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The ef fec t  of insulin on the ut i l izat ion of cys te ine  and methioaine for glutathione b iosyn the -  
s is  in the r a t  l iver  and the poss ibi l i ty  of prevent ing these changes by v i tamin  E and se lenium 
were  invest igated.  The dec r ea s e  in the glutathione concentra t ion under  the influence of in- 
sulin was accompanied  by a d e c r e a s e  in the incorporat ion of g l y c i n e - 2 - C  14, admin i s t e red  
concurren t ly  with L - c y s t e i n e ,  and of sulfur  of methionine-S 35 into glutathione.  Vitamin E 
had no effect  on this action of insulin. Sodium seleni te  prevented  both the dec rea se  in the 
glutathione level  and the inhibition of incorpora t ion  of g l y c i n e - 2 -  C 14, admin i s t e red  together  
with L -  cys te ine ,  and sulfur  of methionine-S 35 into glutathione.  

Selenium in the f o r m  of sodium seleni te  s t imula tes  incorpora t ion  of methionine-S 35 into glutathione 
in the l ive r  of r a t s  [4, 5] and chickens [13] and of g l y c i n e - 2 - C  14 and f o r m a t e - C  14 in the r a t  l ive r  [6]. 

The i nc rea se  in the glutathione concentra t ion  under  the influence of se lenium in an imals  rece iv ing  
bo~h DL-meth ionine  and L - c y s t e i n e  is evidence of its d i r ec t  o r  indi rec t  effect  on the enzyme s y s t e m  of 
glutathione b iosyn thes i s .  Vitamin E s t imula te s  incorpora t ion  of methionine-S 35 and g l y c i n e - 2 - C  14 into 
glutathione in the r a t  l iver ,  but  if these subs tances  a r e  admin i s t e r ed  together  with ba l l a s t  methionine and 
cys te ine ,  c h a r a c t e r i s t i c  d i f fe rences  f r o m  the action of se len ium a re  obse rved  [6, 7]. 

To continue the study of the connection between se len ium and v i tamin  E with glutathione me tabo l i sm,  
insulin was used, for insulin rap id ly  lowers  the glutathione level  in the l ive r  [9]. The object  of the p re sen t  
invest igat ion was to de te rmine  whether  the dec rea se  produced by insulin in the glutathione concentrat ion in 
the l i ve r  of r a t s  is accompanied  by changes in the incorpora t ion  of g l y c i n e - 2 - C  14, admin i s t e red  along with 
L - c y s t e i n e ,  and sulfur  of methionine-S 35 into glutathione and the extent  to which v i tamin  E and se lenium 
counte rac t  the insulin effect .  

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

Expe r imen t s  were  c a r r i e d  out on albino ra t s  weighing 100 ~ 20 g. The animals  we re  s t a rved  for  17 
h before  the expe r imen t .  Vitamin E (10 or  20 rag/100 g body weight) was  given by gas t r i c  tube 60 min b e -  
fore  admin is t ra t ion  of the water -so luble  compound in the f o r m  of D L - e - t o c o p h e r y l  ace ta te .  Insulin {4 
units) ,  se len ium as  sodium seleni te  (75 pg), methionine-~S 35 (50 pCi), g l y c i n e - 2 - C  14 (50 #Ci), and L - c y s t e i n e  
(16 mg) were  injected subcutaneously  (doses a re  given per  100 g body weight). The animals  were  decapi-  
ta ted 2 h l a t e r ,  and l ive r  homogenates  were  p r epa red  in 0.02 M Tri lon ]3 solution (1:5) on ice.  The gluta-  
thione concentra t ion  was de te rmined  f rom the level  of f ree  SH-groups in a pro te in- f ree  ex t r ac t  [11] in the 
modif icat ion of Seblak and Lindsay [16]. 

P a r t  of the homogenate  was prec ip i ta ted  with ethanol and the pro te in- f ree  ex t r ac t  a f t e r  evapora t ion  
on a wa te r  bath was subjected to pape r  ch romatography  in a s y s t e m  of b u t a n o l - p y r i d i n e - - w a t e r  ( 1 : 1 : 1 )  
[15]. The c h r o m a t o g r a m s  were  t r ea t ed  with ninhydrin (0.25% solution in acetone) .  The rad ioac t iv i ty  of the 
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TABLE 1. Effect of Vitamin E and Selenium on Incorporat ion of 
G l y c i n e - 2 - C  14 Administered Together  with L -Cys t e ine  into Liver  
Tissue Components of Rats Treated with Insulin (mean resu l t s  of 
4 -6  exper iments  

Radioactivity. (pulses/min/ Glutathione, 
Free SH- mg tissue) chromato- 

;ubstance administered Statisti- ~am of ex- groups (in homog- protein- tract of 20 
cal index gg/g) enate free ex- protein mg tissue 

tract l (pulses/min. 

Control 

Insulin, 

Insulin + vita~niri E (20 
ag/lO0 g body weight] 

Insulin + Na~SeO S (78 . 
~g/100 goocy weight) 

M• 

M -+m 
P 

M + tn 
P 

P i n s  

2054-18 

128-t=13 
<0.01 

122-}=7,2 
<0,01 

1794-10 
1,0 

<0,05 

2174-20 

1884-17 
1,0 

2014-8,5 
1,0 

250-1:9 
<0,2 
<0,02 

1124-6,3 180,4-4,3 2604-47 

1104-7,6 774-11,5[ 704-12,8 
1,0 1,0 <0,01 

5 834-2,2 i 18:1- 8, I,O 1,0 

I 
171 ::[- 3 , 5 ] 784-9,8 
<0,00l 1,0 
<0,001 1,0 

874=_13 
<0.01 

229~12,3 
l,O 

<0,001 

TABLE 2. Effect of Vitamin E and Selenium on Incorporat ion of 
Methionine-S 35 into Liver Tissue Components of Rats Treated with 

Insulin (mean results of 4-7 experiments) 

Substance administered 
Statisti-  
c a l  inde~ 

', Radioactivity (pulses/min/mg 
Free SH- I tissue) 
groups - -  - -  - -  
"in / .Ihomog- Iprotein- rotein 

gg g) I enate free extxaet p 

ConlEol ......... 

Insulin . �9 .... o .. 

Insulin + vitamin E (20 
mg/100 g body weight) 

Insulin + NoeSeOs(75 
gg/100 g body weight) 

M -+_m 145-+8,3 I 446+--21,9 190+---2[,0 250--14,2 

31utathione, 
chromato- 
gram of ex- 
act of 20 

~ag tissue 
ipulses/min) 

730___32 

pMq-m 100-+12 
<0,001 

~ • 

I 182+7,5 75--+4,0 334-+26 152-+20,6 <0,001 
<0,001 <0,001 >0,2 

64~4,3 379+--10,2 1934-15 186~13,51 
<0,001 ~0,02 1,0 t <0,01 ! 

102-----6,9 370--+17,4 213=t=28,2 
<0,02 <?:~2 ,,0 
<0,05 >0, I 

114• 
<o,OOl 

~ •  157-+18,21 577--+37 
< 0 , 0 0 1  < 0 . 0 2  

1 ,0  < 0 , 0 0 1  

I 

spot corresponding to gtutathione [8] was measured  with a BFL-T-25 counter.  A parallel  eh romatogram 
was kept in contact  with RM-1 x-ray film for 10 days.  

The total radioact ivi ty and the radioact ivi ty of the protein-free ex t rac t  of 1-g t issue also were deter -  
mined and the radioact ivi ty  of the proteins was obtained f rom the difference.  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Pre l iminary  experiments  revealed a substantial  decrease  in the concentrat ion of free SH-groups in 
the l iver  of the ra ts  af ter  adminis t ra t ion  of insulin, as shown previously [9], and principally in SH-groups 
belonging to glutathione [8]. Under these conditions incorporat ion of g l y c i n e - 2 - C  14, adminis tered  together  
with L - cys t e ine ,  into glutathione was res t r i c ted .  It is worth noting that insulin did not significantly change 
the intake of glycine-2-C 14 in to the  l iver o r  its distr ibution between the proteins and the t issue protein-free 
extract ,  f rom which it follows that insulin res t r i c ted  glutathione formation.  In the next ser ies  of experi-  
ments the experimental  animals received vi tamin E or  sodium selenite.  Vitamin E did not a l te r  the effect  
of insulin. By contrast ,  sodium selenite apparently prevented the decrease  in the concentrat ion and r a d i o -  
activity of glutathione produced by insulin (Table 1). The activation of glutathione synthesis  by selenium 
previously descr ibed [6] was thus confirmed under new experimental  conditions. 

In the next experiments  the effect of insulin on the convers ion of methionine by demethylation and 
trans-sulfon~tion was studied. In these exper iments  the animals  received methionine-S3s. Unlike in the 
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Fig. 1. AutoradiogTaphs of c h r o m a t o g r a m s  of prote in- f ree  
ex t r ac t s  of r a t  l ive r  a f t e r  admin i s t r a t ion  of methionine-S35: 
a) control ,  b) insulin given; c) v i tamin  E + insulin given; d) 
sodium seleni te  + insulin given.  1) Glutathione; 2, 3) un- 
identified su l fur -conta in ing metabol i tes ;  4) s i te  of local iza-  
tion of methionine.  

Fig. 2. Autoradiographs  of c h r o m a t o -  
g r a m s  of pro te in- f ree  ex t r ac t s  of l iver  
f r o m  r a t s  t r ea t ed  with insulin: a) 
methionine-S 35 given; b) me th ion ine -  
C~4H3 given.  1) Glutathione, 2, 3) u n -  
identified su l fur -conta in ing  m e t a b o -  
l i tes;  4) site of local izat ion of meth-  

expe r imen t s  with glycine-2-C14, insulin reduced the intake of 
labeled methionine into the l ive r  t i ssue (P < 0.01), and under  
these c i r c u m s t a n c e s  incorpora t ion  into prote in  was reduced 
with no signif icant  dec rea se  in the radioac t iv i ty  of the p r o -  
te in-free  ex t rac t .  The radioac t iv i ty  of the glutathione under  
these conditions was reduced  by 7 t imes  (P< 0.001). Ad- 
min i s t r a t ion  of v i tamin  E did not change the effect  of insulin, 
while se len ium la rge ly  prevented  both the dec rea se  in the 
concentra t ion of f ree  SH-groups and the radioact iv i ty  of the 
glutathione (Table 2). 

Radioactive su l fur -conta in ing  metabol i tes  of m e t h i o -  
n ineS  35 accumula t ing  under  the influence of insulin (Fig. 1) 
consis ted  mainly  of its demethyla ted  products .  This was 
shown by compar ing  au toradiographs  of the c h r o m a t o g r a m s  
obtained f rom the pro te in- f ree  ex t rac t s  of the l iver  of r a t s  
rece iv ing  methionine-S ~5 and methionine-C14H3 together  with 
insulin (Fig. 2). In the la t te r  case  mos t  of the rad ioac t iv i ty  
was local ized at the end point of the c h r o m a t o g r a m  and none 
was p re sen t  where  it  had been found a f t e r  admin is t ra t ion  of 
methionine-S 3~. It thus follows that  insulin d iminishes  the 
incorpora t ion  of sulfur  of methionine-S 35 into glutathione 
a f t e r  demethyla t ion  of the methionine~ 

Insulin evidently inhibits the uti l ization of cyste ine  for  
glutathione b iosyn thes i s ,  while se lenium,  as sodium seleni te ,  
r e m o v e s  this block.  The inc rease  in the concentra t ion of 
ser ine  in the r a t  l iver  and in i ts  rad ioac t iv i ty  a f t e r  admin i s -  

ionine; 5) end point of c h r o m a t o g r a m s ,  t ra t ion  of g lycine-2-C 14 and formate -C 14 under the influence 
of se len ium [3, 6], the inc rease  in glutathione b iosynthes is  

by se len ium a f t e r  admin i s t r a t ion  of methionine and cysteine in normal  an imals  [6] and a f t e r  its inhibition 
by insulin,  as shown in the p r e sen t  invest igat ion,  and the inc rease  in incorpora t ion  of cysteine-S 35 in to  c o -  
enzyme A in the l ive r  of r a t s  rece iv ing  a necrogenic  diet [17] all  sugges t  that  one of the manifes ta t ions  of 
the biological  act ion of se len ium may  be protec t ion  of se r ine  and cys te ine  aga ins t  degradat ion.  This hypo -  
thes i s  is based  on the fact  that  cys te ine  desu l fhydrase  and se r ine  dehydra tase  ca ta lyze  reac t ions  of a gen- 
e r a l  type [1, 2], and the la t te r  has  been  shown to be inhibited by se lenocyst ine  [14]. Although the poss i -  
bi l i ty  of fo rmat ion  of se len ium analogs of su l fur -conta in ing  amino acids  has  been  denied in rabbi t s  [10] and 
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chickens [12], inhibition of these enzymes  by other  se len ium compounds in an ima l s  cannot be ruled out. 
This hypothesis  r equ i r e s  expe r imen ta l  ver i f ica t ion .  

This ma rked  act ion of se len ium and the complete  absence  of ef fec t  of v i tamin  E a f t e r  admin is t ra t ion  
of insulin emphas ize  the di f ference between the mechan i sms  of the i r  biological  action in the an imal  body. 
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