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Changes in the RNP content and in the act ivi ty of mitochondria l  1 -g lyce ro l -3 -phospha te :  
(menadione) - te t razo l ium oxidoreductase  (1.1.99.5) and decarboxylat ing 1 -mala te :  NADP- 
oxidoreductase  (1.1.1.40)in the l i ve r  cel ls  depending on the level  of thyroid ho rmones  in the 
body w e r e  studied by h i s tochemica l  methods in albino ra ts .  A s ta t i s t ica l ly  significant c o r -  
re la t ion  was  found between the RN'P content and the act ivi ty of these enzymes .  

B iochemica l  inves t igat ions  have demons t ra t ed  the effect  of many hormones  on the act ivi ty  of enzyme 
sys t ems ,  on pro te in  synthesis ,  and on the synthes is  of r ibonucleoprote ins  (RNP) in cor responding  t a rge t  
t i s s u e s  [16, 18]. Some hormones  have the p r o p e r t i e s  of DNA d e p r e s s o r s ,  poss ib ly  by forming  a complex 
with his tones [3], o r  of  inducers  of enzyme sys t ems ,  by act ivat ing the corresponding genes  or  inact ivat ing 
the i r  blocking agents  [7]. Adminis t ra t ion  of exogenous hormones ,  espec ia l ly  thyroid hormones ,  g ives  r i s e  
to apprec iab le  changes in the act ivi ty  of enzyme s y s t e m s  [8, 11, 12, 17], but these have so fa r  rece ived  
l i t t le  study by morphologica l  methods.  

The object  of the p re sen t  invest igat ion was  to study by h i s tochemica l  methods the re la t ionship  be -  
tween the act ivi ty  of some oxidoreductases  and the RNP content in the l i ve r  cell of albino r a t s  with e x p e r i -  
mental  d i s tu rbances  of the thyroid  hormone level .  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  w e r e  c a r r i e d  on 84 sexual ly  ma tu r e  male  albino r a t s  weighing ini t ial ly 150-200 g. The 
an ima l s  we re  divided into seven groups  with 12 r a t s  in each group: 1) intact animals ;  2) an imals  unde r -  
going mock thy ro idec tomy (all s tages  of the opera t ion without actual  r emova l  of the thyroid gland); 3) intact  
an imals  rece iv ing  thyroxine (reanal) in a dose of 200 ~ g / k g  body weight pa r en t e r a l l y  daily for  16 days; 4) 
an imals  rece iv ing  thyroxine p a r e n t e r a l l y  l ike the r a t s  of group 3, and also rece iv ing  6 -methy l th iourac i l  
(6-MTU) in a dose of 200 mg and aminophyll ine in a dose of 300 mg /kg  body weight with the i r  food daily 
f rom the 5th day until the end of the exper iment ;  5) an imals  undergoing thyro idec tomy and sac r i f i ced  48-60 
days a f te r  the operation;  6) thyro idec tomized  animals  rece iv ing  thyroxine p a r e n t e r a H y  in a dose of 250 
~ g / k g  body weight  32-44 days a f te r  the operat ion for  a per iod  of 16 days; 7) thyro idec tomized  an imals  
rece iv ing  thyroxine like the an imals  of group 6, and also 6-MTU and aminophyll ine,  like those of group 4 
32-44 days  af ter  the operat ion.  All the an imals  w e r e  kept under identical  conditions and rece ived  a 
balanced diet. 

The r a t s  w e r e  ki l led by decapitat ion.  P i ece s  of l i ve r  we re  taken s imul taneously  f rom the an imals  of 
all  groups,  mounted in the s ame  block on the s tage of  the mic ro tome ,  and f rozen with solid CO 2. Ser ia l  
sect ions  w e r e  cut in a c r y o s t a t e  at -20~  using a v e r y  cold knife, mounted on dry  sl ides,  and dr ied  in a i r .  
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Fig. 1 Fig. 2 

Fig. 1. His tochemica l  reac t ion  for  RN-P by B r a c h e t ' s  method in the l ive r  of the control  (a) 
and hyper thyro id  (b) ra t s .  H e r e  and in Figs.  2 and 3: objective 20, ocular,  homal  5. 

Fig. 2. His tochemica l  react ion  for  G3POR by the method of Hess  and P e a r s e  in l i ve r  of 
control  (a) and hyper thyro id  (b) ra ts .  

Fig. 3. His tochemica l  reac t ion  for  D1MOR 
by K r a s n o v ' s  method in l i ve r  of control  (a) 
and hyper thyro id  {b) ra t s .  

Some se r i a l  sect ions f rom each b l o c k w e r e  fixed in Gendre ' s  
fluid a t - 6 0 ~  and in Carnoy ' s  fluid. RN-P was  detected by 
B r a c h e t ' s  method with methyl  g reen  and pyronine G. Mito- 
chondrial  1 -g lycero l -3 -phospha te :  (menadione) - te t razo l ium 
oxidoreductase  (G3POR) (1.1.99.5) was  detected by the 
method of Hess  and P e a r s e  [5] and decarboxylat ing 1- 
malate:  NADP-oxidoreductase  (D1MOR) (1.1.1.40) by the 
method of Krasnov [2] in the modificat ion used in V. V. 
B i r o v ' s  l abora tory .  His tological  survey  sect ions were  
stained with gallocyanin and chrome  alum by the method 
of De Boer  and Arnake r  [10]. 

The control  and exper imenta l  ma te r i a l  was  studied 
by the method of quali tat ive compara t ive  a s s e s s m e n t  of the 
intensi ty of staining of RNP or  the intensi ty  of deposit ion 
of t e t razo l ium sa l t s  reduced to fo rmazan .  A double control  
(the an imals  of groups  1 and 2) was  used for  the initial 
level.  The r e su l t s  we re  subjected to s ta t i s t ica l  analysis  
as  descr ibed  by Kendall  [6], and the degree  of co r re la t ion  
between the RNP content and the act ivi ty  of these two 
enzymes  was  a s ses sed .  

EXPERIMENTAL RESULTS 

Administration of an excess of thyroid hormones to the intact animals led to a marked increase in the 

RNP content in the cytoplasm of the liver cells. Their localization also was changed: RNP was detected in 

the cytoplasm of the liver cells of intact animals as pink masses forming a peripheral ring, while in ani- 

mals with exogenous hyperthyroidism (group 3) the dye was distributed more diffusely as fine granules; the 

zone of demonstration of RNA in the cell was widened (Fig. i). There was always a noticable decrease in 
the intensity of RNP staining in the liver cells of the thyroidectomized rats. Combined administration of L- 
thyroxine, 6-MTU, and aminophylline (group 4) led to a decrease in the intensity of staining of RNP com- 

pared with that observed in exogenous hyperthyroidism, but the normal intensity of staining was not re- 
stored. In the other groups of animals, a study of RNP localization revealed a varied picture: in some 
cases staining for RNP resembled that in the control group, in others there was a marked increase in the 

intensity of staining in the liver cells (group 6). 

Activity of G3POR in the liver cells of the control animals was fairly low. Formazan granules were 
arranged diffusely throughout the cytoplasm and were comparatively few in number. In the group of rats 
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undergoing thyroidectomy,  activity of the enzyme in the l iver cells could not be detected histochemically.  
After  administrat ion of an excess  of thyroid hormones  (animals of groups 3 and 6) a sharp increase  was ob- 
served in the activity of the enzyme (Fig. 2), and administrat ion of 6-MTU together with aminophylline to 
the ra t s  with exogenous thyrotoxicosis  (group 4) r e s to red  its normal  level. In the animals of group 7, the 
normal  activity of the enzyme in the l iver  cells  was not res tored.  

A marked increase  in the activity of D1MOR was found in the l iver  cells of the animals with exogenous 
hyper thyroidism (Fig. 3). Activity of this enzyme in the l iver  of the ra ts  of group 4 was reduced by com-  
par i son  with its level in exogenous hyperthyroidism, but was ~ot fully returned to normal.  Activity of the 
enzyme was always reduced in the l iver  cells of the thyroidectomized animals, while in the ra t s  of groups 
6 and 7 no definite rule could be established for the changes in activity of the enzyme. 

Comparison of the RNP level and activity of the above enzymes showed a marked paral le l  between 
the intensity of staining for RNP and the deposition of reduced te t razol ium ( formazan) in  mater ia l  f rom the 
same individual a n i m a l s .  A high corre la t ion  was found between the RN1D level and activity of G3POR (r = 
0.8; P < 0.001) and an average level of corre la t ion  between the RNP content and activity of D1MOR (r=0.6;  
P < 0.01). 

The increase  in the RNP content in the l iver  cells of labora tory  animals in experimental  hyper thy-  
ro id ism is confirmed by the r e su l t s  of biochemical  tests.  Such an increase  has been found in nuclear  s t ruc -  
tu res  [1] and in the cytoplasm of the cell [4, 19]. A s imi lar  inc rease  in the RNP content in the l iver  cells  
has  also been found by his tochemical  methods [13]. An increase  in the activity of mitochondrial  oxido- 
reductases  has been observed by many workers ,  and by as much as 8-10 t imes [17]. The induction of these 
enzymes  takes place through and is  connected with protein synthesis.  It has been postulated that protein 
synthesis is  p receded  by the synthesis of messenger  RNA, a p roce s s  maintained by thyroid hormones [9, 
14, 15]. The resul ts  obtained by his tochemieal  tests,  showing corre la t ion  between the RNP content and 
the activity of these two enzymes  of the glycerophosphate and malate cycles are  in agreement  with the r e -  
sults of the biochemical  tes ts .  They demonstra te  the complex mechanism of action of thyroid hormone on 
the body, involving the stimulation of RNP synthesis and effected through the activation of var ious  enzyme 
sys tems.  

In experimental  thyroid dysfunction the RNP content and the activit ies of mitochondrial  G3POR and 
D1MOR in the l iver  cells of albino ra t s  undergo changes. There is a stat ist ically significant corre la t ion 
between the RNP content and the activity of the two enzymes.  These resul ts  accord  with the concept that 
thyroid hormones  stimulate the synthesis of messenger  RNA and protein, and since they can be studied by 
his tochemical  methods this considerably simplifies the technique. 

LITERATURE CITED 

i. A.I. Klimenko, Vopr. Med., Khim., i_~6, 281 (1970). 
2. I.B. Krasnov, Tsitologiya, No. 4, 126 (1967). 
3. J. Butler, in: Histones and the Transmiss ion  of Genetic Information [Russian translation],  Moscow 

(1968), p. ii. 

4. M. Dinu, L. Popa, and I. Paduraru, Stud. Cercet. Biol. Ser. Biol. Animale, i_~5, 159 (1963). 
5. R. Hess andA. G. E. Pearse, Nature, 191, 718 (1961). 
6. G.U. Yule and M. G. Kendall, An Introduction to the Theory of Statistics, London (1950). 
7. P. Karlson and C. E. Sekaris, Acta Endoerinol. (Copenhagen), 53,505 (1966). 
8. I.P. Lee and H. A. Lardy, J. Biol. Chem., 24___00, 1427 (1965). 
9. K.-L. Lee and O. N. Miller, Arch. Biochem., 120, 638 (1967). 

i0. A.G.E. Pearse, Histochemistry, Theoretical and Applied [Russian Translation], Moscow (1962). 
11. A.G.E. Pearse, Molec Pharmacol., 3, 44 (1967). 
12. A.G.E. Pearse, Prec. Soc. Exp. Biol. (New York), 123, 679 (1966). 
13. L. Reiniak, Roczn. Akad. Med. Bialystoku, 8, 57 (1961). 
14. S. Schapiro and C. S. Pereiu, Endocrinology, 79___, 1075 (1966). 
15. O.Z. Sellinger and K. L. Lee, Biochim. Biophys. Acta, 9_.!i, 83 (1964). 
16. G. 1D. Talvar, S. K. Sharma, and S. L. Gupta, J. Sci. Indust. Res., 2__~7, 28 (1968). 
17. A.L. Tarentino, D. A. Richert, and W. W. Westerfeld, Biochim. Biophys. Acta, 124, 295 (1966). 
18. I.R. Tara and C. C. Wignell, Biochem. J., 9_88, 604 (1966). 
19. S. Venkataraman, D. S. Pradhan, and A. Sreenivasah, Ind. J. Biochem., 2, 13 (1965). 

1341 


