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Glutathione reduetase activity and the content of SIt groups were studied in subcellular fract ions 
of bovine and canine adrenals.  Glutathione reductase (GR) was determined by the react ion of 
NADP �9 H 2 oxidation in the presence  of oxidized glutathione. The content of SH groups was 
determined by amperometr ic  t i trat ion with AgNO 3. The distribution of the enzyme amongthe 
fract ions was s imi lar  in both species of animals, but the GR activity was higher in cat t le than 
in dogs. Activity was highest in the cytoplasm, lower in the mitochondria,  and lower still in 
the mic rosomes .  Destruction of the mitochondria  by repeated freezing leads to a marked in- 
c rease  in glutathione reduetase activity. The content of Sh groups, calculated as protein, is 
identical in the adrenal fract ions of cattle and dogs. The distribution of GR, but differences 
in the concentrat ions of Sit-groups in the fract ions are  less  marked.  

The adrenals are among the organs r iches t  in glutathione [6]. The hypothesis that glutathione may 
part icipate in the react ions of cor t ieos tero id  biosynthesis  [8] has not been confirmed and the role of gluta- 
thione and its metabol ism in the adrenals have received little study. Never theless  the possibili ty cannot be 
ruled out that glutathione reductase (GR; 1.6.4.2), an enzyme of glutathione metabolism, may part icipate in 
the oxido-reduction convers ions  of NADP, the chief cofactor  of steroid formation. Evidence of activation of 
GR in the adrenals of ra t s  by ACTH [10] and of a decrease  in its activity after  hypophysectomy [5] has been 
described.  In the existing view GR may part icipate in the reduction of protein disulfide bonds [11]. In turn, 
the interconvers ion of sulfhydryl and disulfide bonds influences the t e r t i a ry  configuration of proteins [1], the 
activity of cer ta in  enzymes [2], the permeabil i ty  of the membranes  [9], and oxidative phosphorylation [4]. 

The object of the investigation descr ibed below was to determine GR activity and the level of sulfhy- 
dryl  (SH) groups in the subcellular  fract ions of bovine and canine adrenal t issue.  

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

Fresh  bovine adrenals  were freed from fat and cut into sl ices.  The cor tex was removed with s c i s so r s  
and homogenized in 0.25 M sucrose  containing 0.05 M tris-HC1 buffer, pH 7.4. The adrenal t issue of dogs 
was homogenized without separation of the medulla. The concentrat ion of the homogenate was 6% for the 
bovine and 2% for  the canine adrenals .  Tissue f ibers  and intact  cel ls  were precipi tated f rom the homogenate 
by centrifugation at 1500 g for 5 min. The mitoehondria were separated by centrifugation at 27,000 g for 10 
min, and the mie rosomes  at 103,000 g for 1 h. The supernatant  obtained after  the las t  centrifugation was 
"used as a cytoplasmic fraction. To disintegrate the mitoehondria and obtain soluble mitochondrial  proteins 
a suspension of mitochondria  was frozen five t imes with liquid nitrogen. After the las t  f reezing the p r e p a r a -  
tion was centrifuged for 1 h at 103,000 g and the supernatant was used. All the isolation procedures  were 
ca r r i ed  out at 4~ 
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Fig. 1. Distribution of GR and SH-groups in subeellular grac-  
tions of bovine adrenals:  I) GR activity; II) content of SH groups 
and protein;  A) GR (in nmoles  NADP . H2/min per mg protein); 
B) StI-groups ( in ,moles  per  100 mg protein); C) SI-I-groups (in 
~moles per  g ram fresh tissue);  D) protein (in%); 1) homogenate; 
2) cytoplasm; 3) intact mitechondria;  4) disintegrated mitochondria;  
5) mie rosomes .  
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Fig. 2. Distribution of GR and of SH-groups in sub- 
cel lular  fract ions of canine adrenals .  Legend as in 
Fig. i. 

The incubation mixture for GR estimation 
contained 10 -3 M oxidized glutathione, 6• 10 -5 M 
NADP'H2, and 0.05 M tris-HC1, pH 7.4 [5]. The 
control  samples  did not contain glutathione. The 
change in optical density at 340nm during the 6 
min after addition of the adrenal fract ions were 
recorded  with an EP-3T  Hitachi spectrophotometer  
at 26~ The region in which the decrease  inoptical 
density was l inear was used to calculate the rate 
of oxidation of NADP �9 H 2. The protein content 
was determined by Lowry ' s  method after  p re l imin-  
ary  extraction of the lipids [7] and also by the bi-  
ure t  method using Benedict ' s  reagent  [3]. Sulfhy- 
dryl  groups were determined by amperomet r ic  
t i trat ion with 0.01 M AgNO 3 solution in ammonia-  
cal buffer, pH 9,2, using a revolving p la t inumelec -  
trode.  

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  

Estimation of the GR activity in the adrenal cor t ica l  t issue of bovine origin showed that the highest 
enzyme concentrat ion was present  in the cytoplasmic fraction (Fig. 1A). Gr activity per mi l l igram protein 
in the cytoplasm was about 10 t imes higher than in the intact mitochondria  (P = 0.02) and 17 t imes higher 
than in the mic rosomal  fraction (P< 0.02). After  disintegration of the mitechondria  the enzyme activity was 
great ly increased (P< 0.02). 

The SH groups were distributed in the fract ions,  calculated per  100 mg protein, s imilar ly  to the GR 
activity (Fig. 1B). The content of SH groups in the cytoplasm was higher than their  content in the intact mito-  
chondria  and mic rosomes  (P< 0.001 and P< 0.01, respect ively) .  Disintegration of the mitochondria  led to an 
increase  in the content of SH groups calculated per 100 rag protein (P< 0.001). The distribution of SH groups 
calculated per  gram t issue was largely  determined by the protein content in the corresponding fractions.  

The enzyme activity in the adrenal t issue of dogs was investigated without content in the corresponding 
fract ions.  
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The enzyme activi ty in the adrenal  t i ssue  of dogs was invest igated without separa t ion  of the cor tex  
and medulla .  The mos t  act ive f ract ion of the homogenate was the cy top lasm (Fig. 2A). GR activi ty in the 
intact  mi tochondr ia  and m i c r o s o m e s  was much lower than in the cy top la sm {P<0.01}. Determinat ion of the 
content of SH groups  in the subcel lu lar  f rac t ions  of the dog ' s  adrena ls  showed no difference when calculated 
pe r  100 mg prote in  (Fig. 2B). The distr ibution of pro te in  (in%) and SH-groups  (in/zmoles/g) ir~ the canine 
adrenal  t i s sue  was c lose ly  s i m i l a r  to the cha rac t e r i s t i c  va lues  for  the bovine adrenal  co r t ex  (Fig. 2B, C). 

Compar i son  of the GR activity in the subcel lu lar  f rac t ions  of the bovine adrenal  homogenate with that  
of the canine homogenate  shows that the enzyme distr ibution was s imi la r ,  although GR activi ty in the bovine 
adrenals  was higher than in the canine.  The dis tr ibut ion of GR among the f rac t ions  of the  r a t  adrenals  
r e s e m b l e s  its dis t r ibut ion in the adrenals  of cat t le  and dogs: the concentra t ion of the enzyme was highest  
in the cy top lasm,  lower in the mi tochondr ia ,  and lowest  in the m i c r o s o m e s  [5]. As a resu l t  of d i s in tegra -  
t ion of the mi tochondr ia  the GR act ivi ty  was increased .  P r e s u m a b l y  the enzyme detected in the mitochon-  
d r ia l  suspension was in t rami tochondr ia l  and not the cy toplasmic  enzyme adsorbed on the mi tochondr ia .  

The character of distribution of SH-groups in the subcellular fractions of the bovine adrenals, 
calculated relative to protein, corresponds to some extent to the distribution of GR activity. Whereas GR 
ac t iv i ty in  the adrenals  of cat t le  is  much higher  than i ts  act ivi ty in dogs, the content  of SH-groups in the 
adrenal  p ro te ins  is identical  in cat t le  and dogs. 
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