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In t raper i tonea l  injection of DL-ethionine in a dose of 1 g /kg  into r a t s  complete ly  suppres ses  
the act ivi ty of guanidine ace ta t e -methy l  t r a n s f e r a s e  (GAMT; 2.1.1.2), an enzyme of the 
second stage of crea t ine  synthesis  (3--48 h af ter  poisoning). The level  of act ivi ty of g lycine-  
amid ino t r ans fe ra se  (GLAT; 2.1.4.1), the enzyme of the second stage of c rea t ine  synthesis ,  
r i s e s  sharp ly  3 h a f te r  poisoning but then gradual ly falls.  The inc rease  in GLAT act ivi ty 3 
h a f t e r  poisoning of the ra t s  with ethionine is accompanied by a 6-7- fo ld  dec rea se  in the 
crea t ine  concentrat ion in the pancreas .  This s t imulat ion of enzyme activity is  suppressed  by 
act inomycin and cycloheximide,  inhibitors of prote in  synthesis .  The crea t ine  concentrat ion in 
in the pancreas ,  meanwhile,  is increased.  

The b iochemica l  mechan i sm of damage to the panc rea s  by ethionine, unlike that in the l iver ,  is  not 
significantly a t t r ibutable  to synthesis  of an abnormal  prote in  containing ethionine instead of methionin [8, 
10]. A more  important  fac tor  [8] is  the format ion of S-adenosylethionine (SAET) and i ts  accumulat ion in 
the pancreas .  

Since crea t ine  synthes is  is one of the specif ic functions of the p a n c r e a s  [15], in the invest igat ion des -  
c r ibed  below the effect  of ethionine poisoning was studied on the enzyme sys t em of c rea t ine  biosynthesis .  
The s t ruc tu ra l  s imi la r i ty  between SAET and the natural  substance S-adenosylmethionine (SAME), which 
pa r t i c ipa tes  in crea t ine  b iosynthes is ,  suggested that SAET poss ib ly  ac ts  as  an ant imetabol i te  on the methy la -  
tion of guanidine-acet ic  acid. 

E X P E R I M E N T A L  M E T H O D  

Male Wis ta r  r a t s  weighing 200-250 g, kept on a s tandard  diet, we re  used. The an imals  of the exper i -  
mental  and control  groups were  kept without food and wa te r  for  12 h before  the beginning of the exper iment .  
DL-ethionine was injected in t raper i toneal ly  in 2% aqueous solution in a dose of 1 g /kg  body weight. Control 
an imals  rece ived  0.9% NaC1 solution. The animals  were  sacr i f iced  by decapitat ion 3, 6, 12, 24, and 48 h 
a f te r  injection of the poison. In the se~:ies of exper iments  in which ra t s  were  poisoned with ethionine while 
prote in  synthesis  was blocked by act inomycin or  cycloheximide,  the an imals  were  sacr i f iced  3 h a f te r  the 
injection of ethionine. G lyc ine -amid ino t r ans fe ra se  (GLAT) was de te rmined  by the method of Van P i l sum 
et al. [14] in the w r i t e r ' s  modification [2]. Activi ty was e x p r e s s e d i n  m i c r o m o l e s  guanidineacetic acid (GAA) 
fo rmed  during incubation for 1 h at 37~ p e r  g r a m  dry pancrea t i c  t i ssue.  

Guanid ine-ace ta te -methyl  t r a n s f e r a s e  (GAMT) was de te rmined  by the method of Cantoni and Vignos 
[4] wi th  slight modifications.  

GAMT activi ty was exp re s sed  in m i c r o m o l e s  crea t ine  (creatinine) synthes ized during incubation for  4 
h p e r  g r a m  dry pancrea t i c  t i ssue.  To de te rmine  the dry residue,  a weighed sample  of t i s sue  was dr ied at 
105~ to constant weight. Creat ine p r e f o r m e d  in the pancrea t i c  t i s sue  was de te rmined  by Bor sook ' s  method 
[3] using Lloyd ' s  reagent .  
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TABLE I. Effect of Poisoning Rats with Ethionine on GLAT and 
GAMT Activity in Pancreas and Change in Activity of These 
Enzymes Produced by Methionine, Actinomycin D, and Cyclo- 
heximide (M • m) 

GLAT activity [ GAM T activity[ Creatinine 
~ ~ k gent injected (ine m0tes/g (in P moles/g - :  concentration 

"~ ~ ~- ~" per hour at [per 4 h) (in ~ moles/g) 
~.~ "~ ~. 37"C) I 

1 0.9% NaC1 solution 
(control) 

II 

lII 

12 
24 
48 

7,58+--0,77 (6) 
22,26-+ 1,70 (5) 
7,0I--+0,28 (5) 
4,43~ 1,86 (6) 
3,98• (5) 
0,75-----0,12 (5) 

3,24+0,33 (4) 
0 (4) 
o (4) 
0 (4) 
0 (5) 
0 (5) 

D L- ethionine + L- 
methionine 

0.9% NaCl solution 
(control) 

D L- ethio nine 
D L- eth [o nine + a cti no- 

myc/n (30~g/100 g) 

DL-ethionine + cyelo- 
heximide (100 pg/lOOg] 

6 20,51-+0,88 (5) 

12 12,30+0,71 (5) 
24 5,57-+0,55 (6) 

3 8,52+1,13 (5) 
3 25,02-+2,50 (4) 
3 

3 12,75+0,56 (5) 

3 12,66-+0,54 (5) 

0 

0,67--+0,09 (4) 
1,54+0,16 (5) 

5,72--0,21 (5) 
0,87--+0,09 (4) 

3,02-+0,2 (4} 

4,I0~0,|4 (5) 

Note.  C o n t r o l  r a t s  ( e x p e r i m e n t s  of  s e r i e s  I) r e c e i v e d  i n j e c t i o n  
of  12 ml  0.9% NaC1 so lu t ion  12 h b e f o r e  s a c r i f i c e .  D L - e t h i o n i n e  
w a s  i n j e c t e d  i n t r a p e r i t o n e a l l y  in  a dose  of  100 mg/100  g b o d y  
weigh t .  An  aqueous  so lu t i on  of  m e t h i o n i n e  w a s  i n j e c t e d  i n t r a -  
p e r i t o n e a l l y  in  a dose  of  100 mg /100  g body  weigh t .  The  a n t i -  
b i o t i c s  w e r e  d i s s o l v e d  in 0.9% NaC1 so lu t ion  and i n j e c t e d  i n t r a -  
p e r i t o n e a l l y  1 h b e f o r e  the  i n j e c t i o n  of  e th ion ine .  N u m b e r  of  
a n i m a l s  g iven  in p a r e n t h e s e s .  

EXPERIMENTAL RESULTS 

In the e x p e r i m e n t s  of  s e r i e s  I a f t e r  i n j e c t i o n  of  0.9% NaC1 so lu t ion  into the r a t s  the  G L A T  ( t r a n s -  
a m i d i n a s e )  a c t i v i t y  w a s  7.58 • 0.77 ~ m o l e / g  p e r  hour ;  the  GAMT a c t i v i t y  w a s  3.24 �9 0.33 ~ m o l e / g  p e r  4 h. 

A s  the  r e s u l t s  in  T a b l e  1 show, GLAT a c t i v i t y  3 h a f t e r  po i son ing  of  the  r a t s  wi th  e th ion ine  w a s  in -  
c r e a s e d  b y  3 t i m e s ,  a f t e r  wh ich  i t  g r a d u a l l y  f e l l  to i t s  i n i t i a l  l e v e l  which  w a s  r e a c h e d  6 h a f t e r  po i son ing .  

GAMT a c t i v i t y  d u r i n g  t h i s  p e r i o d  w a s  c o m p l e t e l y  s u p p r e s s e d .  I n j ec t i on  of  e th ion ine  in a d o s e  of 100 
mg/100  g body  we igh t  into the  r a t s  t hus  b l o c k e d  the e n z y m i c  t r a n s p o r t  of me thy l  g r o u p s  f r o m  SAME to GAA 
(3-48 h). SAET p r o b a b l y  i n h i b i t s  the  e n z y m i c  t r a n s m e t h y l a t i o n  of  g u a n i d i n e - a c e t i c  a c i d  by  S - a d e n o s y l -  
m e th ion ine  by a c o m p e t i t i v e  m e c h a n i s m  not  only  i n t h e  l i v e r  [12, 13], but  a l s o  i n t h e  p a n c r e a s r  G L A T  a c t i -  
v i ty  fe l l  g r a d u a l l y  du r ing  t h i s  p e r i o d ,  and  48 h a f t e r  p o i s o n i n g  wi th  e th ion ine  it w a s  0.75 • 0.12 ~ m o l e / g  
p e r  hour  at 37~ 

In r a t s  r e c e i v i n g  e th ion ine  t o g e t h e r  wi th  an equ iva len t  dose  of L - m e t h i o n i n e  (100 mg /100  g body  
weight ;  e x p e r i m e n t s  of  s e r i e s  II) GAA s y n t h e s i s  f r o m  a r g i n i n e  and g l y c i n e  u n d e r  the in f luence  of  p a n c r e a t i c  
h o m o g e n a t e s  w a s  s h a r p l y  i n c r e a s e d  a f t e r  6 h (20.51 +0 .88  ~ m o l e s / g  p e r  hour) ,  a f t e r  which  i t  d e c r e a s e d  
and  a f t e r  12-14 h i t  w a s  a c t u a l l y  be low i t s  i n i t i a l  l e v e l  (5.57 • 0.55 ~ m o l e s / g  p e r  hour) .  C r e a t i n e  s y n t h e s i s  
f r o m  SAME and GAA i n c r e a s e d  g r a d u a l l y  du r ing  t h i s  p e r i o d .  Th i s  p r o b a b l y  o c c u r r e d  b e c a u s e  the SAME, 
wh ich  w a s  f o r m e d  in the p a n c r e a s  a f t e r  i n j e c t i o n  of me th ion ine ,  b e g a n  to be  u t i l i z e d  in the  v a r i o u s  t r a n s -  
m e t h y l a t i o n  r e a c t i o n s  [13], i nc lud ing  in  c r e a t i n e  syn the s i s .  
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Since, however,  it has been shown that the ethyl group of SAET can be t r anspor ted  to different i n t r a -  
ce l lu lar  accep to r s  [11, 12] with the fo rmat ion  of the corresponding ethyl der iva t ives ,  a ce r ta in  quantity of 
the ethyl analogue of c rea t ine  is  p r e sumab ly  fo rmed  in the panc reas  as  a resul t  of the s imi l a r  in teract ion 
between SAET and GAA. The ethylation of arginine,  which is  re la ted  to creat ine,  poss ib ly  may occur  also 
[61. 

In r a t s  poisoned with ethionine the natural  metabol i te  creat ine,  which is a r e p r e s s o r  of GLAT [16], is  
p r e sumab ly  rep laced  by i ts  ethyl analogue. As a resul t ,  the crea t ine  concentrat ion in the p a n c r e a s  must  be 
reduced, and with i t the  p a n c r e a s  must  lose  i ts  abili ty to control  GLAT with crea t ine  by the negative feed-  
back pr inciple .  

The r e su l t s  given in Table 1 (exper iments  of s e r i e s  ID show that in r a t s  receiving inject ions of 0.9% 
NaC1 the GLAT activity was  8.52 ~- 1.13 ~ m o l e s / g  p e r  hour, whe reas  3 h a f te r  injection of ethionine the level  
of GLAT act ivi ty was  inc reased  threefold (25.02 -~ 2.50 ~ m o l e s / g  p e r  hour). Simultaneously with this the 
c rea t ine  concentrat ion pe r  g r a m  dry  weight of panc reas  was reduced by 6-7 t ime s compared  with the control 
(0.87 • 0.09 ~ m o l e s / g ;  no rma l  5.72 • 0.21 ~moles /g ) .  As a resul t  of this  "unblocking" of the gene, the in-  
c r e a s e  in the level  of panc rea t i c  GLAT obse rved  3 h a f te r  poisoning with ethionine (derepress ion)  evidently 
took place.  

To obtain di rect  informat ion on the nature  of de r ep re s s ion  of metabol ic  control  of GLAT, ac t inomycin  
D, which blocks  DNA-dependent RNA synthesis  [7], was  used. GLAT act ivi ty in the panc reas ,  measu red  3 h 
a f t e r  adminis t ra t ion  of ethionine to r a t s  in which RNA synthesis  was  blocked with act inomyein,  was  12.75 -~ 
0.56 ~ m o l e s / g  pe r  hour, and the c rea t ine  level  was  3.02 :~ 0.2 ~ m o l e s / g .  An a lmos t  ident ical  r e su l t  was  
obtained in the exper iment  in which GLAT de rep re s s ion  was  abolished by cycloheximide (an inhibitor of p r o -  
tein [5] and DNA [9] synthesis)  (Table 1). However,  the dose of the antibiotic requ i red  to obtain the s t ipu-  
lated effect was  3 t imes  g r e a t e r  than the dose of act inomycin D, namely  100 ~g/100 g body weight. 

The resu l t s  of these  expe r imen t s  thus show that s t imulat ion of t r ansamid inase  in the ra t  p a n c r e a s  
3 h a f t e r  ethionine poisoning (derepress ion)  is  l a rge ly  p reven ted  in the p r e s e n c e  of ant ibiot ics  (act inomyein 
D and cycloheximide) and it evidently takes  place  at the level  of t r ansc r ip t ion  of the t empla te  function of 
DNA. The enzyme act ivi ty  r e m a i n s  high even a f te r  pro te in  synthes is  is  blocked by ethionine in the p r e sen ce  
of act inomycin (12.75 • 0.56 ~ m o l e s / g  pe r  hour). T h i s  means  that the mRNA which codes the synthesis  of 
th is  enzyme is not split up [1]. The reason  for  the high GLAT act ivi ty  in the p a n c r e a s  of the r a t s  during the 
3-6 h a f te r  ethionine poisoning is  that e i ther  the po ly r ibosomal  mRNA coding GLAT synthes is  r e m a i n s  
metabol ica l ly  stable, or  a r e s e r v e  of mRNA specif ic  for  the enzyme ex i s t s  in the ac inar  cell, probably  in 
the nucleus.  
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