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In fa rc to id  card iac  lesion has been in d u ced  in ra ts  b y  d ie ta ry  m eans in 
th e  course of ea rlie r e x p e rim e n ts  111, 14, 15]. The ca rd io p a th o g en ic  d ie t was 
r ic h  in v itam in  D 2, cho leste ro l an d  p ro te in , w ith  a lack of p o tassiu m  an d  m ag n e­
s iu m  w ith  excess sod ium  an d  ch lo rine . T he d ie t  b ro u g h t a b o u t 170 to  180 m m  
l lg  h y p e rten s io n  in  th e  an im a ls  w hich  d ied  betw een  th e  4 th  and  7 th  w eek of 
th e  e x p e rim en t w ith o u t specia l in te rv e n tio n . H isto logical e x a m in a tio n  revealed  
d iffe re n t s tages of in fa rc to id  c a rd io p a th y  (d egenera tion , n ec ro sis , in f il­
tr a t io n , fibrosis).

T he question  arose w h e th e r th e  lesions w ere re s tric ted  to  th e  h e a r t  only. 
T h e o re tic a l co n sid e ra tio n s m ade i t  p ro b ab le  th a t  th e  cen tra l n e rv o u s  sy s te m , too , 
m u s t h av e  been im p a ire d , a n d  th a t  th e  n e rv o u s  lesions also a ffec ted  th e  h ea rt.

Lesion o f th e  c e n tra l n erv o u s sy s tem  wras to  be ex p ec ted  fo r th e  follow ­
in g  reasons.

a )  One o f th e  p a th o g e n ic  fac to rs  w as th e  o rgan ism ’s loss o f  p o ta ss iu m  
an d  m agnesium  [11, 14, 15] w hich is know n  to  give rise to  p a th o lo g ic  changes 
in  th e  nervous a p p a ra tu s  [2, 3, 4, 5, 7, 8, 9, 10, 12, 13]. A lth o u g h  th e  deficiency 
in  question  was n o t as g rav e  in  our e x p e rim e n ts  as to  provoke a h y p o p o tassaem ic  
sy n d ro m e  or m agnesium  te ta n y , i t  m ay  nevertheless h av e  su fficed  to  p ro ­
duce h isto log ica lly  d e m o n s tra b le  a lte ra tio n s .

b) A n o th e r p a th o g en ic  fac to r w as D 2-h y p erv itam in o sis ; th is  is know n 
to  cause ca lcifications in  th e  v iscera , th e  k id n ey  in p a r tic u la r , an d  i t  m ay 
d am ag e  th e  v ascu la r n e tw o rk  o f th e  c e n tra l nervous sy stem  as well.

c)  S till a n o th e r  p a th o g en ic  fa c to r  w as h y p erch o leste ro laem ia  w hich , by 
d am ag in g  th e  in tim a , m a y  in d u ce  a th e ro m a to s is  and lead , th u s , to  hypox ic  
lesions o f th e  nervous sy s tem .

d )  I t  is m oreover b y  in d u c in g  h y p e rten s io n  th a t  th e  ca rd io p a th o g en ic  
d ie t  m ay  give rise to  n e u ro p a th ie s .

C onditioned  reflexes an d  th e  E E G  o f  ca rd io p a th ie  ra ts  show ed  pathologic  
s ig n s  in earlie r ex p e rim en ts  [1]. I t  seem ed , therefo re , n ecessa ry  to  ascerta in  
th e  ty p e  an d  degree o f m orpho log ica l changes produced  in th e  c e n tra l  nervous 
s y s te m  b y  th e  ca rd io p a th o g en ic  d ie t.
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M aterial and m ethod

The technical details of the experiment and the composition of the diet have been 
described previously 111, 14, 15]. We kept the animals on the complex cardiopathogenic diet 
No. S. 65. Albino rats of 110 to 140 g body weight at the age of 70 to 90 days were used. The 
animals died between the 5th and 7th week of the experiment or were killed at the end of the 
7th week and histological examinations were made. The animals were divided into 7 groups. 
Group I (12 animals) received the S. 65 diet; Group II (10 animals) normal food with added 
excessive doses of vitamin D2; Group III (5 animals) werefedtheS. 57 diet (S. 65 without vita 
min D2); Group IV (7 animals) diet S. 68 (S. 65 without cholesterol); Group V (5 animals), 
diet S. 59 (S. 65 without protein); Group VI (9 animals) diet S. 60 (S. 65 without salt); Group 
ATI consisted of 10 normal controls.

Results
G roup I

T h e  b ra in  of tw o a n im a ls  con ta ined  foci o f  m a lac ia ; th e  cen tre  o f  th e  
foci w as necro tic , su rro u n d e d  w ith  m icroglial a n d  m acrog lia l a ccu m u la tio n s
(F ig . 1).

T h e  walls of th e  b a s ila r  vessels ( in te rn a l c a ro tid )  w ere th ickened , show ed 
n e c ro tiz e d  spo ts and  h y a lin e  d egenera tion  in  4 cases, w hile inc ip ien t th ro m ­
bosis w as seen in 9 cases: th e  lum en  of th e  vesse ls w as in v ad ed  by  e n d o th e lia l 
cells, a n d  th e re  was an  a c c u m u la tio n  of h aem ato g en ic  e lem en ts in  the  v ic in ity .

S y m m etric  m y e lo p a th y  on b o th  sides o f th e  a n te r io r  m edian fissu re  in 
th e  sp in a l cord and  s lig h tly  in c rea sed  v ascu la riza tio n  to g e th e r  w ith  a p ro life r­
a tio n  o f  periv ascu la r co n n e c tiv e  tissue in th e  reg io n  o f  th e  an te rio r sp in a l 
a r te r y  w as revealed  in one a n im a l. A sm all in f la m m a to ry  focus was v isib le  
in  th e  a re a  o f th e  do rsa l h o rn  in  th e  tho racic  co rd  o f  a n o th e r  anim al.

In  9 o u t o f 12 an im als  p a th o lo g ic  changes (cell gh o sts , grave changes o f  
n e rv e  cells, n eu ro n o p h ag ia , p y cn o sis , etc.) w ere seen in  th e  an te rio r, and  so m e­
tim es  in  th e  la te ra l, h o rn s . C hanges o f th is n a tu re  w ere observed  in all g ro u p s 
(F igs. 2 , 3).

Group I I

T h e  b as ila r vessels sh o w ed  th ick en in g  an d  h y a lin e  degenera tion  in  5 
an im a ls  a n d  sligh t m ura l n ec ro s is  in one an im al. T h e re  w ere m inu te  cap illa ry  
h a e m o rrh a g es  in  the  w h ite  m a t te r  o f th e  sp in a l co rd  in  one case, in th e  grey  
m a t te r  in  5 cases. P ro n o u n ced  m yelod eg en era tio n  o ccu rred  in one case (F ig . 4). 
I t  w as in  5 an im als th a t  p a th o lo g ic a l signs in th e  n e rv e  cells o f the  sp inal c o rd , 
as m e n tio n e d  in connection  w ith  G roup I, w ere e n c o u n te re d .

Group I I I

N o v ascu la r lesions w ere seen. We found , in  one an im al, p ronounced  
sp ong iose  d egenera tion  in  th e  sp in a l cord a t  th e  low er cerv ical and all th e  
th o ra c ic  levels. P atho log ic  ch an g es  in the  n e rv e  cells, as described a b o v e ,
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F i g .  1. Abscess in temporal lobe. Haematoxylin-eosin. Low-power magnification — F ig .  2 . Cell ghost 
and neuronophagia. Haematoxylin-eosin — F ig .  3. Cell ghost and neuronophagia. Haematoxylin-eosin

F ig .  4 . Spinals’ part of the rat. Van Gieson
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o c c u rre d  in  one in s tan ce . N eurog lia l a c t iv i ty  seem ed to  be m ore m a rk e d  th a n  
in  th e  p reced in g  groups. In  one an im al th e re  w as m odera te  h y p o x ia  in  th e  
S o m m e r sec to r o f the  h ip p o cam p u s.

G roup I V

P o ro s ity  w ith  th ic k e n in g  an d  necrosis in  th e  basilar veins w as observed  
in  o n e  case . In  a n o th e r case, g rave  h a e m o rrh a g e  occurred  in  th e  b a s ila r  p a r t  
o f  th e  p ia  m a te r  in w hich th e  b as ila r vessels w ere  em bedded  an d  w h ich  e x te n d ­
ed  to  th e  h ip p o cam p a l fissu re  (F ig . 5). A s lig h t haem o rrh ag e  in  th e  g rey  m a tte r  
w as fo u n d  in  a th ird  an im a l (F ig . 6).

T h e re  w ere fu r th e r  2 cases o f th e  sp in a l co rd : i t  was in  one o f  th e m  a t 
th e  ra m if ic a tio n  o f th e  th ick en ed  vessel. T h e  n e rv e  cells o f th e  sp in a l cord 
sh o w e d  chan g es in  all m em bers o f th e  g ro u p .

G roup V

In  one case th e re  was a m o d era te  m en in g ea l haem orrhage in  th e  la te ra l  
c e re b ra l  fissu re , acco m p an ied  b y  ly m p h o c y tic  in filtra tio n  a n d  increased  
v a s c u la r iz a tio n . N ecrosis in  th e  Som m er se c to r  o f  the  h ip p o cam p u s occurred  
in  a n o th e r  case (F ig. 7).

T h e  n e rv e  cells o f th e  sp in a l cord  w ere  a ffec ted  in tw o ra ts ,  w hile th e re  
w as c a p illa ry  haem o rrh ag e  in  th e  grey  m a t te r  o f one an im al. L y m p h o cy tic  
in f i l t r a t io n  in  an a n te rio r  h o rn  o f th e  sp ina l co rd  and  in th e  a n te r io r  ce reb ra l 
fis su re  w7as en coun tered  in a fu r th e r  case.

G roup V I

T h e  b as ila r vessel w alls d isp lay ed  th ic k e n in g , p ro liferation  o f th e  a d v e n ­
t i t i a ,  n ec ro sis  in  associa tion  w ith  spongiose d eg en era tio n  in  3 cases.

T h e re  w as a cap illa ry  h aem o rrh ag e  in  th e  spinal g rey  m a tte r  in one 
a n im a l, a n d  m arked  m y e lo p a th y  in  tw o r a ts ,  a t  th e  tho racic  level in  th e  one, 
an d  a ll a lo n g  th e  cord in th e  o th e r. The sp in a l nerve  cells wrere a ffec ted  in 
7 cases .

G roup V I I

N o signs of p a th o lo g y  w ere observed in  th e  contro ls.
S u m m in g  up, i t  was o n ly  in G roup I t h a t  sm all foci o f so ften in g  and 

in c ip ie n t  th ro m b o sis  o ccu rred . M ural n ecrosis , h y a lin e  degenera tion  o f  b asila r 
v esse ls , th e ir  th ick en in g  w ere m an ife s ta tio n s  in  com m on w ith  th o se  found  in 
G ro u p s  I I ,  IV , V and  V I.

S pong iose  m yelo d eg en e ra tio n  occu rred  in  th is group in  one, in  G roup 
I I  a n d  G ro u p  I I I  likew ise in  one each , and  in  G roup  V I in  tw o an im a ls .



F ig .  5 . Basilar haemorrhage. Low-power magnification — F ig .  6. Haemorrhage in the spinal grey matter. 
Haematoxylin-eosin. High-power magnification — F ig .  7. Neuronal hypoxia in Sommer’s sector of the 
hippocampus. Haematoxylin-eosin — F ig .  8. Detail of abscess from rat brain. High-power magnification
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M em bers o f G roup  I I I  w ere d iffe re n t from  those o f  o th e r  g ro u p s  in a s ­
m u ch  as th e y  d isp layed  no v ascu la r  lesions. I t  seem s th a t  feed ing  o f  cho leste ro l 
w ith o u t synch ronous D 2-h y p e rv ita m in o s is  is n o t capab le  o f p ro v o k in g  such 
les io n s, a t  leas t w ith in  th e  d u ra tio n  o f  ou r ex p erim en ts . D eg en e ra tiv e  changes 
w ere p re se n t in th is  g roup  as well.

D iscussion

P a th o lo g ica l changes in  th e  c e n tra l  n erv o u s system  o ccu rred  in  a ll te s t 
g ro u p s ; th e  p a r ts  a ffec ted  w ere c e r ta in  e lem ents o f  th e  nervous tissu e  (nerve 
cell, n eu ro g lia , m yelin  sh e a th )  an d  th e  v ascu la r  a p p a ra tu s . L esions w ere o b ­
se rv ed  in  ev ery  g ro u p : th e ir  ra tio  w as 9/12 in  G roup I ;  5/9 in  G roup  I I ;  2/5 in 
G ro u p  I I I ;  2/7 in G roup  IV ; 3/5 in  G ro u p  V ; 7/9 in  G roup V I. M ost o f  these  
lesions o ccu rred  in  th e  a n te r io r  or p o s te r io r  h o rn , and  — in 2 cases — in the  
n e rv e  cells o f th e  Som m er sec tion  o f  th e  h ippocam pus.

E sse n tia lly , th e  lesions w ere non -sp ec ific ; th e y  consisted  in  a deco lo r­
a tio n  o f  th e  nerve  cells, in  th e ir  d e g e n e ra tio n , pycnosis or n e u ro n o p h a g ia , w hich 
show s th a t  th e  a lim e n ta ry  in to x ic a tio n  caused  no specific d am ag e  to  th e  m e ta ­
bo lism  o f  n e rv e  cells.

T h e  fa c t th a t  5 an im als  in  G roup  I I  ex h ib ited  changes o f sp in a l nerv e  
cells show s th a t  D 2-h y p erv itam in o sis  is specifically  tox ic  for nerv e  cells. T h a t 
th e  ra t io  w as still h ig h er in  th is  re sp e c t in  G roup I and  V I p e rm its  o f  th e  con­
clusion  t h a t  h y p e rten s io n , as in d u ced  b y  th e  card io p a th o g en ic  d ie t, is p a r t ic u ­
la r ly  in ju r io u s  for n e rv e  cells. T he s a lt- fa c to r  seem s n o t to  be in v o lv ed  in  th is  
re sp e c t, since th e  incidence  o f  n e rv o u s lesions was h ighest ju s t  in  G roup  V I. 
T he fa c t t h a t  the  n e rv o u s changes w ere less f req u en t in G roups I I I ,  IV  and 
V p ro v es  th a t  D 2-h y p e rv itam in o sis , h y p e rch o les te ro laem ia  an d  h y p e rp ro te in -  
aem ia  h a v e  to  a c t in  com m on in  o rd e r to  p ro d u ce  grave n erv o u s lesions.

W e reg a rd  th e  b an d lik e  necrosis o f n e rv e  cells in th e  S om m er sec to r oi 
th e  h ip p o c a m p u s , as observed  in  G roups I I I  an d  IV , as a hypox ic  d eg en e ra tio n .

I t  w as in  four g roups t h a t  we o b se rv ed  a spongiose d e g en e ra tio n  o f th e  
sp in a l co rd . T his w as in  its  h is to lo g ica l a sp ec ts , in  p erfec t ag re e m e n t w ith  
ea rlie r  o b se rv a tio n s  concern ing  v a rio u s o th e r  in ju rie s  [6]. As in  ea rlie r e x p e ri­
m e n ts , m e tab o lic  changes in d u ced  b y  th e  app lied  d ie t m ig h t h av e  been  th e  
cause  o f  d eg en e ra tio n . T h e  reaso n  w hy th e  m yelin  sh e a th  was d am ag ed  in som e 
an d  re m a in e d  u n im p a ired  in  o th e r  an im a ls  p resu m ab ly  is th a t  a n u m b e r of 
in d iv id u a l fac to rs , e.g. th e  in te n s ity  o f  re s is tan ce , differences in  a b so rp tio n  
an d  a ss im ila tio n  in  th e  g a s tro in te s tin a l t r a c t ,  are invo lved  in  th e  genesis o f 
m y e lo p a th ie s .

As reg a rd s  v a scu la r m a n ife s ta tio n s , th e  presence o f sm all foci o f  ence- 
p h a lo m a lac ia  an d  necrosis in  tw o  an im a ls  w as the  m ore n o te w o rth y  as the
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b a s ila r  veins o f  th e  sam e ra ts  show ed  th ick en in g , h y a lin e  d eg e n e ra tio n  and 
necrosis. These foci were obviously ' analogous to  th ro m b o tic  foci o f  so ften ing  
in  h u m an s, an  a ssu m p tio n  c o rro b o ra te d  b y  th e  fa c t th a t  changes o f  th is  k ind 
occurred  in G roup  1 only , viz. am o n g  those an im als w hich received  th e  com ­
p lex  d ie t c o n ta in in g  all p a th o g en ic  fac to rs . L e t us rem em b er t h a t  th e  tw o 
an im a ls  w ith  in c ip ien t th ro m b o sis  in  th e  b as ila r veins belonged likew ise to  this 
g ro u p .

P atho log ic  changes in th e  w all of basila r veins occurred  in 11 an im als , 
o f  w hich 2 belonged  to  G roup I ,  3 to  G roup I I ,  one — each  — to  G roups 
IV  and  V, 3 to  G roup V I. A lth o u g h  th is irreg u la r d is tr ib u tio n  p e rm its  o f no 
conclusion reg a rd in g  the  specific e ffec t of each p a r tic u la r  d ie t, i t  is n o te w o rth y  
t h a t  th e  vessel walls rem ained  in ta c t  in G roup I I I  w hose m em bers received 
no  v ita m in  D.2 in th e  d ie t.

C apillary  haem o rrh ag e  in  th e  grey  m a tte r  o f th e  sp in a l cord o ccu rred  in 
9 cases, in th e  w h ite  m a tte r  in one case. T hey  w ere a p p a re n tly  due  to  increased  
p e rm eab ility  o f  th e  cap illa ry  w alls caused  by  d ie ta ry  fac to rs . L ep to m en in g ea l 
h aem o rrh ag e  w as observed  in  2 a n im a ls , and th e  h aem o rrh ag e  w as so m assive 
in one o f these cases as to  envelop  th e  basila r vessels.

H aem o rrh ag e  in  th e  c e n tra l n e rv o u s  sy s tem  was m ost fre q u e n t in  G roup 
I I ,  less f re q u e n t in G roups IV, V a n d  V I, while th e re  w as no h aem o rrh ag e  in 
G ro u p  I I I .  P e riv a scu la r h aem o rrh ag e  in the b ra in  in connection  w ith  D 2-hyper- 
v itam in o sis  has been described b y  B a u e r  [16], w hile g rave  m en ingea l h a e ­
m o rrh ag e , as seen in our G roup IV , has n o t been rep o rted  in th e  av a ilab le  
l i te ra tu re . By [m in ting  to  the  p ossib le  significance o f n u tr i t io n a l fa c to rs , our 
case m ay c o n tr ib u te  to  an e lu c id a tio n  of th e  still obscure  ae tio lo g y  o f  lep to ­
m eningeal h aem o rrh ag e  in h u m an s.

W e suggest th a t ,  as reg ard s  th e  sm all c ircum scribed  in f la m m a to ry  foci 
a n d  the  abscess (F ig . 8) found in 3 an im als  o f G roups I and  V, th e  d ie t reduced  
th e  resistance  o f  th e  anim als and  m ad e  th em  th u s  su scep tib le  to  p a th o g e n s .

The authors are indebted to M i s s  M .  S c h n e l l  and iM is s  M .  J ó n a  for valuable technical 
assistance.

S u i n i i i a r  y

Morphological changes have been induced in the central nervous system of rats by 
dietary means. The pathological changes observed consisted in degeneration and pycnosis 
of the nerve cells, neuronophagia, further vascular manifestations such as thickening and 
necrosis of vessel walls, haemorrhage, thrombosis and foci of encephalomalacia.
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16, 189. — 16. Ba u e r : cit. H. T h i e r s : (1956) Les Vitamines. Masson, Paris, 233.

HISTOLOGISCHE VERÄNDERUNGEN DES ZENTRALNERVENSYSTEMS 
BEI EXPERIMENTELLER KARDIOPATHIE

J. SÓS, T. LEHOCZKY und MARGIT HALASY

Auf Wirkung einer kardiopathogenen Diät entstanden im Gehirn und im Rückenmark 
pathologische Veränderungen. Außer Degeneration und Pyknose der Nervenzellen sowie 
Neurophagie ließen sich vaskuläre Veränderungen nachweisen: Verdickung und Nekrose der 
Gefäßwand, Blutungen, Thrombenbildung und Erweichungsherde.

ГИСТОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЫ 
ПРИ ЭКСПЕРИМЕНТАЛЬНОЙ ВАСКУЛЯРНОЙ КАРДИОПАТИИ

Й. Ш О Ш , Т. Л Е Х О Ц К И  и М. Х А Л А Ш И

После дачи диэты, вызывающей кардиопатию, в мозге и спинном мозге развиваются 
патологические морфологические изменения. Кроме перерождения и пикноза нервных 
клеток и нейрофагии наблюдаются васкулярные изменения, утолщение сосудистой стенки, 
некроз стенки сосуда, кровотечение, образование тромбов и очаги размягчения.

P r o f . D r . .T. Sós 
P r o f .  D r . T .  L e h o c z k y  

D r . M a r g i t  H a l a s a

B u d ap est IX . H ögyes E n d re  u . 9 ., H u n g ary
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