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Activi ty of L -g lyce ro l -3 -phospha t e :  menad ione - t e t r azo l ium oxidoreductase  was studied 
h i s tochemica l ly  in the l iver  of albino ra t s  with expe r imen ta l thy ro tox icos i s .  Induction of 
this enzyme in the l iver  ce l l s  was detected when the level of thyroid hormones  in the ani-  
mals  was exces s ive ly  high. I f  6 - m e t h y l - 2 - t h i o u r a c i l w a s  injected together  with amino-  
phyll ine,  complete  blocking of the induction of this enzyme took place .  

Biochemical  invest igat ions conducted on the l iver  mi tochondr ia ,  hea r t  musc le ,  and kidneys of albino 
ra t s  with exper imen ta l  thyrotoxtcos is  induced by admin is t ra t ion  of T 3, T 4, and the i r  analogs have demon-  
s t r a t ed  that the act ivi ty  of mi tochondr ia l  L -g lyce ro l -3 -phospha te :  (acceptor) - oxidoreductase  (1.1.99.5) 
is  dependent on the level  of thyroid hormones  in the body [7, 10, 12]. If  an excess  of thyroid  hormone is 
given to albino ra t s ,  the act ivi ty  of this enzyme was cons iderably  inc reased  in the l iver  ce l l s .  Combined 
admin is t ra t ion  of thyroid hormones  and subs tances  blocking pro te in  synthes is  at di f ferent  s t ruc tu ra l  levels  
(act inomycin D, puromycin ,  eyclohexyl imide,  etc.) does not inc rease  the act ivi ty  of this enzyme.  These  
r e su l t s  show that  thyroid hormones  reinduce the synthes is  of this enzyme [11, 17-19,211.  Thyros ta t i c  
subs tances ,  e spec ia l ly  de r iva t ives  of 2- th iourac i l  (2-TU), widely used in the cl inical  t r ea tmen t  of thy ro -  
toxicos is ,  pa r t i a l ly  b lock induction of the synthesis  of mitochondria l  L -g lyce ro l -3 -phospha te :  menadione-  
t e t r azo l i um oxidoreductase  in hepatocytes .  Pa r t i a l  blocking of induction of the synthesis  of this enzyme 
is observed  only if T 4 is given along with the blocking agent,  and not other  analogs of L- thyron ine  p o s s e s s -  
ing the pe r iphe ra l  action of thyroid ho rmones  [6, 7, 9, 10, 12, 16, 17]. 

No h is tochemical  studies of induction of enzymes  by thyroid hormones  in the l iver  of expe r imen ta l  
an imals  could be found in the l i t e ra tu re .  The object  of the p r e s e n t  invest igat ion was to use  a h i s tochemi-  
cal method to study the act ivi ty  of L -g lyce ro l -3 -phospha te :  menad ione - t e t r azo l ium oxidoreductase  in the 
l iver  of albino ra ts  with exper imen ta l  thyro toxicos is  and during i ts  t r e a t m e n t  with 6 -me thy l -2 - th iou rac i l  
(6-MTU) and aminophyll ine.  

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

Sexually ma tu re  male  albino ra ts  weighing 200-250 g were  subdivided into 8 groups with 6 an imals  in 
each group.  The exper imen ta l  conditions a re  shown in Table  1. T 4 was injected subcutaneously as the 
sodium sa l t  of DL-thyroxine ,  T 3 a s  L-t r i iodothyronine ,  and 6-MTU was given with the food throughout the 
day. Aminophyll ine was injected in t r amuscu la r ly  in a dose based  on body weight. The exper iment  lasted 
25 days .  The animals  were  decapi tated,  and pieces  of l iver  taken f r o m  the ra t s  of each group were  
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TABLE 1. E x p e r i m e n t a l  Condi t ions  

Group of animals 

i Control 
2 (Ta) 
s (Ta) 
4 (T 4q-6-.MTU) 

5 (T~+6- MTU) 

6 (6-MTU-~T 4) 

Preparation 

T, I T, 6- MTU aminophylline 

pg/lOOgbodywt., mg/lOOg odywt. 

7 (T4--6-MTU 
+ aminophyllin e) 

8 (6- MTU) 

-- after ~hda~ 

7 

4 20 
after 6th day 

20 

20 
~fter 6thday 

20 

3O 

3O 

30 
after 6th 

30 
after 6th day 

Fig.  i .  H i s t o c h e m i c a l  r e a c t i o n  for  
GPMTO in  l i v e r  of con t ro l  a lbino ra t .  

Magni f ica t ion:  ob jec t ive  20 • Homal  
5 x.  

F ig .  2. H i s t o c h e m i c a l  r e a c t i o n  for  
GFMTO in l i v e r  of a lb ino  ra t  r e c e i v -  
ing T a. Magni f ica t ion :  ob jec t ive  20 x,  
Homal  5 x .  

Fig.  3. H i s t oc he mi c a l  r e a c t i o n  for  
GPMTG in l i ve r  of a lb ino  ra t  r e c e i v -  
ing T~. Magni f ica t ion :  ob jec t ive  60 x 
(oil i m m e r s i o n ) ,  o c u l a r  Homal  5 x. 

mounted  on a f r e e z i n g  m i c r o t o m e  en b loc  and f r o z e n  with "dry ice ."  S e r i a l  s ec t i ons  w e r e  cut  to a th i ck -  
ne s s  of 8 # in  the c r y o s t a t  at  --16~ with a v e r y  cold knife  and affixed to d ry  s l i de s .  

Mi tochondr i a l  L - g l y e e r o l - 3 - p h o s p h a t e :  m e n a d i o n e - t e t r a z o l i u m  ox ido reduc t a se  (GPMTO) was de-  
tec ted  by the h i s t o c h e m i c a l  method  of W a t t e n b e r g  and Leong [20] and Hess and P e a r s e  [5], modi f ied  in  the 
w r i t e r s '  l a b o r a t o r y .  N i t r o - B T  and M T T - t e t r a z o l i u m  b r o m i d e  were  used  as hydrogen  a e c e p t o r s .  The i n -  
cuba t ion  t ime  was 15 rain. F r o z e n  s u r v e y  sec t ions  were  fixed with G e n d r e ' s  so lu t ion  a t  -60% washed in 
wa t e r  and 70% e thanol ,  and s t a ined  with g a l l o c y a n i n - c h r o m e  a l u m  by the method of De Boer  and S a r -  
nake r  [15]. 

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

The r e s u l t s  of i n v e s t i g a t i o n  of the GPMTO ac t iv i ty  in the l ive r  of a lbino r a t s  showed a low i n t e n s i t y  
of the h i s t o c h e m i c a l  r eac t i on ,  ba sed  on the quan t i ty  of mono-  or  d i f o r m a z a n  depos i ted  as an index of the 
pos i t i ve  h i s t o c h e m i c a l  r eac t i on  in the hepa tocy tes ,  was weak (~) in  the a n i m a l s  of Groups  1, 7 , and  8, s t r o n g  
(5+) in  group 2, and less  s t r o n g  in groups  3 and 4 (4+), group 5 (3+), and group 6 (3• 

In the hepa tocy tes  of the con t ro l  a n i m a l s ,  GPMTO ac t iv i ty  was de tec ted  h i s t o c h e m i c a l i y  as  only 
s l igh t  depos i t s  of mono-  or d i f o r m a z a n  (Fig.  1). 

Af te r  a d m i n i s t r a t i o n  of thyro id  h o r m o n e s  to the a n i m a l s  (groups 2 and 3), a s t r o n g l y  pos i t ive  h i s to -  
c h e m i c a l  r e a c t i o n  of u n i f o r m  in t ens i ty  was found in the p e r i p h e r a l  and c e n t r a l  zones  of the hepat ic  lobules  
and a l so  in  the ind iv idua l  hepa toey tes .  Mono-  or  d i f o r m a z a n  was located in  the ce l l  m i t o c h o n d r i a  as g r a n -  
u les  of i den t i c a l  shape  and s i ze  (F igs .  2 and  3). 

387 



GPMTO act ivi ty  in the hepatoeytes  was somewhat  reduced in albino ra t s  rece iv ing  6-MTU agains t  
the background of exogenous thyrotoxicos is  (groups 4 and 5), but it was much higher than in the control  
group. S imi la r  r esu l t s  were  obtained by p r e l im ina ry  admin is t ra t ion  of 6-MTU and subsequent  sa tura t ion  
of the an imals  with thyroid hormones  (group 6). 

Complete blocking of the induction of GPMTO synthes is  was obse rved  by the combined a d m i n i s t r a -  
tion of 6-MTU and aminophyll ine to the hyper thyroid  albino ra ts  (group 7). Adminis t ra t ion  of 6-MTU to 
the control  ra t s  had no effect  on mitoehondr ia l  GPMTO act ivi ty (group 8). 

Mitoehondrial  L :g lyce ro l -3 -phospha te :  (aceeptor ) -ox idoreduc tase  is one of the enzymes  pa r t i cpa t -  
ing in act ive H + t r anspo r t  f r o m  the hya lop lasm into the mitochondria  by means  of the L - g l y c e r o l - 3 - p h o s -  
phate cycle ,  and faci l i tat ing the subsequent  t r a n s f e r  of H + to the r e s p i r a t o r y  chain at  the coenzyme level  
[2-4, 13]. The increase  in act ivi ty  of the mitochondria l  enzyme by the action of thyroid hormones  ac -  
ce l e ra t e s  the t r a n s f e r  of protons  to the r e s p i r a t o r y  e lec t ron  t r a n s p o r t  chainand the accumulat ion of en-  
e rgy  through coenzyme Q, leading to a d is turbance of D-glucose  me tabo l i sm in the hepatocyte [8]. 

Theophylline and its analogs a re  inhibitors of the adeny la t e -cyc la se  s y s t e m  [1, 14]. The p r e s e n t  ex-  
pe r imen t  showed that combined admin is t ra t ion  of 6-MTU and aminophyll ine,  in the p r e sence  of exogenous 
thyro toxicos is ,  leads to complete  blocking of the induction of GPMTO, one of the enzymes  of the ~ - g l y c e r o l -  

�9 3-phosphate  shunt, so that one of the pathways of proton t r a n s f e r  f r o m  hya lop lasm to mi tochondr ia  is r e -  
s tored  to normal .  

Adminis t ra t ion  of aminophyll ine together  with the thyros ta t ic  agents may pe rhaps  be used in the cl in-  
ical t r ea tmen t  of thyrotoxicos is  to r e s t o r e  no rma l  me tabo l i sm  in the l iver .  

L I T E R A T U R E  C I T E D  

1. O . A .  Virove ts ,  Uspekhi Sovr.  Biol.,  6_.55,384 (1968). 
2. T. Biicher and M. Klingenberg,  Angew. Chem.,  7..~0,552 (1958). 
3. M . H .  Griff i ths ,  Bioehem. J . ,  99_9, 12 (1966). 
4. J .  Hassinen,  Acta Chem. Scand., 1..99, 1018 (1965). 
5. R. Hess  and A. G. E. P e a r s e ,  Nature ,  191,718 {1961). 
6. W . W .  Hoffman, D. A. Richer t ,  and W. W. Wester fe ld ,  Endocrinology,  7._~8, 1189 (1966). 
7. G . H .  I s aac s ,  B. Sacktor ,  and T. A. Murphy, Biochim. Biophys. Acta,  177, 196 (1969). 
8. B. Kadenbach, in: Regulation of Metabolic P r o c e s s e s  in Mitochondria,  London (1966), p. 508. 
9. B. Kleitke,  G. Heier ,  and A. Wol lenberger ,  in: P rob leme  der  Molekularen und Al lgemeinen Biologic 

tier Zelle,  Ber l in  (1967), p. 213. 
H. Lardy ,  Y. P. Lee ,  and A. E. Takemor i ,  Ann. New York Acad. Sci. ,  8.__66,506 (1959). 10. 

11. K. Lo Lee and Oo N. Mil ler ,  P roc .  Soe. Exp. Biol. (New York), 123,679 {1966). 
12. Y . P .  Lee ,  A~ E. Takemor i ,  and H~ Lardy ,  J.  Biol. Chem.,  234, 3051 (1959). 
13. A. Lehninger ,  The Mitochondrion [Russian t rans la t ion] ,  Moscow {1966). 
14. W~ J. Mala i sse ,  F. M a l a i s s e - L a g a e ,  and D. Mayhew, J .  Clin. Inves t . ,  4_66, 1724 (1967). 
15. A . G . E .  P e a r s e ,  His tochemis t ry .  Theore t i ca l  and Applied [Russian t rans la t ion] ,  Moscow (1962). 
16. W . R .  Ruegamer ,  W. W. Wester fe ld ,  and D. A. Richer t ,  Endocrinology,  7__55, 908 {1964). 
17. O . Z .  Sel l inger  and K. L. Lee ,  Biochim. Biophys.  Acta,  9__1.1, 183 (1964). 
18. O . Z .  Sel l inger ,  K. L. Lee ,  and K. W. Fes l e r ,  Biochim. Biophys .Acta ,  124, 289 (1966). 
19. A . L .  Tarent ino,  D. A. Richer t ,  and W. W. Wester fe ld ,  Biochim. Biophys.  Acta,  124, 295 (1966). 
20. L . W .  Wattenberg and Y. L. Leong, J .  His tochem.  Cytochem. ,  8, 296 (1960). 
21. W . W .  Westerfe ld ,  D. A. Richer t ,  and W. R. Ruegamer ,  Endocrinology, 7_7.7, 802 (1965). 

388 


