  cap il
laries w hich  anastom ose extraglom erularly w ith  the postglom erular capillaries 
(F igs 10a, 10b).

D iscussion

T he jo in t occurrence of the above changes was found alm ost exclu sively  
in p a tien ts  who had died of chronic uraem ia due to chronic glom erulonephri
tis (14 cases). A lthough patients suffering from  subacute glom erulonephritis 
had d ied  likew ise o f uraem ia, it was only in a single such case that the describ
ed changes were observed; th is patient survived , however, a whole year after 
the on set o f the disease. The said anom alies are to be found also in cases of 
chronic pyelonephritis but not as regularly as in chronic glom erulonephritis, 
a phenom enon possib ly due to the fact th a t it  is in the interstices th a t the  
p ath o log ica l process takes place. L ju n g q u i s t  (5] observed num erous aglo- 
m erular vessels in cases of pyelonephritis. As regards the m aterial o f th is  
stu d y , one of the hypertensive patients who had had secondary renal failure 
and th ree patients w ith m alignant hypertension  who had died of chronic ur
aem ia , likew ise displayed all the changes described above. Aglom erular va scu 
larization  has m oreover been described also in hypertension w ithout renal 
in su ffic ien cy  [8]. It  occurs also in the k id n ey  o f aged persons likew ise w ith 
out renal insufficiency. W hile no aglom erular vascularization was observed in 
p a tien ts  w ith  K im m elstie l-W ilson ’s syndrom e, their kidney contained a great 
num ber o f d isintegrating juxtam edullary  glom eruli which would probably  have  
disappeared  owing to recanalization. A case o f  renal scleroderma has already  
been reported from this departm ent by U rai et al. (9]. Another patien t w ith  
scleroderm a who was adm itted  subsequently  and who died of chronic uraem ia, 
ex h ib ited  the sam e changes as those accom panying chronic glom erulonephritis. 
W e had tw o patien ts who were suffering from  scleroderma, whereas their urine 
show ed no pathological signs, their renal function  was normal, and it was 
som e other disease to which th ey  succum bed. Corrosion preparations o f their 
k id n ey  show ed num erous aglom erular vessels and a recanalization of the affer
ent and the efferent vessels, although neither o f them  had renal failure. These  
tw o cases were sim ilar to those of hypertensive or senile patients in whom  
the num ber of aglom erular vessels is increased w ithout chronic renal failure. 
The cause of th is phenom enon is obscure, but it shows th at not only essential 
hyp erten sion  or old age but also scleroderm a is able to increase the num ber of 
aglom erular vessels w ithout renal failure. W e found numerous destroyed glo
m eruli and recanalized aglomerular vessels in tw o patients with lupus ery th em ato 
des w ho had died of uraem ia, although changes of this kind are considerably  
less frequent in such cases than  in chronic glom erulonephritis. Four patien ts  
suffering from am yloidosis exh ib ited  likew ise extensive glomerular destruction
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and aglomerular vascularization; as in chronic glom erulonephritis, the une
ven  filling of vessels, their constriction and deform ation were observed in 
these cases as well. No difference betw een primary and secondary am yloidosis 
was revealed. Aglomerular vascularization  in essential hypertension w ithout 
renal failure, as described by T r u e t a  et al. [8], occurred also in the present 
m aterial.

The present experim ents have shown that renal vessels suffer significant 
structural changes in chronic renal failure. Aglom erular vascularization , ob
servable in aged and hypertensive persons even w ithout renal insufficiency, is 
not w ithout pathological significance. Form ation of aglom erular vessels, re
canalization of the afferent and efferent arterioles follow ing glom erular de
struction evidently  ensure tubular blood supply. This is probably th e  reason 
w hy, in contrast to acute renal failure, there is no tubular necrosis in chronic 
renal insufficiency, and it is presum ably for this reason th a t, after the im pair
m ent of glomerular a c tiv ity , the tubules are able to reabsorb and to  excrete  
certain substances such as carbam ide, creatinine or phosphate [1]. Another  
observation  o f clinical in terest vvas that w ith  recapillarization the renal 
vessels underwent grave structural changes such as the form ation o f spindle 
m icroaneurysm s, and, still more im portant obliteration o f m inor vessels. 
It is obvious that the destruction  of minor vessels leads, in itself, to a 
further glomerular degeneration independently of the prim ary disease. H y 
pertension, a concom itant o f glom erulonephritis, is the presum able cause of 
these structural changes. In the present material no correlation w as found  
betw een the duration of hypertension  and the changes in the renal vessels, 
and it was the more surprising th a t a marked positive correlation occurred 
betw een the gravity of vascular lesions and the gravity  o f the eyeground fin d 
ing.

Considering that, in general, pathological changes in the fundus indicate  
a grave prognosis o f hypertension, the present results m ay be construed as a 
warning that blood pressure should be controlled in renal hypertension in the  
sam e m anner as it is done in essential hypertension, and this the more so as 
lesions o f the renal vessels appeared to be extrem ely grave in all cases where 
haem orrhage, retinitis, or oedem a were found in the eyeground. It is possible 
th a t, as in the eyeground, h ypotensive treatm ent m ay retard the process in 
the renal vessels as well.
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V E R Ä N D E R U N G E N  D E R  N IE R E N G E F Ä S S E  B E I C H R O N IS C H E R  N IE R E N 
IN S U F F IZ IE N Z

P. G ÖM Ö RI, I. M U N K Á CSI, E. SZALAY, I. VARGA und Л. ZOLNAI

A n  den N ieren v o n  40 a n  ch ron ischer U räm ie v e rs to rb e n e n  K ra n k e n  w u rd en  m itte ls 
in  A c e to n  u n d  C yclohexan g e lö s tem  P o lyv iny lch lo rid  K o rro s io n su n te rsu ch u n g en  vorgenom m en. 
A n  d e n  K o rro s io n sp räp a ra te n  w u rd e n  folgende V erän d e ru n g en  nachgew iesen : sp indelförm ige 
G e fä ß e n ta r tu n g , E n ts te h u n g  v o n  M ikroaneurism en  an  d en  A rte rio len , V erengerungen , zu 
m e is t  a n  de r U rsp rungsste lle  d e r  A rte rien , völlige O b lite ra tio n  der A rte rien , sp ira le  u n d  ge
w u n d e n e  Gefäße, und  eine b e d e u te n d e  D estru k tio n  de r G lom eruli. A n den  G efäßpolen  der zer
s tö r te n  G lom eruli ließ sich je d o c h  d ie  R ek an a lisa tio n  de r V as afferens u n d  efferens b eo b ach ten , 
d a s  z u r  B ildung von a g lo m e ru lä ren  G efäßen ge fü h rt h a t.  D iese ag lo m eru lä ren  G efäße h a tte n  
d ie  B lu tv e rso rg u n g  der K a n ä lc h e n  au ch  nach  der Z ers tö ru n g  de r G lom eruli u n d  d a m it auch  
d ie  T u b u lä rfu n k tio n  g esich ert. N e b en  den obigen V e rän d e ru n g en  w ar eine N eub ild u n g  der 
K a p illa rg e fä ß e  zu sehen. D ie  A n s ic h t w ird v e r tre te n , d a ß  fü r  die bei ch ron ischer N ieren 
in su ffiz ien z  au ftre ten d en  sc h w e ren  G efäß v erän d eru n g en  d ie H y p e rto n ie  v e ran tw o rtlic h  ist, 
u n d  d a ß  es unerläß lich  sei, d ie  re n a le  H y p erton ie  m ed ik a m e n tö s  zu b eh an d e ln . D ie Schwere 
d e r  V erän d e ru n g en  der N ie ren g e fäß e  s te h t m it dem  A u sm aß  d e r V e rän d e ru n g en  des A ugen
g ru n d e s  in  K orrelation .

ИЗМЕНЕНИЯ СОСУДОВ ПОЧЕК ПРИ ХРОНИЧЕСКОЙ ПОЧЕЧНОЙ 
НЕДОСТАТОЧНОСТИ

П. ГЁМЁРИ, И МУНКАЧИ, Е. САЛАИ, И ВАРГА и Б. ЗОЛНАИ

На почках 40 больных, умерших вследствие хронической уремии, были проведены 
коррозионные исследования с помощью поливинилхлорида, расстворенного в смеси ацетона 
и циклогексанона. На коррозионных препаратах были обнаружены следующие изменения: 
веретеннообразное перерождение сосудов, на артериолах развитие микроаневризма, сужения, 
в большинстве случаев в месте отхода артерий, полная облитерация артерий, появление 
спиралевидных и извилистых сосудов. Коррозионные препараты показали значительное 
разрушение клубочков, однако, в месте сосуда истого полюса разрушенных клубочков 
наблюдается реканализация афферентных и эфферентных сосудов, что приводит к образо
ванию агломерулярных сосудов. Эти агломерулярные сосуды и после разрушения клубочка 
обеспечивают кровоснабжение канальцев и их функцию. Кроме вышеуказанных изме
нений наблюдалось также новообразование капиллярных сосудов. По мнению авторов 
ответственной за тяжелые изменения сосудов, наблюдаемые при хронической недостаточ
ности почек, по всей вероятности следует считать гипертонию, и поэтому непременно нужно 
проводить медикаментозное лечение ренальной гипертонии. Степень тяжести изменений, 
обнаруживаемых на почечных сосудах, находится в корреляции с выраженностью изме
нения глазного дна.

Dr. P ál G ömöri 
D r. Istv á n  Mu n k á c si 
D r. Elem ér Szalay  
D r. István  Varga 
D r. Bal ázs Zolnai

Budapest VIII., Szentkirályi u. 46, Hungary
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Section o f P a th o lo g y  (H ead : A. K alló), Já n o s  H o sp ita l, B u dapest

BRONCHIOLAR EMPHYSEMA AND RELATED 
DISEASES*

A . K a l l ó

A uthor rev iew ed  the  l ite ra tu re  on b ronch io lar e m p h y sem a. On the  basis o f these 
d a ta  and his ow n experiences he stressed  th e  significance o f b o th  dysp lasia  an d  in flam 
m ation  in the  pa th o g en esis  o f such  diseases as m u scu la r  c irrhosis , leiom yosis, fib ro - 
cystosis, b ronch io lec tasis and  m ultip le  vascu lar lesions o f  the  lung.

The first report to deal w ith the condition term ed bronchiolar em phy
sem a was that of S ie b e r t  and F ish e r  from 1957 [15], although the term  i t 
se lf was coined by L o e sc h k e  [13]. Comprehensive surveys o f the pertinent 
studies have been presented in several papers [1, 2, 4, 7, 9, 10, 14].

A lthough bronchiolar em physem a is m ostly found in aged persons, it 
has also been observed in children, and even congenital and foetal cases have  
been m entioned [3, 16].

Morphology

The postm ortem  findings are m ost characteristic provided bronchiolar 
em physem a is not associated w ith  some other disease.

The lungs are heavy and enlarged; their nodular surface resem bles th at  
of the cirrhotic liver (Fig. 1). The nodules are norm ally hobnailsized and soft 
as if  they  would contain air or som e 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 m ake it appear cystic  if  the pores are large, and honeycom b
like if  th ey  are sm all (Fig. 2). The pores m ay be so m inute as to be perceptible 
only  if inspected under th e  m icroscope.

Connective tissue proliferation can be seen around the holes (pericystic  
fibrosis); this is w hy the condition is som etim es term ed fibrocystic lung. 
In terstitia l haemorrhages m ay com plicate the p icture. Inflam m atory signs

* This work is dedicated to Professor Joseph Baló on the occasion of having completed 
five decades in the service of science.
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F ig . 1. N o d u la r  surface  of c irrh o tic  lung

m a y  be observable; it  depends on w hether the changes outlined in the forego
in g  are accom panied b y  secondary inflam m ation in the unaffected  portions 
o f th e  lung or in the d ilated  portions them selves, and if  so, on the exten t of 
th e  inflam m atory process.

Most authors em phasize the bilateral and diffuse character o f  the disease, 
w hereas our own observations have not proved either of these phenom ena to  
be necessary concom itants of the condition.

R ight heart hypertrophy has been registered in all grave form s; it is so 
characteristic a concom itant of the pulm onary changes at issue that they  
sh ou ld  always be taken  in to  account in cases o f cor pulm onale.

The microscopic p icture, too , is characterized by the presence o f cysts 
o f  d ifferent shapes, sizes and origins. In  the cases reported under the term  
bronchiolar em physem a, the bronchi were distended in the first place. Accord
in g  to  our observations, the dilatations occur in both the lower and the upper 
respiratory tract. B ronchiolar em physem a is frequently accom panied by al
v eo la r  ectasis characteristic o f vesicular em physem a. There were cases in 
w h ich  dilatation o f the proxim al respiratory tract was accom panied by  
distensions in the lower respiratory segm ents (bronchiectasis -f- bronchiolecta-
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sis, - panbronchiectasis). These are borderline cases, transitions from common 
upper m ultiple bronchiectasis to vesicular and bronchiolar em physem a.

The inner surface o f the cysts is coated by ciliated  or unciliated, cylindri
cal or squam ous epithelium . The character of the ep ithelial lining m ay be radi
cally m odified by repeated inflam m ations. The d ilatations are either em pty  
or m ay contain m ucous m atter, clotted protein-rich serum, cellular elem ents 
with eosinophils and som etim es giant cells, further detritus.

Authors are unanim ous in stating that the w all o f the d ilatations con
tains no cartilage. We som etim es encountered vestig ia l lam ellae o f cartilage in 
dilated segm ents, and som etim es the chondral portion was absent from the 
w all of dilatations w hich w ould otherwise have been classified as parts of the  
upper respiratory tract. It is generally difficult to determ ine the exact segm ent 
in which the dilatation has been formed.

Though to a less ex ten t, the foregoing applies to the m ucous glands of 
the respiratory path and the goblet cells o f the ep ithelium  as well.

The faulty construction of m yoelastic com ponent is the most 
conspicuous.

The elastic system  o f the air trays and lungs show ed changes in all cases. 
The m ost frequent phenom enon was a decrease in the am ount or a fragm enta
tion o f elastic fibres in the wall o f  the dilated segm ents. The opposite, fibro-

s Irin Morphologien Acndemiae Srirnlinrnm  Hungaricae H>, I96N
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3 6 6 A . K Á L L Ó

F ig . 3. P e riec ta tic  ly m pho id  cell in f iltra tio n  and  ad en o m ato id  s tru c tu re  o rig in a tin g  from  
th e  h ro n ch io liza tio n  of d u c ts , a tr ia  and alveoli. (Low pow er)

F ig . 4. L eiom yotic d y sto p y  in in filtra ted  pu lm o n ary  g round  su b s tan ce  (L ow  power) 
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F ig . 5. Bundles of muscle tissue, dilated bronchioli and vessels in the lung, without inflam
matory signs

elastosis, m ay, how ever, also occur. R em nants of desintegrated clastic fibres 
are situated  around the dilatations in the form o f irregular bundles and clus
ters. Changes in the elastic elem ents m ay occur also in the in terstitia l space 
or around the alveoli.

Changes in the sm ooth m uscles are even more characteristic and more 
frequent (Fig. 4). Such changes m ay even  dom inate the picture, as expressed  
by the term s, m yom atosis cystica  pulm onum  or m uscular cirrhosis o f th e  lung.

Sm ooth m uscle anom alies m ay appear as hypoplasia, hyperplasia, or 
w ith an irregular arrangement of the fibres. T hey are most frequent in the  
wall o f d ilatations. The muscular layer m ay be defective, irregular or m issing. 
The m issing elem ents are som etim es still near the dilatation but no longer in 
the wall o f the distended segm ent: th ey  are scattered over the in terstitia l 
space in a haphazard fashion and possib ly  also in the fibrotic tissues. Less 
frequent is a scattered or diffuse proliferation of sm ooth muscles (F ig . 5). 
Although such cases, too, belong to the category o f cystic changes, it is better

8 » A d a  M orphologica A cadvm iav Scienliarum  Uungaricae 16. 1966



368 A. K Á L L Ó

F ig . 6. C avernous an g io m ato sis  in  f ib ro tie  g round  su b stan ce

to  d istinguish them  by some special term , such as m yom atosis or pulm onary  
leiom yosis. E xtrem e forms of this kind [12] m ay constitute a transition to  
B ourneville’s syndrom e; they  belong to  th e  category of tum orous prolifera
tion s (ham artosis, ham artom a) rather than  to  those characterized by hyper
trophy.

In addition to  the changes of m yoelastic  elem ents, inflam m ation and  
consequential fibrosis m ay develop around th e  dilated  portions of the airw ays.

H aem orrhages are frequently seen in  th e  unaffected pulm onary paren
chym a, while there are m any sideropherous and coniphagous cells in the al
veoli. The d isposition  to haemorrhage is due to  the peculiar lesions w hich affect 
both  the major and the minor vessels. M anifestations of this nature form a 
transition  to m ultip le pulm onary aneurysm s and arteriovenous fistu lae which, 
too , m ay be accom panied by bronchiectasis.

Only tw o authors ascribed sign ificance to  these vascular phenom ena. 
F a n c o n i [6] described a case in which capillary proliferation was so in tensive  
as to  ju stify  its qualification  as angioreticulosis. The phenom enon was classi
fied  by U e h l in g e r  as a congenital developm ental disturbance o f the capilla
ries. A similar case w as described by G o l d e n  and B ronk  [8]. In one of our 
cases the change resem bled cavernous hep atic  angiom atosis (Fig. 6). Consid-
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ering th a t vascular phenom ena of such ex ten t and aspect have not y e t been  
reported, it seem ed justified  to describe th is angiocavernous form  o f the  
honeycom b lung.

Pathogenesis

According to certain authors the changes in question are of in flam m atory  
origin, others attribute them  to dysplasia, and still others accept b o th  factors 
as pathogenic. W e share the latter v iew . R eports on the occurrence o f the  
described phenom ena in foetuses, neonates and in whole fam ilies argue in 
favour o f  the theory of dysplasia [3, 5, 16]. To th is the obvious ob jection  is 
that, if  dysplasia is a decisive pathogenic factor, w hy does the d isease so fre
quently  arise at advanced age.

W hile acknowledging the significance o f dysplasia, the in flam m atory  
factor m ust also be considered, especially  from the point of view  o f  the pro

f ig . 7. Follicular (lymphoid cell) infiltration around dilated bronchiole. The surrounding 
alveolar parenchyma is comparatively intact (Initial inflammatory phase)
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F ig . 8. F ib ro cy stic  lu n g  u n d e r  m edium  pow er. N o te  s lig h t in flam m ato ry  in f il t ra t io n  an d  
d y sto p ic  Jeiom yosis in  th e  f ib ro tic  g round  su b s ta n c e ,  w ith o u t a lveo lar p a ren c h y m a

gression of the d isease. Inflam m ation was p ractica lly  present in every published  
cases in each of th ose  observed in our m aterial.

I t  is especially  w ith  an infiltration o f lym p h oid  elem ents around the d ila t
ed parts that in flam m ation  starts in the in itia l phase (Figs. 3 and 7). Certain 
authors ascribe such phenom ena to viral in fection s and regard the bronchiolec- 
ta sis  rather than th e  in filtra tive inflam m ation as the secondary m anifestation . 
The more exten sive, more serious and more freq u en tly  recurring the in flam 
m ation , the more rapid and extensive th e  developm ent of fibrosis. W hile 
dysplasia  is the basis and condition of th e  d isease, inflam m ation and fib ro
sis are the chief factors in its progression. B y  expansion  and subsequent shrink
age the fibroplasia gradually constricts and th en  destroys the alveolar p a
renchym a (Fig. 8). W ith  advancing fibrosis, th e  respiratory surface becom es 
m ore and more restricted , and the clinical sym p tom s of m alignant dyspnoea, 
of chronic obstructive ventilatory disturbance will be dom inant.

D i s c u s s i o n

The m orphological picture of em physem a in the classic sense o f the term  
is o ften  at variance w ith  the clinical syndrom e o f chronic diffuse obstructive  
ven tila tory  disturbance. In general, disorders o f  th is kind are characterized by
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structural irregularity and cystic transform ation o f pulm onary tissue. Most 
authors em phasize the developm ent o f vesicles (cystic and honeycom b lungs), 
others point to  sm ooth muscle anom alies (lciom yosis, muscular cirrhosis). 
In recent com m unications the term  bronchiolar em physem a is being used and 
dysplasia and inflam m atory changes are considered the pathogenic factors.

Our observations have convinced us th at, in sp ite of the m ultip lic ity  of 
term s and the diversity of m orphological changes, these cases represent differ
ent varieties of a single disease en tity . The tissue anom alies m anifest them selves  
w ith d ilatations at different points o f the respiratory tract, and w ith  disor
ders of the sm ooth m uscles (lciom yosis, elastofibrodysplasia). D iseases referred 
to as leiom yosis, fibrocystosis, bronchiolectasis as well as certain related forms 
of bronchiectasis and m ultiple vascular lesions are, essentia lly , but varieties 
of a particular group of dysplasie conditions, m anifestations o f em physem a  
in a wider sense o f the teçm , accom panied by chronic diffuse obstructive v en 
tilatory disturbance. I f  the said varieties originate chiefly from dysplasia, 
susceptib ility  to it m ay play som e part in the developm ent o f the classical, 
vesicular form o f em physem a.

The syndrom e at issue is not as rare as w ould seem from the available  
data. A lthough typ ica lly  bilateral and diffuse forms are rare, non-diffuse a ty p 
ical forms are fairly frequent. T hey easily escape notice at post-m ortem  exam 
ination, especially if  m orphological signs of classical em physem a are present. 
A lthough such m ixed forms are more frequent than genuine em physem a  
textb ook s hardly refer to them .

In order to differentiate betw een classical em physem a or som e atypical 
m anifestation, it is necessary to stu d y  the m aterial h isto logically  w henever  
pulm onary disease is associated w ith  progressive dyspnoea (“ chronic diffuse 
obstructive ventila tory  disturbance” ) and w henever cor pulm onale is diagnosed  
postm ortem  even if  there are gross signs of classical em physem a.

The term em physem a covers, thus, a wider range than the term  in its 
traditional sense. Apart from the alveoli also prealveolar air passages m ay  
undergo d ilatation  and so give rise to atypical forms o f em physem a. Looked  
at from a m orphological angle, variants of this kind m ay be in the background  
of chronic diffuse obstructive ventila tory  disturbance quite as frequently as 
is the classical form. Such a wider interpretation o f em physem a will reduce 
discrepancy in the interpretation o f chronic obstructive ven tila tory  disturbance  
and its pathom orphology. Since these m orphologically less explored entities are 
in the background of the problem  o f the so-called “ bronchitic em physem a” , 
a broader definition of the term cannot fail to result in a satisfactory m orpho
logical interpretation of bronchiolar em physem a.

A cta  M orphologica A cadem iae S c ien tiarurn H ungaricae 16, 196fi
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RECENSIONES

M o r p h o lo g ie  v o n  W ir b e lsä u le  u n d  B r u s tk o rb

P rim ato lo g ia , H a n d b u ch  der P r im a te n k u n d e . Vol. IV. No. 4 

F . Ankel

VI I I  -}- 120 p p ., 69 figures, 1 tab le . P rice: sF r. /DM  53. — E d . K arger, Basel -N ew  Y ork , 1967
E x am in a tio n  o f th e  sp inal colum n, th e  c h a ra c te ris tic  s tru c tu re  o f v e r te b ra te s , is an  

im p o r ta n t o b jec t o f c o m p ara tiv e  a n a to m y . C hanged locom otion  and  th e  develo p m en t o f m a n ip u 
la tiv e  a c tiv ity , consequences o f th e  fo rm atio n  of th e  v e rtica l sp ine were decisive fa c to rs  in 
th e  ev o lu tio n  of th e  h u m an  species; th ey  ra ise  new p ro b lem s concern ing  th e  phy logenesis an d  
on togenesis of th e  sp in a l colum n, p rob lem s th a t  can  n o w ad ay s be appro ach ed  b y  q u a lita tiv e  
m ethods.

D ispensing w ith  a d iscussion  ex ten d in g  to  th e  w hole w idely ram ify ing  su b p h y lu m  of 
V e rteb ra ta , A nkel’s m o n o g rap h  deals only w ith  the  m o rpho logy  o f th e  v e rte b ra l co lum n and  
the  chest o f P rim ate s , fu r th e r  w ith  a fu n c tio n al in te rp re ta tio n  o f th e  d a ta  so o b ta in ed .

R ely ing  on in v es tig a tio n s  concern ing  h a lf  apes (T u p a ia , L em ur, Galago, e tc .)  an d  apes 
(C ebidae, C allith ric idae, C ercopitheco idea, H o m in o id ea), fu r th e r  on l ite ra ry  d a ta ,  A nkel a n 
alyses th e  general s tru c tu re  o f th e  sp inal colum n and  th e  v e r te b ra e , and  d iscusses th e  specia l 
fea tu res  o f the  sp ine of th e  v arious sim ian  species.

A sep ara te  c h a p te r  co n ta in s a co m p ara tiv e  d esc rip tio n  o f th e  costae and  th e  s te rn u m .
I t  is no t su ffic ien t to  base a fu n c tio n al analysis o f th e  v e rte b ra l colum n an d  th e  ch est 

on th e  osseous s tru c tu re  alone. T he ske le ton  itse lf is a passive  s tru c tu re  w hich , to  becom e 
activ e , needs th e  co o p era tio n  o f m uscles an d  ligam ents. T h e  la t te r  cause a s te ad y  change  in 
the  m u tu a l a rra n g e m e n t o f th e  v e rte b rae  so th a t  it is a co n certed  action  of th e  ac tiv e  and  p a s 
sive fac to rs  w hich d e te rm in es k in e tic  phenom ena.

T he a u th o r  s ta r ts  from  th e  princip le  th a t the  fu n c tio n a l a d a p ta tio n  of th e  bones e x e rts  
a m orphological effect on th e  v e rte b rae , the  m echanic  u n its , so th a t  a c o m p ara tiv e  a n a ly s is  
of th e  bones a d m its  o f fu n c tio n al conclusions.

T he m an n er in w hich  th e  osseous sp inal co lum n is exposed to p ressure , t r a c tio n  an d  
b end ing  v a ries acco rd ing  to  th e  v a rio u s  m odes of locom otion . A lth o u g h  th e  m echan ical u t i l iz a 
tion  o f th e  sp inal co lum n show s considerab le  differences am ong  th e  P rim ate s , th e  d ifferences 
do n o t m an ifes t them selves w ith  correspond ing  d ev ia tio n s in th e  s tru c tu re  o f th e  ax ia l sk e le to n .

C areful analysis o f th e  v a rio u s sim ian species allow ed to conclude th a t  th e  ax ia l sk e le 
ton of P rim ate s  is a s tru c tu re  w hich  m ay be generalized  in th e  sense th a t  it is ab le  to  sa tis fy  
m ultip le  fu n c tio n al req u irem en ts  or, in o th e r w ords, th a t ,  w hile P rim ate s  m ay  be d iv id ed  
accord ing  to d iffe ren t ty p es  of locom otion , th e ir  ax ia l sk e le to n  show s a com m on s tru c tu re .  
I t  is w o rth y  of especial no te  th a t ,  d esp ite  a decisive change in  th e  locom otion  of h u m an s , th e  
v e rte b ra l colum n of m an  is h a rd ly  d ifferen t from  th a t  of m onkeys. A nalysis o f th e  bones co n 
s ti tu t in g  th e  axial sk e le to n  revealed  no differences in reg ard  o f sex.

O w ing to carefu l m orpholog ical and  functional an aly ses, A nkel’s m o nograph  is a v a lu 
able c o n trib u tio n  to  p rim ato log ica l research  work.

T. Donátii

Acta Morphologica Acadcmiac Scientiarum Hangaricac 16. 1668
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H u m e r u s ,  U ln a  u n d  R a d iu s  d er  S im ia e

V e r g le ic h e n d m o r p h o lo g is c h e  U n te r s u c h u n g e n  m it  B e r ü c k s ic h t ig u n g  der F u n k t io n

R . K n u ssm an n

B ib lio th e c a  P rim ato log ica  Fase . 5. X I I  -f- 399 p p ., 228 fig u res , 46 tab les. P rice: SF r/D M  79. — 
E d . K a rg er, B ase l— N ew  Y o rk , 1967.

In feren ces from  in v e s tig a tio n s  in to  p r im a to lo g y  can  alw ays be u tilized  in h u m an  a n a t
o m y , e sp ecia lly  if  — as in  th e  p re se n t w ork  — d a ta  y ie ld ed  by th e  s tu d y  of P r im a te s  a re  com 
p a re d  w ith  d a ta  ob ta in ed  on  h u m a n  m ate ria l.

R e ly in g  on a sy s te m a tic  s tu d y  of th e  h u m eru s , u ln a  and rad iu s  in  all sim ian  species, 
th e  m o n o g ra p h  u n d e r rev iew  p re sen ts  a fu n c tio n a l in te rp re ta tio n  of th e  m orpho log ical d a ta  
g a in e d  b y  th e  analysis o f th e  sa id  bones. T he m o n o g rap h  is especially  v a lu ab le  in so far as, be
s id e s u s in g  th e  classical m e th o d  of d e sc rip tio n  an d  conv en tio n al d raw ings, i t  e v a lu a te s  the 
r e s u l ts  o f m easu rem en ts b y  u p - to -d a te  b io m a th e m a tic a l-s ta tis t ic a l  m ethods.

I n  o rd er to be able to  su b je c t his num ero u s d a ta  to a th o ro u g h  analysis, th e  a u th o r  does 
n o t  e x te n d  his in v estig a tio n s in  a  h o rizo n ta l d irec tio n  and  dispenses, acco rd in g ly , w ith  d is
c u ss in g  th e  fu n ctionally  in se p a ra b le  s tru c tu re s  as th e  m uscles and  lig am en ts  co n n ec ted  w ith 
th e  b o n es. T his n o tw ith s ta n d in g , th e  w ork  — a v e r tic a l one since i t  is re s tr ic te d  to  a d e ta iled  
a n a ly s is  o f th e  bones th em se lv es — ad m its  o f im p o r ta n t  conclusions on acco u n t o f  th e  bio- 
s ta t i s t ic a l  ev aluation  of th e  m ate ria l.

T h e  m onograph  has th e  p u rp o se  to  o ffer a n  osteo log ical analysis of th e  a n te r io r  e x tre m 
itie s  w h ich , according to  th e  d iffe re n t m an n e rs  o f locom otion , are d iffe ren tly  used  by  the  
v a r io u s  P rim ate s . I t  w as fu r th e r  in te n d e d  to  f in d  a c o rre la tio n  be tw een  th e  d ev e lo p m en t of 
b ra c h ia t io n  w ith  th a t  o f th e  h u m a n  u p p e r ex trem itie s .

S tu d ies  m ade on 541 re c e n t m onkeys of 24 gen era  h av e  led to th e  conclusion  th a t  b ra 
c h ia t io n  rep resen ts a fu n c tio n a l a d a p ta t io n  w hich , by  an  e lo n g a tio n  of th e  d iap h y ses , fac ilita te s  
sw in g in g  from  one hold to  a n o th e r.

C orpus and d is ta l e p ip h y s is  (o lecranon) o f th e  u ln a r  bone grow in d ia m e te r  in  p ro 
p o r t io n  to  th e  grow th  of th e  bo d y  an d  its  w eigh t, a n  e v id e n t a d a p ta tio n  to  in creased  pressures, 
t r a c t io n s  an d  strains.

T h e  m onograph  p re sen ts  d e ta iled  com p ariso n s be tw een  th e  osteological d a ta  o f m on
k e y s  a n d  m an. A com parison  o f th e  osteological m ea su re m e n ts  o f th e  N e a n d e rth a l m an  w ith  
th o se  concern ing  th e  u p p e r  e x tre m ity  of th e  p re se n t races revea ls a c e rta in  degree of regression  
(o lec ran o n , tro ch lea r in cisu re , n eck  of th e  ra d iu s , e tc .)  in th e  la tte r .

P u rs u a n t  to th e  fa c to r  an a ly sis  app lied  in  th e  course o f th e  b io m a tliem a tica l evalu a tio n s, 
th e  a u th o r  d istingu ishes e leven  fac to rs  th a t  belong  to  th ree  m ain  categories: (1) fac to rs  of 
e m b ry o lo g y  and tax o n o m y ; (2) fa c to rs  o f fu n c tio n a l a d a p ta tio n ; (3) special fa c to rs  o f th e  bony  
s t ru c tu re .

W ith  its  exem plary  a rra n g e m e n t, v iv id  s ty le , 228 d raw ings in  th e  a p p en d ix  to  illu s tra te  
sk e le ta l  d e ta ils , 46 b io s ta tis tic a l tab le s , an d  an  e x h au s tiv e  b ib lio g rap h y , th e  w ork  c a n n o t fa il to 
p lea se  all s tu d e n ts  of p rim a to lo g y .

T. D o n á t h

A c ta  M orphologica Academ iae S c ie n tia ru m  H ungaricae 16, 1968
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T h e  A c ta  M orphologica pu b lish  p a p e rs  o n  ex p erim en ta l m ed ica l sub jects in  E n g lis h ,  
G erm an , F re n c h  a n d  R ussian .

T h e  A c ta  M orphologica ap p ear in  p a r ts  o f  v a ry in g  size, m a k in g  up  volum es. 
M an u sc rip ts  sh o u ld  he addressed  to :

A cta Morphologica, B udapest I X .,  Tűzoltó и. 58.

C orrespondence w ith  th e  ed ito rs a n d  p u b lish e rs  should  he  se n t to  th e  sam e a d d re ss . 
T he r a te  o f su b scrip tio n  to  th e  A c ta  M orphologica is 165 fo r in ts  a  volum e. O rd e rs  m a y  

be p laced  w ith  “ K u ltú ra ”  Foreign  T rad e  C o m p an y  fo r B ooks a n d  N ew spapers (B u d a p e s t  I . ,  
F ő  u tc a  32. A cco u n t N o. 43-790-057-181) o r  w ith  re p re se n ta tiv e s  a b ro ad .

Les A c ta  M orphologica p a ra issen t en  fran ç a is , a llem and , an g la is  e t russe e t  p u b l ie n t  
des t ra v a u x  d u  d o m ain e  des sciences m éd icales ex p érim en ta les .

Les A c ta  M orphologica so n t p u b lié s  sous fo rm e de fascicu les qui seron t ré u n is  en  
vo lum es.

On e st p r ié  d ’envoyer les m an u sc rits  d e s tin é s  à l’adresse  su iv a n te :
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ACETYLCHOLINESTERASE ACTIVITY 
OF THE HUMAN LOWER BRAIN STEM WITH 

SPECIAL REGARD TO THE RETICULAR FORMATION
M .  P a p p

(R eceived Ju ly  28. 1966)

T he ace ty lch o lin e stera se  (A C hE) a c tiv ity  o f th e  low er b rain  stem  w ith  spec ia l 
regard  to  th e  re ticu la r  fo rm atio n  has been s tu d ied  in  p rep ara tio n s  from  10 su d d e n ly  
died  su b jec ts . T he nerve  cells could be d iv id ed  in to  5 g roups on the  basis o f  A C hE  
a c tiv ity  o f th e  p e rik a ry o n  and in its  su rro u n d in g s.

1. N erve cells o f th e  f irs t group  in th e  re tic u la r  fo rm atio n  ex h ib ited  a h igh 
A C hE  a c tiv ity  in th e  cy top lasm  in p a tte rn s  re sem b lin g  th e  Nissl sub stan ce  o r  fin e  
g ra n u la r  in d is tr ib u tio n . T his AChE a c tiv ity  is id en tica l to  th a t  observed  in  th e  
ex ten siv e ly  s tu d ie d  cho linerg ic  nerve cells (larg e  m o to r cells of the  a n te r io r  h o rn , 
p reganglion ic  nerve  cells in th e  la te ra l co lum n).

2. N erve  cells o f th e  second group  e x h ib ited  a m o d era te  AChE ac tiv ity .
3. In  th e  m ajo rity  o f nerve cells A C hE a c tiv ity  was low in the  en tire  cell b o d y  

and  in th e  d en d rite s .
4. N erve  cells o f non-cholinergic c h a ra c te r  w ith  ex te rn a l AChE ac tiv ity .
5. A C h E -n eg ativ e  nerve cells.
T he re tic u la r  fo rm atio n  of th e  h u m an  low er b ra in  stem  can be d iv id ed  on  th e  

basis o f A C hE  a c tiv ity  in to  th e  follow ing cell g roups.
1. U n ifo rm ly  m o d era te  enzym e a c tiv ity  c o n s titu te s  the  colum n of ra p h e  cells. 

T he A C hE a c tiv itie s  o f th e  in d iv id u a l cells d iffe r in a m in o r degree.
2. U n ifo rm ly  low A C hE a c tiv ity  w as fo und  in  tw o of th e  d o rso la te ra l cell 

co lum ns (n. p a rv ocellu laris  and n. cuneiforin is).
3. A v ariab le , b u t  on th e  whole m o d e ra te  A C hE  a c tiv ity  c h arac te rizes  th e  

v e n tro m ed ia l cell colum n.
4. A v a riab le , b u t on th e  whole high A C hE  a c tiv ity  is show n by th e  d o rso la te ra l 

cell group  (d o rso la te ra l p a r t  of the  n. p o n tis c en tra lis  o ra lis, v e n tra l p a rt o f th e  locus 
coeruleus an d  th e  dorsal p a r t  o f the  n. teg m e n ti ped u n cu lo p o n tin u s).

5. T he n. pap illifo rin is w hich is c h a ra c te riz ed  by un iform ly  m ed ium  A C hE  
a c tiv ity  o f th e  nerve  cells d iffers from  th e  above cell g ro u p  w ith  a sign ifican t a c t iv ity  
o f th e  neurop il.

T he sign ificance of th e  v a riab ility  of th e  A C hE  a c tiv ity  in the  th ird  a n d  fo u r th  
cell g ro u p s is d iscussed ,

N erve  cells o f v e ry  low' AChH a c tiv ity  re p re se n te d  th e  overw helm ing m a jo r i ty  
in a ll cell g ro u p s of th e  lower b ra in  stem  re tic u la r  fo rm a tio n , even in those o f m o d e ra te  
an d  h igh a c tiv ity .

The K oelle m ethod ( K o e l l e  and F r i e d e n w a l d  1949) m ay indicate th e  
extent o f participation  o f acetylcholine (ACh) in neurotransm ission ( K o e l l e  

1955) and, at the h istotopochem ical exam ination o f the neuron and its surround
ings, allow the recognition of non-cholinergic-cholinoceptive nerve cells  
( K o e l l e  1957, K o e l l e  and K o e l l e  1959, M c I s a a c  and K o e l l e  1959). This 
has been supported by fluorescence m ethods used for the dem onstration o f  
biogenic am ines ( H a m b e r g e r ,  N o r b e r g  and S j ö q v i s t  1963).

1 A d a  M orphologica A ca d em ia e  Sc ien tia ru m  Hungaricae 16, 1968
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The aim of the present study has been  to  classify the nerve cells and cell 
groups o f the hum an lower brain stem  on th e  basis of the h istochem ical m or
p h o logy  o f their AChE activ ity . The exam inations were centred on the reticular  
form ation  (rf).

M a t e r i a l  a n d  m e t h o d s
T h e  low er b ra in  s tem  (m ed u lla  o b lo n g ata , p o n s , m esencephalon) from  10 su b je c ts  20 to  

45 y e a r s  o f age w as ex am ined . E a c h  of th e m  h a d  d ied  su d d en ly  w ith o u t m ed ica l a tte n d a n c e  
fo r som e d ay s  p reced ing  d ea th . In  four cases, d e a th  h a d  been due to  card iac  a r re s t ,  in  one 
case  to  a  s ta b  w ound  of th e  h e a r t ,  in  one case to  sk u ll  in ju ry  and  in  fo u r cases to  su ic ide  by  
h a n g in g . E x a m in a tio n  w as m ad e  10— 18 hours a f te r  d e a th , in  some cases earlie r. A t v a rio u s  
lev e ls  o f  th e  low er b ra in  stem  b locks 3— 4 m m  th ic k  w ere excised and  fix ed  in  6 — 8 %  n e u tra l  
fo rm a lin e  a t  -j-4°C for 18 — 20 ho u rs . F o r th e  d e m o n s tra t io n  of AChE and pseu d o ch o lin es terase  
(C h E ), 40 // frozen sections were in cu b a ted  fo r 120 m in u te s  in  ace ty lth iocholine  io d id e  (A T hC h) 
a n d  b u ty ry lth io c h o lin e  iod ide (B uT hC h), p H  5 .0 — 6.2 ( K o e l l e  and  F r i e d e n w a l d  1949; 
G e r e b t z o f f  1959). In  th re e  cases som e sections w ere in c u b a te d  a t  p H  5.5 for 20 h o u rs  to  dem on 
s t r a te  th e  enzym ic  a c tiv ity  o f th e  axons. A C hE  w as in h ib ite d  w ith  5 X 10—7— 10~e M am beno  
n iu m  ch lo rid e , C hE  w ith  i и e M d iiso p ro p y lflu o ro p h o sp h a te  (D F P).

R e s u l t s

I. General histochemical observations

In  sections incubated in AThCh, the bu lk  of enzym e activ ity  was localized  
in  th e  perikaryon, dendrites and axons (F igs 1— 12), while its m inor part in the  
neuropil (Figs 14— 18). N o difference w as dem onstrable betw een sections in 
cu b a ted  w ith  AThCh and treated and not treated  with ChE inhibitor. In con
tra st , am benonium  chloride ( L a n d s  et al. 1955) elim inated all enzym e a c tiv 
ity  ex cep t for traces left in the vessel w alls or som etim es in the lum ina. Thus, 
in agreem ent w ith the findings of F ö l d e s  e t al. (1962) the cholinesterase a c tiv 
ity  o f  hum an brain was due primarily to its  AChE content, and the end prod
uct o f  the h istochem ical reaction taking place under the described conditions 
m ay be regarded the site o f AChE a ctiv ity .

The pH  optim um  for dem onstrating AChE activ ity  in the reticular for
m ation  was in the range from 5.5 to 6.0. In certain so-called specific cell groups 
(n. tractu s solitarii) AChE activ ity  in the nucleoli of nerve cells and in the glia 
cells w as seen at pH  6.0 already. H ow ever, in the greater part o f the reticular 
form ation , the end product signifying enzym e activ ity  was localized at the

F ig . 1. N erv e  cell w ith o u t sta in in g  for A C hE  (a rro w s) close to  an o th er nerve cell w ith  m o d era te  
en zy m e  a c t iv ity  in  th e  d o rso la te ra l p a r t  o f th e  n. p o n tis  centralis oralis. pH  5.5; m ag n ifica tio n

550 X
F ig . 2. N erv e  cells of h igh  enzym e a c tiv ity  in th e  ro s t ra l  p a r t  of n. dorsalis nervi vagi. A t the  
s ites  m a rk e d  by  arrow s th e  enzym e a c tiv ity  e x h ib its  double  contours. G ran u les o f m ark in g  
e n zy m e  a c t iv ity  are seen th ro u g h o u t th e  to ta l  c a lib re  o f dendrites . p H  5.5; m ag n ifica tio n

830 X
F ig . 3. E n zy m e a c tiv ity  in a d is tr ib u tio n  re sem b lin g  th e  tig ro id  p a tte rn . L a te ra l  p a r t  o f the  

caudal subnucleus o f n. gigantocellularis. p H  6.0; m agnification  280 X 
F ig . 4. N erv e  cells from  th e  c au d a l end o f th e  fa c ia l n erve. D istrib u tio n  of enzym e a c tiv ity  

resem bles th e  tig ro id  p a tte rn .  p H  6.0 ; m agnification  280 x

A c ta  M orphologica  A cadem iae  Sc ien tia ru m  H ungaricac 1 6 , 1968
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Fig. 5. P a r t  o f th e  subnucleus cau d a lis  o f n.gigantocellularis. A m edium  size ne rv e  cell o f 
cho linocep tive  enzym e a c tiv ity  is show n betw een tw o large  m u ltip o la r  cells o f  ch o lin e rg ic  

ty p e  a c tiv ity . p H  5.5; m ag n ifica tion  l l O x
F ig. 6. B asal p a r t  o f th e  pons. A C hE  active  tran sv erse  f ib res  and in ac tiv e  co rtico fu g a l 

fib re  bund les . pH  5.5; m agn ifica tio n  280 x

1* A cta  M orphologica Academ iae S c ien tia ru m  H ungaricae 16 , 1968
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s a m e  s i t e  a s  a t  a  l o w e r  p H ,  i n c r e a s i n g  o n l y  i n  i n t e n s i t y .  T h e  m o r e  d i s t a l  p a r t s  
o f  t h e  d e n d r i t e s  w e r e  b e t t e r  s e e n  a t  a  l o w e r  p H  ( F i g .  8 ) .

Following 2  hours incubation with BuThCh the staining was not sufficient
ly  intensive for evaluation. In view of the long time between death and fixa
tion, the amount of biochemically demonstrable pseudocholinesterases (Ord 
andTHOMPSON 1 9 5 2 )  might have decreased below the histochemically demonstra
ble threshold.

II .  Classification o f  nerve cells according to AChE activity

L o c a l i z a t i o n  o f  A C h E  a c t i v i t y  i n  t h e  n e r v e  c e l l s  a n d  a r o u n d  t h e m  w a s  o f  
t h e  f o l l o w i n g  t y p e s .

1 .  T h e  e n t i r e  p e r i k a r y o n  s h o w e d  a  s t r o n g  e n z y m i c  a c t i v i t y ;  i t s  d i s t r i b u 
t i o n  w a s  e i t h e r  r e m i n i s c e n t  o f  t h e  p a t t e r n  o f  N i s s l  s u b s t a n c e  ( F i g s  2 ,  3 ,  4 ,  5 a  
a n d  7 )  o r  w a s  f i n e l y  g r a n u l a r  ( F i g s  1 a n d  8 )  a n d  i t s  l o c a l i z a t i o n  c o r r e s p o n d e d  
t o  t h a t  o f  t h e  i n t e r n a l  o r  c y t o p l a s m i c  A C h E  ( K o e l l e  a n d  S t e i n e r  1 9 5 6 )  a s  
d e m o n s t r a t e d  b y  F u k u d a  a n d  K o e l l e  ( 1 9 5 9 ) .  E n z y m e  a c t i v i t y  i n  t h e  d e n d r i t e  
w a s  s e e n  e i t h e r  d i f f u s e l y  t h r o u g h o u t  i t s  e n t i r e  c a l i b r e  ( F i g .  2 ) ,  o r  e x c l u s i v e l y  
a l o n g  t h e  e d g e s  ( F i g .  7 ) .  I n  t h e  n u c l e u s  d o r s a l i s  n e r v i  v a g i  e x c l u s i v e l y  t h e  f o r 
m e r  t y p e ,  w h e r e a s  i n  t h e  “ e f f e c t o r ”  p a r t  o f  t h e  r e t i c u l a r  f o r m a t i o n  ( B r o d a l  
1 9 5 7 )  b o t h  t y p e s  w e r e  a p p a r e n t .

T h i s  t y p e  o f  A C h E  a c t i v i t y  w a s  s h o w n  b y  t h e  g e n e r a l  a n d  s p e c i a l  v i s c e r a l  
e f f e r e n t  c e l l s  ( F i g s  2 ,  4 )  a s  w e l l  a s  b y  t h e  m a j o r i t y  o f  s o m a t i c  e f f e r e n t  a n d  
p o n t i n e  c e l l s  ( F i g .  6 ) .  A m o n g  t h e  c e l l  g r o u p s  o f  t h e  r e t i c u l a r  f o r m a t i o n ,  s u c h  
e n z y m e  a c t i v i t y  w a s  f o u n d  i n  t h e  n .  g i g a n t o c e l l u l a r i s  s u b n u c l e u s  c a u d a l i s  
( F i g s  3 ,  5 ,  7 ) ,  n .  p a r a g i g a n t o c e l l u l a r i s  l a t e r a l i s  ( s o m e  t y p e  “ a ”  a n d  “ b ”  c e l l s ,  
O l s z e w s k i  a n d  B a x t e r  1 9 5 4 ) ,  i n  t h e  d o r s o l a t e r a l  p a r t  o f  t h e  n .  p o n t i s  c e n t r a l i s  
o r a l i s  ( F i g .  8 )  a n d  n .  t e g m e n t i  p e d u n c u l o p o n t i n u s ,  i n  m a n y  l a r g e  a n d  m e d i u m ,  
l e s s  o f t e n  i n  s m a l l  n e r v e  c e l l s .

2 .  T h e  e n t i r e  n e r v e  c e l l  s h o w e d  m o d e r a t e  e n z y m e  a c t i v i t y  i n  t h e  s a m e  
d i s t r i b u t i o n  a s  i n  t h e  c e l l s  o f  t h e  p r e c e d i n g  g r o u p .  I n  t h e  r e t i c u l a r  f o r m a t i o n  
m a n y  c e l l s  s h o w i n g  t h i s  t y p e  o f  A C h E  a c t i v i t y  w e r e  f o u n d  i n  t h e  r a p h e  n u c l e i ,  
n .  m e d u l l a e  o b l o n g a t a e  c e n t r a l i s ,  n .  g i g a n t o c e l l u l a r i s ,  n .  p a r a g i g a n t o c e l l u l a r i s  
d o r s a l i s  a n d  l a t e r a l i s ,  n n .  p o n t i s  c e n t r a l i s  o r a l i s  a n d  c a u d a l i s  ( F i g .  1 )  a n d  n .  
t e g m e n t i  p e d u n c u l o p o n t i n u s .

3 .  V e r y  l o w ,  u n i f o r m l y  d i s t r i b u t e d  e n z y m e  a c t i v i t y  w a s  s e e n  i n  t h e  p e r i 
k a r y o n  a n d  d e n d r i t e s .  N e a r l y  e x c l u s i v e l y  t h i s  t y p e  o f  A C h E  a c t i v i t y  w a s  p r e s e n t  
i n  t h e  s o m a t i c  a f f e r e n t  c r a n i a l  n e r v e  n u c l e i ,  t h e  n .  c u n e a t u s  a n d  g r a c i l i s ,  t h e  
p a r v o c e l l u l a r  p a r t  o f  t h e  n .  r u b e r  ( F i g .  1 7 ) ,  n .  p a r v o c e l l u l a r i s  o f  t h e  r e t i c u l a r  
f o r m a t i o n  ( F i g .  1 9 ) ,  t h e  n .  c u n e i f o r m i s  a n d  s u b c u n e i f o r m i s .

F ig .  7. P a r t  “ a”  of F ig . 5. L a rg e  m u ltip o la r cell w ith  en zy m e a c tiv ity  resem b lin g  the  tig ro id  
p a t t e r n ,  in the caudal su b n u c le u s  o f n. gigantocellularis. T h e  enzym e a c t iv ity  o f  d en d rite s  is 

lim ited  n e x t  to  th e  surface  of the  nerve  cell. M agnification  830 X
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Fig. 8. Cholinergic ty p e  enzym e a c tiv ity  in a nerve cell o f m edium  size from  th e  d o rso la te ra l 
p a r t  o f th e  n. pontis centralis oralis. T he enzym e a c tiv ity  o f the  d e n d rite  is trac ea b le  dow n 

to th e  d is ta l b ranches. p H  5.0; m agn ifica tion  550 X 
Fig. 9. M edium -size nerve cell w ith  enzym e a c tiv ity  n e x t to  th e  cell su rface  an d  low a c tiv ity  
in th e  p e rik a ry o n . C audal su b n u c leu s o f n. gigantocellularis. p H  6.0; m ag n ifica tio n  550 X 
Fig. 10. N on-cholinerg ic-cholinocep tive  ty p e  enzym e a c tiv ity  in  th e  o ra l p a r t  o f n .  tractus 
solitarii. In ten s iv e  sta in in g  for A C hE  n e x t to  th e  cell surface  and  in  th e  n eu rop il. p H  5.5;

m ag n ifica tion  550 X
Fig. 11. P a r t  “ b ”  of Fig. 5. M ultipo lar ne rv e  cell of m edium  size ex h ib itin g  non-cholinerg ic- 
cho linocep tive  ty p e  enzym e a c tiv ity . C audal subnucleus o f n. gigantocellularis. M agnification

550 X
Fig. 12. A m edium -size nerve cell w ith  e x te rn a l A C hE a c tiv ity  from  th e  d o rso la te ra l p a r t  of 
n. pon tis centralis oralis. S ligh tly  to  r ig h t an d  u p w ard  a tran sv e rsa lly  cu t d e n d rite  is seen.

p H  6.0 ; m agnifica tion  550 X
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4 .  I n  t h e  r o s t r a l  p a r t  o f  t h e  n u c l e u s  t r a c t u s  s o l i t a r i i  s o m e  n e r v e  c e l l s  d i s 
p l a y e d  a  v e r y  l o w  o r  n o  A C h E  a c t i v i t y  i n  t h e  c y t o p l a s m ,  w h i l e  a  s i g n i f i c a n t  
a c t i v i t y  a r o u n d  t h e  p e r i k a r y o n  ( F i g .  1 0 ) .  T h i s  t y p e  o f  a c t i v i t y  w a s ,  a m o n g  t h e  
c e l l  g r o u p s  o f  t h e  r e t i c u l a r  f o r m a t i o n ,  f o u n d  m o s t l y  i n  t h e  d o r s o l a t e r a l  p a r t  o f  
t h e  n .  p o n t i s  c e n t r a l i s  o r a l i s  ( F i g .  1 2 )  a n d  i n  t h e  v e n t r a l  p a r t  o f  t h e  l o c u s  c o e r u -  
l e u s ;  l e s s  o f t e n  a l s o  i n  t h e  c a u d a l  s u b n u c l e u s  o f  t h e  n .  g i g a n t o c e l l u l a r i s  ( F i g s
9, 11).

F ig . 13. S ch em atic  p re se n ta tio n  o f  A C hE  ac tiv ity  o f  th e  m a jo rity  o f cell groups in  th e  h u m an  
lo w e r b ra in  stem  re ticu la r  fo rm a tio n  (O lszew ski, 1956). D o tte d  area : un ifo rm ly  low  A C hE ac
t iv i t y  in  th e  do rso la te ra l cell g ro u p s . H a tch ed  a rea : v a ria b le , on  th e  w hole m ed ium  a c tiv ity  
in  th e  m edia l cell co lum n. T h e  sh a d e  o f th e  a rea  re fe rs  to  th e  in te n s ity  o f a c tiv ity . Cross- 

h a tc h e d  area: v a riab le , on th e  av erag e  h igh A C hE  a c tiv ity  in  one o f th e  do rso la te ra l m a tr ix

5 .  I n  s o m e  c e l l s  A C h E  a c t i v i t y  w a s  l a c k i n g  i n  b o t h  t h e  p e r i k a r y o n  a n d  
a r o u n d  t h e m  e v e n  a t  h i g h e r  p H .  S u c h  A C h E - n e g a t i v e  c e l l s  w e r e  f o u n d  a m o n g  
n e r v e  c e l l s  o f  s t r o n g ,  m o d e r a t e  a n d  l o w  A C h E  a c t i v i t y  in  t h e  d o r s o l a t e r a l  h a l f  
o f  t h e  n .  p o n t i s  c e n t r a l i s  o r a l i s  ( F i g .  1 ) .

III .  Distribution o f  AChE activity in various cell groups  
o f  the reticular formation

O n  t h e  h a s i s  o f  A C h E  a c t i v i t y  t h e  h u m a n  l o w e r  b r a i n  s t e m  r e t i c u l a r  f o r m a 
t i o n  c o u l d  h e  d i v i d e d  i n t o  t h e  n e x t  f i v e  c e l l  g r o u p s .

1 .  C e l l s  o f  u n i f o r m l y  m o d e r a t e  e n z y m e  a c t i v i t y  c o n s t i t u t e  t h e  c o l u m n  o f  
r a p h e  n u c l e i  e x c e p t  f o r  t h e  n .  r a p h e  p a l l i d u s .  U n d e r  t h i s  c a t e g o r y  c o m e  t h e  n .  
r a p h e  o b s c u r u s  ( F i g .  1 4 ) ,  n .  c e n t r a l i s  s u p e r i o r  ( F i g .  1 8 )  a n d  t h e  n .  s u p r a t r o c h l e -  
a r i s .  E n z y m e  a c t i v i t y  i n  t h e  v a r i o u s  c e l l s  d i f f e r s  o n l y  i n  a  m i n o r  d e g r e e .

A c ta  M orphologica A cadcm iae S c ie n tia r u m  H ungaricae 16, 1968



A C E T Y L C H O L I N E S T E R A S E  A C T I V I T Y 3K 1

Fig. 14. Low -pow er view  of th e  h u m an  lower h ra in  s tem  a t  th e  level o f th e  cau d a l su b n u c leu s 
o f n. gigantocellularis. pH  6.0; m ag n ifica tio n  14 X

2 .  A C h E  a c t i v i t y  w a s  u n i f o r m l y  l o w  i n  t w o  o f  t h e  d o r s o l a t e r a l  c e l l  c o 
l u m n s ,  c a u d a l l y  t h e  n .  p a r v o c e l l u l a r i s  ( F i g s  1 3 ,  1 4 ,  1 9 )  a n d  r o s t r a l l y  t h e  n .  
c u n e i f o r m i s .  T h e s e  t w o  c o l u m n s  a r e  m a d e  u p  p r e d o m i n a n t l y  o f  “ c ”  t y p e  c e l l s  
( O l s z e w s k i  a n d  B a x t e r  1 9 5 4 ) .  T h e  f e w  m e d i u m  s i z e  c e l l s  d i s p l a y  a l s o  a  l o w  
a c t i v i t y .

3 .  A C h E  a c t i v i t y  i n  t h e  v e n t r o m e d i a l  c e l l  c o l u m n  i s  o n  t h e  a v e r a g e  m o d 
e r a t e ,  b u t  c e l l s  o f  l o w ,  m o d e r a t e  a n d  v e r y  h i g h  a c t i v i t y  a r e  l i k e w i s e  f o u n d .  
T h e  s t r u c t u r e s  b e l o n g i n g  h e r e  a r e  t h e  n .  m e d u l l a e  o b l o n g a t a e  c e n t r a l i s ,  n .  
g i g a n t o c e l l u l a r i s ,  i n i .  p a r a g i g a n t o c e l l u l a r i s  d o r s a l i s  a n d  l a t e r a l i s ,  a n d  t h e  v e n 
t r o m e d i a l  p a r t s  o f  n .  p o n t i s  c e n t r a l i s  c a u d a l i s  a n d  n .  p o n t i s  c e n t r a l i s  o r a l i s  a s  
w e l l  a s  t h e  v e n t r a l  p a r t  o f  t h e  n .  t e g m e n t i  p e d u n c u l o p o n t i n u s  ( F i g .  1 3 ) .  
T h e  v a r i a t i o n s  i n  a c t i v i t y  a r e  p a r t i c u l a r l y  p r o n o u n c e d  i n  t h e  n .  g i g a n t o c e l l u 
l a r i s  s u b n u c l e u s  c a u d a l i s  a n d  p a r a g i g a n t o c e l l u l a r i s  l a t e r a l i s  ( F i g s  3 ,  5 ,  7 ,  9 ,  
1 1 ) .  A  s o m e w h a t  w e a k e r  a c t i v i t y  i s  s h o w n  b y  t h e  n e r v e  c e l l s  o f  t h e  n .  p a r a g i 
g a n t o c e l l u l a r i s  d o r s a l i s  ( F i g .  1 4 ) .  T h e  i n t e n s i t y  o f  s t a i n i n g  s e e m e d  t o  w e a k e n  
i n  t h e  c a u d a l  a n d  r o s t r a l  d i r e c t i o n ,  b e g i n n i n g  f r o m  t h e  c a u d a l  s u b n u c l e u s  o f  t h e  
n .  g i g a n t o c e l l u l a r i s  ( F i g s  1 3 ,  1 5 ,  1 6 ) .

I n  f r o n t a l  s e c t i o n s  c u t  a t  t h e  l e v e l  o f  t h e  c a u d a l  p e a k  o f  t h e  n .  n e r v i  f a 
c i a l i s ,  c o u n t i n g  o f  n e r v e  c e l l s  a c c o r d i n g  t o  s i z e  a n d  i n t e n s i t y  o f  A C h E  a c t i v i t y  
w a s  m a d e  in  t w o  s u b j e c t s . T h e  v e n t r a l  b o r d e r  o f  t h e  a r e a  w a s  t h e  w h i t e  m a t t e r  
s u r r o u n d i n g  t h e  o l i v a  i n f e r i o r ,  i t s  d o r s o l a t e r a l  b o r d e r  t h e  n .  p a r v o c e l l u l a r i s ,  i t s
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F ig . 15 — 16. The h um an  low er b ra in  stem  a t  th e  level of th e  superio r o liva  (F ig . 16) and 
th e  m o to r  nucleus of th e  tr ig e m in a l n erve. (F ig . 15) T he m edial tw o th ird s  o f n. p o n tis  centralis 
ca u d a lis  e x h ib it  m ore in ten siv e  a c t iv ity  th a n  i ts  la te ra l  p a r t  or th e  n. parvocellu laris , th o u g h  
th e  d iffe re n ce  is considerab ly  less p ro n o u n ced  th a n  a t  th e  level of th e  cau d a l su b n u c leu s  of 
n. g igantocellu laris. A t these  levels h ig h ly  A C hE  ac tiv e  m edium -size cells are p re se n t in the 

n. subcoeruleus ventralis. p H  6.0; m agn ifica tion  7 X

m e d i a l  b o r d e r  t h e  r a p h e  a n d  i t s  d o r s a l  b o r d e r  a  p e r p e n d i c u l a r  l i n e  d r a w n  f r o m  
t h e  r a p h e  t o  t h e  c e n t r e  o f  t h e  n u c l e u s  o f  t h e  s p i n a l  t r a c t  o f  t h e  t r i g e m i n a l  n e r v e .  
T h u s  t h i s  a r e a  c o m p r i s e d  t h e  c a u d a l  s u b n u c l e u s  o f  t h e  n .  g i g a n t o c e l l u l a r i s ,  t h e  
n .  p a r a g i g a n t o c e l l u l a r i s  l a t e r a l i s  a n d  p a r t  o f  t h e  n .  r a p h e  p a l l i d u s .  I n  t h i s  a r e a  
6 5 %  o f  t h e  c e l l s  s h o w e d  l o w  A C h E  a c t i v i t y  a n d  w e r e  m o s t l y  o f  s m a l l  s i z e  ( “ c ”  
t y p e ) ,  2 5 %  m o d e r a t e  a c t i v i t y  a n d  w e r e  m o s t l y  o f  m e d i u m  s i z e ,  a n d  8 — 1 0 %  
s h o w e d  h i g h  a c t i v i t y  a n d  w e r e  p r e d o m i n a n t l y  l a r g e  o r  m e d i u m  l e s s  o f t e n  
s m a l l  i n  s i z e .

-Id a  M orphologica  Academ iae S c ien tia ru m  H u n g a rica e  1 6 , 1968



A C E T Y L C H O L I N E S T E R A S E  A C T I V I T Y 383

Fig. 17. AChE a c tiv ity  in  th e  m esencephalon  a t  th e  level o f the oral p a r t  o f th e  E d in g er- 
W estphal nucleus. p H  6.0; m ag n ifica tio n  6 X

Fig. 18. Low pow er view  of th e  low er b ra in  stem  a t th e  level of the  n. p o n tis centralis oralis. 
N erve cells of high enzym e a c tiv ity  in  th e  d o rso la te ra l p a r t  o f n. pontis centralis oralis a n d  in 

the  locus coeruleus. p H  6.0; m ag n ifica tio n  8.5 X

4 .  V a r i a b l e ,  b u t  o n  t h e  a v e r a g e  v e r y  h i g h  A C h E  a c t i v i t y  w a s  s h o w n  b y  
t h e  d o r s o l a t e r a l  c e l l  c o l u m n ,  i n c l u d i n g  t h e  d o r s o l a t e r a l  p a r t  o f  t h e  n .  p o n t i s  
c e n t r a l i s  o r a l i s ,  t h e  v e n t r a l  p a r t  o f  t h e  l o c u s  c o e r u l e u s  a n d  t h e  d o r s a l  p a r t  o f  
t h e  n .  t e g m e n t i  p e d u n c u l o p o n t i n u s .  B e s i d e  n e r v e  c e l l s  o f  v e r y  h i g h  A C h E  a c t i v 
i t y ,  c e l l s  o f  m o d e r a t e  a n d  l o w  a c t i v i t y  a n d  c e l l s  w i t h o u t  s t a i n i n g  f o r  A C h E  
( F i g .  1 )  w e r e  f o u n d .  A m o n g  t h e m  n e r v e  c e l l s  w i t h  e x t e r n a l  A C h E  a c t i v i t y  w e r e  
s e e n  ( F i g .  1 2 ) .  T h e r e  w e r e  m a n y  c e l l s  s h o w i n g  h i g h  a c t i v i t y  ( F i g .  1 8 ) .

5 .  T h e  n .  p a p i l l i f o r m i s  d i f f e r s  f r o m  t h e  o t h e r  c e l l  g r o u p s  o f  t h e  r e t i c u l a r  
f o r m a t i o n  i n  d i s p l a y i n g  a  s i g n i f i c a n t  a c t i v i t y  i n  t h e  n e u r o p i l  ( F i g s  1 5 ,  1 6 ) .

I V .  A C h E  a c t i v i t y  o f  n e r v e  f i b r e s

A  c e r t a i n  c o r r e l a t i o n  h a s  b e e n  f o u n d  b e t w e e n  t h e  c o u r s e  a n d  A C h E  
a c t i v i t y  o f  n e r v e  f i b r e s  i n  t h e  l o w e r  b r a i n  s t e m  i n  s p e c i m e n s  i n c u b a t e d  f o r  2 0  
h o u r s .  A s c e n d i n g  a n d  d e s c e n d i n g  f i b r e s  r u n n i n g  l o n g i t u d i n a l l y  i n  t h e  b r a i n
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F ig . 19. D is tr ib u tio n  of A C hE  a c tiv ity  a t  th e  b o rd e rlin e  o f n. gigantocellularis subnucleus
caudalis and  n. parvocellu laris

s t e m  s h o w e d  i n  m o s t  c a s e s  n o  o r  v e r y  l o w  A C h E  a c t i v i t y .  A x o n s  p a s s i n g  i n  
t h i s  d i r e c t i o n  e x h i b i t i n g  s t r o n g  a c t i v i t y  w e r e  f o u n d  i n  a  n o t a b l e  n u m b e r  e x 
c l u s i v e l y  i n  t h e  d o r s o l a t e r a l  p a r t  o f  t h e  l o w e r  b r a i n  s t e m  a t  t h e  l e v e l  o f  t h e  n .  
p o n t i s  c e n t r a l i s  o r a l i s .  N o  s i g n i f i c a n t  s t a i n i n g  f o r  A C h E  w a s  i n  t h e  c o r t i c o s p i n a l  
a n d  c o r t i c o p o n t i l e  f i b r e s ,  l e m n i s c u s  m e d i a l i s ,  f a s c i c u l u s  l o n g i t u d i n á l i s  m e d i a l i s ,  
f i b r e s  o f  t h e  m e s e n c e p h a l i c  r o o t  o f  t h e  t r i g e m i n a l  n e r v e ,  o f  t h e  c o r p u s  r e s t i -  
f o r m e ,  t h e  b r a c h i u m  c o n j u n c t i v u m ,  a n d  i n  m a n y  o t h e r  l o n g i t u d i n a l l y  r u n n i n g  
f i b r e s .  T h e  m a j o r i t y  o f  f i b r e s  s t a i n i n g  i n t e n s e l y  w e r e  t h o s e  p a s s i n g  p e r p e n d i c u 
l a r l y  o r  n e a r l y  p e r p e n d i c u l a r l y  t o  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  b r a i n  s t e m .  T h u s  
a  m o r e  d i s t i n c t i v e  A C h E  a c t i v i t y  w a s  s h o w n  i n  a d d i t i o n  t o  t h e  a x o n s  o f  t h e  
v i s c e r a l  a n d  s o m a t i c  e f f e r e n t  c r a n i a l  n e r v e  n u c l e i  a l s o  b y  t h e  t r a n s v e r s e  f i b r e s  
o f  t h e  p o n s  ( F i g .  6 ) ,  f i b r e s  l i n k i n g  t h e  d o r s o l a t e r a l  p a r t  o f  t h e  n .  p o n t i s  c e n 
t r a l i s  o r a l i s  w i t h  t h e  n .  p a r a b r a c h i a l i s  l a t e r a l i s  ( F i g .  1 8 ) ,  m a n y  r a p h e  f i b r e s  
a n d  t h e  v e n t r a l  e x t e r n a l  a r c u a t e  f i b r e s .  T h i s  a c t i v i t y  d i s t r i b u t i o n  h a s  b e e n  
s u p p o r t e d  b y  o b s e r v a t i o n s  m a d e  o n  s e c t i o n s  c u t  i n  t h e  s a g i t t a l  p l a n e .  H e r e  
a g a i n  i t  c a n n o t  b e  e x c l u d e d  t h a t  i n  c e r t a i n  f i b r e  s y s t e m s  t h e  e n z y m e  c o n t e n t  
m i g h t  h a v e  d e c r e a s e d  b e l o w  t h e  h i s t o c h e m i c a l l y  d e m o n s t r a b l e  t h r e s h o l d  d u r i n g  
t h e  t i m e  e l a p s e d  u n t i l  f i x a t i o n .
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Discussion

I n  t h e  h u m a n  m a t e r i a l  s t u d i e d  h y  u s ,  A C h E  a c t i v i t y  o f  m o s t  s p e c i f i c  
n e r v e  c e l l s  a n d  t h e  n e u r o p i l  w e r e  w e a k e r  t h a n  t h o s e  f o u n d  i n  f r e s h  a n i m a l  
b r a i n .  A l t h o u g h  f i x a t i o n  i n  f o r m a l d e h y d e  r e d u c e s  t h e  a m o u n t  o f  c h o l i n e s t e r 
a s e s  (T a x i  1 9 5 2 ,  C h e s s i c k  1 9 5 4 ,  H a r d w i c k  a n d  P a l m e r  1 9 6 1 ) ,  i t  i m p r o v e s  t h e  
c o r r e c t n e s s  o f  t h e  l o c a l i z a t i o n  o f  e n z y m e  a c t i v i t y  (C o u t e a o u x  1 9 5 8 ) .  M a n o -  
m e t r i c  s t u d i e s  i n  W a r b u r g  a p p a r a t u s  h a v e  s h o w n  t h a t  t h e  l o w e r  b r a i n  s t e m  o f  
a  s h e e p ,  r e m o v e d  6  h o u r s  a f t e r  d e a t h  a n d  f i x e d  f o r  1 7  h o u r s  i n  1 0 %  n e u t r a l  
f o r m a l i n  m a i n t a i n e d  a p p r o x i m a t e l y  5 0 %  o f  i t s  c h o l i n e s t e r a s e  c o n t e n t  ( H a r d 
w i c k  a n d  P a l m e r  1 9 6 1 )  w h i c h  w a s  s u f f i c i e n t  f o r  b e i n g  d e m o n s t r a t e d  h i s t o c h e m -  
i c a l l y  ( P a l m e r  a n d  E l l e r k e r  1 9 6 1 ) .  H e n c e  t h e  c o m p a r a b l e  w e a k n e s s  o f  t h e  
a c t i v i t y  f o u n d  i n  t h e  h u m a n  m a t e r i a l  w a s ,  a p a r t  f r o m  t h e  f i x i n g  p r o c e d u r e ,  
p r e s u m a b l y  d u e  t o  t h e  l o n g  t i m e  p a s s e d  b e t w e e n  d e a t h  a n d  f i x a t i o n ,  w h i c h  w a s  
c o n s i d e r a b l y  l o n g e r  t h a n  t h a t  i n  e a r l i e r  a n i m a l  m a t e r i a l s .  I n  c e r t a i n  a r e a s  o f  t h e  
r e t i c u l a r  f o r m a t i o n  ( n .  g i g a n t o c e l l u l a r i s  s u b n u c l e u s  c a u d a l i s )  t h e  s t a i n i n g  f o r  
A C h E  o f  n e r v e  c e l l s  w a s  n e v e r t h e l e s s  n o t  s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  f o u n d  
i n  f r e s h  a n i m a l  b r a i n  f i x e d  i n  f o r m a l i n  f o r  1 5 — 1 8  h o u r s  ( P a p p  a n d  BozsiK 1 9 6 6 ) .

T h u s ,  a c c o r d i n g  t o  o u r  o b s e r v a t i o n s ,  n e r v e  c e l l s  w i t h  A C h E  a c t i v i t y  in  
t h e  h u m a n  l o w e r  b r a i n  s t e m  b e l o n g  t o  t h e  f o l l o w i n g  t y p e s .

1 . H i g h  A C h E  a c t i v i t y  in  t h e  e n t i r e  p e r i k a r y o n .
A l t h o u g h  t h e  r o l e m f  i n t e r n a l  o r  i n t r a c e l l u l a r  A C h E  i s  u n k n o w n ,  t h i s  t y p e  

o f  a c t i v i t y  m a y  b e  r e g a r d e d  a s  o f  a  c h o l i n e r g i c  t y p e ,  s i n c e  i t  c h a r a c t e r i z e s  t h e  
n e r v e  c e l l s  o f  t h e  v e n t r a l  a n d  l a t e r a l  h o r n s  o f  t h e  s p i n a l  c o r d  a s  w e l l  a s  t h e  c h o 
l i n e r g i c  n e r v e  c e l l s  o f  t h e  p e r i p h e r a l  g a n g l i a  ( K o e l l e  1 9 6 3 ) .

2 .  M o d e r a t e  A C h E  a c t i v i t y  o c c u r r e d  i n  t h e s e  n e r v e  c e l l s  i n  a  d i s t r i b u t i o n  
s i m i l a r  t o  t h e  f o r m e r .  T h e s e  n e r v e  c e l l s  a r e  s u p p o s e d  t o  u t i l i z e  b e s i d e  A C h  a l s o  
o t h e r  s u b s t a n c e s  f o r  n e u r o t r a n s m i s s i o n  ( K o e l l e  1 9 6 2 ) .

3 .  N e r v e  c e l l s  o f  l o w  A C h E  a c t i v i t y  i n  a  d i s t r i b u t i o n  s i m i l a r  t o  t h e  f o r 
m e r .  T h i s  i n d i c a t e s  a  p r e s u m a b l y  n o n - c h o l i n e r g i c  n a t u r e  o f  t h e  c e l l s  w h i c h  
h o w e v e r ,  r e q u i r e  a  s m a l l  a m o u n t  o f  i n t r a c y t o p l a s m i c  A C h E  f o r  t h e i r  f u n c t i o n .

4 .  C h o l i n e r g i c  n e r v e  c e l l s  a r e  c h a r a c t e r i z e d  b y  h i g h  A C h E  c o n t e n t s  n o t  
o n l y  in  t h e  p e r i k a r y o n  a n d  a x o n  h u t  a l s o  in  t h e  a x o n  t e r m i n a l  ( H e b b  1 9 6 1 ) .  

T h e r e f o r e  a  n o n - c h o l i n e r g i c  c e l l  g r o u p  s u r r o u n d e d  b y  t h e  t e r m i n a l s  o f  c h o l i n e r 
g i c  c e l l s  m a y  s h o w  a  m a r k e d  A C h E  a c t i v i t y .  H o w e v e r ,  u n l i k e  t h e  t r u e  c h o l i n e r 
g i c  c e l l s ,  t h e  a c t i v i t y  o f  t h e  p e r i k a r y o n  i s  w e a k  o r  n e g a t i v e ,  A C h E  a c t i v i t y  
b e i n g  s t r o n g  i n  i t s  s u r r o u n d i n g s .  I n  f a c t ,  t h e  A C h E  a c t i v i t y  o f  t h e  n e u r o p i l  
h a s  b e e n  a s c r i b e d  t o  c h o l i n e r g i c  a f f e r e n t a t i o n  ( L e w i s  a n d  S h u t e  1 9 5 9 ) ,  o r  r e c u r 
r e n t  c h o l i n e r g i c  i n n e r v a t i o n  ( E c c l e s , F a t t  a n d  K o k e t s u  1 9 5 4 ) .

I n  t h e  r o s t r a l  p a r t  o f  t h e  n .  t r a c t u s  s o l i t a r i i  e x c l u s i v e l y  t h i s  t y p e  o f  e n 
z y m e  a c t i v i t y  h a s  b e e n  o b s e r v e d  ( F i g .  1 0 ) .  T h i s  r e s e m b l e s  t h e  A C h E  a c t i v i t y  
d e m o n s t r a t e d  in  p r e s y n a p t i c  l o c a l i z a t i o n  in  t h e  s t e l l a t e  a n d  s u p e r i o r  c e r v i c a l
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ganglion  o f the cat. The latter activ ity  has been designated external or function
al, and is supposed to participate directly  in neurotransm ission. It  disappears 
after transection  of the preganglional fibres ( K o e l l e  1957, K o e l l e  and K o e l - 

l e  1959, M c I s a a c  and K o e l l e  1959).
T his non-cholinergic cholinoceptive typ e  AChE a ctiv ity  found  in the 

cells o f  the n. tractus solitarii could not be due to a recurrent cholinergic inner
v a tio n , as no AChE was dem onstrable in th e  perikaryon. Thus, one either has 
to  accep t the observation m ade by M a t s a m u r a  and K o e l l e  (1961) th a t, in 
con trast to  the findings b y  H e b b  on choline acetylase (1963), a cholinergic m ech
anism  has also a role in the neurotransm ission of the vagal afferent cells, or 
it m u st he supposed th at these cellsreceive a cholinergic innervation  from  some 
other cell group of the brain stem .

5. A ChE-negative nerve cells. I t  cannot he excluded th at in certain of 
th ese  cells, too, the enzym e content had fallen  below the h istochem ically  de
m onstrab le threshold.

Clinical pathological and physiological data indicate th at in  th e  area of 
th e  reticular form ation, functional units larger than the cytoarch itecton ie units 
described  by O l s z e w s k i  and B a x t e r  (1954) are present ( B r o d a l  1957, H o r á - 

n y i  1963). This is suggested also by the distribution of AChE a ctiv ity  in several 
areas o f  the lower brain stem . Thus, in the cat and rabbit a variable b u t signif
ican t AChE activ ity  was dem onstrable in the m edial effector area of the 
reticu lar form ation of the m edulla and pons, while a uniformly weaker activ ity  
in th e ir  lateral associative receptive areas ( P a p p  and B o z s i k  1966). A similar 
d istrib u tion  was found also in  man, up to  the level o f the caudal part o f the n. 
p on tis  centralis oralis; from here rostrally, th e  high activ ity  is gradually shifting  
to th e  dorsolateral areas o f the pons (Figs 13, 18).

Cell counts in sections cut frontally  at the level o f the caudal part o f the 
nu cleu s nervi facialis have show n the predom inance o f small nerve cells o f low7 
AChE a ctiv ity  in both the effector and the receptive areas o f the reticular for
m ation . It has therefore been supposed th at the presence of such sm all cells of 
low  A C hE activ ity  is related to  some basic function in both fu n ction al areas of 
the reticular form ation.

M any authors have observed AChE activ ity  of variable in ten sity  in the 
reticu lar form ation o f both  m am m als ( K o e l l e  1954, G e r e b t z o f f  1959, L e w i s  

and S h u t e  1959, S n e l l  1961, P a l m e r  and E l l e r k e l  1961) and m an ( O k i n a k a  

and Y o s h i k a v a  1962, d e  G i a c o m o  1962). According to our observations, AChE 
a c t iv ity  in the cell groups o f  the reticular form ation may be o f tw o typ es. 1. 
A c tiv ity  o f the individual cells appear to  be o f the same ty p e  b y  ligh t micro
sco p y  (uniform ly low n. parvocellularis and n. cuneiformis; uniform ly m oder
a te — colum n of raphe nuclei). 2. A ctiv ity  o f the individual cells is variable (ven
trom edial medium and the dorsolateral high activ ity  cell colum ns). As shown by  
biochem ical and histochem ical exam inations, in the various fu n ctional areas of
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the peripheral and central nervous system  there is a certain parallelism betw een  
the acetylcholine, cholinacetylase and AChE contents and the degree o f AChE  
activ ity  m ay indicate the exten t o f the participation of acetylcholine in neuro- 
transm ission ( M a c i n t o s h  1941, F e l d b e r g  and V o g t  1948, H e b b  and S i l v e r  

1956, G i a c o b i n i  1959, K o e l l e  1955). P hysiological and histochem ical studies  
( B u r n  and R a n d  1960, K o e l l e  1961) have show n th at one and th e  sam e nerve 
cell m ay release various neurotransm itter substances, and the term  “ choliner
gic” m ay refer actually to the principal hut not necessarily the on ly  agent par
ticipating in transm ission. M icroiontophoretic exam inations have show n that 
the lower brain stem  reticular form ation contains beside purely cholinoceptive  
and m onoam inoceptive cells also cells responsive to  both substances ( B r a d l e y  

and W o l s t e n c r o f t  1962). Thus, in contrast to  system s constituted  predom 
inantly  by cholinergic nerve cells (e.g. som atic and visceral efferent system s) 
as w ell as to  system s containing very little  or no AChE (e.g. pyram idal system , 
prim ary som atic afferent neurons, Purkinje cells, n. parvocellularis and cunei- 
form is in the reticular form ation), the variable AChE activ ity  o f  nerve cells 
in the ventrom edial moderate active, and the dorsolateral highly active colum ns 
of the hum an lower brain stem  reticular form ation m ay be regarded as sugges
tiv e  o f the varying degree of the participation o f acetylcholine in neurotrans
mission.

S y m b o l s

Am nucleus am biguus
Ci colliculus inferior
Cn nucleus m edullae ob longatae  cen tra lis
Coe locus coeruleus
Cp corpus pineale
Csd nucleus cen tra lis  superio r subnucleus dorsalis
Csm nucleus cen tra lis  superio r subnucleus medialis
Cu nucleus cuneiform is
Dar nucleus D arkschew itch
EW nucleus E d in g er-W estp h a l
F lm fasciculus long itud inális  m edialis
Gc nucleus g igan tocellu laris subnucleus caudalis
Grc griseum  cen trale
G rp griseum  pontis
Is nucleus in te rs titia lis  Cajal
I.rn lem niscus m edialis
Oi oliva  inferior
Os oliva  superior
РЫ nucleus p a rab rach ia lis  la te ra lis
Pc nucleus parvocellu laris
Peces p ed uncu lus cerebelli superio r
Pgd nucleus p a rag ig an to cellu la ris  dorsalis
Pgl nucleus pa rag ig an to ce llu la ris  la te ra lis
Poo nuc leu s p o n tis c en tra lis  caudalis
Poo nucleus p o n tis  c en tra lis  oralis
Ppl nucleus papilliform is
P rê t nucleus p rae tec ta lis
P rg processus griseum  p o n tis
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Ргр
R aer
R a ir
R a p a
R f
Scv
Sol
SpV
Sun
Tg
T h
T r
T rc f
T rp
IV.
Vm
V pr
V i l im
V II I s
V II I s p
X.

nucleus p ra ep o situ s  hypoglossi
nucleus rap h e  o b sc u ru s  subnucleus e x tra ra p h a lis
nucleus rap h e  o b scu ru s  subnucleus in tra ra p h a lis
cau d a l end of n u c leu s rap h e  pallidus
nucleus ru b e r su b n u c leu s  parvocellu laris
nucleus su b coeru leus subnucleus v en tra lis
nucleus tra c tu s  so lita rii
nucleus sp inalis n e rv i trigem in i
su b s ta n tia  n ig ra
nucleus teg m e n ti p ed u n cu lo p o n tin u s 
th a la m u s
nucleus trap eso id a lis  
t ra c tu s  co rticofugalis 
tra sv erse  fib res  o f  pons 
fo u r th  ven tricle
nucleus m o to ricu s n e rv i trigem in i 
nucleus nerv i tr ig e m in i sensibilis p rinc ip a lis  
nucleus v e s tib u la ris  m edialis 
nucleus v e s tib u la ris  superio r 
nuc leus v e s tib u la ris  sp inalis
o ra l p a r t  of th e  do rsa l nucleus of th e  v ag a l nerve
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H IS T O C H E M IS C H E  U N T E R S U C H U N G E N  IN  B E Z U G  A U F  D IE  
A Z E T Y L C H O L IN E S T E R A S E -A K T IV IT Ä T  D E S M E N S C H L IC H E N  

U N T E R E N  ST A M M H IR N S M IT B E S O N D E R E R  R Ü C K S IC H T  
A U F  D IE  FO R M A T IO  R E T IC U L A R IS

M. PA PP

Die A ze ty lch o lin es te rase -A k tiv itä t des u n te re n  S tam m h irn s von  10 p lö tz lich  v e rs to r
ben en , vo rh er gesunden Personen  w urde m it besonderer R ü ck sich t a u f  die F o rm a tio  re ticu la ris  
u n te rsu c h t. A uf G rund  de r in tra ze llu lä ren , an  de r Zellm em bran bzw . in de r N ähe de r Zelle 
b e o b ac h tb a re n  A z e ty lch o lin es te rase -A k tiv itä t w urden  die N ervenzellen  in 5 G ru p p en  e in 
ge te ilt:

1. Die A ze ty lch o lin es te rase -A k tiv itä t der zur ersten  G ruppe  g eh ö ren d en  N ervenzellen 
s tim m te  m it d e r A z e ty lch o lin es te rase -A k tiv itä t der w o h lb ek an n ten  cho linerg ischen  N er
venzellen  überein  (m otorische Zellen in dem  V orderhorn , p räg an g lio n äre  N euronen , N ervenzel
len einzelner G anglien): Diese Zellen e n th a lte n  in einer, de r /Viss/schen S tru k tu r  ähn lichen  
o der körnigen V erte ilung  eine b ed eu ten d e  Menge z y to p la sm atisch e r A zety lcho linesterase .
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2. In  anderen  Z ellen is t  in  ä h n lich er V erteilung  eine m itte ls ta rk e  A zety lcho linesterase- 
A k t iv i t ä t  ersichtlich.

3. Bei einem  g ro ß en  T eil d e r  N ervenzellen  is t die A ze ty lch o lin es te rase -A k tiv itä t im  
g e sa m te n  P erik ary o n  u n d  in  d en  D e n d rite n  au ß ero rd en tlich  schw ach.

4. E ine w eitere G ru p p e  d e r  N ervenzellen  w eist eine A z e ty lch o lin es te rase -A k tiv itä t 
ch o lin o zep tiv en  T yps auf. D iese Z ellen w erden in den h is to ch em isch en  P rä p a ra te n  du rch  
e x te rn a le  A zety lch o lin es te rase -A k tiv itä t c h a rak te ris ie rt.

5. A zety lch o lin es te rase-n eg a tiv e  N ervenzellen.
In  der Form atio  re tic u la r is  des m ensch lichen  u n te re n  S ta m m h irn s  is t die A zety lcho

l in e s te ra se -A k tiv itä t  de r N e rv en ze llen  in  den e inigen Z ellg ru p p en  (v en tro m ed ia le  Zell
g ru p p e n  m it m itte ls ta rk e r  u n d  d o rso la te ra le  m it sehr s ta rk e r  A z e ty lch o lin es te rase -A k tiv itä t) 
d e r  e inzelnen  Zellen d e ra r tig  v e rsch ied en , daß  sich säm tlich e  T y p en  d e r A zety lcho line
s te ra s e -A k tiv itä t  e rk en n en  lassen .

S äm tliche Z ellg ruppen  d e r  F o rm a tio  re ticu la ris  des m ensch lichen  u n te re n  S ta m m h irn s  
(a u c h  in  den G ruppen m it s ta rk e r  E n z y m a k tiv itä t)  besteh en  überw iegend  aus k leinen N erv en 
zellen  m it a u ß ero rd en tlich  sch w ach er A ze ty lch o lin es te rase -A k tiv itä t.

ГИСТОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ АЦЕТИЛХОЛИНЭСТЕРАЗНОЙ 
АКТИВНОСТИ КАУДАЛЬНОГО ОТДЕЛА СТВОЛА МОЗГА ЧЕЛОВЕКА С 

ОСОБЫМ УЧЕТОМ СЕТЕВИДНОЙ ФОРМАЦИИ
М . П А П П

У 10 здоровых, внезапно умерших лиц автором была исследована ацетилхолин- 
эстеразная активность каудального отдела ствола мозга с особым учетом сетевидной фор
мации. Нервные клетки он распределил на основе ацетилхолинэстеразной активности, 
наблюдаемой в перикарион и в окрестности его на 5 групп:

1. Ацетилхолинэстеразная активность части нервных клеток была идентичной 
с активностью хорошо известных и изученных холинергических нервных клеток (двига
тельные клетки переднего рога, преганглионарные нейроны). А ц е т и л х о л и н э с т е р а зн а я  а к 
т и в н о с т ь  х о ли н е р ги ч е ско го  т и п а .

2. В других нервных клетках отмечается а ц е т и л х о л и н э с т е р а з н а я  акт и вно ст ь  
с р е д н е й  и нт ен си вн о ст и  подобного распределения.

3. В большистве нервных клеток в околоядерной области и в дендритах видна 
о ч ен ь  с ла б а я  а ц е т и л х о л и н э с т е р а з н а я  а кт ивност ь.

4. Н ервны е к л е т к и  с а ц е т и л х о л и н э с т е р а зн о й  а кт и в н о с т ью  х о л и н о ц е п т и в н о го  т и п а .  
Для этих клеток характерна „external“ ацетилхолинэстеразная активность, наблю
даемая на гистохимических препаратах.

5. Ацетилхолинэстеразно-отрицательные нервные клетки.
В етевидной формации каудального отдела мозгового ствола человека ацетил

холинэстеразная активность нервных клетов в некоторых клеточных групп в общем и 
целом одинакова (равномерно среднесильная в ядрах raphe, равномерно очень слабая 
в п. parvocelluraris, и n. cuneiformis). В других клеточных группах (вентромедиальные 
клеточные группы с активностью средней силы и дорсолатеральные клеточные группы 
с очень сильной ацетилхолинэстеразной активностью) ацетилхолинэстеразная активность 
отдельных клеток настолько меняется, что обнаруживаются все типы ацетилхолинэс
теразной активности.

В каудальном отделе мозгового ствола человека во всех клеточных группах 
сетевидиой формации (даже в группах с сильной активностью) в решающем количе
стве присутствуют нервные клетки очень слабой ацетилхолинэстеразной активностью.

Dr. Mátyás P a p p ; Budapest VIII. Balassa u. 6, Hungary
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I n s t i tu te  o f A na to m y  (D irec to r: P ro f. J .  S z e n t á g o t h a i ), U n iversity  M edical School,
B u d a p es t

VOLUME RECEPTORS IN THE DIENCEPHALON
M . P a LKOVITS, L. Z a BORSZKY and P. MAGYAR  

(R eceived  A pril 19, 1967)

K a ry o m etric  m easu rem en ts  have  revea led  th e  presence of v o lu m e re ce p to rs  
in th e  d iencephalon  of ra ts . In  iso sm o tich y p o v o laem ia  30 m in. a fte r  b leed in g , a s ig n if
ica n t increase of nuclear vo lum e w as found  in  th e  subcom m issural an d  th e  su b fo rn ica l 
o rg an s, and  a less m arked  one in  th e  p a ra v e n tr ic u la r  nucleus. In  iso sm o tic  h y p er- 
v o laem ia  30 m in. a fte r saline a d m in is tra tio n , a s ig n ifican t decrease o f n u c le a r vo lum e 
w as reg is te red  in  th e  subco m m issu ra l and  th e  sub fo rn ical o rgans, a n d  a less m ark ed  
one in  th e  su p rao p tic  an d  p a ra v e n tr ic u la r  nucleus. These phen o m en a  w ere d irec t 
e ffects o f changes in volum e and  n o t due to  a ldosterone  m obilization , since no sign if
ic a n t change in nuclear vo lum e occu rred  in these  a reas 30 m in. a f te r  th e  a d m in is tra 
tio n  of a ldosterone. The p ineal bod y  resp o n d ed  to  a ldosterone  w ith  a decrease  in n u c lear 
vo lum e b u t  w as n o t affec ted  by  changes in vo lum e.

T he subcom m issural and  th e  su b fo rn ical o rgans m ay, th ere fo re , he reg ard ed  
as th e  vo lum e recep tors o f th e  c en tra l nervous sys tem . The m ag n o cellu la r n uc le i o f 
th e  h y p o th a la m u s — know n as osm o recep to rs  e ith e r reac t, to  a c e r ta in  e x te n t ,  
also to  changes in volum e or, else, th e  observed  changes should he re g a rd e d  as being  
caused  by th e  u pse t of osm otic  e q u ilib riu m  follow ing changes in vo lum e.

Osmotic equilibrium of the organism is maintained by the ADH-pro- 
ducing regions of the hypothalamus, the neurosecretory magnocellular nuclei, 
the supraoptic and the paraventricular nucleus. Hyperosmosis increases and 
hyposmosis decreases the secretion of ADH in these nuclei [56]. It is, however, 
not enough to ensure osmotic equilibrium in order to maintain undisturbed sail 
and water balance: the volume of blood in the extracellular space —• although 
closely correlated with osmosis — may be changed by other factors also. Blood 
volume is regulated by aldosterone. The secretion of this hormone is promoted 
by hypovolaemia and diminished by hypervolaemia. The efferent path of 
volume regulation, the excretion of sodium, depends on changes in aldosterone 
secretion. It is, on the other hand, doubtful whether there are receptors sensi
tive to changes in volume. Osmoreceptors are known to respond to numerous 
stimuli (pain, stress, drugs), but changes in the blood’s osmotic pressure con
stitute nevertheless the afferent path of the reflex which regulates osmosis un
der physiological conditions. It seems therefore reasonable to assume that chan
ges in blood volume (hyper-or hypovolaemia) should he regarded as constituting 
the afferent path of volume regulation, and that the corresponding areas of the 
nervous system are sensitive to such changes. These areas at the same time are 
centres of aldosterone regulation and have not yet been located precisely.
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M a t e r ia l  a n d  m e t h o d s

T w en ty -fo u r w h ite  r a t s  o f  th e  W ista r s tra in  w ith  b o d y  w eights from  150 to  180 g 
w ere  d iv id ed  in to  th re e  g ro u p s  o f 6 te s t  an im als a n d  2 co n tro ls  each. The m em b ers o f th e  
f i r s t  g ro u p  received a 10 //g  su b cu tan eo u s  dose o f a ld o s te ro n e ; 2 m l o f blood w as d ra w n  from  
th e  fem o ra l a rte ry  o f th e  an im a ls  o f  th e  second group , w hile  8 m l o f physio l, saline w as a d m in is te r
ed  th ro u g h  a gastric  tu b e  to  th e  m em bers of th e  t h i r d  g ro u p . T he anim als w ere d e c a p ita te d  
30 m in . a f te r  th e  in te rv e n tio n , th e ir  b ra in  was fix ed  in  B o u in ’s so lu tio n  for 48 hrs a n d  em b ed d ed  
in  p a ra f f in . Serial f ro n ta l  s e c tio n  o f 10 fi were s ta in e d  w ith  h aem atoxy lin -eosin . T h e  nucleus 
su p ra o p tic u s , nucleus p a ra v e n tr ic u la r is ,  nucleus h a b e n u la e  m ed ia lis , th e  ep en d y m a  of th e  
th ir d  v en tric le , th e  su b c o m m issu ra l and su b fo rn ica l o rg an s , fu r th e r  th e  p in ea l b o d y  w ere 
su b je c te d  to  k a ry o m e tric  e x am in a tio n . The nucle i o f  th e  cells (200 to  300 nucle i p e r  an im a l 
a n d  a rea ) were m easu red  b y  a m odified  version  [42] o f  J a k o b j’s m eth o d  [29]; th e ir  vo lum e 
w as d e te rm in ed  on th e  b a s is  o f  F ischek  and I n k e ’s n o m o g ram  [18].

R e s u l t s

In general, isosmotic hypovolaemia had the effect to increase and isos- 
motic hypervolaemia to decrease nuclear volume in the examined areas (Fig. 1,

20]
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-  10]

w /m i— V/7/77Æ '
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Fig. 1. A verage va lues o f  c h an g es  in  nuclear vo lu m e a f te r  d iffe ren t in te rv en tio n s . D ev iatio n s 
a re  expressed  in pe r c e n t o f co n tro l values. D o tte d  line  in d ic a te s  s ta n d a rd  d e v ia tio n  of th e

con tro ls
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Table I). These effects were particularly marked in the subcommissural organ 
(SCO) and the subfornical organ (SFO). increase caused by isosmotic hypovo- 
lacmia amounted to 28.2% in the SCO and to 30.2% in the SFO, while the 
decrease in nuclear volume due to isosmotic hypervolaemia amounted to 26.1%  
in the SCO and to 41.1% in the SFO. Decrease due to isosmotic hypervolaemia 
was 22.1% in the supraoptic nucleus, while liypovolaemia caused no change in 
this organ. The paraventricular nucleus underwent a 13.8% increase in hypovol- 
aemia, and a 9.5% decrease in hypervolaemia. Nuclear volume remained un
changed in the medial habenular nucleus, in the ependyma and in the pineal 
body.

It was only in the pineal body that aldosterone induced a significant 
(15.7%) change in nuclear volume. Aslight increase of nuclear volume was reg
istered in the ependyma and the SFO, while changes were negligible in the 
other examined organs.

Discussion

Experimental observations [6, 7, 12], autoradiographic [8, 40, 50, 51, 
52, 53] and interference microscopic [33] examinations have shown that the 
nuclei of cells become larger when protein synthesis is increased and smaller 
when the production of protein is reduced; phenomena that might he utilized 
for the demonstration of increased or decreased cellular activity.

Care was taken to examine the volume receptors under experimental con
ditions in which a change of volume was not accompanied by osmotic changes. 
As blood loss induces isosmotic liypovolaemia [5, 9, 23, 39, 54, 60] and the ad
ministration of saline induces isosmotic hypervolaemia [59], thus, an osmotic 
change was inevitable to occur. This is why the examinations were performed 
30 minutes after the intervention.

A problem arising in this connection was that the change of volume affects 
the synthesis of aldosterone so that the observed phenomena may not have 
been direct consequences of the change in blood volume hut responses to fluctu
ations in the aldosterone level. It was to decide this problem that the effect of 
aldosterone was studied in one of the test groups. Of course, the possibility still 
existed that the administration of aldosterone would modify the volume of 
fluid so that we w ould not observe the direct effect of aldosterone hut only the 
consequences of the effect, (so to say, the secondary effect) of the drug. It is, 
however, known that it takes some 60 to 120 min. for aldosterone to cause 
sodium retention [2, 11, 36, 57]. The cause of this delay is obscure, hut it war
rants in any case that changes found 30 minutes after the administration of 
aldosterone cannot yet represent the secondary effect of the drug hut that it 
must he the affected area itself which is directly sensitive to aldosterone.
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Table I

Average values o f  nuclear volume per fi3 (300  cell nucle i)  group

Control Aldosterone

/X3 average % /X3 average О/
/о

249.00 249.50
287.05 250.80

S u p ra o p tic  nucleus 238.80 260.94 — 230.90 254.71 — 2.4%
286.95 278.42
248.15 257.90
255.70 260.75

342.90 362.10
352.60 308.55

P a ra v e n tr ic u la r 345.50 302.90
nuc leu s 317.00 336.73 — 300.46 329.06 - 2 .3 %

313.50 341.54
348.87 358.80

222.45 164.33
204.97 177.00

N ucl. h ab en u lae  med. 179.55 198.42 — 223.35 208.65 +  5.2%
184.73 215.95
187.72 235.85
211.13 235.40

104.50 105.65
104.65 104.82

E p e n d y m a 109.47 101.68 — 111.15 110.43 +  8.6%
92.55 110.80
91.73 116.53

107.20 113.63

46.61 43.47
51.07 51.70

S u b co m m issu ral organ 54.83 51.12 — 44.26 48.51 - 5 .1 %
46.47 50.45
53.51 50.60
53.23 50.61

94.27 112.55
78.55 79.64

P in e a l body 83.62 83.49 115.21 96.61 +  15.7%
98.85 82.38
73.80 90.27
71.85 99.59

151.32 163.30
147.23 145.05

S u b fo rn ica l organ 137.40 144.84 — 162.75 156.42

- 
О

 

О
 

cd

142.73 167.18
143.60 142.60
146.75 157.67

P e rc e n ta g e s  p rin te d  in bold ty p e  are  s ta tis tic a lly
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averages, and their percentaal deviation fro m  control values

Isosm otic hypovolaemia Isosmotic hypervolaemia

/ z :‘ average О/
/О /xa average О /

О

253.21 205.25
271.41 179.96
264.57
236.27
242.68
267.99

256.03 1 .9% 224.16 203.12 22 .1 %

359.03 274.87
386.43 300.97
419.22 330.52
362.52
386.95
385.62

383.29 +  13.8% 311.69 304.48 9 .5 %

212.89 210.89
238.14 159.39
172.34 207.21 +  4 .4% 203.20 191.02 3 .7%
202.04
202.15
215.72

190.62

105.52 99.68
111.12 108.32
120.17 108.96 + + 2 % 103.23 100.68 0 .9 %
99.34

105.00
112.63

91.97

63.75 37.93
67.00 42.20
70.44 65.55 - 28 .2% 35.59 37.79 2 6 .1 %
62.96
67.11
62.02

35.44

82.66 76.43
87.11 80.52
77.49 81.46 2 .5% 69.85 79.31 5 .0 %
81.14 81.16
80.62 83.30
79.72 85.12

165.23 96.80
223.90 107.49
175.20 188.45 -  30 .2% 65.29 102.67 4 1 .1 %
190.75 103.88
207.20 128.80
168.45 113.76

sig n ific a n t a t  th e  5%  level of confidence.
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Fig. 2. Changes of n u c le a r v o lu m e  in the  d ien cep h a lo n  30 m in. a fte r bleeding (isosm otic 
hypovolaem ia). Q  d e v ia tio n  exceeding 1 5 % ; 11  =  d ev ia tio n s of 7.5 to  15%

W e exam ined th ose  areas which earlier investigations had show n to he 
in vo lved  in volum e regulation . The experim ents revealed the SCO and the 
SFO  to  be the areas m o st sensitive to changes in blood volum e (F igs 2, 3). 
G i l b e r t  [22] was the first to  point to the SCO in th is connection, and our in ves
tiga tio n s proved th is organ  to be a factor in th e  regulation of aldosterone syn 
th esis . Its extract prom otes the activity o f th e  absorption of sodium and water 
m ore than twofold [19]. Production o f a ldosterone abates after the electro
coagulation  of the SCO [10, 49, 56], and a d iet poor in sodium and potassium  
affects the organ [20]. I t  w as only two hours after the adm inistration of aldo
sterone that a change w as observed by us [44]. The SCO reacted at th at tim e  
(i.e. after two hours) presum ably no longer to  the drug itself but to the change 
in  th e  fluid milieu caused  by the aldosterone. E xam inations were performed 
30 m in. after the adm inistration  in the present experim ents: while the organ 
revea led  no change, a sign ificant change in vo lu m e w as registered.

The function o f th e  SFO is rather obscure. L e g a i t ’s investigations [35] 
poin t to the possib ility  th a t  it is involved in the m aintenance of the organism ’s 
sa lt and water balance, but this theory has not been proved. W hat we observed
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Fig. 3. C hanges o f  n u c lear vo lu m e in th e  d ien cep h a lo n  30 m in . a fte r  the  a d m in is tra tio n  of 
physio logical sa line  (isosm otic h y p erv o laem ia). Signs as in Fig. 2

in earlier experim ents [45] was a chronologically increasing adequate change in 
nuclear volum e 10, 20, and 30 min. after b leeding or the uptake of flu id . In the  
present experim ents, a pronounced change in nuclear volum e was registered in 
both hypervolaem ia and hypovolaem ia, while no direct aldosterone action could  
be observed (Fig. 4).

The supraoptic and the paraventricular nuclei are known as areas of 
hypothalam ic m agnocellular neurosecretion and as centres of osm otic regula
tion  [3, 4, 24, 25, 26, 27, 28, 41]. Osmotic changes affect the volum e o f nuclei 
and nucleoli in these areas |1 , 12, 28, 30, 31, 37, 41]. It  was supposed —  though  
not proved — th at the supraoptic and paraventricular nuclei are the centres 
which regulate both osm osis and volum e. Our observations lead to the con clu 
sion th at these areas are not (or at least nor prim arily) volum e receptors, for 
changes in nuclear volum e following interventions were less pronounced than  
those observed in the SCO and the SFO. Certain changes were registered also 
in these areas: hypervolaem ia caused a 22% reduction  o f nuclear volum e in the  
areas of the supraoptic, and one of 9.5%  in th a t o f the paraventricular nucleus. 
H ypovolaem ia induced a 13.5%  increase in nuclear volum e in the la tter  area.
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F ig . 4 . C hanges of n uc lear v o lu m e in  th e  d ien cep h a lo n  30 m in. a fte r th e  a d m in is tra t io n  of
a ldosterone

T hese areas m ay be sensitive to  changes in osm osis and volum e alike, b u t it is 
m ore probable that the observed changes in nuclear volum e were due to  the 
u p set o f  osm otic equilibrium .

I t  has been suggested th a t the pineal b od y  m ay play a part in  th e  secre
tio n  o f  aldosterone. This organ produces, according to F a r r ell  et al. [3 to  17], 
su b stan ces which, respectively , prom ote and inhibit the synthesis o f aldoste
rone. G ia c o m e l l i [21] found th a tth e  extract o f the organ increased th e  a ctiv ity  
o f th e  zona glomerulosa; K ovács et al. [30], using pineal-body extract, succeed
ed in increasing the am ount o f aldosterone produced by rat adrenals in v itro . In 
our earlier experim ents we failed  to produce any change in the zona glom eru
losa b y  m eans of such extract [47]; its cap acity  to promote the absorption of 
sod iu m  and water was decidedly  inferior to  th a t of SCO-extract [19]. A diet 
poor in sodium  and potassium  failed to change the volum e of nuclei in the cells 
o f th e  pineal body, nor did adrenalectom y lead to any change in th is respect 
[46]. T he present results ju stify  the sta tem en t that the pineal b od y is not a 
vo lu m e receptor. It was, on the other hand, on ly  in this organ th at a change was 
ob served  30 min. after the adm inistration o f aldosterone. We are not able to
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interpret this phenom enon, for changes occurring in the late phases o f aldoster
one effect have not been e lu c id a ted ..

The function of the m edial habenular nucleus is unknow n; all we know is 
that neither changes in thyroid  activ ity  nor adrenalectom y cause a marked 
change in its nuclear volum e [38, 55]. The medial habenular nucleus remained 
unchanged in our m aterial in cases of both hypovolaem ia and hypervolaem ia, 
as also after the adm inistration o f aldosterone.

Our reason to exam ine the ependym a of the third ventricle was th a t both  
the SCO and the SFO —  areas where changes were m ost pronounced —  are 
ependym al organs. N either K ovács et al. [31, 32] nor we did find th a t changes 
in osm otic pressure caused any change in its nuclear volum e.
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V O L U M E N R E Z E P T O R E N  IM Z W IS C H E N  H IRA

M. PALKOVITS, L. ZÁBORSZKY und P. MAGYAR

Im  D iencephalon  von R a tte n  lassen sich  m it k a ry o m e trisch en  M ethoden  V o lu m en 
rezep to ren  nachw eisen . Bei isosm otischer H y p o v o läm ie  30 m in. nach  E n tb lu tu n g  k a n n  im 
sub k o m m issu ra len  O rgan  u n d  im  subforn ikalen  O rg an  e ine  sign ifikan te, fe rn e r im  N ucleus 
p a rav e n tric u la ris  eine geringere K ern v o lu m en v erg rö ß e ru n g  fe stg es te llt w erden, w ä h re n d  bei 
isosm otischer H y p erv o läm ie  30 m in. nach  V e rab re ich u n g  e iner physiologischen K o c h sa lz 
lösung in den  su b k o m m issu ra len  und subfo rn ik a len  O rg an en  eine s ta rk e , im N u c leu s su p ra - 
o p ticu s eine geringere A bnahm e des K ern v o lu m en s b e o b a c h te t wurde. Der E f fe k t  is t  die 
d irek te  Folge de r V oh im en v erän d eru n g  u n d  n ic h t d e r A ldosteronm obilisa tion , da  30 m in. 
nach  A ldo ste ro n v erab fo lg u n g  an  den obigen S te llen  k e in e  sign ifikan te  K e rn v o lu m e n v e rä n - 
d erung  erfo lg te. D as C orpus pineale reag iert a u f  A ld o ste ro n  m it K e rn v o lu m en ab n ah m e, 
b leib t n ach  d iesen  V o lu m enveränderungen  jed o ch  u n v e rä n d e r t.

Das sub k o n n n issu ra le  u n d  das subforn ikale  O rg an  k ö n n e n  dem nach  als V o lu m en rezep to - 
ren  des zen tra len  N erv en sy stem s b e tra c h te t w erden .

Die m ag nozellu lären  K erne des H y p o th a la m u s  — die bek an n tlich  O sm o re ze p to ren  
sind reag ieren  in  geringerem  Grade auch  a u f  V o lu m en v e rän d e ru n g en , oder ih re  V e rä n d e 
rungen sind  d u rc h  die V erän d eru n g  des o sm otischen  G le ichgew ich ts bedingt.

РЕЦЕПТОРЫ ОБЪЕМА В ПРОМЕЖУТОЧНОМ МОЗГЕ
М. ПАЛКОВИЧ, Л. ЗАБОРСКИ и П. МАДЬЯР

Кариометрическим методом исследования в промежуточном мезге крысы можно 
выявить наличие рецепторов объема. При изосмотической гиповолемии (через 30 минут 
после обескровливания животных) выявляемо значительное увеличение объема ядер в 
субкоммиссуральном и субфорникальном органах, а меньшее — в паравентрикулярном 
ядре, в то время как при изосмотической гиперволемии (через 30 минут после введения 
физиологического раствора соли) в субкоммиссуральном и субфорникальном органах 
наблюдается сильное уменьшение объема ядер, а меньшее уменьшение в супраоити- 
ческом и паравентрикулярном ядрах. Этот эффект представляет собой непосредственное 
последствие изменения объема, а не последствие мобилизации альдостерона, так как через 
30 минут после введения альдостерона на указанных местах не наблюдалось достоверного 
изменения объема ядер. Шишковидная железа реагировала на дачу альдостерона умень
шением объема ядер, но после изменений объема она оставалась неизменной.

Из сказанного можно заключить, что субкоммпссуральный и субфорникальный 
органы можно рассматривать как рецепторы объема центральной нервной системы, н 
что магноцеллулярные ядра гипоталамуса — о которых известно, что они представляют 
собой осморецепторы или реагируют в незначительной мере также н на изменения 
объема, или полученные ответы являются последствием нарушения осмотического равно
весия, вызванного изменением объема.

Dr. M i k l ó s  P a l k o v i t s  

Dr. L á s z l ó  Z á b o r s z k y  

Dr. P á l  M a g y a r

Budapest IX . T ű zo ltó  u. 58, Hungary
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In s t i tu te  of A na to m y  (D irec to r: P rof. J .  Sze n t á g o th a i), U n iv e rsity  M edical School.
B u d ap es t

CORRELATION BETWEEN PINEAL BODY 
AND SUBCOMMISSURAL ORGAN*

M. P a l k o v i t s

(R eceived  Ju ly  19. 1967)

K ary o m etric  m easu rem en ts  perfo rm ed  on th e  p inea l g land  o f w h ite  r a ts  have 
show n th a t  th is  o rg an  p lay s no role in th e  re g u la tio n  of sa lt an d  w a te r  b a la n ce , since 
hyperosm osis, h y p e rv o lae in ia  and  ad ren a lec to m y  failed to  induce changes in  th is  respect. 
As th e  sam e fac to rs  e lic ited  changes in  th e  subcom m issu ral o rgan , th e re  seem s to  be 
no fu n c tio n al co rre la tio n  be tw een  th e  tw o organs, a lth o u g h  a su sp en sio n  p rep ared  
from  th e  subcom m issu ral o rg an  produced  an  in h ib ito ry  effect n o t o n ly  on  th is  organ 
itse lf  b u t  on th e  p in ea l g lan d  as well.

A morphological anti em bryological correlation seem s to ex ist betw een  
th e  subcom m issural organ (SCO) and the corpus pineale (CP). The supracom - 
m issural part of the SCO form s the lower w all of the pineal recess and reaches 
into the substance of the CP (F ig. 1) as is readily dem onstrable in lower m am 
m als [41] and in young hum an subjects [21]. The ependym al elem ents later 
appear as islets or rosettes in the CP [1, 4, 5, 10, 27, 43, 50, 51, 52, 53]. A direct 
neural connection betw een the tw o organs has been described in lower anim als 
[33, 34]. Vessels constitu te the m ain pathw ays of com m unication.

B oth organs develop from the same site and anlage, viz. th e  m atrix  
ependym a of the epiphyseal projection o f the primary cephalic saccus. At 
first, the pineal recess presses downward; the cells o f the CP are in vag in ated  in 
th is area, while the SCO is formed behind it. The CP develops thereafter to g eth 
er with the hypendym a o f the SCO [21, 41]. These morphological and em bryo- 
logical connections gave rise to speculations regarding a possible functional 
id en tity  of the two organs. Follow ing the findings o î F a r r e l  et al. w ho dem 
onstrated the role o f the pineal com plex in the regulation o f aldosterone 111 
to  15], workers began to  exam ine if, w ithin the com plex, it was the CP, the SCO 
or both that were responsible for the observed effect. W hile it  is now  accepted  
th at the SCO is involved in the regulation o f salt and w ater balance [36], the 
role o f the CP is still unelucidated. Earlier investigators suggested  th a t the 
organ played some part in sexual activ ity , th at — by w ay o f perceiving photic  
stim uli — it was involved in diurnal and seasonal rhythm icity , w hile, o f  recent, 
it was thought to contribute to  the regulation of melanin synthesis. Its role in

* R e p o rt a t  the  1st R o u m an ia n  E ndocrino log ical Congress, B u ch are st 1967.
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w ater  balance is still a m atter  o f  contention. Several authors found that pineal 
b o d y  extract enhanced th e  production of aldosterone [7, 11, 12, 13, 14, 23, 
26, 31 , 44 , 45], while others fa iled  to observe such an effect [30, 38, 55]. B y  
k aryom etry , Giaco m elli [19] registered changes in  the zona glomerulosa after 
p in ea lectom y, whereas others [8, 9, 13, 24, 41, 48 , 54, 56] found no change 
eith er  in adrenal activ ity  or aldosterone production in pinealectom ized anim als.

T he functional correlation  between SCO and CP has been assumed [33, 36] 
b u t in  epiphysectom ized ch ick  embryos Stalsberg  [48] found no change in 
th e  nuclear volume of th e  ce lls  o f the SCO. W e are now  faced w ith  the problem  
w h eth er  —  relying on the m orphological picture alone, further in consideration  
o f  th e  topographical, neural and  vascular affin ities —  it is justified  to accept 
th e  ex isten ce  in a p h ysio log ica l sense of an ep ithalam o-epiphyseal system  as 
p o stu la ted  by T hiéblot and L e B ars [49].

M aterial and m ethods

L ab o ra to ry -b red  w h ite  r a ts  o f  th e  W istar s tra in  w ere u sed  in  th e  experim en ts. T he an i
m a ls  w ere  decap ita ted  a t  th e  te rm in a t io n  of the  e x p e rim e n ts , th e ir  b ra in  was fixed  in  B ou in ’s 
f lu id  fo r  48 hrs, and fro n ta l se ria l sec tio n s 10 p  th ick  w ere p re p a re d , th e n  th e  nuclear d iam ete rs  
o f 300 cells were m easured in  th e  C P  of each anim al b y  a  m o d ified  version  [35] of J a k o b j’s [22] 
m e th o d . A tab le , p repared  on  th e  b asis  of F isch er  a n d  I n k e ’s fo rm u la  [16], served for the  
c o m p u ta tio n  of nuclear v o lu m e : v o l =  тг/6 (LB)3/2. E x p e r im e n ta l  obse rv a tio n s [2, 3, 36], a u to 
ra d io g ra p h ic  exam inations [6, 32, 46 , 47] and in te rferen ce-m ic ro sco p ic  m easu rem en ts [28] have 
sh o w n  t h a t  an increase in  n u c le a r  v o lu m e points to  an  e n h an c ed , w hile a decrease to  a reduced , 
c e llu la r  a c tiv ity .

E xperim en t No. 1. E ffec t o f  acute hyperosmosis and hypervolaem ia. Six anim als received 
th r o u g h  a gastric  tube  2 m l o f 2. 5 %  NaCl and 8 m l o f p h y sio log ica l saline, and were killed  
30 m in . la te r . Only the  g a s tr ic  tu b e  w as in troduced  in to  th e  co n tro ls.

E xperim en t No. 2. E ffect o f  adrenalectomy. The a n im a ls  w ere b ila te ra lly  ad renalec tom ized  
a n d  sac rificed  8 and 14 d a y s  la te r .  B etw een  op eratio n  a n d  d e a th  th e y  received  sligh tly  sa lted  
d r in k in g  w a ter, a s ta n d a rd  d ie t ,  f u r th e r  0.5 m g/100 g D O C A  on th e  f ir s t  p o sto p e ra tiv e  day. 
T h e  c o n tro ls  were su b jected  to  a sh a m  operation .

E xperim en t No. 3. E ffect o f  SCO- and CP-extract. T h e  w hole o f an  SCO and  th e  h a lf  of 
a C P  o f a calf were hom ogenized  in  5 m l of physio logical sa line  a t  a tem p e ra tu re  below  4°C. 
T h e  te s t  an im als received in tra p e r i to n e a lly  2.5 ml o f th e  h o m o g en a te  every  o th e r day  over a 
p e r io d  o f  20 days and were k illed  o n  th e  21st day. T h e  c o n tro ls  received  th e  sam e am o u n ts  
o f  a  h o m o g en a te  p repared  fro m  ce re b ra l cortex of a s im ila r size.

Results

ad 1. Acute hyperosm osis and hypervolaem ia caused no significant 
ch an ge  o f nuclear volum e in  th e  CP (Table I, F ig. 1).

ad  2. No change o f nuclear volum e w as observed either 8 or 14 days after 
adrenalectom y (Table II , F ig . 2).

F ig . 1. Subcom m issural o rg an  a n d  p inea l body of n e w b o rn  r a t .  Sections m ade in  th e  fro n ta l 
p la n e  a t  100 p  in te rvals in  o ro -c a u d a l d irection (A — D ). P R  =  p in ea l recess; R R eissner’s

f ib re .  H aem atox .-eosin . 120 X
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N uclear volume in  cells o f  p in ea l body, after acute hyperosmosis and hypervolaemi

Table I

Control

(2 ml of physio logical 

saline)

2 ml of 2.5%  NaCl 30 '

К ml of physiological saline 

30'

90

86

82

70

62

F

94.27

78.55

83.62

98.85 

73.80

71.85

97.23

75.78

88.12
76.96

79.84

89.97

76.43

80.52

69.85 

81.16 

83.30 

85.12

Average

83.49

84.65

79.31

Deviation from 
control value 

per cent

1.4

- 5 . 0

- u о

_ о

о
о

О о °
о

о
о о

о
о

О

c o n t r o l 2  m l
2  m l  0 ,9  Vo N a d  2,5% N a C l

8  m l
0 ,9 Vo NaCl

F ig . 2. M ean nuclear vo lum e in  cells o f p in ea l bo d y . E ac h  p o in t in d ica tes  th e  av erage  
nuclei in  a single a n im a l: h o rizo n ta l line show s group average

of 300
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Table 11

Nuclear volume in cells o f  pineal body, 8 and 14 days after adrenalectomy

Control

A drenalectom y (8 days)

A drenalectom y (14 days)

79.68

85.10 

80.89 

88.46 

82.54

75.22

89.59 

62.63 

76.67 

91.50 

64.53 

88.65

86.32

84.22

86.60 

70.97 

77.19

81.10

Average
H-3

Deviation from 
control value 

per cent

81.98

78.93 3.7

8 1 . 0 7  1.1

Fig. 3. M ean nuclear vo lum e in  cells of p inea l body fo llow ing ad ren a lec to m y . F o r n o ta tio n s
see Fig. 2
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SUBCOMMISSURALORGAN PINEAL BODY

F ig . 4. M ean  nuclear vo lum e in  cells o f subco m m issu ra l organ  and p inea l b o d y  a f te r  20-day 
tre a tm e n t w ith  e x tra c ts  o f these  o rg an s. F o r n o ta tio n s  see F ig . 2

ad 3. H om ogenized CP caused no change o f nuclear volum e either in the 
SCO or in the CP, whereas the SCO suspension induced in both organs a de
crease o f nuclear volum e o f approxim ately the sam e degree (12.3%  and 12.1% , 
resp ective ly ). (Table I I I , F ig . 3).

Differences in the control values, in the three experim ents m ust have 
been  due to that the specim ens had been worked up at different tim es.

Discussion

The present results support the v iew  th a t the pineal body is not involved  
in th e  regulation of salt and w ater balance. This is in contrast w ith  G i a c o - 
m e l l i ’s karyom etric find ings but in agreem ent w ith our earlier experim ents 
[38] in  which CP extract fa iled  to affect th e  nuclear volum e of cells in th e  zona 
glom erulosa, while SCO extract produced a perceptible effect in th is respect. 
Sodium  absorption in the sm all intestine w as increased by 150%  under the 
e ffec t o f SCO extract, w hile CP-extract had a negligible effect [17]. E xtract of
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T a b le  III

Nuclear volume in cells o f  subcomm issural organ and p in ea l body , after treatment with the suspension

o f  these organs

Subcommissural organ 1 Pineal body

/X3 Average
IX3

Deviation 
from control 

value 
per cent

/Xя Average
/Xя

Deviation 
from control 

value 
per cent

53.89 69.98

50.79 64.96

51.18 64.42

Control 53.00 52.58 — 66.19 66.52 —

52.55 66.45

54.07 67.11

44.75 65.37

42.35 52.66

E x tra c t  of subcom m issural 53.14 46.12 — 12.3 56.10 58.41 - 1 2 .1
organ 42.88 58.57

50.50 59.69

43.08 58.08

51.35 73.91
E x tra c t  o f pineal body 54.61 54.44 +  3.7 57.89 64.11 — 3.6

59.25 58.85

55.07 63.55

54.03 64.36

52.97 66.13

intact pineal body failed to  prevent the reduction  o f aldosterone production  
follow ing isolated  lesion of the SCO [40].

A drenalectom y induced gross changes in the SCO [37] hut had no effect 
on the CP. Opinions are divided in this respect. W hile P a n a g i o t i s  and H u n - 
g e r f o r d  [42] registered changes in the CP after adrenalectom y, L i n g j a e r d e  
et al. [29] failed to do so. In our opinion a change ought to take place 7 or 14 
days after adrenalectom y were the tw o organs in functional connection.

The CP suspension had no effect on the SCO and the CP also rem ained  
unchanged, a phenom enon which argued against hormonal a ctiv ity  o f  any  
kind. Judging from the decrease of nuclear volum e, SCO suspension inhibited  
the a ctiv ity  o f the SCO, catising a negative feedback effect. It is more d ifficu lt 
to understand w hy the SCO suspension decreased nuclear volum e in the cells of 
the pineal body. The rate of aldosterone production was not determ ined after
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such  treatm en t in the present experim ents, but earlier investigations ju stify  
th e  assum ption  that the aldosterone level w as above normal. It is know n th at, 
th ro u g h  some unelucidated m echanism , a ldosterone changes nuclear volum e in  
th e  cells o f the pineal gland, a phenom enon w hich failed to  appear under the  
e ffec t o f  hypervolaem ia or hypovolaem ia. A lth ou gh  some of the present findings  
seem ed  to  point to a role o f th e  CP in the regu lation  of salt and w ater balance, 
th o se  exam inations w hich w ould  have d efin ite ly  verified such an effect, y ielded  
n e g a tiv e  results. Since the SCO gave a positive reaction  in the same experim ents, 
it  is safe to  conclude th a t there is no functional interconnection betw een the  
tw o  organs.

Considering that not on ly  the SCO and the CP but also the nucleus ha
b en u lae  form s part o f the epithalam us, th e  question  arises as to w hether it  is 
ju stified  to speak of an epithalam o-epiphyseal system  in the functional sense of 
th e  term . Further in vestigations will, on the other hand, have to clarify w h eth 
er th e  nucleus habenulae is in some connection  either w ith the SCO or w ith  
th e  CP.
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Z U SA M M E N H A N G  Z W IS C H E N  C O R PU S P IN E A L E  U N D  SU B K O M M ISSU R A L E M
ORGAN

M. PALKOVITS

N ach  den E rg eb n issen  d e r  kary o m etrisch en  U n te rsu c h u n g  des Corpus p ineale  w eißer 
R a t t e n  sp ie lt dieses O rg an  in  d e r  R egu la tion  des Salz- u n d  W asse rh au sh a lts  keine R olle , 
d a  w ed er nach  H yperosm ose n o c h  n a ch  H ypervoläm ie o d e r A d ren alek to m ie  eine V erän d eru n g  
b e o b a c h te t  w erden k a n n . D a  im  subkom m issura len  O rg a n  h ingegen  n a ch  den  obigen E in 
w irk u n g e n  eine V e rän d e ru n g  v o r  sich  geh t, b e steh t zw ischen  den  be id en  O rganen  kein fu n k 
t io n a le r  Z usam m enhang, u n g e a c h te t  dessen, daß die aus d e m  su b k o m m issu ra len  O rgan  h e rg e 
s te ll te  Suspension n ich t n u r  a u f  das subkom m issurale  O rg a n  se lbst, so n d ern  auch  au f das 
C o rp u s pineale eine H e m m w irk u n g  au sü b t.

СВЯЗЬ МЕЖДУ ШИШКОВИДНОЙ ЖЕЛЕЗОЙ И СУБКОММИССУРАЛЬНЫМ
ОРГАНОМ

М. П А Л К О В И Ч

Согласно кариометрическим исследованиям, проведенным на шишковидной же
лезе у белых крыс, этот орган не участвует в регулировании солевого и водного обмена, 
так как при гиперосмозе, гиперволемии или адреналектомии не удалось выявить изме
нений. Ввиду того, что после вышеуказанных воздействий субкоммиссуральный орган 
изменяется, по мнению автора между двумя органами не существует функциональной 
связи, вопреки тому, что взвесь из субкоммиссурального органа оказывает тормозящее 
действие не только на сам субкоммиссуральный орган, но и на шишковидную железу.

D r. Miklós P a l k o v i t s ; B udapest IX . Tűzoltó u. 58, H ungary
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D e p artm en t o f P a th o lo g y  and  P a th o h is to lo g y  (H ead : K . L a p is ),
P o s tg ra u d a te  School o f M edicine, B udapest and  D e p a rtm e n t o f B io ch em istry , 

N a tio n a l K o rá n y i T ubercu losis In s t i tu te  (Scien tific  D irecto r: I. F ö l d e s )

ACUTE, SUBACUTE AND CHRONIC EFFECT 
OF ALPHA-NAPHTHYL-ISOTHIOCYANATE 

ON THE LIVER OF THE RAT

M . B a l á z s  and  E. M e d v e c z k y  

(R eceived O ctober 2, 1967)

A single o ra l dose of a lp h a -n ap h th y l-iso th io c y an a te  was fo u n d  to  cause b iliary  
d u c t changes beg inn ing  in th e  sep ta l d u c ts  n ea r th e  p o rta . No m ech an ica l obstru c tio n  
of th e  b ilia ry  d u c ts  has been  observed.

On th e  th ird  d ay  of th e  acu te  ex p erim en t th e  e p ith e liu m  of th e  in te rlo b ar 
d u c ts  and in tra lo b u la r  d u c tu les  was so sw ollen th a t  th e  lum en  w as a lm o st to ta lly  
o b lite ra ted . A t  th e  sam e tim e th ere  was a slight increase  in the  se ru m  b iliru b in  level 
w hich  up  to  th a t  tim e  had  been  norm al.

On su b a c u te  t r e a tm e n t,  b iliary  d u c t p ro life ra tio n  d o m in a ted ; i t  w as associated 
w ith  m arked f ib ro b la s tic  a c tiv ity  and du ring  th e  th ird  to f if th  w eeks severe  perilobular 
fibrosis developed.

The changes w ere reversib le , and  in sp ite  o f th e  co n tin u o u s a d m in is tra tio n  
no p rim ary  b ilia ry  c irrhosis had  developed by  th e  end of th e  5 th  m o n th , and  prolifer
a tio n  and fib rosis d im in ish ed . A t th e  sam e tim e  th e  p a ren ch y m a l cells show ed vacuo- 
la tio n  and f a t ty  degen era tio n .

T hus, in  th e  acu te  s tage  A N IT  has a cho lang io tox ic , in th e  su b a c u te  stage a 
cho langiop lastic  an d  in  th e  chronic  stage a h e p a lo to x ic  effect.

The liver lesion produced by chronic alpha-naphthyl-isoth iocyanate (in 
the following: A N IT) treatm ent is considered to  represent an experim ental 
m odel of human biliary cirrhosis.

The exact m ode o f action of ANIT is not known, but there is reason to 
believe that it dam ages the intrahepatic biliary ducts. The m ost consistent and 
persistent change is the proliferation of ductular epithelial cells. T he effect of 
A N IT  differs from that of other agents inducing bile duct proliferation (ethio- 
nine, thioacetam ide, butter yellow ), because it is not carcinogenic even on pro
longed adm inistration [3, 7, 8, 11, 20, 21].

Material and methods

E ig h ty  ra ts  o f b o th  sexes, w eighing ab o u t 150 g each , were used , w ith  10 ra ts  serving 
as n o rm al controls.

A N IT  was p rep ared  th e  follow ing w ay:
In  a flask w ith  re flu x  cooler 20 g of a lp h a -n ap h th y l-th io u re a  were h e a ted  in  220 ml of 

ch lorobenzene for 10 ho u rs . S u b seq u en tly  ab o u t 180 to 190 m l of th e  ch lorobenzene were 
d istilled  off. The crude p ro d u c t, p re c ip ita tin g  in the  form  of c ry sta ls , w as f ilte red  and  washed 
w ith  chlorobenzene. T he yellow ish  c ry sta ls  were shaken  five  tim es in 40 ml w arm  hexane. 
D istilla tio n  till the  o n se t o f c ry s ta lliz a tio n  was followed by cooling in  a re fr ig e ra to r, filtra tio n  
of th e  c ry sta ls and  re c ry s ta lliz a tio n  tw ice from  150 ml o f h exane .
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F ig . 1. A n im al killed a t 24 h o u rs . O ed em a  and in fla m m a tio n  in  p e r ip o rta l  connective  tissue.
H aem ato x y lin -eo sin , x ! 6 0

A N  IT  dissolved in  su n flo w er oil, w as adm in istered  th ro u g h  a g astric  tu b e .
I n  th e  acute ex p erim en t in v o lv in g  40 ra ts  the  single dose w as 100 m g/kg  body  w eight, 

th e n  su b g ro u p s  of 4 an im als each  w ere k illed  daily  over a p e rio d  of 10 days.
I n  th e  subacu te  ex p erim en t (20 ra ts )  100 m g/kg bod y  w e igh t o f  A N IT  w as ad m in istered  

tw ice  a  w eek, and 3 or 4 an im a ls  w ere killed  each w eek t i l l  th e  6 th  week.
I n  th e  chronic e x p erim en t 20 an im als  were tre a te d  w ith  100 m g/kg bo d y  w eigh t of 

A N IT  tw ice  a week, over a p e rio d  o f 5 m onths.
T h e  anim als were killed  b y  e x sa n g u in a tio n  and  w ere te s te d  for se ru m  b iliru b in  acco rd 

ing  to  v a n  den Bergh.
A t  au to p sy  no changes o f im p o r ta n c e  were d e tected . T h ere  w as no ev idence of jau n d ice . 

L iv e r tis su e  spécim  ns were su b je c te d  to  histologic and e lectronm icroscop ic  s tu d y . T he sec
tio n s  w ere  fixed  in fo rm aldehyde  a n d  s ta in e d  w ith haem ato x y lin -eo sin , PAS, M allory, and F o o t’s 
silv er im p reg n a tio n . In  th e  fo llow ing , l ig h t  m icroscopic changes will on ly  be described.

Results

Throughout the experim ents the serum bilirubin level was norm al, except 
on th e  third day of the acute experim ent, when sligh tly  elevated  (2.3 to 2.8 mg 
per 100 ml) values were ob ta in ed .

Group I .  Acute experiment

A t 24 hours the lobular and trabecular structure of the liver was m aintain
ed. T he liver cells showed no lesion , only the increase in the num ber of hi-
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Fig. 2. A nim al killed  a t  24 hours. O edem a an d  d e s tru c tio n  o f sep ta l b iliary  d u c ts  n e a r  th e
p o rta . H aem ato x y lin -eo sin , x  120

nucleated cells indicated  an increased regenerative activ ity . K upffer’s cells 
were sw ollen basophilic. The sinusoids were narrower than normally.

The epithelium  o f the interlobular bile ducts was swollen, ligh t, s ligh tly  
narrowed. The branches o f the portal vein  were d istended, filled w ith  b lood. A 
slight in flam m atory reaction could be seen in the portal connective tissue
(Fig. 1).

Near the hepatic porta in the septal bile ducts severe destruction, partial 
necrosis and irregular epithelium  were v isib le . The connective tissue show ed  
oedem a, around the bile ducts infiltration com posed o f lym phocytes and plasm a  
cells was seen. In the lum en o f the affected bile ducts at sites detritus and eosi
nophilic hom ogeneous m aterial were v isib le (F igs 2, 3).

A t 48 hours the liver structure was unchanged, the parenchym al cells 
appeared to  be norm al, but regenerative a c tiv ity  and the swelling o f K upffer’s 
cells were more intensive.

Inflam m ation and oedema around the interlobular bile ducts increased. 
Beginning proliferation o f biliary duct ep ithelium  could be noted around both  
the interlobular ducts and intralobular ductules.
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F ig . 3. H ig h-pow er v iew  of se p ta l  b ilia ry  d u c t. T h e  e p ith e lia l  cells are p a r tly  d e s tro y ed  a n d  
p a r t ly  ir re g u la r . In  th e  lu m en  th e re  are d e tr i tu s  a n d  hom ogeneous flu id . H aem a to x y lin -eo s in ,

X 230

A s compared to  the 24-liour pattern, th e  alteration of the septal biliary  
d u cts w as more severe, the inflam m atory cellular infiltration and oedem a had  
increased  and the destruction  of the epithelium  o f the bile ducts w as even more 
severe. Satellite biliary ducts appeared at ju n ction  of connective tissue and  
p arenchym a.

A t 72 hours the liver cells were still in ta c t, Kupffer cell a c tiv ity  had b e 
com e m ore marked.

The biliary ducts were more severely affected; epithelial oedem a in both  
th e  sep ta l and interlobular biliary ducts w as excessive, so that at sites the lu 
m en seem ed to be obstructed . Proliferation o f biliary ducts was in tense, dense 
in flam m atory  infiltration  and fibroblasts w ere v isib le around the b iliary ducts  
(F igs 4 , 5).
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F ig. 4. A fte r 72 hours th ere  is in ten siv e  bile d u c t p ro life ra tio n  w ith  p erich o lan g itis . H aem a-
to x y lin -eo sin , X 140

Fig. 5. Sw elling of ep ithe lia l lin ing  of bile d u c ts , narrow ing  of lum en n u m ero u s  f ib ro b la s ts  
a round  th e  bile d u c ts . H aem ato x y lin -eo sin , X 240
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Fig. (j. A fte r 3 weeks t r e a tm e n t  th e  b iliary  d u c t p ro life ra tio n  is m ark ed , ex ten d in g  in  be tw een  
th e  p a re n c h y m a l cells. H aem a to x y lin -eo s in , X 140

At 4 days no progression could be observed.
From the 5th d ay  on th e  changes gradually regressed. The epithelium  of 

the septal biliary ducts norm alized, the lum en was free. Proliferation of the in 
terlobular biliary d ucts, inflam m ation of sam e and K upffer cell activ ity  dim in
ished, but persisted t ill th e  6th to 8th days.

On the 10th day groups of proliferating biliary duct epithelial cells m ark
ed the previous dam age, b u t no other change could be observed.

Group II. Subacute experiment

A t the end of th e  first and second w eeks proliferation of the biliary duct 
epithelium  dom inated th e  pattern.

The changes cu lm in ated  the in third or fourth  w eek, when the epithelial 
proliferation in the bile ducts com pletely surrounded the liver lobules and  
exten d ed  to the periphery o f  the parenchym a. The epithelial proliferation was 
partly  trabecular, p artly  show ed a tendency to  form ing a lumen (F ig. 6).
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Fig. 7. D u rin g  th e  f if th  w eek th e  bile d u c t p ro life ra tion  show s a ten d en cy  to lum en fo rm a tio n . 
F ib ro b las ts  a ro u n d  th e  ducts. H aem a to x y lin -eo s in , X 140

Fig. 8. P e rilo b u la r fibrosis. F o o t’s silver im p re g n a tio n , x 9 0
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F ig . 9. A fte r  5 m on ths tr e a tm e n t  sligh t p ro life ra tio n  of b iliary d u c ts , p e rich o lan g itis  
an d  in te r lo b u la r  fibrosis. H a em a to x y lin -eo s in , X l2 0

D uring the fifth  and sixth  w eeks, around the proliferating b iliary  duct 
ep ith eliu m  marked fibroblast cell a ctiv ity  w as visible, with am ple fibre form a
tio n . The septa were invariably perilobular, no true cirrhotic changes could he 
observed  (Figs 7, 8).

G r o u p  I I I .  C h r o n i c  e x p e r i m e n t

In  the third m onth o f treatm ent 5 rats were subjected to  lap arotom y and 
liver  b iopsy . The changes were similar to  th ose  found at 6 weeks in th e  sub
a cu te  group.

In the liver o f anim als killed at th e  end o f the fifth m onth a m arked re
gression  o f changes was visible. B iliary du ct proliferation dim inished, th e  pre
v io u s dam age was m arked exclusively  b y  a slight inflam m ation, perilobular 
sep tu m  form ation and cholangiosclerosis restricted to a few areas (F ig . 9).

On the other hand, the liver parenchym a showed fa tty  and parenchym al 
degeneration  and necrosis of single liver cells. There was an increased regenera
tiv e  a c tiv ity  at the periphery of the lobules.
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D iscussion

Since the effect o f A N IT  on the liver had been described [6, 22], m any  
reports have dealt w ith its light microscopic [1, 2, 3, 4, 7, 8, 11, 12, 14, 21], 
electronm icroscopic [15, 17, 18, 19] and biochem ical [5, 9, 10, 13, 16, 22] 
aspects. The mode o f action is far from being clarified, the above papers con
tain m any contradictory data.

In our experim ents in response to a single dose th e  earliest change occur
red at 24 hours, in the big septal biliary ducts near the porta, as it was observed  
also by Moran and U ngar  [8]. On the 2nd and 3rd days the epithelium  of the 
septal biliary ducts suffered more severe destruction; eosinophilic fluid and 
detritus were v isib le in their lum en, but this change w as not so generalized and 
wide-spread that a m echanical occlusion could have been concluded upon, as 
suggested by Go l d fa r b  et al. [4].

The oedema and inflam m ation of the epithelium  o f the interlobular ducts 
and intralobular ductules reached the peak on the third day, when the ep ithe
lial lining was so sw ollen th at the lum en of the ducts appeared to be alm ost 
com pletely obstructed. A t the same tim e, the serum bilirubin level was slightly  
elevated  (2.3 to 2.8 mg per 100 ml). This agreed w ith  the results obtained by  
G o l d fa rb  et al. [4] w ho, too , have found the severest changes on the third day  
o f the acute experim ent.

The proliferation o f the biliary duct epithelium  began on the second day, 
increased on the third and fourth days, then gradually subsided, but was still 
observable on the sixth  to  eighth days.

Sum m ing up our findings it m ay be stated  th a t in the acute experim ent 
the com pound’s effect was m ainly cholangiotoxic.

In response to  subacute adm inistration the m ost prom inent histologic 
change was an in tensive proliferation of the biliary duct epithelium . This was 
marked at the end o f the first week and reached the m axim um  in the third to  
fifth  w eek, as observed also by Garay  et al. [3]. At th a t tim e the biliary duct 
epithelium  proliferated not only in bundles but show ed a tendency to  lumen 
form ation, and alm ost one-third of the liver substance was occupied by the  
proliferating cells.

Thus, in the subacute experim ent the m ost conspicuous effect was a chol- 
angioplastic one.

The proliferating biliary ducts surrounded the lobules and penetrated in 
betw een the liver cells, but no true cirrhotic transform ation was v isib le, as 
opposed to the claim  m ade by Moran and U ngar  [8] th a t true biliary cirrhosis 
developed after 8 weeks o f  treatm ent.

In spite of the serious changes the process was reversible. Still under the 
chronic treatm ent the biliary duct proliferation su b stan tia lly  dim inished at 
the end of the 5th m onth , the pericholangitis was less severe, no cirrhosis dc-
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v e lo p ed , the only changes being septum  form ation at som e sites and cholan- 
giosclerosis at others. The d evelopm ent o f resistance to the com pound during 
adm in istration  was described also b y  Moran  and U ngar  [8], who carried out 
in term itten t treatm ent at 1-w eek intervals. W e found resistance to develop  
even  on adm inistration carried ou t tw ice w eekly.

In  our acute and subacute experim ents the liver parenchym al cells show 
ed on ly  a slight regenerative h yp eractiv ity  and Kupffer cell a ctiv ity , hut on 
chronic treatm ent signs of parenchym al and fa tty  degeneration were visib le in 
th e  cytop lasm  of the liver cells and a few  cells underw ent necrosis. This is at 
varian ce with the data according to  which the agent is not hep atotox ic  even on 
chronic adm inistration [4].

The pathom echanism  o f the liver lesion caused by A N IT  is unclear. In 
som e o f  its features it  resem bles th e  changes induced by biliary duct ligation, 
b u t has different effects in  different species. In the guinea pig for instance 
ex te n s iv e  necrosis of the liver cells develops [11], while in th e  rat no such 
ch an ge has been found either b y  m ost workers or by us. A ccording to  G o ld- 
f a r b  et al. [4] w ith the bile som e agent is excreted which diffuses through the 
lesion ed  biliary ducts, causing periductal inflam m ation and secondary prolif
eration . On the basis of electronm icroscopic studies St e i n e r  et al. [19, 20] 
assum ed  that the fundam ental change is a disturbance o f bile excretion.
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L iver A n tig en ic ity  by  th e  A d m in is tra tio n  o f A lp h a -n ap h th y l Iso th io cy an a te . Is ra e l J .  M ed. 
1/2, 244.

D IE  W IR K U N G  VON A L P H A -N A P H T H Y L  ISO TH IO C Y A N A T  (A N IT )
A U F  D IE  R A T T E N L E B E R  IM A K U T E N , S U B A K U T E N  UN D  C H R O N IS C H E N

E X P E R IM E N T

M. BALÁZS und  E. MEDVECZK.Y

E in m alig e  orale Dosen von a lp h a -N a p h th y l- iso th io c y a n a t (A N IT) v e ru rsac h e n  schw ere 
V e rän d e ru n g en  de r G allenw ege, die am  frü h es ten  in den sep ta len  G allengängen , n ah e  der 
L eb e rp fo rte , m an ifes t w erden. Zeichen von  m ech an isch er O b s tru k tio n  k ö n n en  n ic h t  b e o b 
a c h te t  w erd en .

A m  d r i t te n  T ag  des a k u ten  V ersuchs is t  das E p ith e l der in te rlo b ären  D u c ti u n d  der 
in tra lo b ä re n  D u c tu li derm aß en  geschw ollen, d a ß  das L um en o b s tru ie r t oder se h r e ingeeng t 
w ird. In  Ü b e re in s tim m u n g  h ierm it zeigen die S eru m b iliru b in w erte  einen A nstieg .

Im  su b a k u te n  E x p erim en t is t die P ro life ra tio n  der G allengänge v o rh e rrsch e n d , die 
von e iner s ta rk  au sg ep räg ten  F ib ro b la s te n -T ä tig k e it b eg le ite t is t  u n d  in der 3 — 5 W oche eine 
schw ere p e rilo b u läre  F ibrose  h e rb e ifü h rt.

D ie schw ere V erän d eru n g  erw eist sich als reversibe l, am  E nde  des 5. M onats en tw ick e lt 
sich u n g e a c h te t de r u n u n te rb ro ch en en  V erab re ich u n g  des P rä p a ra ts  — keine  p rim äre  
biliäre Z irrh o se , die P ro lifera tio n  der G allengänge sowie die F ibrose  zeigen sogar e inen  e rh eb 
lichen R ü ck g an g . P a ra lle l d a m it lä ß t sich indessen  am  E nde  des chronischen V ersu ch s eine 
v ak u o lä re  u n d  fe ttig e  D egenera tion  de r L eb erp aren ch y m zellen  w ahrnehm en.

D em n ach  ü b t  d as P rä p a ra t  im  a k u te n  S ta d iu m  eine cho langio tox ische, im  su b a k u te n  
S tad iu m  e ine  cho lang iop lastische  u n d  im ch ro n ischen  S tad iu m  eine h e p a to to x isch e  W ir
kung  aus.

ДЕЙСТВИЕ АЛЬФА-НАФТИЛ-ИЗОТИОЦИАНАТА (АНИТ) НА ПЕЧЕНЬ 
КРЫС В ОСТРЫХ, ПОДОСТРЫХ И ХРОНИЧЕСКИХ ОПЫТАХ

М. Б А Л А Ж  и Э. М Е Д В Е 1 Д К И

Разовые пероральные дозы альфа-нафтил-изотиоцианата (АНИТ) вызывают тяже
лую альтерацию желчных путей, что раньше всего проявляется в перегородочных желч
ных путях, близких к воротам печени.

Закупоривания желчных путей, указывающего на механическую обструкцию, 
не отмечается.

На третий день острого опыта эпителий междолевых протоков и внутридолевых 
канальцев оказывается до того набухшим и отечным, что их просвет или почти полностью 
исчезает или в значительной мере суживается. В соответствии с этим, в этот же срок 
величины сывороточного билирубина несколько повышены по сравнению с нормальной 
величиной, измеренной до этого срока.

A cta  M orphologien  A cadem iae Sc ien tia ru m  H ungaricae 16 , 1968



4 2 4 M . B A L Á Z S  a n d  E .  M E D V E C Z K Y

В подостром эксперименте доминирует пролиферация желчных путей, сопровож
дающаяся очень выраженной деятельностью фибробластов, а на 3—5-ой неделе возни
кает тяжелый перилобулярный фиброз.

Тяжелое изменение обратимое. К концу 5-го месяца, вопреки непрерывной даче 
препарата — не развивается первичного билиарного цирроза, а даже пролиферация 
желчных путей и фиброз в существенной мере уменьшаются. Однако, параллельно с этим, 
к концу хронического опыта наблюдается вакуольное и жировое перерождение парен
химатозных клеток печени.

Следовательно, препарат оказывает в острой стадии холангиотоксическое, в под
острой стадии—холангиопластическое, а в хронической стадии—гепатотоксическое дей
ствие.

Dr. M árta B a l á z s ; B udapest X I I I . Szabolcs u. 33, Hungary  
Dr. Endre Me d v e c z k y ; B udapest X I. P ihenő ú t 1., Hungary
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MYOCARDIAL ENZYME ACTIVITY 
IN EXPERIMENTAL CARDIOMYOPATHY

J. PuCSOK, J. S ós,  T .  G Á TI an d  I .  SzELENYI 

w ith  th e  tech n ica l assistance  of A nna  Szabó , M arg it J óna and  M ária Sc h n e l l  

(R eceived O c to b er 5, 1967)

T he card io v aso p ath o g en ic  d ie t re p re sen tin g  a  co m b in a tio n  of p a th o g en ic  facto r*  
affec ts  th e  enzym es p lay ing  an im p o r ta n t role in  h e a r t  m uscle m etabolism . A m ark e d  
decrease  in succin ic  dehydrogenase  a c tiv ity  w as fo u n d , p resum ab ly  owing to  a  d e tr i
m en ta l effec t o f th e  d ie t on m ito ch o n d ria . T he decrease  o f a lkaline  p h o sp h a tase  a c t iv ity  
w as in d ica tiv e  o f a d is tu rb an ce  in an aero b ic  glycolysis. T hese changes s ig n ify  th e  
d e tr im e n ta l effec t o f th e  d ie t earlier th a n  th e  classical h istological changes [15].

It has been dem onstrated in recent years th a t the same alim entary factors  
are involved  in the focal heart m uscle changes induced in animals b y  d ietary  
means and in the pathogenesis of m yocardial infarction of man. S e l y e  et al. 
[22, 23, 24] used the term infarctoid cardiom yopathy to denote the heart m uscle  
lesion induced by h ighly active corticosteroids in anim als overloaded w ith  so
dium and phosphate salts. S uz uk i  [31] and G r e s h a m  [10] observed infarctoid  
changes on feeding fat-rich diets. Ch a p p e l  et al. [6] induced m yocardial necro
sis b y  the adm inistration o f isoproterenol.

A t our In stitu te  Sós et al. [25, 26, 27] have confirmed the dam aging  
effect on the heart muscle of a cardiovasopathogenic diet in the rat [28], the  
cock [29], the dog [30] and in the pig [15, 16, 17]. The diet contains a v a r ie ty  of  
noxious factors (Table 1), o f which overloading w ith  salt proved to represent 
the m ost decisive pathogenic factor. In th is, in addition  to the partial potassium  
and m agnesium  deficiency, the shift in the К  : N a and Mg : Ca ratios p layed  
a significant role. Potassium  deficiency is know n to  induce significant changes 
in heart m uscle, especially w ith an associated chloride excess [11, 14]. A d m in 
istration o f m agnesium  prevents the developm ent of such changes, and also 
those elicited  by the cardiovasopathogenic diet [7, 8, 18, 19, 20, 28].

In the lesioned heart muscle the a ctiv ity  o f  certain enzym es in v o lv ed  in 
cardiac m etabolism  decreases while as a result o f  their liberation from d isin te
grating tissues the a ctiv ity  increases in serum. For exam ple, at the s ite  o f a 
fresh infarction L D H  activ ity  decreases to about half the normal w hile in the  
serum LD H  a ctiv ity  increases.

C ontinuing the investigations the changes in enzym e activ ity  in response  
to feeding the cardiovasopathogenic diet were studied  [12, 15]. In th e  present
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w ork , attem pts have been m ade to draw conclusions as to the m etabolic chan
ges produced b y  the d iet b y  assaying th e  enzym es succinyl dehydrogenase 
(S D H ) and alkaline phosphatase (AFA).

Experimental

T h e  ex p erim en ts w ere co n d u c ted  on 160 m ale w h ite  ra ts  of th e  sam e stock . O ne h u n d re d  
r a t s  w ere  fed  th e  card io v aso p a th o g en ic  d ie t an d  60 w ere  g iven  a norm al one in  a  d a ily  dose o f 
10 g. W a te r  w as allow ed a d  lib itu m . Six weeks la te r  th e  an im als were a n a e s th e tiz e d  b y  e th e r  
a n d  e x sa n g u in a te d  from  th e  ab d o m in a l ao rta . T h e  r ig h t  an d  left halves o f  th e  h e a r t  w ere 
te s te d  fo r  enzym e a c tiv ity  h isto ch em ically , th e  r e s t  o f  th e  body by  b iochem ical m e th o d s.

T a b le  I

C om position o f  cardiovasopathogenic (cvp ) diet

Composition of cvp diet
g/kg

Salt mixture
м-g/g

Trace salts
pg/g

G ro u n d  w h eat 350 NaCl 270 FeSO , 50
C asein 120 N a H .P O j 170 M nCl, 20
S ta rc h 296 N a.,H P O , 170 ZnCL 17
F a t  (su e t) 150 C aC 03 152 N aF 10

D rie d  y e a s t 20 Ca lac ta te 150 CuSOj 2

Cod liv e r oil 10 NaC104 80 A rsenic acid 0.5
C ho leste ro l 2 T race sa lts 8 Alum 0.5

D rie d  bile 2

L u c e rn e  e x tra c t 10

S a lt  m ix tu re 40

V ita m in  D 2 3 mg

C ry o sta tic  sections (10 p )  w ere tes ted  fo r S D H  accord ing  to  Cascarano  and  Z w e i
f a c h  [5] an d  fo r A FA  acco rd in g  to  Grogg and P e a r s e  [9].

F o r  th e  b iochem ical S D H  assay  th e  h e a r ts  w ere  hom ogenized w ith  q u a r tz  d u s t  in 
co ld  d is tilled  w a ter, c en trifu g ed  a t  3000 r.p .m . fo r 10 m in u te s  and th e  s u p e rn a ta n t  was te s ted  
fo r  S D H  a c tiv ity  b y  th e  m e th o d  o f K un  and  A b o o d  [13], and  a t  th e  sam e tim e  for p ro te in  
c o n te n t  acco rd ing  to  BÜRGi e t  a l. [4]. E nzym e a c t iv i ty  w as expressed  as re la te d  to  p ro te in  
c o n te n t .

Results

S D H  activ ity  o f the hearts is shown in Fig. 1. As com pared to  norm al 
a c t iv ity , the decrease was m arked in cardiopathy.

The state o f cardiopathy, as compared to  th e  normal controls, is illu strat
ed  in Figures 2a, b, c. W hen the experim ent was term inated, in the car
d io p a th y  group the heart show ed degeneration, round cell infiltration  (b) and 
at s ites fibrosis (c).
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Fig. 1. Succin ic dehydrogenase  (SD H ) a c t iv ity  o f h e a r t  m uscle follow ing feed ing  a n o rm a l 
d ie t (C) and  th e  cvp d ie t. As com pared  to  th e  con tro ls, S D H  a c tiv ity  is s ig n ifican tly  low er

in th e  cvp group  (p <  0.01)

Fig. 2. H isto log ic  ap p earan ce  of h ea rts  a f te r  s ta in in g  w ith  h aem atoxy lin -eosin  (H E ), a: n o rm a l 
ra t  h e a r t  m uscle. X 100. b: r a t  fed th e  cvp  d ie t. E x ten siv e  m yocard ia l dam ag e, leu co cy tic  

in filtra tio n . X 100. c: ex tensive  fibrosis. X 100

H istochem ical SDH activ ity  is illustrated  in Figures 3d, e and f. As 
related to  normal activ ity  (d, e), in the dietary group there was a focal d e
crease in the form azane granules ind icative o f SD H  activ ity  (f).
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F ig . 3. M yocardial S D H  a c tiv ity . The fo rm azan e  g ra n u le s  ap p earin g  as th e  end  p ro d u c t of 
th e  h is tochem ical re a c tio n  signify  enzym e a c tiv ity , d : n o rm a l SD H  ac tiv ity . X 100. e: n o rm al 
S D H  a c tiv ity . X 150. f: S D H  ac tiv ity  follow ing feed in g  th e  cvp d ie t. Foca l decrease of

ac tiv ity . X 100

A FA  a ctiv ity  in  heart muscle and in th e  coronaries is shown in Figures 
g, h. AFA a ctiv ity  in the muscle and th e  coronary wall (h) was lower than  
in the controls. A F A  a ctiv ity  was decreased also in the aortic wall (Fig. 5i, j).

Discussion

The changes in  enzym e activ ity  in th e  heart muscle in infarctoid cardio
m yopath ies are know n from  the in vestigation s o f B a ju sz  and J asmin  [1, 2, 3]. 
In  our own experim ents the cardiovasopathogenic diet caused a decrease of SD H  
and A FA  activ ities. B o th  these enzym es p lay  an im portant role in m yocardial 
m etabolism .

SD H  is an im portant m itochondrial enzym e. Its decrease can be under
stood  in  the know ledge o f the m echanism  o f term inal oxidation. The coenzym e  
of S D H , which couples the hydrogen taken  o ff from  the foodstuffs is FA D . Re- 
oxid ation  of F A D H 2 is carried out by th e  cytochrom es activated  w ith m olecu
lar 0 2. In the absence o f  molecular 0 2 th e  cytochrom es are unable to  re-oxidize
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Fig. 4. M yocardial a lka line  p h o sp h a tase  (AFA) a c t iv ity ,  g: A FA  ac tiv ity  of no rm al h e a rt 
m uscle. X ISO. h: A lkaline p h o sp h a tase  (AFA) a c t iv ity  in th e  cvp group is h a rd ly  v isib le 

e ith e r in th e  m yocardium  or in th e  co ronaries . x lSO

F ig . 5. A lkaline p h o sp h a ta se  (A FA ) activ ity  in a o r ta , i: no rm al activ ity . X 200. j: m ark ed  
decrease o f a lka line  ph o sp h a tase  activ ity  in a o r ta  in th e  cvp group. X 200
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FA D H ., and thus SDH activ ity  ceases. By histochem ical m ethods a decrease in 
cytochrom e activ ity  is observable in hypoxia or anoxia.

A F A  activ ity  decreased both in heart muscle and the endothelium  o f  the  
coronaries. This means that the d iet had dam aged not only the ox id ative  pro
cesses, but also anaerobic g lycolysis.

The changes in the a ctiv ity  o f other enzym es, e.g. acid phosphatase, este
rase, lactate dehydrogenase, have been discussed in other papers [15, 21].
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F E R M E N T A K T IV IT Ä T  IM  M Y O K A R D  B E I E X P E R IM E N T E L L E R  K A R D IO P A T H IE

J .  PU CSO K , J . SÓS, T. GÁTI und  I. SZELÉN Y I

E in e  kom bin ierte  K a rd io p a th o g en e  D iä t se tz t  d ie A k tiv itä t  der m y o k ard ia len  F erm en te  
h e ra b . D ie ausgepräg te  V e rm in d e ru n g  der S D H -A k tiv itä t  is t w ahrschein lich  ein H inweis 
a u f  d ie m ito ch o n d rien -sch äd ig en d e  W irkung d e r D iä t. Die H e rab se tzu n g  de r a lkalischen 
P h o sp h a ta se -A k tiv itä t  z e ig t eine S tö rung  der a n ae ro b en  G lykolyse an. Die in  de r A k tiv itä t  
d e r  o b igen  E nzym e v o r  sich  gehenden V erän d e ru n g e n  sind  A nzeichen de r schäd igenden  
W irk u n g  de r D iä t, die zu  e in em  frü h eren  Z e itp u n k t, als die klassische h isto logische V erän 
d e ru n g  m an ifest w erden.

ИЗМЕНЕНИЯ ФЕРМЕНТАТИВНОЙ АКТИВНОСТИ В МИОКАРДЕ 
ПРИ ЭКСПЕРИМЕНТАЛЬНОЙ КАРДИОПАТИИ

Й. ПУЧОК, Й. ШОШ, Т. ГАТИ, и И. СЕЛЕНЬИ

На основе многодетных наблюдений диета, содержащая комбинацию патогенных 
для кардио-васкулярной системы агентов, нарушает активность энзимов, играющих 
важную роль в обмене веществ сердечной мышцы. Выраженно снижается активность 
сорбитодегидрогеназы, что по всей вероятности указывает на поражение митохондриев 
под влиянием диеты. Уменьшение активности щелочной фосфатазы, по мнению авторов, 
указывает на расстройство анаэробного гликолиза. Изменения активности вышеуказан
ных энзимов выявляют вредное действие диеты раньше, чем классическое гистологи
ческое изменение.

B udapest IX . H őgyes Endre u. 9, H ungary

Dr. József P ucsok  
Dr. József Sós 
Dr. Tibor Gáti 
Dr. István  Sz e l é n y i
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In s t i tu te  o f P a th o lo g y  (D irec tor: P ro f. P . E n d e s )
U n iv e rs ity  M edical School, D ebrecen , H u n g a ry

DEHYDROGENASE AND NUCLEOPROTEID 
HISTOCHEMISTRY OF THE JUXTAGLOMERULAR

COMPLEX
Sz. G o m b a , M. B. S o l t é s z , Y. S z o k o l y  and  P. E n d e s  

(R eceived J a n u a ry  2, 1968)

T he deh y d ro g en ase  an d  nucleopro te id  h is to ch em ica l in v es tig a tio n  of th e  ju x ta g lo 
m eru lar com plex  rev ea led  a re la tiv e  h y p o a c tiv ity  o f  th e  K rebs-cycle enzym es a n d  a 
m arked  p y ro n in o p h ilia  in  th e  cells o f th e  m acula  d en sa . T he g ran u la ted  ju x ta g lo m e ru la r  
cells e x h ib ited  th e  sam e d eh ydrogenase  reac tio n s as th e  a rte rio la r  sm o o th  m uscle 
cells. T he granu les them se lv es d id  n o t show any  p y ro n in o p h ilia . T he re la tio n  be tw een  
th e  enh an ced  m acu lar p en to se -p h o sp h a te  cycle a c t iv ity  an d  the  p y ro n in o p h ilia  and  
low K rebs-cycle  a c tiv ity  is discussed.

The im portance o f the juxtaglom erular com plex in controlling renal 
sodium excretion is becom ing more and more ev id en t [11]. It is supposed th at 
the macula densa transm its inform ation to  the juxtaglom erular granulated  
cells (JGC) about the sodium  content of the d ista l tubular fluid, this inform a
tion influences the secretory activ ity  of JGC, and the released renin and angio
tensin change the glom erular filtration  rate [30] or the proxim al tubular sodium  
reabsorption [20]. The Goorm aghtigh cells are probably also involved in th is  
function [24].

The exploration of the biochem ical aspects o f th is supposed feedback  
mechanism is difficult owing to  the lim ited possib ilities for the isolation o f the  
above-m entioned cell groups. At present, h istochem ical m ethods seem  to  he 
more inform ative about th is field  than are the biochem ical ones. The dehydro
genase histochem ical investigation  of the JG com plex has detected an enhanced  
activ ity  of the enzym es o f the hexose m onophosphate shunt in the m itochon
dria of the macular cells [13, 23, 31] and a m oderate alpha glycerophosphate, 
lactate, and m alate dehydrogenase activ ity  of th e  JGC [14]. Considering the 
connection betw een the hexose m onophosphate shunt and RNA production, 
H e s s  and P e a r s e  [13] investigated  the RNA con ten t o f the m acula cells, but 
the m ethyl green-pyronine stain did not reveal a higher degree o f pyronino
philia.

In this paper we present further observations m ade on the dehydrogenase  
and R N A  histochem istry o f the JG com plex.

Materiül and methods

W ista r  ra ts  o f b o th  sexes w eighing ab o u t 200 g a n d  a lb ino  mice of o u r ow n s tra in  
w eighing a b o u t 20 g w ere used . T h e  an im als were k ep t on a  n o rm a l d ie t  and  killed b y  o pen ing  
the  h e a r t ven tric les  u n d e r su p erfic ia l e th e r  anesthesia. A b o u t 2 m m  th ick  coronal slices from
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th e  k id n e y s  were im m ed ia te ly  frozen  by  im m ersion  in to  isopen tane  cooled w ith  solid СО. 
a n d  se c tio n ed  in  a P e a rse -S L E E  c ry o s ta t .  T he 8 m ic ra  sec tions were m o u n te d  on  co v er glasses 
a n d  in c u b a te d  to  d e m o n s tra te  th e  lo ca lizatio n  of enzym es.

T h e  following enzym e h isto ch em ica l re ac tio n s  w ere applied . F o r th e  d em o n s tra tio n  
o f  su c c in a te  dehydrogenase  (SD ) a c tiv ity , th e  cobalt-M T T  and  n itro -B T  m e th o d ; fo r D PN - 
d ia p h o ra se  and g lu co se-6 -p h o sp h a te  d eh y d ro g en ase  (G — 6— PD ), th e  co balt-M T T  m ethod ; 
fo r  m a la te  (MD), g lu ta m a te  (G D ), iso c itra te  ( ID ) an d  la c ta te  d eh y d ro g en ase  (L D ), th e  
n i tro -B T  m ethod ; and fo r c y to ch ro m e  ox idase  (CO) B u rs to n e ’s n -p h en y l p a rap h e n y le n e  
d ia m in e  m eth o d  was used .

SD , D P N -d iap h o rase  a n d  LD  a c tiv ity  w ere also d e m o n s tra ted  in  c ry o s ta t  sections 
p re p a re d  from  blocks fix ed  fo r 10 — 60 m in u te s  in  10%  cold Ca form ol a d ju s te d  to  p H  7 w ith  
N  N a O H . All th e  reac tio n s  w ere  carried  o u t  acco rd in g  to  P e a r s e ’s p re sc rip tio n s  [26 ] .  The 
c o n tro ls  w ere incu b a ted  in  m ed ia  co n ta in in g  no su b s tra te .

R ibonucle ic  acid (R N A ) s ta in in g  w as accom plished  in  C arnoy or cold 6 %  g lu ta ra ld e h y d e  
o r co ld  4 %  p arafo rm ald eh y d e  f ix ed , p a ra ff in  em b ed d ed  m ate ria l. T he p a ra fo rm ald e h y d e  
so lu t io n  con ta ined  0.25 M sucrose  an d  w as a d ju s te d  to  p H  7.0—7.2 w ith  N  N a O H . In  some 
cases co ld  n eu tra l 10%  Ca fo rm o l w as also used  as a  f ix a tiv e . T he sections w ere s ta in e d  w ith  
E in a r s o n ’s g a llo cy an in ch ro m alu m  so lu tion  [26] o r w ith  m eth y l g reen -p y ro n in e  acco rd ing  to 
K u r n i c k  [26], d ilu ting  th e  m e th y l  g reen -pyron ine  m ix tu re  w ith  30 m l 0.02 M v e ro n a l ace ta te  
b u f fe r  p H  4.4 in stead  of 30 m l d is tilled  w a te r  and  u s in g  G u rr’s pyron ine  Y . T he m e th y l g reen— 
p y ro n in e  s ta in ing  gave good re su lts  a fte r  2 hours f ix a tio n  in  p a ra fo rm ald eh y d e , d e h y d ra tio n  
in  a c e to n e  and p a ra ffin  em b ed d in g . F ix a tio n , d e h y d ra tio n  and  im b ib itio n  w ith  benzo l were 
acco m p lish ed  under c o n tin u o u s  stirrin g .

T h e  specificity  o f th e  R N A  sta in in g  re ac tio n  w as con tro lled  by  d igestion  w ith  crysta lline  
r ib o n u c léa se  (R N A ase, R ea n a l, B u d a p es t)  d isso lved  in  d istilled  w a te r (1 — 4 m g /m l) fo r 1 — 3 
h o u rs  a t  37 °C. P ara lle l sec tio n s w ere in cu b a ted  in  d istilled  w a te r  w ith o u t R N A ase.

Results

Macula densa. The G -6-PD  reaction showed the well-known strong activ 
ity  o f  the macular cells as com pared to the distal tubular epithelium  not being 
in  co n ta ct with the hilum  o f the glom erulus. On the contrary, the SD , M D, GD, 
ID , L D , CO and D P N  diapliorase reactions proved to be less active in the m ac
ular cells than in the non-inacular ones (F igs 1— 4).

The enhanced m acular G-6-PD a ctiv ity  was more prom inent in the rat 
th an  in the mouse. B oth  species showed the sam e h ypoactiv ity  o f th e  above- 
m en tion ed  dehydrogenases in  the m acula densa.

In  the material fix ed  in 4% paraform aldehyde-sucrose for 2 hours, the 
supra- and infranuclear cytop lasm  of the m acular cells exhibited  an enhanced  
pyroninophilia  (Fig. 5) w hich  was found to  be elim inated by previous RNAase 
d igestion . The pyroninophilia was unaltered after incubation for 4 hours in 
d istilled  water at 37 °C. E ssen tia lly  the sam e pyroninophilia was observed in the  
glutaraldehyde or 10% neutral Ca form ol fixed  m aterial, hut never in Carnoy 
fix ed  tissue. The gallocyanin  chrom alum  stain ing of the m acular cell cytoplasm  
w as also m oderately stronger in com parison to  the nonm acular cells.

Granulated juxtaglomerular cells (JG C ) .  All the investigated  dehydrogen
ases show ed the sam e a c tiv ity  in the JGC and vascular sm ooth m uscle cells. 
T he SD , DPN -diaphorase (F ig  6.) and LD reactions carried out on fresh or for
m ol fix ed  tissue revealed th e  same distribution of these enzym es in the JGC
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Figs. 1 — 4. N ote th e  w eakness o f dehydrogenase  reac tio n s in th e  m acu lar cells (a rrow s) 

Fig. 1. S ucc ina te  dehydrogenase , m ouse k id n ey , X 500 
Fig. 2. M alate dehydrogenase , m ouse k id n e y , X 500

Fig. 3. L a c ta te  dehydrogenase , r a t  k id n ey , X 500 
Fig. 4. C ytochrom e oxydase , r a t  k id n ey , X 500
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F ig . 5. S tro n g  p y ron inoph ilia  in  th e  m acu la  densa  cells (arrow s). P a ra fo rm a ld e h y d e  fixed 
r a t  k id n e y , paraffin  em b ed d in g , x 7 0 0

F ig . 0. W eak D P N -d iap h o ra se  reac tio n  in th e  JG  cells (arrow s). M ouse k id n ey , 
1 h o u r f ix a t io n  in  form ol, frozen sec tion , x 4 0 0
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and vascular sm ooth muscle cells, and the picture was much the sam e as th a t of  
the cryostat sections except th at the SD reaction was usually  weaker.

The intergranular cytoplasm  o f the JGC exhib ited  a slight pyroninophilia  
in sections fixed in glutaraldehyde, paraform aldehyde or formol but w as un 
stained in Carnoy fixed kidneys. The pyroninophilia was abolished b y  R N A ase  
digestion. The JGC granules did not show any pyroninophilia. The intergranular  
substance stained faintly w ith gallocyanin chrom alum  while the JGC granules 
were left unstained in such specim ens.

Goormaghtigh cells. The dehydrogenase m ethods revealed a few m itoch on 
dria in the cytoplasm  but it was rather d ifficult to  recognize them  in unfixed  
cryostat sections. In paraform aldehyde fixed  paraffin sections a slight c y to 
plasm ic pyroninophilia was detectable.

D iscussion

Since H ess  and P e a r s e  [13] detected  the enhanced G -6-PD a c tiv ity  of 
renal macular cells in the norm al rat, m any investigators have dealt w ith  the  
problem  and showed G -6-PD h yp eractiv ity  also in the rabbit, m ouse, guinea  
pig, cat, pig, and man [16, 17, 18].

Macular G -6-PD a ctiv ity  was also tested  under different experim ental 
conditions. H ess and Gross [12] and H ess and R egoli [15] dem onstrated  
th at constriction o f the renal artery by a silver clip was followed by an increase  
of G -6-PD  a ctiv ity  in the m acula cells. F ish er  [6, 7] and Gross and H ess [10] 
confirm ed this statem ent. On the contrary, a ctiv ity  decreased alm ost to  zero 
in rats rendered hypertensive by overdosage w ith  DOC and saline w hile a re
verse effect was obtained in adrenalectom ized anim als (H ess and P earse [14], 
H ess and Gross [12]).

Another factor enhancing enzym e activ ity  in the m acula densa is a low  
sodium  diet [21]. This is in harm ony with R e e v e s , V elasco  and Ca r a v a c a ’s 
[27] and R e e v e s  and S o m m ers’ [28] finding th at sodium  ions exert an in h ib i
tory effect on macular G-6-PD a ctiv ity  in vitro while such an effect could not 
be dem onstrated in vivo. Chronic adm inistration o f angiotensin caused a marked 
decrease o f the reaction [22].

In som e o f the aforem entioned experim ents the renal renin con ten t and 
juxtaglom erular cell index were also estim ated. These param eters changed in 
every case parallel with m acular G -6-PD activ ity ; their dissociation w as o b 
served only  in autotransplanted renal cortex [4, 9].

After various investigators [2, 3, 13, 23, 25, 31] had dem onstrated 6-phos- 
phogluconic acid dehydrogenase and T PN  diaphorase activ ity  in the m acula  
densa, it was generally accepted th a t the m acular G-6-PD content represented  
an enhanced pentose phosphate cycle (PPC) a ctiv ity  in th at part o f the nephron.
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The m ajority of the speculations concerning th e  role of that cycle in the macula 
densa was based on B i n g ’s [1] view of th e  renin producing capacity  of the  
m acular cells. K now ing the possible role o f the PPC in protein synthesis by  
delivering pentoses for R N A  production it w as tem pting to conclude th at the  
cycle  was taking part in the renin synthetizing  system  of the macular cells. In 
sp ite  of the fact th a t the overlapping histochem ical localization of a strong 
G -6-P D  reaction and pyroninophilia in rapid ly  growing (i.e. protein syn th e
tizing) tissues is well dem onstrable, H e ss  and P e a r s e  [13] were unable to 
d etect histochem ically a higher degree of pyroninophilia in the m acular cells 
of m aterial fixed in acetic  ethanol. So th ey  concluded that the m acular PPC  
serves renin synthesis n o t b y  enhancing R N A  synthesis with pentose production  
b u t furnishing energy for th e  synthetic processes by the direct oxidation  of 
glucose [26].

The macular pyroninophilia appearing in our paraform aldehyde fixed  m a
terial seemed to furnish a more direct proof o f  an enhanced protein synthetizing  
cap acity . Aldehydes are usually not applied for the preservation o f RNA in 
tissu es, and the m ajority  o f authors prefers Carnoy’s flu id , although e.g. 
P e a r s e  [26] recom m ended formol for th at purpose. According to the result of 
R N A ase digestion, th e  m acular staining w as not an unspecific one, nor was the  
R N A  rendered R N A ase resistant by the a ldehydes. Thus, it is not clear w hy  
m eth y l green-pyronine sta in ing and E inarson’s m ethod gave a negative result 
in  Carnoy fixed k idney  sections. Since electronm icroscopically the m acula cells 
have no more ribosom es than  the other d ista l tubular cells [19, 20], and no 
sign o f any secretory or syn th etic  activ ity  w as observed in the macula densa [5], 
so it  has not been possib le to  find a clear and unequivocal interpretation of the 
enhanced macular PPC  a ctiv ity  and pyroninophilia.

Few data are availab le  concerning th e  citric acid cycle (CAC) activ ity  of 
th e  juxtaglom erular com plex . H ess  and P e a r s e  [14] observed a similar 
grade of m alate and la c ta te  dehydrogenase a c tiv ity  in the JGC and renal v as
cular sm ooth muscle cells and thus th ey  concluded th at JG cells originate from 
sm ooth  muscle cells. Our results have confirm ed th at the CAC has the same 
a c tiv ity  in both typ es o f  cell. The reason w h y  we investigated  the dehydroge
nases in the JGC also in form ol fixed m aterial was that we had observed a de
struction  of the specific JGC granules in fresh cryostat sections, which could in 
flu en ce and m odify th e  histological picture o f  the dehydrogenase reaction. The 
destruction  of the granules was well observable also in the course of the present 
work but the m itochondrial enzym e h istochem ical reactions of the JGC yielded  
practically  the sam e results in unfixed and shortly  form ol-fixed m aterial.

The relative h y p o a ctiv ity  of the CAC in the macular cells has not so far 
been described. One could assum e that it resulted from the low num ber of m ito
chondria registered electronm icroscopically in  the m acula densa. To som e extent 
th is  m ay be true but as far as we could estim ate , even the individual macular
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m itochondria were less active than m itochondria from other parts of the distal 
tubules. This suggests th at the macular m itochondria are in some w ay “ differ
en t” ones, having a relatively  hyperactive PPG and h yp oactive CAC, and 
m akes it likely  th at m acular cells get less energy from CAC than the other 
tubular cells do. One can speculate w hether their energy requirem ent is com 
paratively low , or, also, the deficit is counterbalanced b y  direct oxidation  of 
glucose in their PPC.

The m ethyl green-pyronine negativ ity  of the JG granules is in accordance 
with our previous finding [8]. The positiv ity  of the intergranular cytoplasm  is 
in all probability connected with the rough endoplasm ic reticulum , known  
to be engaged in cellular synthetic  processes of the JGC.
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D E H Y D R O G E N A S E A K T IV IT Ä T
UN D  N U C L E O P R O T E ID E  IM  JU X T A G L O M E R U L Ä R E N  K O M P L E X

SZ. GOMBA, M. В . SOLTÉSZ, V. SZOKOLY und  P . EN D ES

B ei der h is to ch em isch en  U n te rsu ch u n g  de r D e h y d ro g e n a se a k tiv itä t  u n d  der Nucleo- 
p ro te id e  im  ju x ta g lo m e ru lä re n  K o m p lex  w urde g este ig erte  P y ro n in o p h ilie  de r M acula-densa- 
Z e llen  sowie herab g ese tz te  A k t iv i tä t  de r E nzym e des K reb s-Z y k lu s fe s tg es te llt . D ie g ra n u lie r
t e n  ju x ta g lo m e ru lä re n  Z ellen  zeigen  die gleiche D e h y d ro g e n a se a k tiv itä t  wie die g la tten  
M u skelzellen  der A rte rio len . D ie  K ö rn ch en  sind  n ic h t p y ro n in o p h il. D er Z usam m enhang  
zw isch en  der b e k an n ten  g e s te ig e r te n  A k tiv itä t des P e n to se -P h o sp h a t-Z y k lu s , de r P y ro n in o 
p h ilie  u n d  der geringen A k t iv i tä t  de r E nzym e des K reb s-Z y k lu s w ird  besprochen .

ГИСТОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ ДЕГИДРОГЕНАЗЫ 
И НУКЛЕОПРОТЕИДОВ ЮКСТАГЛОМЕРУЛЯРНОГО КОМПЛЕКСА

С. ГОМБА, М. Б. ШОЛТЕС, В. СОКОЛИ и П. ЭНДЕШ

При гистохимическом исследовании дегидрогеназы и нуклеопротеидов юкста- 
гломерулярного комплекса было установлено повышение пиронинофилии клеток macula 
densa и уменьшение активности энзимов цикла Кребса. Активность дегидрогеназы грану
лированных юкстагломерулярныхклеток и гладких мышц артериол—одинакова. Зернышки 
не показывают пиронинофилии. Обсуждается связь между общеизвестной повышенной 
активностью макулярного пентоз-фосфатного цикла, пиронинофилией и низкой актив
ностью энзи.мов цикла Кребса.

D r. Szabolcs G o m b a  

D r. Margit B. S o l t é s z  

D r. V iktor S z o k o l y  

D r. Pongrác E n d e s

D ebrecen, K órbonctani In tézet, H ungary
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HISTOENZYMOLOGY OF THE ANTIDIURETIC CENTRES

D. B a r a  and J. S k a l i c z k i  

(R eceived  Ja n u a ry  3, 1968)

The a c tiv ity  o f severa l enzym es invo lved  in ce llu la r m etabo lism  has been stu d ied  
by  h istochem ical m eth o d s in  th e  an tid iu re tic  cen tres  o f no rm al and d e h y d ra te d  ra ts .

R esting  su p ra o p tic  and  p a rav e n tr ic u la r  ganglion  cells ex h ib ited  s tro n g  lac tic  
acid dehydrogenase  and  w eak succinic dehydrogenase , g lucose-6-phosphate  dehydrogenase  
and  cy tochrom e ox idase  a c tiv ity , in d ica tin g  th a t  an aero b ic  glycolysis p red o m in ates  
and the  ra te  o f o x id a tiv e  m etabo lism  is low in th e  h y d ro reg u la to r  nuclei o f no rm al ra ts .

The a c t iv ity  o f enzym es invo lved  in fe rm e n ta tio n  or in th e  S zen t-G y ö rg y i— K rebs 
cycle was negligible in  th e  h y p e rtro p h ic  ganglion  cells o f d e h y d ra ted  an im als. I t  was 
th e  p rim ary  o x id a tiv e  decom position  of glucose (hex o sem o n o p h o sp h ate  sh u n t, pen tose  
cycle) w hich in creased  in  h y p e rac tiv e  ganglion  cells; T P N -d iap h o rase  an d  glucose- 
6 -phosphate  deh y d ro g en ase  a c tiv ity  becam e m ore p ro n o u n ced  in  cases o f  n eu ronal 
hyp erfu n c tio n .

In  th e  a n te r io r  h y p o th a lam o -n eu ro h y p o p h y sea l a p p a ra tu s  only th e  cap illaries 
exh ib ited  a lka line  p h o sp h a tase  ac tiv ity . D eh y d ra tio n  p ro d u ced  no change in th is  
respect. Acid p h o sp h a ta se  a c tiv ity  w hich is v igo rous in  th e  ganglion  cells o f m agno- 
cellu lar nucle i ev en  u n d e r  physiological co n d itions, becam e, on th e  o th e r  h a n d , still 
m ore in ten siv e  in cases o f n eu ronal h y p e rac tiv ity , a phenom enon  possib ly  co rre la ted  
w ith  increased  p ro te in  sy n th esis.

K nowledge is scarce regarding details o f the enzym e-histochem ical struc
ture of the hypothalam o-neurohypophyseal system . Certain enzym es are ex 
ceptions in this respect. The presence of acetylcholine esterase and a few  other 
esterases has, for instance, repeatedly been dem onstrated in the supraoptic and 
paraventricular nuclei [1, 2, 12, 15, 18, 22, 25, 32]. The invariable presence of 
acetylcholine esterase and its considerably increased activ ity  in cases of dehy
dration [15, 25] support the theory of P i c k f o r d  [26] th at acetylcholine repre
sents the chem ical transm itter of antidiuretic centres. The negative or slightly  
positive m onoam ine oxidase reaction of neurosecretory nuclei [20, 31], too, 
points to the probability  th at one is dealing w ith cholinergic rather than  adren
ergic neurones.

Arvy [2] demonstrated the presence of a considerable amount of leucyl-/?- 
naphthylamidase in the supraoptic and paraventricular nuclei of numerous 
vertebrates. Although many authors have studied the alkaline and acid phos
phatase activity of magnocellular nuclei [3, 6, 28], results were ambiguous 
owing to unreliable techniques. McManus et al. [21] observed a conspicuously 
large amount of 5-nucleotidase in the neurohypophysis, while Osinchak [24]
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d em on strated  thiam ine-pyrophosphatase a ctiv ity  in the Golgi plexus o f the 
gan glion  cells of the supraoptic nucleus.

D eta ils concerning the m etabolism  o f the ganglion cells o f the supraoptic  
and paraventricular nuclei have still to  be elucidated. It was surprising to  find  
th a t  th e  activ ity  o f certain im portant enzym es, e.g. succinic dehydrogenase, 
cytoch rom e oxidase [2, 29, 30], peroxidase [14] and several amino oxidases [2], 
was w eak  in these nuclei o f the central nervous system  which are richly vascular
ized  and have a vigorous m etabolism .

W e studied the d istribution  o f several enzym es in the anterior hypotha- 
lam o-neurohypophyseal system  o f norm al and dehydrated rats. A part from  
alkaline and acid phosphatase, the intraneuronal activ ity  of the follow ing m et- 
ab o lica lly  im portant enzym es was studied:

succin ic dehydrogenase (Szent-G yörgyi— Krebs cycle); 
la ctic  acid dehydrogenase and a-glycerophosphate dehydrogenase (fer

m en tation );
glucose-6-phosphate dehydrogenase (hexosem onophosphate shunt); 
glutam ic acid dehydrogenase (decom position of glutam ic acid); 
D PN -diaphorase; T PN -diaphorase; cytochrom e oxidase (term inal oxi

d ation ).

M aterial and methods

E ig h ty -f iv e  lab o ra to ry -b re d  w h ite  ra ts  o f b o th  sexes, w ith  bod y  w e ig h ts of 130 to 
270 g, w ere  used ; 39 an im als se rv ed  as con tro ls. T he la t te r  received co m p ac t d ry  r a t  food, 
a n d  d r in k in g  w a ter ad lib itum . T h e  46 te s t  an im als w ere g iven  2 .5%  N aC l w ith  th e  d rink ing  
w a te r  fo r  1 to  17 days. T he an im a ls  w ere k illed  b y  d e ca p ita tio n , th e ir  b ra in  a n d  p i tu i ta ry  
w ere p ro m p tly  rem oved , th e  a n te r io r  h y p o th a la m u s  to g e th e r  w ith  th e  su rro u n d in g  tissues 
as w ell as th e  p itu ita ry  g land  p laced  on pieces o f k id n ey  or liver w ere frozen , an d  sections 
20 th ic k  w ere p rep ared  in  th e  c ry o s ta t .

T h e  s im ultaneously  coup ling  azo dye  m eth o d  w as used  for th e  d e m o n s tra tio n  of alkaline  
a n d  a c id  p h o sp h a tase . B eside n a p h th o l  A S—T R  p h o sp h a te , B re n ta m in  F a s t  B lue  and  fresh ly  
h e x a z o tiz e d  p a raro san ilin e  served  as coupling  agen ts. B eside th e  co rresp o n d in g  su b s tra te s  
so d iu m  su cc in a te , sodium  la c ta te ,  N a-a -g ly cero p h o sp h a te , N a -L -g lu tam a te , en zy m atica lly  
re d u c e d  D P N  and T P N , an d  g lucose-6 -p h o sp h a te , N itro -B T  w as em ployed  as h y d rogen  
a c c e p to r  fo r th e  d em o n s tra tio n  o f succin ic  deh y d ro g en ase , lac tic  acid  deh y d ro g en ase , a-g lyce- 
ro p h o sp h a te  dehydrogenase , g lu ta m ic  acid  deh y d ro g en ase , D P N - a n d  T P N -d ia p h o ra se , and 
g lu co se-6 -p h o sp h a te  deh y d ro g en ase . T he in cu b a tin g  flu id  con ta in ed  D P N  fo r th e  e stim a tio n  
of la c t ic  acid  dehydrogenase , a -g ly c e ro p h o sp h a te  deh y d ro g en ase  and g lu tam ic  acid  d eh y d ro g e
n ase , w h ile  T P N  for th e  e s tim a tio n  o f g lucose-6 -phosphate  dehydrogenase . P -am in o -d ip h en y l- 
am in e  a n d  n a p h th o l A S — L 4G se rv ed  as su b s tra te s  fo r cy tochrom e oxidase. As reg ard s the  
te c h n iq u e  of th e  reac tions we re fe r to  th e  te x tb o o k  of B arka and  Anderson [4] w hich  con
ta in s  a l is t  o f rep o rts  p u b lish ed  b y  th e  o rig in a l a u th o rs  o f th e  p rocedures fo r th e  d e m o n s tra 
t io n  o f  th e  sa id  enzym es.* W e a p p lied  th e  reac tio n s  described  in  th e  te x tb o o k , m o st o f w hich 
w ere m o d ifie d  b y  Barka and  And erson  an d  sligh tly  fu r th e r  m odified  in  th e  p re sen t ex p eri
m e n ts ,  w o rk in g  up 2 to  3 an im als  d a ily . T he m eth o d s w ere checked in  h e a t- in a c tiv a te d  sec
tio n s  (90 °C for 10 m inu tes), in  sec tio n s in cu b a ted  in  su b s tra te -free  so lu tions o r, in  th e  case 
o f c y to c h ro m e  oxidase, in  sec tions in c u b a te d  in th e  p resence of p o tass iu m  cyan ide.

* A lkaline  and acid p h o sp h a ta se : B urstone , 1958; succinic d eh y d ro g en ase : N achlas 
e t a l., 1957; lac tic  acid d eh y d ro g en ase , a -g ly c e ro p h o sp h a te  deh y d ro g en ase , g lu tam ic  acid 
d e h y d ro g en a se  and g lucose-6 -phosphate  d eh y d ro g en ase : N achlas e t al. 1958 a n d  H ess e t al., 
1958; D P N - and T P N -d iap h o rase : ScARPELLTet al., 1958; cy tochrom e oxidase: B urstone , 1959.
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Results and discussion

Alkaline and acid phosphatase. A lkaline phosphatase was found only  in 
the M all of capillaries. The blue azo dye produced by the enzym atic reaction  af
fords a good outline of the supraoptic and paraventricular nuclei th at are more 
richly capillarized than their surroundings (Fig. 1). The ground substance re
m ained negative. The reaction in the vessels o f the neurohypophysis was con 
siderably stronger than in the anterior lobe. In the pars interm edia the enzym e  
a ctiv ity  was dem onstrated only in a few  but in tensely  reacting vessels (F ig. 2). 
D ehydration seem ed to have no appreciable effect.

Acid phosphatase a ctiv ity  was present in the ganglion cells o f the supra
optic and paraventricular nuclei. The v iv id  red reaction was restricted to  the  
cytoplasm  (F ig. 3). It was invariably increased in dehydrated anim als (F ig. 4). 
A ctiv ity  in the neurohypophysis w as negligible and hardly localizable.

A lkaline phosphatase is supposed to  p lay a significant part in the m etab 
olism betw een capillaries and neural tissue. Since the vessels of th e  n eu roh y
pophysis are known to be perm eable to  large m olecules [5], it was assum ed th a t  
the enzym e was also involved in transporting the neurosecretion into the blood  
stream . K o b a y a s h i  et al. [16 ,17] found th a t treatm ents which enhance the m o
bilization of neurohypophyseal horm ones, failed to affect the alkaline phos
phatase contents o f the neurohypophysis. W e, too, saw no change o f alkaline  
phosphatase activ ity  in the neurohypophysis of dehydrated and thus antid iuret- 
ically  hyperactive animals. A lkaline phosphatase activ ity  in the nuclei o f the  
central nervous system  is, according to  A r v y  [ 2 ] ,  restricted to  the veins, w hile  
only ATPase is present in the arterioles; L e g a i t  et al. [19], experim enting w ith  
dehydrated anim als, observed no change in respect o f ATPase either.

Eränkö [6] attributed acid phosphatase activity in the perikaryon of 
supraoptic and paraventricular neurones to the intensive protein synthesis 
occurring in this area. Enzymatic activity in the hyperactive supraoptic and 
paraventricular nuclei of our dehydrated animals was considerably more vig
orous than in the controls, in agreement with earlier reports [19, 27].

U ntil recent years numerous workers observed phosphatase a c tiv ity  in 
various neuronal constituents owing to  the form ation of diffusion artefacts. It 
is now known that alkaline phosphatase in the antidiuretic centres is restricted  
to the capillaries and acid phosphatase m ainly to the perikaryon. The electron- 
m icroscopic histochem ical observations of O s i n c h a k  [ 2 4 ]  allow the conclusion  
that acid phosphatase is situated  in the lysosom es of the body of ganglion cells 
and in certain Golgi cisterns. B urstone’s azo m ethod, as em ployed b y  us, 
appears to be em inently suitable for the light-m icroscopic localization o f the  
exam ined phosphom onoesterases.

Succinic dehydrogenase was found in a pale, T-shaped area in the anterior  
hypothalam us at the plane of the supraoptic and paraventricular nuclei. A
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F ig . 1. A lkaline  p h o sp h a ta se  re ac tio n  in r a t  b ra in . O nly  th e  w all of capillaries re ac ts  p o sitiv e ly . 
A rro w  p o in ts  to  su p ra o p tic  nucleus w hich, m ore  rich ly  v ascu la rized  th a n  its  su rro u n d in g s, 

is well ou tlined . Ch =  o p tic  ch iasm a. 70 X

F ig . 2. A lkaline  p h o sp h a ta se  a c tiv ity  o f th e  p i tu i ta ry  is likew ise re s tr ic ted  to  th e  cap illa ries. 
A c tiv ity  is stronger in  th e  neu ro h y p o p h y sis (N ) th a n  in  th e  an te rio r  (A) or th e  in te rm ed ia te

lobe (I). 43 X

A c ta  M orphologica A cadem iac  S c ien lia ru m  H ungaricae 16 , 1968



H I S T O E N Z Y M O L O G Y  O F  T H E  A N T I D I U R E T I C  C E N T R E S 443

Fig. 3. Acid p h o sp h a tase  reac tio n  in the su p rao p tic  nuc leu s o f con tro l ra t. 140 X

Fig. 4. Increased  acid  p h o sp h a ta se  a c tiv ity  in su p ra o p tic  ganglion  cells of ra t  k e p t on sa lt
w a te r for 13 days. 140 X
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m od erate am ount of form azan was seen to  have been produced in the cy to 
p lasm s o f the supraoptic nucleus: th e  cells and the contours o f  th e  entire nu
cleus w ere blurred. A ctiv ity  in the m agnocellular nuclei was less m arked than  
in  th e ir  surroundings, ow ing to  the num ber of nonreacting cell nuclei. On the 
other hand, formazan production w as more intensive in the neurohypophysis  
th a n  in  the interm ediate and anterior lobes, presum ably because th e  neuhypo- 
p h y sis  is more richly provided w ith  p ositive ly  reacting plasm  th an  the other 
tw o  lob es. G ranular-guttate artefacts occur frequently in the neurohypophysis: 
th e y  can  be rem oved from the sections b y  prelim inary treatm ent w ith  acetone. 
D eh yd ration , i.e. neuronal hyperfunction , had no effect on the succinic dehydro
genase activ ity  of ganglion cells; hypertrophic, bright ganglion cells bring, 
h ow ever, the nuclear group in to  sharper relief than  in the controls (F ig. 5).

Succinic dehydrogenase oxidizes succinic acid to fum aric acid in the 
Szent-G yörgyi Krebs cycle, giving a hydrogen to  the cytochrom e system . In 
th e  brain , succinic dehydrogenase a c tiv ity  is displayed by the grey m atter only 
[18, 23], the white substance is negative. The m agnocellular nuclei o f the hypo
th a la m u s are exceptions in th is respect inasm uch as they  show a w eak succinic 
dehydrogenase activ ity . I f f t  et al. [13] have shown, and our results have con
firm ed  their finding, th a t dehydration (hyperfunction) does not enhance succin
ic dehydrogenase activ ity . (W e cannot agree with the finding of Kivalo et al. 
(15) th a t  enzym atic a c tiv ity  becom es more vigorous in such cases.) I t  was sug
gested  b y  Shimizu et al. [29, 30] as also b y  Arvy [2] that anaerobic glycolysis  
is prevailing  in neurosecretory nuclei. This suggestion was confirm ed b y  Friede 
and Fleming [10] in rhesus m onkeys for lactic  acid dehydrogenase at least in 
resp ect o f resting ganglion cells.

Lactic acid dehydrogenase a c tiv ity  was m arked in the cytop lasm  o f the 
ganglion  cells of the supraoptic and paraventricular nuclei in  control rats 
(F ig . 6). The area of th e  suprachiasm atic nucleus was slightly  outlined . Certain 
gan glion  cells around the lateral area of the hypothalam us also exh ib ited  mark
ed p o sit iv ity . The neuropil gave a variab ly  strong diffuse, the w hite substance  
a w eak  reaction. The neurohypophysis displayed m aplike p atch es. In  dehy
drated  anim als the a c tiv ity  decreased in the body of the hypertrophied ganglion  
cells (F ig . 7), while th e  neurohypophysis showed no change.

Alpha-glyceropliosphate dehydrogenase a c tiv ity  was weak in th e  ganglion 
cells o f  th e  supraoptic nucleus: form azan production was like, or hardly more 
in ten siv e  than, in the surrounding tissues. The area of the paraventricular  
nu cleu s appeared to be paler than  th a t o f the surrounding tissues, and its cells 
could  in  m ost cases not be d istinguished separately. A ctiv ity  was likew ise weak  
in th e  neurohypophysis. D ehydration  had no effect on x-glycerophosphate de
hydrogenase in the exam ined area.

T hese findings suggested  that under physiological conditions anaerobic 
g ly co lysis  is predom inant in th e  perikaryon o f the supraoptic and paraventricu-
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F ig . 5. Succin ic dehydrogenase  a c tiv ity  in  th e  a rea  o f th e  su p rao p tic  nucleus (a rro w ) is w eaker 
th a n  in th e  a d ja c e n t tissues o f b o th  co n tro l an d  d e h y d ra te d  anim als. R a t  k e p t on  s a l t  w a te r  

for 4 d ays. Ch =  o p tic  ch iasm a. 113 X

F ig. 6. In ten s iv e  lac tic  acid dehy d ro g en ase  reac tio n  in  th e  su p rao p tic  gang lion  cells of contro l
an im al. Ch o p tic  ch iasm a. 113 X
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F ig . 7. L ac tic  d eh y d ro g en ase  a c t iv ity  decreased in  th e  h y p e rtro p h ic  ganglion  cells o f th e  
s u p ra o p tic  nucleus (a rro w ) o f  r a t  k e p t on sa lt w a te r  fo r  9 d a y s , a lth o u g h  in c u b a tio n  w as 
u n u su a lly  long (which e x p la in s  th e  d a rk  background  o f th e  su rro u n d in g s). Ch =  o p tic  ch iasm a.

113X

lar neurones, while their  ox id ative m etabolism  (citrate cycle) is low. Glucose 
appears to be the ch ief source of ferm entation since the activ ity  o f a-glycero- 
phosphate dehydrogenase, indicative of glycerol ferm entation, was insignifi
cant. The nature o f th e  process by which energy is produced in hyperactive  
ganglion cells is still obscure; they showed no ferm entation , and activ ity  of the  
enzym es involved in th e  Szent-G yörgyi K rebs cycle was negligible in them . 
Som e inform ation about th e  m etabolic processes o f hyperfunctioning ganglion  
cells w as offered by th e  behaviour of T PN -diaphorase.

D P N -  and T P N -diaphorase .  The cerebral d istribution  of DPN -diaphorase 
was sim ilar to that o f succin ic  acid dehydrogenase [7], while fonnazan produc
tion seem ed to be more pronounced. The m agnocellu lar nuclei of the h ypothala
m us stood  out of their surroundings. The cytop lasm  o f ganglion cells showed  
diffuse, finely  granular a c tiv ity  (Fig. 8). W hile the distribution of T P N -d ia
phorase was like th at o f  D PN -diaphorase, its a c t iv ity  was in m ost cases consid
erably less intensive. T he am ount of formazan in the supraoptic and paraven
tricular nuclei was n eglig ib le , the outlines of th is group o f nuclei were indistinct. 
The cells o f the in term ediate lobe displayed a m ore in tensive activ ity  than  did 
those o f  the anterior lobe and the neurohypophysis.
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F ig. 8. D P N -d iap h o ra se  a c tiv ity  in  th e  p a ra v e n tr ic u la r  nucleus of con tro l an im al. T h e  reac tio n  
is m ore m ark ed  th a n  in the a d ja c e n t tissues. In  th e  ep en d y m al cells o f th e  th ird  v en tric le  
(V) a c tiv ity  is m o st p ronounced  in  th e  lay e r o f cells facing  th e  v e n tricu la r  c a v ity . 140 X

Fig. 9. M arked T P N -d iap h o rase  a c tiv ity  in su p ra o p tic  nucleus o f ra t k ep t on  s a l t  w a te r  for 
11 d ay s. H a rd ly  any fo rm azan  p ro d u c tio n  a t  re stin g  s ta te . Ch =  op tic  ch iasm a. НО X
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Neuronal liyperfunction  failed to affect th e  a ctiv ity  of D PN -diaphorase  
in  th e  ganglion cells: lik e  lactic acid dehydrogenase, it even decreased in some 
cases, whereas T P N -diaphorase activ ity  becam e pronounced (Fig. 9). After  
dehydration , neurohypophyseal activ ity  w as som etim es restricted to  the peri
vascu lar pituicytes.

D P N - and T P N -diaphorase, both of th em  oxidoreductases, are know n to  
he involved  in cellular respiration; th ey  reoxid ize reduced di- and triplios- 
phopyridine nucleotides and release hydrogen to  th e  cytochrom e system . D P N - 
diaphorase activ ity  w as studied b y  F e l g e n h a u e r  and S t a m m l e r  [7] in the  
brain o f guinea pigs, and b y  F r i e d e  and F l e m i n g  [9] in that of hum ans. In the  
guinea pig hypothalam us, ganglion cells are w ell circum scribed in the m agno- 
cellular nuclei since th eir  a ctiv ity  is more vigorous th an  in the neuropil, whereas 
in  hum an subjects th e  cells o f these nuclei cannot be distinguished from the sur
roundings because th eir  a ctiv ity  is weak. A c tiv ity  seem ed to be pronounced in 
th e  antidiuretic nuclei o f our rats.

Glucose-6-phosphate dehydrogenase. T P N -diaphorase activ ity  was increased  
in  the supraoptic and paraventricular nuclei o f dehydrated animals. Since T PN - 
diaphorase transfers hydrogen  from T P N H  to  th e  cytochrom e system , it was 
logical to  assume th e  presence of a considerable am ount of T P N H . The latter is 
presum ably involved  in th e  primary ox id ative degradation of glucose, the so- 
called  hexose-m onophosphate shunt. This was supported by our observation  
th a t, in  contrast to  th e  controls, the a ctiv ity  o f glucose-6-phosphate dehydroge
nase w as marked in th e  ganglion cells o f th e  m agnocellular nuclei o f dehydrated  
rats (F igs 10, 11). D irect oxidation of glucose-6-phosphate occurs in several 
endocrine glands; it  is a principal source o f T P N H  [8]. Intensification  of the  
hexose-m onophosphate shunt (pentose cycle) in  hyperactive ganglion cells is 
ev id en tly  in connection  w ith  the increased production  of pentose nucleotides 
(ribonucleoproteins). In  addition, the pentose cycle  might have some role in 
th e  energy supply o f  th e  supraoptic and paraventricular nuclei, for the citrate  
cycle is insignificant in  th e  ganglion cells o f th ese nuclei even in cases of hyper
function .

Our findings in respect of glucose-6-phosphate dehydrogenase are in  some 
con trast to those of F r i e d e  et al. [10, 11] inasm uch as th ey  found a pronounced  
a c tiv ity  even under norm al conditions. The d iscrepancy m ay be due to differ
ences in the anim al species and the m ethods used.

Cytochrome oxidase. As in the case o f succin ic dehydrogenase, it was the  
paleness of the supraoptic and paraventricular nuclei which distinguished them  
from  the surrounding structures (Fig. 12). A c tiv ity  was strongest in the neuro
hypophysis, which is rich in neuroplasm and com paratively poor in nuclei. 
D ehydration  caused no significant change. It  is nevertheless conceivable that 
th e  num ber of granules w as som ewhat increased in the cytoplasm , considering  
th a t the ganglion cells undergo hypertrophy under the effect o f dehydration.
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Fig. 10. Low glucose-6-phosphate  dehydrogenase  ac t iv ity  in th e  ganglion cells of  the  su p ra 
optic  nucleus of contro l  animal.  Ch = optic  ch iasm a.  3S8 X

Fig. 11. G lucose-6-phosphate  dehydrogenase  act iv ity  in the su p ra o p t ic  ganglion cells is signif
ica n t ly  increased in the  d e h y d ra te d  (9 d ays  on salt water)  t h a n  in  the  con tro l  an im al.  224 X
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Fig.  12.  Low cytochrome o x idase  a c t iv i ty  in the su p rao p t ic  region. SO =  su p rao p t ic  nucleus.
Ch =  optic  chiasma. 88 X

T he neurohypophysis o f anim als kept on salt w ater showed no appreciable 
ch an ge.

Shimizu  et al. [30] found  cytochrom e oxidase a ctiv ity  likew ise insign ifi
ca n t in  the magnocellular nuclei o f the rabhit. A rv y  [2] obtained the same result 
in severa l species including rats. This phenom enon is in accord w ith  the low  
degree o f succinic dehydrogenase activ ity , i.e. w ith  the low rate o f oxidative  
m etab olism , while it  is also possible that the supraoptic and paraventricular 
gan glion  cells contain en zym es which do not require the function  o f the cy to 
chrom e system .

Glutamic acid dehydrogenase was present in sm all am ounts in the neurones 
of th e  anterior h yp oth alam u s, and its activ ity  was not enhanced by d e h y 
d ration .
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No reaction products were observed after inactivation or w ith ou t su b 
strate. Acid phosphatase and TPN -diaphorase a ctiv ity  increased in antid iuretic  
hyperfunction irrespective of the duration o f sa lt treatm ent (3— 16 or 1— 13 
days). The a ctiv ity  o f lactic acid dehydrogenase after dehydration for 9, 11 
and 13 days, and th at o f glucose-6-phosphate dehydrogenase after dehydration  
for 6, 7 and 9 days displayed identical changes. W ith the exception o f g lutam ic  
acid dehydrogenase, all em ployed reactions brought the choroid p lexu s into  
sharp relief. E nzym atic activ ity  in tin* ependym al cells lining the th ird  v e n 
tricle was m ostly restricted to the surface facing the ventricular ca v ity . R eac
tions occurring outside the magnocellular hypothalam ic nuclei were beyon d  tin* 
scope o f the present investigations.
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H IS T O E N Z Y M O L O G IE  D E R  A N T I D I U R E T I S C H E N  Z E N T R E N

D. BARA unci J .  S K A L IC Z K I

I n  d en  a n tid iu re t isch en  Z en t ren  norm aler u n d  d e h y d r ie r te r  R a t t e n  w urde  die A k t iv i t ä t  
m e h r e r e r  E n z y m e  h is tochem isch  u n te rsu ch t .

I m  P la sm a  der  su p rao p t isch en  u n d  p a r a v e n t r ik u l ä r e n  Ganglienzellen l ä ß t  sich im 
R u h e z u s t a n d  eine erhebliche  L a c ta t - d e h y d r o g e n a s e a k t iv i t ä t  beobachten . Die A k t i v i t ä t  der  
S u k z in o -d eh y d ro g en ase ,  G lukose -6 -p h o sp h a td eh y d ro g en ase  u n d  C ytochrom oxydase  i s t  in d e s 
sen  ge r ing .  Diese B e o b ac h tu n g e n  d e u te n  darauf ,  d a ß  in  d en  H y d ro reg u la to rk ern en  n o rm a le r  
R a t t e n  die anaerobe  Glykolyse  vo rh e rrsch t ,  der o x y d a t iv e  Stoffwechsel hingegen u n b e d e u 
t e n d  ist.

I n  d en  h y p e r fu n k t io n ie re n d en ,  h y p e r t ro p h ie r t e n  Ganglienzellen d eh y d r ie r te r  T ie re  ist 
die A k t i v i t ä t  der E n z y m e  des K rebs-Z yklus  u n b e d e u te n d .  In  der h y p e r fu n k t io n ie re n d en  
G anglienze lle  zeigt d e r  p r im äre ,  o x y d a tiv e  G lu k o se -A b b a u  (H ex o se m o n o p h o sp b a t -S h u n t .  
P en to se -Z y k lu s )  e inen Anstieg.  Bei neu ronaler  H y p e r f u n k t io n  is t  nämlich die T P N -D ia p h o ra se -  
sowie die G lu k o se -6 -P h o sp h a t -D e h y d ro g en a se ak t iv i tä t  au sg e p rä g te r  als in den  K o n tro l l-  
G anglien  zellen.

I m  v o rd e re n  h y p o th a la m o -n e u ro h y p o p h y sä ren  S y s te m  zeigt n u r  das G e fäß n e tz  eine 
a lka l ische  P h o s p h a ta se -R ea k t io n .  N a ch  D e h y d r a t a t i o n  e rfo lg t  keine A k t iv i t ä ts v e rä n d e ru n g .  
Die im  P la sm a  der  m agnozel lu lä re r  Kerne  n a ch w e isb a re  lebhafte  saure P h o s p h a ta se  wird  
bei n e u ro n a le r  H y p e r fu n k t io n  in tens iver .  Diese E r sc h e in u n g  dürfte  m it  der g es te iger ten  
P r o te in s y n th e se  im  Z u sa m m e n h a n g  stehen.

Г И С Т О Э Н З И М О Л О Г И Я  А Н Т И Д И У Р Е Т И Ч Е С К И Х  Ц Е Н Т Р О В

Д. БАРА и Й. ШКАЛИЦКИ

Активность нескольких энзимов, играющих важную роль в клеточном обмене 
веществ, была изучена — с помощью гистохимических методов исследования — в антп- 
диуретических центрах у нормальных и дегидрированных крыс.

В плазме супраоптических и паравентрикулярных ганглионарных клеток в со
стоянии покоя наблюдается значительная реакция дегидрогеназы молочной кислоты. 
В то же время активности сукцинодегидрогеназы, глюкозо-6-фосфат-дегидрогеназы и
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цитохромоксидазы — незначительны. Эти наблюдения указывают на то, что в гидрорегу
ляторных ядрах нормальных крыс доминирует анаэробный гликолиз, причем окисли
тельный обмен веществ низок.

В гиперфункционирующих, гипертрофированных ганглионарных клетках дегидри
рованных животных активность энзимов, указывающих на ферментацию, и энзимов цикла 
Сент-Дьёрдьи-Кребса — невелика. В гинерфункционирующей ганглионарной клетке уси
ливается первичное окислительное расщепление глюкозы [так наз. гексозомонофосфат- 
ный шунт, цикл пентозы]. Дело в том, что при нейрональной гиперфункции активность 
ТПН-азы и глюкозо-6-фосфат-дегидрогеназы более выражена, чем в норме.

В системе: передний гипотамус нейрогипофиз реакцию щелочной фосфатазы 
показывает лишь сосудистая сеть. При дегидратации животных активность не изменяется. 
Реакция кислой фосфатазы, выявляемая в плазме ганглионарных клеток магноцеллю- 
лярных ядер, которая и в норме очень интенсивна, в случае нейрональной гиперфункции 
еще более усиливается. Это явление, предположительно, связано с повышением синтеза 
белков.

Dr. D énes B ara  
Dr. József Skaliczki

Szeged, K órbonctani Intézet, H ungary
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D e p a r tm e n t  of  G enera l  Zoology and  C o m p ara t iv e  A n a to m y  (Direc tor :  G. M ö d l i n g e r ), 
E ö tv ö s  L o rán d  U nivers i ty  of Sciences, B u d ap es t

RESPONSE OF THE ADRENAL GLAND 
TO THE ACTIVATION OF THE 

SUBCOMMISSURAL ORGAN IN THE PIGEON
P .  PÉ C Z EL Y  and  T. M u R A Y  

(Received J a n u a r y  30, 1968)

T he  pe r ipheral  in te r ren a l  m a t t e r  of th e  ad rena l  g land  and  the  subcom m issu ra l  
o rg an  h ave  been stud ied  b y  histologic m eth o d s .  In  the  per ipheral  zone t r e a tm e n t  
w i th  prednisolone, or w ith  prednisolone and  su b seq u e n t ly  ACTH produced  no changes ,  
while insulin  t r e a tm e n t  and  insulin  load ing  following prednisolone a d m in is t r a t io n  
resu l ted  in h y p e r t ro p h y .  T he  zone ly ing  deeper  showed a tro p h y  following predn iso lone  
t r e a tm e n t  an d  h y p e r t ro p h y  in response to  in su lin  t r e a tm e n t ,  in the  course o f  t r e a t 
m e n t  w i th  prednisolone  and  ACTH the  a t r o p h y  which h a d  developed in response  to 
predn iso lone  a d m in is t ra t io n  d isappeared .  T h e  su b co m m issu ra l  organ re sp o n d ed  to 
t r e a tm e n t  w i th  insulin  and  w ith  prednisolone a n d  insulin  by  release of G om ori-posi tive  
fluid,  and  in th e  case of insulin  t r e a tm e n t  an increase  of nuc lea r  volume. The  t r e a tm e n t  
caused no su b s ta n t ia l  increase of nuc lear  v o lu m e  in th e  a q u ed u c t  or in th e  m ura l  
e p e n d y m a  o f  the  th i rd  ventricle .  The  results  were suggestive  of a func tional  corre la t ion  
b e tw een  the  subcom m issural  organ and th e  pe r iphe ra l  zone o f  the  a d ren a l  g land.

A stu d y  has been made of the correlation betw een the function o f the  
subcom m issural organ and that of the peripheral zone of the adrenal g land. 
This was based on the one hand upon the results obtained by K o n d ic s , accord
ing to w hich the avian adrenal gland would not represent a uniform organ, but 
is divided into a peripheral part producing presum ably aldosterone, and a d eep 
er one producing glycocorticoids [5, 6, 7, 8]. On the other hand, our previous in 
vestigations suggested that the deeper zone o f  the interrenal m atter of th e  adre
nal gland was controlled by the p itu itary hypothalam ic system  [16, 17, 18], 
and a functional relationship could be assum ed to ex ist betw een the subcom 
m issural organ and the peripheral zone o f th e  adrenal gland [19]. The evidence  
published by P alk o v its  and L ukács [13] suggests th at adrenaline m ay cause  
a release o f subcom m issural secretion. In our case insulin treatm ent seem ed to 
he a more adequate activator, since adrenaline has a weak effect on the avian  
adrenal [12], w hile treatm ent with insulin induces a marked hypertrophy o f the  
interrenal m atter [9]. As insulin treatm ent elicits adrenaline secretion, we have  
assumed th at the elevation o f the endogenous adrenaline level would activa te  
the subcom m issural organ.

Material and methods

T he  e x p er im en ts  were conducted  in S e p tem b e r  an d  October .  1966. The  a n im a ls  were 
exposed to l ight 11 hours  every  day.  The  following ex p e r im e n ta l  groups were used:

1. Control group  (8 pigeons)
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2. Prednisolone group  (8 pigeons). The  b irds  were  given 5 mg of p redn iso lone  da ily  
in  t w o  e q u a l  doses, one a t  10 a .m .  the  o th e r  a t  6 p .m . ,  over a per iod  o f  14 days .

3. Prednisolone  -f- insu lin  g roup  (8 pigeons). O v e r  a period of 14 d a y s  th e  b i rd s  were 
g iv en  5 m g  of prednisolone da ily  in  tw o  doses, one a t  10 a.m . and  the  o th e r  a t  6 p .m .  O n  the  
1 4 th  d a y  o f  t r e a tm e n t  4 u n i ts  o f  p ro te in  zinc insulin  were  in jec ted  su b cu tan eo u s ly  a t  10 a.m. 
a n d  a  sa m e  dose a t  6 p .m. T h e  b i rd s  were killed 24 h o u rs  af te r  th e  f i r s t  in jection .

4. Prednisolone -j- A C T H  gro u p  (8 pigeons). L ike in  group 3, on  th e  14 th  d a y  of 
p re d n iso lo n e  t r e a tm e n t  each  b i rd  rece ived  8 I .U .  o f  A C T H  a t  10 a.m. a n d  a sam e dose a t  
6 p .m . ,  in tram u scu la r ly .  T he  b i rd s  were killed 24 h o u rs  after  the  f i r s t  in jection .

5. In su l in  group (9 pigeons).  A t  0 and  a t  8 h o u rs  the  birds received su b cu tan eo u s ly  
8 I .U .  o f  p ro te in  zinc insulin. T h e  b irds  were killed 24 hours  af te r  the  f i r s t  in jection .

T h e  b irds  were killed b y  d eca p i ta t io n .  T he  b ra in  a n d  adrenals  were f ixed  in H e id e n h a in ’s 
S u sa .  A f te r  double em bedd ing  accord ing  to PÉTERFI 5 // sections were cut.  T he  su b c o m m is 
su ra l  o r g a n  or th e  m u ra l  e p e n d y m a  was s ta ined  w i th  pa ra ld eh y d e fu ch s in  an d  h a em a to x y l in ,  
t h e  a d re n a ls  w i th  haem atoxy l in -eosin .  T he  sections were  e va lua ted  p a r t ly  on  the  basis  of  
t h e  h is to log ic  p a t te rn ,  p a r t ly  by  m easu r in g  the  ch an g es  in nuclear volume.

I n  each  case we m easu red  th e  d iam e te r  o f  200 nuclei in  th e  subcom m issu ra l  o rgan ,  
m u r a l  e p e n d y m a  and  the  p e r ip h e ra l  zone o f  the  a d re n a l  g land ,  a t  X 2.500 pro jec t ion  m a g n i f ica 
t io n .  V a lu es  for nuclear vo lum e w ere  c om puted  on th e  basis  of the  F ische r- Inke  n o m o g ram  b y

71
m e a n s  o f  t h e  fo rm ula  L B 2. T he  f requency  d i s t r ib u t io n  o f  th e  log va lues fo r  nuc lear  vo lum e

fo r  t h e  c o n tro l  and  t rea te d  g roups  were de te rm ined .  Significance was e s t im a te d  b y  th e  t tes t .  
T h e  d ifference  from the a r i th m e t ic  m eans was considered  significant when  t 1.96.

R e s u l t s

I n  t h e  c o n t r o l  g r o u p ,  i n  t h e  e p e n d y m a l  l a y e r  t h e  a p i c a l  s e c r e t i o n  w a s  c l e a r 
l y  v i s i b l e ,  t h e  c y t o p l a s m  c o n t a i n e d  f i n e  g r a n u l e s .  A t  t h e  b o t t o m  o f  t h e  e p e n 
d y m a l  l a y e r  g r a n u l a t i o n  w a s  r o u g h .  I n  s o m e  e p e n d y m a l  c e l l s  w e l l - d e f i n e d  v a c u 
o l e s  w i t h  r o u g h  a l d e h y d e - f u c h s i n  p o s i t i v e  g r a n u l a t i o n  w e r e  a p p a r e n t .  T h e  
n u c l e a r  v o l u m e  c u r v e  w a s  r e g u l a r ,  w i t h  t h e  m a x i m u m  i n  t h e  1 . 6  c l a s s  ( F i g .  1 ) .

F o l l o w i n g  i n s u l i n  t r e a t m e n t  a p i c a l  s e c r e t i o n  w a s  l e s s  t h a n  i n  t h e  c o n t r o l s ,  
t h e  b a s a l  g r a n u l a t i o n  c o m p l e t e l y  d i s a p p e a r e d ,  t h e  c y t o p l a s m  o f  t h e  e p e n d y m a l  
c e l l s  c o n t a i n e d  l a r g e  a m o u n t s  o f  f i n e ,  d u s t - l i k e  s e c r e t i o n .  T h e  n u c l e a r  v o l u m e  
v a l u e  w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  i n  t h e  c o n t r o l s ,  t h e  m a x i m u m  a l m o s t  l e v e l 
l i n g  o u t  b e t w e e n  t h e  1 . 7  a n d  1 . 8  v a l u e s  ( t  == 6 . 1 0 )  ( F i g .  2 ) .

I n  t h e  p r e d n i s o l o n e - t r e a t e d  g r o u p  t h e  h i s t o l o g i c  p a t t e r n s  w e r e  s i m i l a r  t o  
t h o s e  i n  t h e  c o n t r o l s .  T h e r e  w a s  a  c h a r a c t e r i s t i c  i n t e n s i v e  b a s a l  a n d  a p i c a l  
s e c r e t i o n  o f  g r e a t  i n  t h e  s u b c o m m i s s u r a l  o r g a n .  T h e  f i n e  g r a n u l a t i o n  o f  t h e  
c y t o p l a s m  w a s  l i k e  i n  t h e  c o n t r o l s ;  n u c l e a r  v o l u m e  w a s  s m a l l e r ,  t h e  c u r v e  
s h i f t e d  t o  t h e  l e f t ,  t h e  m a x i m u m  w a s  i n  t h e  1 . 5  c l a s s  ( t  =  — 4 . 1 2 ) .

O n  t r e a t m e n t  w i t h  p r e d n i s o l o n e  a n d  i n s u l i n  t h e  f i n e  a n d  r o u g h  g r a n u l a r  
s e c r e t i o n  w a s  e v a c u a t e d  f r o m  t h e  s u b c o m m i s s u r a l  o r g a n .  N u c l e a r  v o l u m e  w a s  
s i g n i f i c a n t l y  l o w e r  t h a n  i n  t h e  c o n t r o l s ,  i t s  c u r v e  a l m o s t  c o i n c i d e d  w i t h  t h a t  
f o r  t h e  p r e d n i s o l o n e - t r e a t e d  g r o u p  ( t  =  — 5 . 3 0 ) .

I n  t h e  p r e d n i s o l o n e  -)- A C T H  g r o u p  t h e  h i s t o l o g i c  p a t t e r n s  w e r e  t h e  s a m e  
a s  i n  t h e  c o n t r o l  a n d  t h e  p r e d n i s o l o n e - t r e a t e d  g r o u p s .  T h e  n u c l e a r  v o l u m e  v a l u e  
w a s  s i g n i f i c a n t l y  l o w e r  t h a n  i n  t h e  f o r m e r  g r o u p s  ( t  =  — 2 . 8 3 )  ( F i g .  4 ) .
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T o  d e c i d e  t o  w h a t  e x t e n t  t h e  t r e a t m e n t s  a p p l i e d  a r e  s p e c i f i c  f o r  t h e  s u b 
c o m m i s s u r a l  o r g a n ,  w e  e v a l u a t e d  s t a t i s t i c a l l y  t h e  n u c l e a r  v a r i a t i o n s  i n  t h e  
a q u e d u c t  a n d  t h e  m u r a l  e p e n d y m a  o f  t h e  t h i r d  v e n t r i c l e .  I t  w a s  f o u n d  t h a t  t h e

Fig. 1. Control pigeon. Subcom missural  organ .  Bouin .  Aldehyde-fuchsin, X 800

Fig. 2. I n su l in - t rea ted  pigeon. Subcom missural  organ .  Bouin.  Aldehyde-fuchsin ,  X 800

n u c l e a r  v o l u m e  o f  t h e  e p e n d y m a l  c e l l s  r e a c t e d  o n l y  s l i g h t l y  t o  t h e  t r e a t m e n t s ,  
w i t h  t h e  m a x i m u m  a l w a y s  i n  t h e  1 . 6  c l a s s .  T h e  d i f f e r e n c e  f r o m  t h e  c o n t r o l s  
w a s  n o t  s i g n i f i c a n t  s t a t i s t i c a l l y  in  a n y  o f  t h e  c a s e s  ( I n s u l i n ,  t =  — 1 . 8 9 ;  p r e d -
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Fig.  3.  N u c lea r  volume curves o f  t h e  peripheral zone o f  t h e  adrena l  gland. Control an d  t r e a te d
pigeons

Fig. 4.  N u c lea r  volume curves o f  th e  subcom m issu ra l  o rg a n  in control and  t r e a te d  pigeons

n i s o l o n e  -f -  i n s u l i n ,  t =  — 0 . 3 2 ;  p r e d n i s o l o n e  -) -  A C T H ,  t =  — 1 . 2 4 ;  p r e d n i s o 
l o n e ,  t  —  + 1 - 3 6 )  ( F i g .  5 ) .

I n  t h e  i n t e r r e n a l  s u b s t a n c e  o f  t h e  a d r e n a l  o f  t h e  c o n t r o l  b i r d s ,  n u c l e a r  
v o l u m e  i n  t h e  p e r i p h e r a l  z o n e  w a s  l a r g e r  t h a n  i n  t h e  d e e p e r  z o n e  i n  a g r e e m e n t  
w i t h  t h e  f i n d i n g s  o f  K o n d i c s  [ 7 ] .  T h e  m a x i m u m  o f  t h e  c u r v e  w a s  i n  t h e  2 . 0  
c l a s s .
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Fig. 5. Nuclear volume curves of the  a q u e d u c t  and  the  m u ra l  ep en d y m a  of the  th ird  ven tr ic le
in contro l a n d  t rea te d  pigeons

I n  r e s p o n s e  t o  i n s u l i n ,  n u c l e a r  v o l u m e s  i n c r e a s e d  s i g n i f i c a n t l y  i n  b o t h  
t h e  p e r i p h e r a l  a n d  t h e  d e e p e r  l a y e r s ,  t h e r e  w e r e  m a n y  s w o l l e n  c e l l  b u n d l e s .  T h e  
m a x i m u m  s h i f t e d  o n e  u n i t  t o  t h e  r i g h t  ( t  =  + 2 . 5 7 ) .

P r e d n i s o l o n e  t r e a t m e n t  c a u s e d  a t r o p h y  o f  t h e  d e e p e r  z o n e ,  b u t  n o  c h a n g e  
i n  n u c l e a r  v o l u m e  i n  t h e  p e r i p h e r a l  z o n e .  H i s t o l o g i c a l l y ,  t h e  p e r i p h e r a l  z o n e  
w a s  s i m i l a r  t o  t h e  c o n t r o l s  ( í  =  + 0 . 6 5 ) .

I n  t h e  p r e d n i s o l o n e  +  A C T H  g r o u p ,  A C T H  a c t e d  o n  t h e  d e e p e r  z o n e  i n  
t h e  f i r s t  p l a c e  a n d  a b o l i s h e d  t h e  a t r o p h y  c a u s e d  b y  p r e d n i s o l o n e .  I n  t h e  p e 
r i p h e r a l  z o n e  s l i g h t  h y p e r t r o p h y  a n d  a  s m a l l  i n c r e a s e  o f  n u c l e a r  v o l u m e  w a s  
f o u n d ,  b u t  t h i s  w a s  n o t  s i g n i f i c a n t  s t a t i s t i c a l l y  ( t  =  + 1 . 6 3 )  ( F i g .  3 ) .

D iscussion

I t  h a s  b e e n  s h o w n  t h a t  t h e r e  i s  a  f u n c t i o n a l  z o n a t i o n  i n  t h e  i n t e r r e n a l  
m a t t e r  o f  t h e  a v i a n  a d r e n a l s  [ 2 ,  5 — 8 ,  2 1 ]  a n d  t h a t  i t  u n d e r g o e s  h y p e r t r o p h y  o n  
i n s u l i n  t r e a t m e n t  [ 9 ] .  O u r  r e s u l t s  h a v e  c o n f i r m e d  t h e s e  f i n d i n g s  i n  t h a t  n u c l e a r  
v o l u m e  i n  t h e  i n t e r r e n a l  s u b s t a n c e  a l w a y s  i n c r e a s e d  o n  i n s u l i n  t r e a t m e n t .  T h e  
h y p e r t r o p h y  o f  t h e  d e e p e r  z o n e  m i g h t  h a v e  b e e n  d u e  t o  a n  A C T H  e f f e c t  [ 2 0 ] .  
I t  r e m a i n s ,  h o w e v e r ,  t o  b e  s e e n ,  w h e t h e r  t h e  h y p e r t r o p h y  o f  t h e  p e r i p h e r a l  z o n e  
w a s  c a u s e d  b y  a  r e l e a s e  o f  e n d o g e n o u s  A C T H  o r  b y  a  n o n - s p e c i f i c  g l o m e r u l o -  
t r o p i c  f a c t o r .  T h e  s u b c o m m i s s u r a l  o r g a n  r e s p o n d s  t o  i n s u l i n  t r e a t m e n t  b y  i n 
c r e a s i n g  t h e  s y n t h e s i s  a n d  r e l e a s e  o f  s e c r e t i o n ,  a c c o m p a n i e d  b y  a n  i n c r e a s e  o f  
n u c l e a r  v o l u m e .
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A s  i n s u l i n  t r e a t m e n t  r a i s e s  t h e  e n d o g e n o u s  a d r e n a l i n e  l e v e l ,  i t  m a y  b e  
a s s u m e d  t h a t  t h e  e x p e r i m e n t a l  c h a n g e s  o f  t h e  s u b c o m m i s s u r a l  o r g a n  m a y  b e  
t r a c e d  b a c k  t o  a n  a d r e n a l i n e  e f f e c t .

T o  d e c i d e  w h e t h e r  i n s u l i n  m a y  e x e r t  i t s  a c t i o n  n o t  o n l y  t h r o u g h  t h e  p i 
t u i t a r y - h y p o t h a l a m i c - s y s t e m  o n  t h e  p e r i p h e r a l  z o n e  o f  t h e  a d r e n a l  g l a n d ,  w e  
t r e a t e d  t h e  b i r d s  w i t h  p r e d n i s o l o n e ,  p r e d n i s o l o n e  -f-  i n s u l i n  a n d  p r e d n i s o l o n e  +  
A C T H .  P r e d n i s o l o n e  b l o c k s  A C T H r e l e a s e  [ 2 0 ] ,  t h e  d e e p e r  z o n e  b e c o m e s  a t r o p h 
i c ,  b u t  t h e r e  i s  n o  c h a n g e  in  t h e  h i s t o l o g y  o f  t h e  p e r i p h e r a l  z o n e .  T h e s e  s t a t e 
m e n t s  a r e  i n  a g r e e m e n t  w i t h  t h e  r e s u l t s  o b t a i n e d  b y  K o n d i c s  [ 7 ] .  H i s t o l o g i 
c a l l y ,  t h e  s u b c o m m i s s u r a l  o r g a n  d i d  n o t  d i f f e r  f r o m  t h e  c o n t r o l ,  b u t  i t s  n u c l e a r  
v o l u m e s  d e c r e a s e d .  T r e a t m e n t  w i t h  p r e d n i s o l o n e  a n d  i n s u l i n  e l i c i t e d  a  s e l e c 
t i v e  h y p e r t r o p h y  o f  t h e  p e r i p h e r a l  z o n e  o f  t h e  a d r e n a l .  S e c r e t i o n  w a s  r e l e a s e d  
b y  t h e  s u b c o m m i s s u r a l  o r g a n ,  b u t  n u c l e a r  v o l u m e s  d e c r e a s e d .  T h e s e  r e s u l t s  i n 
d i c a t e  t h a t  i f  A C T H  s e c r e t i o n  i s  s u p p r e s s e d  b y  p r e d n i s o l o n e ,  i n s u l i n  i s  c a p a b l e  
o f  i n d u c i n g  h y p e r t r o p h y  o f  t h e  p e r i p h e r a l  z o n e  t h r o u g h  a n o t h e r  r o u t e .  A s  in  
b i r d s  t h e  p e r i p h e r a l  z o n e  i s  m o r e  s e n s i t i v e  t o  A C T H  t h a n  i n  m a m m a l s ,  t h o u g h  
A C T H  a c t s  o n  t h e  d e e p e r  z o n e ,  in  t h e  f i r s t  p l a c e  [ 4 ] ,  o n e  m i g h t  a r g u e  t h a t  o n  
p r e d n i s o l o n e  a n d  i n s u l i n  t r e a t m e n t  t h e  h y p e r t r o p h y  o f  t h e  p e r i p h e r a l  z o n e  i s  
e v o k e d  b y  t h e  s t i m u l a t i o n  o f  A C T H  s e c r e t i o n  b y  i n s u l i n .  I t  s e e m e d  t h e r e f o r e  
n e c e s s a r y  t o  c a r r y  o u t  p r e d n i s o l o n e  p r e t r e a t m e n t  f o l l o w e d  b y  A C T H  l o a d i n g .  
W e  h a v e  s h o w n  t h a t  t h i s  i n t e r v e n t i o n  h a d  n o  e f f e c t  o n  t h e  G o m o r i  p o s i t i v e  
s e c r e t i o n  c o n t e n t  o f  t h e  s u b c o m m i s s u r a l  o r g a n  ( a l t h o u g h ,  a s  e v e r y  t r e a t m e n t  
c o m b i n e d  w i t h  p r e d n i s o l o n e ,  i t  r e d u c e d  t h e  n u c l e a r  v o l u m e  v a l u e s ) ,  a n d  t h a t  t h e  
h y p e r t r o p h y  o f  t h e  p e r i p h e r a l  z o n e  w a s  m u c h  l e s s  m a r k e d  t h a n  t h a t  i n d u c e d  b y  
i n s u l i n  t r e a t m e n t  f o l l o w i n g  p r e d n i s o l o n e  a d m i n i s t r a t i o n .

T h e  r e s u l t s  s u g g e s t  t h a t  t h e  e n d o g e n o u s  a d r e n a l i n e  s e c r e t i o n  e v o k e d  b y  
i n s u l i n  m a y  a c t i v a t e  t h e  s u b c o m m i s s u r a l  o r g a n  a n d  m a y  g i v e  r i s e  a t  t h e  s a m e  
t i m e  t o  a  h y p e r t r o p h y  o f  t h e  p e r i p h e r a l  i n t e r r e n a l  z o n e  o f  t h e  a d r e n a l s .  T h i s  w o u l d  
c o n f i r m  o u r  h y p o t h e s i s  t h a t  i n  b i r d s ,  t o o ,  t h e r e  i s  a  f u n c t i o n a l  c o r r e l a t i o n  b e 
t w e e n  t h e  s u b c o m m i s s u r a l  o r g a n  a n d  t h e  p e r i p h e r a l  z o n e  o f  t h e  a d r e n a l  g l a n d . T h e  
r e s u l t s  m u s t  b e  e v a l u a t e d  w i t h  c a u t i o n ,  s i n c e  i n  m a m m a l s  t h e  s u b c o m m i s s u r a l  
o r g a n  e x t r a c t  c a u s e s  h y p e r t r o p h y  o f  t h e  z o n a  g l o m e r u l o s a ,  b u t  s t i l l  r e d u c e s  
a l d o s t e r o n e  p r o d u c t i o n  b o t h  in  v i v o  a n d  i n  v i t r o  [ 1 4 ] .  T h u s ,  t h e  h i s t o l o g i c a l  
p a t t e r n  a l o n e  m a y  b e  m i s l e a d i n g .  F u r t h e r m o r e ,  s o m e  a u t h o r s  h a v e  f a i l e d  t o  
d e m o n s t r a t e  a  f u n c t i o n a l  c o r r e l a t i o n  b e t w e e n  t h e  s u b c o m m i s s u r a l  o r g a n  a n d  
t h e  z o n a  g l o m e r u l o s a ,  o r  t h e  c h a n g e s  i n  a l d o s t e r o n e  p r o d u c t i o n  [ 1 ,  1 0 ] .  T h e  
e x i s t e n c e  o f  a  f u n c t i o n a l  c o r r e l a t i o n  b e t w e e n  t h e  s u b c o m m i s s u r a l  o r g a n  a n d  
a d r e n a l  a l d o s t e r o n e  p r o d u c t i o n  c o u l d  b e  c o n f i r m e d  e x c l u s i v e l y  b y  u n e q u i v o c a l  
r e s u l t s  o f  e x p e r i m e n t s  i n v o l v i n g  a  l e s i o n  t o ,  a n d  t h e  u s e  o f  e x t r a c t s  o f ,  t h e  s u b 
c o m m i s s u r a l  o r g a n .

I n  s e v e r a l  e x p e r i m e n t s  w e  h a v e  e m p l o y e d  p r e d n i s o l o n e .  T h e  o b s e r v e d  h i s 
t o l o g i c a l  p a t t e r n s  s u g g e s t e d  t h a t  t h e  d r u g  c a u s e d  n o  c h a n g e  i n  t h e  p r o d u c t i o n
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o f  s u b c o m m i s s u r a l  s e c r e t i o n .  I t  w a s ,  h o w e v e r ,  r e m a r k a b l e ,  t h a t  w h e n e v e r  p r e d 
n i s o l o n e  h a d  b e e n  u s e d ,  t h e  n u c l e a r  v o l u m e  c u r v e  s h i f t e d  t o  t h e  l e f t .  S o  t h e  
s u b c o m m i s s u r a l  o r g a n  m i g h t  c o n t a i n  s o m e  s e c r e t i o n  w h i c h  d o e s  n o t  s t a i n  w i t h  
a l d e h y d e - f u c h s i n  a n d  t h e  r e l e a s e  o f  t h i s  s u b s t a n c e  w o u l d  b e  a f f e c t e d  b y  p r e d 
n i s o l o n e ,  o r ,  e l s e  i t  c o u l d  h e  a s s u m e d  t h a t  t h e  g l y c o c o r t i c o i d s  a r e  c a p a b l e  o f  
i n f l u e n c i n g  t h e  a c t i v i t y  o f  t h e  s u b c o m m i s s u r a l  o r g a n .  T h i s  h y p o t h e s i s  m a y  b e  
c o r r e l a t e d  w i t h  t h e  f i n d i n g  b y  G h i a n i  [ 3 ]  o f  c o n s i d e r a b l e  a m o u n t s  o f  s t e r o i d  in  
t h e  s e c r e t e  o f  s u b c o m m i s s u r a l  s e c r e t i o n ,  a s  a l s o  w i t h  t h e  s t a t e m e n t  m a d e  b y  
P a l k o v i t s  [ 1 5 ]  t h a t  i n  a d d i t i o n  t o  a l d o s t e r o n e  a n d  D O C A ,  h y d r o c o r t i s o n e  
a l s o  r e d u c e s  t h e  n u c l e a r  v o l u m e  v a l u e s  i n  t h e  s u b c o m m i s s u r a l  o r g a n .  T h e  r o l e  
o f  t h e  e p i t h a l a m i c  c o m p l e x  i n  t h e  c o n t r o l  o f  g l y c o c o r t i c o i d  s e c r e t i o n  h a s  b e e n  
c o n f i r m e d  b y  t h e  o b s e r v a t i o n  t h a t  d e x a m e t h a s o n e  i m p l a n t e d  i n t o  t h e  h a b e -  
n u l e s  m a r k e d l y  r e d u c e d  a d r e n a l  c o r t i c o i d  p r o d u c t i o n  [ 1 1 ] .

T h u s ,  o u r  f i n d i n g  o f  a  d e c r e a s e  o f  n u c l e a r  v o l u m e  i n  t h e  s u b c o m m i s s u r a l  
o r g a n  i n  r e s p o n s e  t o  p r e d n i s o l o n e  t r e a t m e n t  h a s  c o n f i r m e d  t h e  l i t e r a t u r e  o b 
s e r v a t i o n  t h a t  t h e r e  i s  a  f u n c t i o n a l  c o r r e l a t i o n  b e t w e e n  t h e  s u b c o m m i s s u r a l  
o r g a n  a n d  a d r e n a l  g l y c o c o r t i c o i d  p r o d u c t i o n .  I t  a p p e a r s  t h e r e f o r e  t h a t  a  c e r t a i n  
k i n d  o f  f u n c t i o n a l  o v e r l a p p i n g  e x i s t s  b e t w e e n  t h e  h y p o t h a l a m i c - a d r e n o c o r t i c o 
t r o p i c  s y s t e m  a n d  t h e  e p i t h a l a m i c  c o m p l e x .  A c c o r d i n g  t o  o u r  r e s u l t s ,  t h e  e x i s 
t e n c e  o f  s u c h  a n  o v e r l a p p i n g  i s  l i k e l y  i n  b i r d s ,  a n d  o n  t h e  b a s i s  o f  t h e  l e s s  s p e 
c i a l i z e d  s t r u c t u r e  a n d  f u n c t i o n  o f  t h e i r  a d r e n a l  g l a n d  t h e  e x i s t e n c e  o f  s u c h  a  
m e c h a n i s m  i s  m o r e  p r o b a b l e  i n  b i r d s  t h a n  i t  i s  in  m a m m a l s .
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E I N F L U S S  D E R  A K T I V I E R U N G  D E S  S U B K O M M IS S U R A L E N  O R G A N S  
A U F  D I E  N E B E N N I E R E  D E R  H A U S T A U B E

P. PÉCZELY  und T. MURAY

D ie  periphere in te r rena le  S u b s ta n z  der Nebenniere  u n d  das  subko m m issu ra le  Organ 
w u r d e n  h is tochem isch u n te rs u ch t .  I n  de r  pe r ipheren  Zone f ü h r t  die V e rabfo lgung  von  P re d n i 
solon bzw .  ACTH nach  Predn iso lon  keine V erän d e ru n g  herbei,  w äh ren d  In su l in  sowie Insu l in 
b e la s tu n g  nach  Prednisolon eine H y p e r t ro p h ie  ve rursach t .  Die tiefer  gelegene Zone a troph is ie rt  
n a c h  P redniso lonverabfo lgung ,  a u f  In su l in w irk u n g  zeigt sie indessen H y p e r t ro p h ie .  Bei P r e d 
n iso lon  -j- ACTH-Belas tung h ö r t  die P redn iso lonbeding te  A trophie  auf. Das subkom m issura le  
O rg a n  r e ag ie r t  auf Insulin- bzw. a u f  Predn iso lon  +  Insulin  m it  der Ausscheidung  eines fe inkörni
gen, Gom ori-posi tiven  Sekrets .  Bei In su l in b eh an d lu n g  allein wird die Sekre taussche idung  
v o n  e in e r  V ergrößerung des K e rn v o lu m e n s  begleitet.  Die v o rg en o m m en en  experim entel len  
E in g r i f fe  ve ru rsach ten  im  A q u a e d u c tu s  bzw. im E p e n d y m  der d r i t te n  H i r n k a m m e r  keine 
e rh e b l ic h e  V eränderung  des K e rn v o lu m e n s .  Die E rgebnisse  d eu ten  au f  e inen funktionellen  
Z u s a m m e n h a n g  zwischen dem su b k o m m is su ra le n  Organ u n d  der pe r ip h e ren  Zone der  Neben
n ie ren  h in .

ДЕЙСТВИЕ АКТИВАЦИИ СУБКОММИСУРАЛЬНОГО ОРГАНА 
НА НАДПОЧЕЧНИКИ ДОМАШНЕГО ГОЛУБЯ

П. П Е Ц Е Й И  и Т. М У РА И

Авторы с помощью гистологических методов исследования изучали перифериче
ское межпочечное (интерренальное) вещество надпочечников и субкоммисуральный 
орган. В периферической зоне введение преднизолона или введение АКТГ после дачи 
преднизолона не вызывают изменений, тогда как введение инсулина и нагрузка инсули
ном после дачи преднизолона обусловливают гипертрофию. Более глубоко расположен
ная зона после введения преднизолона атрофируется, под влиянием инсулина показы
вает гипертрофию, а при введении АКТГ после преднизолона атрофия, наблюдаемая 
под влиянием преднизолона, прекращается. Субкоммисуральный орган реагирует на 
введение инсулина или преднизолона +  инсулина выделением тонкозернистого, Гомори- 
положительного секрета, что при введении одного инсулина сопровождается увеличе
нием объема ядер. Примененные авторами экспериментальные вмешательства в эпендиме 
водопровода (aquaeductus) или третьего желудочка мозга не вызывают значительных 
изменений объема ядер. Результаты указывают на то, что между субкоммисуральный 
органом и периферической зоной надпочечников существует функциональная связь.

Dr. Péter P é c z e l y  

Dr. Tibor M u r a y
B u d a p e s t  V I I I .  P u s k i n  u .  3 ,  H u n g a r y
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EFFECT OF
L2,5,6-TETRAMETHANESULFONYL-D-MANNITOL(R-52) 

ON THE CHROMOSOMES OF 
HUMAN LEUCOCYTE CULTURES

D .  S c h u l e r  and  G .  G a c s  

( R eceived F eb ru a ry  6, 1968)

T he  effect o f  1 ,2 ,5 ,6 - te tram ethanesu lfony l-D -m ann i to l  has been s tu d ied  on 
72-liour cu l tu res  of h u m a n  peripheral blood leucocytes .  In  norm al ind iv id u a ls  the  
com pound  com ple te ly  inh ib i ted  mitosis a t  c o n c e n tra t io n s  of L.O /tg/ml and  higher.  
Applied a t  a c o n cen tra t io n  (0.75 f ig/ml)  caus ing  5 0 %  inhibi t ion  of mitosis i t  gave 
rise to n um erous  chrom osom al breaks and reco m b in a t io n s .  The former c o n ce n tra t io n  
increased a lm os t  fourfold the  nu m b er  of sp o n ta n eo u s  breaks and increased also the  
n u m b er  of t ran s lo ca t io n s  in cultures  of leucocy tes  ob ta in ed  from ind iv idua ls  w i th  
Fan co n i’s anaem ia .

A  s i g n i f i c a n t  p e r c e n t a g e  o f  c o n g e n i t a l  d i s o r d e r s  a n d  t u m o u r s  i s  d u e  t o  
m u t a t i o n .  T h i s  i s  i n d i c a t e d  a l s o  b y  t h e  f r e q u e n c y  o f  c h r o m o s o m a l  a b e r r a t i o n s  in  
s u c h  c o n d i t i o n s .  I t  w a s  o n l y  4 9  y e a r s  a g o  t h a t  e x p e r i m e n t a l  s t u d i e s  o f  t h e  c a u 
s e s  o f  m u t a t i o n s  w e r e  s t a r t e d  w i t h  D r o s o p h i l a  m e l a n o g a s t e r  [ 1 5 ] .  A m o n g  t h e  
k n o w n  c a u s a t i v e  f a c t o r s  ( t h e r m i c  e f f e c t s  [ 1 7 ,  1 8 ] ,  X - r a y s  a n d  i o n i s i n g  r a y s  
[ 2 3 ,  3 ] ,  v i r u s e s  [ 1 6 ] ,  e t c . )  t h e  c h e m i c a l  a g e n t s  o c c u p y  a n  i m p o r t a n t  p o s i t i o n .  
A c c o r d i n g  t o  t h e  d a t a  o b t a i n e d  s o  f a r ,  m o s t  o f  t h e  m u t a g e n s  p r o d u c e  c h r o m o 
s o m a l  a b e r r a t i o n s  in  t h e  h i g h e r  o r g a n i s m s  w h i c h  m a y  b e  e x a m i n e d  c y t o l o g i c a l l y  
[ 1 4 ] .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n  w e  h a v e  s t u d i e d  t h e  e f f e c t  o f  R - 5 2 ,  a n  a l k y l 
a t i n g  c y t o s t a t i c ,  o n  h u m a n  c e l l  c u l t u r e s .

M a t e r i a l  a n d  m e t h o d s
The studies involved norm al  children, children w ith  a c u te  lym phoblast ic  leukaem ia ,  and  

children  with  F a n c o n i ’s anaem ia .  Venous blood was o b ta in e d  an d  heparinized (25 m g  c rys ta l l ine  
h epar in  per 10 ml of blood). T h ey  m ade  the  sam ples  s t a n d  a t  room  tem p e ra tu re  a n d  af te r  
the sed im en ta t io n  of the  e ry th ro c y te s  0.5 ml of the leucocy te -r ich  layer between p lasm a  a n d  
e ry th ro cy te s  was t ran s fe r red  to the  cu ltu re  m edium  w h ich  h a d  the  following com pos it ion :  
TC-199 (Difco), 7.5 ml; AB R h  positive h u m an  serum, 1.5 m l; penicillin, 5 mg; s t r e p to m y c in ,  
5 mg; p h y to h ae m ag g lu t in in  “ P ” , 0.08 ml. The drug  R-52 was dissolved in distil led w a te r  
and the  required  q u a n t i t y  in 0.1 ml volume was added  to  t h e  cu ltu re  a t  the onset  of  i n c u b a 
tion. The  cultures  were in cu b a ted  a t3 7 ° C  for 72 hours.  A f te r  70 hours colchicine was added  
to the  culture  to an end con cen tra t io n  of 3.2 X 10 1 mg per  100 ml. After  incuba t ion  th e  cells 
were re -suspended, washed once w ith  2 ml of TC-199, th e n  hypotonized for 10 m in u te s  
with 2 ml of distil led w a te r  (added  to 0.5 ml of the se d im e n t ) .  Afte r  cen tr ifuga tion  th e  sed i 
m ent was fixed for 30 m inu tes  in 2 ml of m ethanol-ace t ic  acid (3 : 1), then  w ashed  w ith  
several changes of f ixa t ive  u n t i l  discolorization. The  cell suspension  was d ropped on a slide, 
dried and sta ined  w ith  G iem sa’s dye. The  chromosomes were  exam ined  under  X 1000 m a g n i 
fication.
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Results

T o study the to x ic , anti-m itotic effect, the lowest drug concentration  at 
w h ich  there was no cell d ivision was determ ined. Chromosomal aberrations 
w ere exam ined at a drug concentration, at w hich cell division was inhib ited  to  
50% , i.e . the m itotic in d ex  (the num ber o f cell divisions per 1000 cells) was 
red u ced  to  that ex ten t. In  som e experim ents instead o f colchicine R-52 was 
ad d ed  to  the leucocyte culture after 70 hours. The chromosomes were exam ined  
in  100 cells at each drug concentration, repeating every experim ent once, ex
cep t in  the case of F an con i’s anaem ia, in w hich only 50 cells were tested  for 
th e  R -52 effect.

Table I

No. Diagnosis R-52
/ig/ml

Inhibi
tion of 
mitosis, 
per cent

Number 
of cells 

examined

Modal
chro

mosome
number

Break, 
per cent

Transloca
tion, 

per cent

1 2 Normal 0.1 - 0 . 5 0 100 46 8 _
3 — 4 Normal 0.5 - 1 .0 50 100 46 19 8

5 Leucosis 0.1 100 — — — —

6 - 7 Fanconi’s anaem ia — 0 100 46 28 —

8 Fanconi’s anaem ia 0.5 50 50 46 84 14

R -52 inhibited m itosis com pletely at concentration above 1.0 //g/ml, 
w h ile  0.5  to 1.0 /ig/m l caused 50% inhib ition . R-52 added to the cultures 2 
hours before the term ination  of cu ltivation  did not influence the m ito tic  index. 
In  leukaem ic patients, R -52 at 0.1 /ig/m l concentration com pletely  inhibited  
m itosis . In the lym p h ocytes from norm al subjects, R-52 caused no 
appreciab le change in  p lo idy . On the other hand, structural changes were 
m arked in every experim ent. A t concentrations which did not y e t  reduce the 
m ito tic  index (0.1 to  0.5 /tg/ml) breaks could be dem onstrated  in 7 to 
9% , at concentrations causing an 50%  in h ib ition  of m itosis, in 19 per cent 
(F ig . 1 and Table I). The concentration causing 50%  inhibition of m itosis induc
ed in 8%  of the cases not on ly  breaks, but also chrom osom al changes ind icative  
of translocation  (Fig. 2). The above percentages m ean the num ber o f dividing  
cells in  which one or m ore breaks or translocations occurred, and not the num 
ber o f  chrom osom es show ing breaks, since in  the same cell often m ore than  
one chrom osom e d isplayed th e  above changes.

T he spontaneous fragility  of chrom osom es in the 72-hour leu cocyte  cul
tures is characteristic o f  F ancon i’s anaem ia. In  our experim ent th is occurred in 
28% . The R-52 concentration  causing 50%  inhibition of m itosis (0.5 /tg/ml) 
in d u ced  breaks in 84%  and translocations in 14% ; much more often  than  in 
the norm al cells.
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Fig. 1. C h ro m atid  b reaks  in h u m an  ly m p h o c y te  cu ltu re  in response to R-52 t r e a tm e n t
in vitro (75 //g/ml concen tra t ion )

2 M
Fig. 2. T ran s lo ca t io n  figure in h u m a n  pe r iphe ra l  ly m p h o cy te  culture t r e a te d  w ith  R-52 
in v i tro  (double  arrow). Also visible are a c h ro m a tid  b re ak  (arrow) and an  ace n tr ic  f rag m e n t  

(arrow with  b roken  shaft),  which  resu l ted  from  chromosome b reak
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Discussion

R ela tively  scarce evidence has been published  concerning the m utagenic  
effects o f chem icals on hum an tissue cultures. Chromosomal breaks have been  
described in response to  treatm ent w ith caffeine [19] and 8-ethoxycaffeine [9], 
th alid om id e [12], lysergic acid [27], am inopterin [21], cyclophospham ide [2], 
pyrim etham ine [4], azathiopirine [10], base analogues (6-m ercaptopurine, c y 
tosin e arabinoside, 5-brom odeoxyuridine [20, 5, 7 ]. Breaks and translocations  
are caused  by acridine dyes bound to  D N A  [19] and by certain antib iotics of 
cy to sta tic  action (m itom ycin , daunom ycin, streptonigrin) [6, 19, 22].

The noxious effect of alkylating agents on the chromosomes has been  
know n for long [19, 26, 1]; we have shown busu lfan  and m annom ustine to  
cau se  chrom osom al breaks [11].

Like the m utagenic alkylating agents reacting  with DNA, R-52 induced  
num erous chrom osom al breaks, and translocations. In certain cases the num ber 
o f chrom osom al breaks exceeded those found in  our experim ents w ith  m an
nom ustine [25].

The great num ber of chrom osom al translocations occurring in response 
to  R -52 resem bled those induced by m itom ycin , ethyleneim ine and proflavin
[19]. These translocations are due to a defective “ healing” of breaks and as a 
perm anent change th ey  can be inherited from cell to cell.

R -52 exerts its inh ib itory action not in th e  m etaphase, because no co l
ch icine-like antim etaphase effect could be observed.

The chrom atid breaks due to R-52 occurred in larger numbers in the v i
c in ity  o f  the centrom ere. T hey were not sim ply added to the breaks found in  
F an con i’s anaem ia, but their number was the double of what could have been  
exp ected  on the basis o f the values obtained in th e  normal children. This m ay  
have been  due either to  a genetic constitution  [8, 13] or to a peculiar structure  
o f chrom osom es in F ancon i’s anaemia.

D ata  in the literature seem  to indicate th a t chem ical agents reacting w ith , 
or bound to , D N A  induce chrom osom e aberrations in tissue cultures. In  experi
m ents on plants and anim als these com pounds have been proved to be m utagenic  
[19]. Though results in vitro obviously cannot be applied w ithout restriction to  
cond itions in vivo, dependent upon a variety  o f extrinsic and intrinsic factors 
[24], th is m ethod of testin g  m ay supply useful inform ation as to the m u tagen 
ic ity  o f  drugs and chem icals. It m ay, how ever, n o t supply inform ation as to  
teratogen icity , in which m any other factors different from those involved  in the  
m utagenic effect have a role.
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D I E  W I R K U N G  D E S 1,2,5,6-T E T R  A M E T H A N S U L P H O N  Y L-D-M A N N IT S  (R-52) 
A U F  D I E  C H R O M O S O M EN  IN  M E N S C H L IC H E N  L E U K O Z Y T E N K U L T U R E N

D. SCHULER und G. GÁCS

Die W irkung  von 1,2,5,6 -T e tram e th a n su lp h o n y l -D -m a n n i t  (R-52) au f  72 s tü n d ig e  K u l
tu ren  von menschlichen pe r ipheren  L eukozy ten  w urde  u n te rsu ch t .  In  der  L e u k o z y te n k u l tu 
ren Gesunder  ru f t  R-52 in e iner K o n z en t ra t io n  von 1,0//g/ml oder m ehr vo llkom m ene  H e m m u n g  
der  Zellteilung hervor. In  5 0% iger  M itosehem m ender  K o n zen tra t io n  (0,75 fxg/ml) ve ru rsach t  
R-52 zahlreiche C hrom osom enbrüche  und  neue R eko m b in a tio n en .  In den  L eu k o z y te n k u l tu re n  
von P a t ie n ten  m it Fancon i-A näm ie  wird du rch  R-52 in obiger K o n zen t ra t io n  die Anzahl 
der  sp o n tan en  Chrom osom enbrüche  nahezu  auf  das Vierfache e rh ö h t  u n d  auch  eine größere 
Zahl von  Trans loka tionen  hervorgerufen .
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ДЕЙСТВИЕ 1,2,5,6-ТЕТРАМЕТАНСУЛЬФОНИЛ-Ц-МАННИТА (R-52) НА 
ХРОМОСОМЫ В КУЛЬТУРАХ ЧЕЛОВЕЧЕСКИХ ЛЕЙКОЦИТОВ

Д. ШУЛЕР и Г. ГАЧ

Авторы изучали действие 1,2,5,6-тетраметансульфонид-0-маннита на 72-часовые 
культуры лейкоцитов, взятых из периферической крови человека. В концентрации 1,0 / ír  
на мл или выше, R-52 в культурах лейкоцитов здоровых лиц совершенно прекращает 
митозы. В 50%-ной тормозящей митозы концентрации (0,75 /гг на мл) R-52 вызывает 
многочисленные расщепления хромосом и новые рекомбинации. В культурах лейкоцитов 
больных анемией Фанкони, R-52 при вышеуказанной концентрации повышает число 
самопроизвольных распадов хромосом почти в четыре раза, и вызывает также больше 
транслокаций.

Dr.
Dr.

D ezső S c h u l e r  

Gábor GÁcs B u d ap est IX . Tűzoltó u. 7/9, H ungary

A c ta  M orphologica  A cadem iae  S c ie n tia ru m  H ungaricae 16, 1968
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