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jedoch deutlich schw/~chere Hemmung von nonkompeti- 
t iver Natur  wurde bei der Hydroxymethyl te t rahydrofol-  
sAuredehydrogenase, Formiminotransferase und Leuko- 
vorincyclodehydrase festgestellt, Weiter wurde die enzy- 
matische Hydroxymethyl ierung yon Tetrahydroamino- 
pterin durch Serinaldolase aus der Taubenleber beobachtet.  
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The chromatogram of the incubation mixture of serine aldolase from 
pigeon liver with tetrahydroaminopterin (0.5% sodium carbonate, 

ascending technique). 
Samples: 1. serine aldolase + tetrahydroaminopterin + serine. 
2. sample without enzyme. 3. sample without serine. 4. synthetic 
NV-Z°-methylentetrahydroaminopterin. 5. the mixture of sample 1. 

with the synthetic NS-l°-methylentetrahydroaminopterin. 
Zones: a)light-green fluorescent decomposition product of tetra- 
hydroaminopterin, probably 2,4,6-triaminopteridine. b) tetrahydro- 

aminopterin, c) N~-l°-methylentetrahydroaminopterin. 

of te trahydfoaminopterin into NS-i°-methylentetrahydro- 
aminopterin was detected by means  of paper chromato- 
graphy of the reaction mixtures. The product showed 
identical behaviour with tha t  prepared by the non- 
enzymic hydroxymethylat ion of te t rahydroaminopter in 
by low concentrations of formaldehyde. However, the 
dehydrogenation of the substance mentioned to the 
NS-10-methylen-tetrahydroaminopterin could not be ob- 
served. From the results presented here, it can be sup- 
posed tha t  from the enzyme systems of folic acid turnover  
the hydrogenases are most strongly inhibited by the 
4-amino-analogues of folic acid derivates. Even the hydro- 
genated and N s or N 1° substituted 4-amino-analogues, 
which are much less active than aminopterin or ametho- 
pterin themselves, show the strongest act ivi ty  on the 
folic acid hydrogenases. However, in the case of the last- 
mentioned substances, the inhibition of the hydroxy- 
methyltetrahydrofolie acid dehydrogenase should be con- 
sidered. 

The results of the toxicity determination of the above- 
mentioned 4-amino-analogues for mice ze do not agree with 
the enzyme inhibition observed. Thus another mechanism 
of action might  be supposed ; i.e., the interference with the 
natural  folic acid coenzymes in the single carbon transfer 
reactions. The inhibition of the thymidylate  synthetase 
and the glycinaminoribotide and aminoimidazolcarb- 
oxamide ribotide transformylases will be reported later. 

Zusammen/assung, Der Einfluss einiger 4-Aminoana- 
logen der coenzymatisch aktiven FolsAurederivate auf die 
Enzyme der Folsiiureumwandlungen wurde verfolgt. Die 
stiirkste Hemmung zeigen alle 4-Aminoanaloge auf die 
Hydrogenase der Fols/iure, wobei die Hydrierung des 
Pyrazinringes dieselbe deutlich vermindert.  Eine mAssige, 

E s t a b l i s h m e n t  of  an Epithel ia l  Cell Stra in  
f r o m  Calf Liver  in C o n t i n u o u s  Culture 

Calf liver cells were isolated in September 1958 for 
various researches in the following way. Fetal  calf liver 
was minced and the fragments were explanted on glass 
without plasma in a culture medium containing 25% calf 
serum and 0.5% lactalbumine hydrolysate (N.B.C.) in 
Hanks balanced salt solution 1. The cultures were in- 
cubated at 37°C. Media were changed every 2-3 days. 
Subcultures were made after about a month by trypsiniz- 
ing (0.5% trypsin in a salt solution deficient in Ca++ and 
Mg++). In the beginning growth of the cells was slow, but  
after the 5th subculture (March 1959) the growth was 
more regular, quicker and clearly epithelial as a close 
packed pavement  epithelium. Cells from various explants 
were kept in culture. In the early stages most explants 
often formed epithelial cells, but  after prolonged culture 
the cells were fibroblastlike. One of the subcultures how- 
ever grows as a sheet of cells on the glass wall. After 
establishment of these cells in continuous culture the 
serum percentage of the medium was reduced gradually 
to 5%. The doubling time for this strain is two to three 
days and the mitotic index 2-3%. The shape of the ceils 
from this strain (KaLe) is polygonal (see Fig.). The mean 
nuclear size, measured in a culture fixed with formol- 
alcohol-aceticacid and stained with iron hematoxylin, is 
16 ~. (The mean nuclear size of liver tissue fixed and 
stained on the same manner is 7 [~.) There are some 
'giants ' ,  6-7~o, whose nuclear size varies from 23-42 ~z. 
The number of nucleoli per nucleus varies from 1-7. There 
is no relation between number of nucleoli and size of the 
nucleus. The number of chromosomes is 70 4- 2 (normal 
fetal liver cells 60). The cells on the photograph were 
fixed and stained with 2% AgNO3 ~. Between the cells a 
'cement substance' is clearly visible, which is stained by 
the silver. (Cultures of cartilage ceils, stained with AgNOn, 
never gave staining of such 'cement substance' although 
some aneuploid strains grow as epithelial sheets as well.) 
The mitochondria of the liver cells are mostly spherical, 
some are filamentous. The plasma of the liver cells fixed 
with alcohol 70% and stained with the PAS reaction is 
clearly PAS positive. Physiologically they are thus liver 
cells. Up to now it was impossible to cult ivate this KaLe 
strain as separate cells in suspension. We tried it  with 
shake and stir cultures, but  always groups of cells were 
found. I t  is probable tha t  the cells are held together by the 
cement substance, Biochemical research on this strain will 
be published elsewhere. 

z j .  PAUL, Cdl and Tissue Culture (E. and S. Livingstone Ltd., 
Edinburgh and London 1959). 
B. Ro~z~ts, Mikroskopische Technik, 15th Ed. (R. Oldenbourg, 
M~nchen 1948). 
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Ceils from Ka Le strain magn. 450 × fix. col AgNO 3. Phase contrast. 

Zusammenfassung. Die I so l i e rung  e iner  Zel l -Linie  aus  
fb t a l e r  K a l b s l e b e r  wi rd  besch r i eben .  Die  Zel len w a c h s e n  in 
ep i the l i a l e r  Sch ich t  u n d  s ind d u r c h  K i t t s u b s t a n z  mi t e in -  
a n d e r  ve rk l eb t .  N a c h  de r  f i infz igs ten  Pas sage  sche inen  
n o c h  i m m e r  spezif ische L e b e r e n z y m e  a n w e s e n d  zu sein, 
so dass  die Zel l -Linie  morpho log i sch  u n d  b i o c h e m i s c h  als 
L e b e r e p i t h e l  b e t r a c h t e t  w e r d e n  k a n n .  
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Physical  Stress and Emetine Cardiotoxicity 

I n  our  p rev ious  p a p e r s  we h a v e  r e p o r t e d  t h e  tox ic  
p a t t e r n s  a n d  t h e  e l ec t roca rd iog raph i c  changes  o b s e r v e d  
in r a b b i t s  s u b j e c t e d  to  e m e t i n e  acu t e  i n t o x i c a t i o n  s, in 
gu inea  pigs s u b j e c t e d  to  e m e t i n e  s u b a c u t e  i n t o x i c a t i o n L  
a n d  in  g u i n e a  pigs rece iv ing  courses  of e m e t i n e  ch ron ic  
t r e a t m e n t  s imi la r  to  those  used  in h u m a n  t h e r a p y  a. 
A case of W o l f f - P a r k i n s o n - W h i t e  s y n d r o m e  was o b s e r v e d  
in one gu inea  p ig  d u r i n g  such  a course  of t r e a t m e n t  4. 
D e g e n e r a t i v e  a n d  necro t ic  changes  h a v e  been  found  in t he  
m y o c a r d i u m  of gu inea  pigs s u b j e c t e d  to e m e t i n e  s u b a c u t e  
po i son ing  5. E m e t i n e  ha s  s h o w n  i n h i b i t o r y  effects  on  t h e  
frog i so la ted  h e a r t  ~, on  t he  gu inea  pig  i so la ted  a t r i a '  a n d  
u p o n  t he  r e sp i r a t i on  in vitro of gu inea  p ig  h e a r t  h o m o -  
gena te s  8. F r o m  these  s tud ies  we h a v e  conc luded  t h a t  
e m e t i n e  is a d r u g  w i t h  specific ca rd io tox ic i ty .  Th i s  con-  
clusion,  bes ide  h a v i n g  obv ious  repercuss ions  in h u m a n  
t h e r a p y ,  p rov ides  also a useful  bas is  for p r o d u c i n g  a 
pa tho log ica l  c o n d i t i o n  of t h e  e x p e r i m e n t a l  a n i m a l  h e a r t  
w h i c h  m a y  be  used  in e v a l u a t i n g  t h e  ca rd i ac  effects  of 
va r ious  drugs.  So fa r  we h a v e  s t ud i ed  t he  p r o t e c t i v e  effect  
of f i f teen  d rugs  on  t h e  m o r t a l i t y ,  tox ic  p a t t e r n s  a n d  E K G  
changes  s h o w n  b y  g u i n e a  pigs d u r i n g  e m e t i n e  s u b a c u t e  
poisoning.  Such  a n  effect  was  n o t  s h o w n  b y  m e t h i o n i n e  3, 
v - t h y o m e t h y l - c t - h y d r o x y b u t y r i c  acid s, p o t a s s i u m  chlor -  
ide a, d i p h o s p h o p y r i d i n e - n u c l e o t i d e  10-1~, p y r i d o x i n e  13, 
inos i to l  la, a d e n o s i n e - t r i p h o s p h a t e  n,l~, l ipoid r e t i n a  ex-  
t r a c t  6 or  l ipoid b r a i n  e x t r a c t  ~. 

P r o t e c t i o n  was  shown,  however ,  b y  rybo - f l av in -  
phosphate11,l~,  pyr idoxine-phosphate11 , l~ ,  coca rboxy-  
l a s e n ,  1~, l ipoid d i e n c e p h a l o n  e x t r a c t  6, l ipoid h e a r t  
e x t r a c t  e a n d  e m b r y o n i c  h e a r t  e x t r a c t  n,12, in  inc reas ing  
o rde r  of po t ency .  T h e  n e g a t i v e  f ind ings  on  t he  p r o t e c t i v e  
effect  of m e t h i o n i n e  a n d  y - t h y o m e t h i l - x - h y d r o x y b u t y r i c  

ac id  were  con f i rmed  b y  o u r  h is to logica l  s tud ies  s. L ipo id  
h e a r t  e x t r a c t  also showed  i ts  p r o t e c t i v e  effect  a g a i n s t  
e m e t i n e  c a r d i o t o x i c i t y  on  t h e  frog i so la ted  h e a r t  s, as d id  
c o c a r b o x y l a s e  on  t h e  g u i n e a  p ig  i so la ted  a t r i a  7 a n d  
e m b r y o n i c  h e a r t  e x t r a c t  on  t h e  r e sp i r a t i on  in vitro of 
g u i n e a  p ig  h e a r t  h o m o g e n a t e s  8. E m e t i n e  s u b a c u t e  
po i son ing  m a y  be  useful  also in t h e  e x p e r i m e n t a l  s t u d y  of 
t h e  ca rd iac  effects  of va r ious  factors ,  such  as phys i ca l  a n d  
psycho log ica l  stress.  I n  t h e  p r e s e n t  p a p e r  we r e p o r t  t h e  
r e su l t s  of o u r  re, s ea rch  on  t h e  i n t e r a c t i o n s  b e t w e e n  
e m e t i n e  c a r d i o t o x i c i t y  a n d  s w i m m i n g  exercise 14. 

T h r e e  ~ roups  of g u i n e a  pigs were  used.  One  g roup  re-  
re ived  5 m g  of e m e t i n e / k g / d a y ,  s u b c u t a n e o u s l y  *. T h e  
second g roup  was s u b j e c t e d  to  s w i m m i n g  exercise w i t h o u t  
emet ine .  T h e  t h i r d  g roup  was  s u b j e c t e d  to  s w i m m i n g  a n d  
emet ine .  I n  t h e  second g roup  t h e  d u r a t i o n  of t h e  da i ly  
s w i m m i n g  sessions was  10 m i n  on  t h e  f i rs t  t w o  days ,  
30 ra in  f rom t h e  t h i r d  to  t h e  s i x t h  d a y  a n d  60 m i n  f rom 
t h e  s e v e n t h  to  t h e  s i x t e e n t h  day ,  as t h e  a n i m a l s '  swim-  
m i n g  ab i l i t y  increased .  I n  t h e  t h i r d  group,  f rom t h e  
e l e v e n t h  d a y  o n w a r d s  t h e  s w i m m i n g  sessions were  fol- 
lowed b y  t h e  da i ly  in j ec t ions  of e m e t i n e  (5 mg/kg/s .c . ,  as 
i n - t h e  f i rs t  group) .  As a f i rs t  consequence  of e m e t i n e  
tox ic i ty ,  t h e  s w i m m i n g  ab i l i t y  decreased  p rogress ive ly  in  
t h e  t h i r d  group.  G u i n e a  pigs s w a m  in a n  o r d i n a r y  b a t h  
t u b .  W a t e r  t e m p e r a t u r e  was  m a i n t a i n e d  c o n s t a n t  a t  
30°C. T h e  resu l t s  are  s h o w n  in  T a b l e  I a n d  I I .  

T h e  c o m b i n a t i o n  of h e a r t  w e i g h t  increase  a n d  E K G  
signs of R i g h t  V e n t r i c u l a r  S t r a i n  w i t h  c o m p e n s a t o r y  
b r a d y c a r d i a ,  s h o w n  b y  t h e  a n i m a l s  rece iv ing  s w i m m i n g  
w i t h o u t  emet ine ,  is due  to  t h e  ca rd iac  h y p e r t r o p h y  a l r ead y  
desc r ibed  in  t h e  r a t  s u b j e c t e d  to  s w i m m i n g  15,~. 

T h e  t y p i c a l  effects  of e m e t i n e  s u b a c u t e  poisoning,  such  
as loss of b o d y  weight ,  d i a r rhea ,  depress ion  of s p o n t a n e o u s  
b e h a v i o u r  a n d  E K G  changes ,  a p p e a r e d  ear l ier  a n d  were  
more  p r o n o u n c e d  in  t h e  a n i m a l s  rece iv ing  s w i m m i n g  a n d  
e m e t i n e  t h a n  in those  rece iv ing  on ly  emet ine .  T h e  fo rmer  
s u r v i v e d  a r e m a r k a b l y  s h o r t e r  t i m e  t h a n  t h e  l a t t e r .  More-  
over ,  t h e  t h i r d  g roup  showed  E K G  signs of c o r o n a r y  in-  
suff iciency.  
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