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C H A N G E S  I N  C O N T E N T  O F  C Y T O C H R O M E S  c a n d  a (a 3) 

IN  L I V E R  M I T O C H O N D R I A  O F  H Y P E R T H Y R O I D  R A T S  

V.  V .  L e m e s h k o  a n d  P .  A.  K a l i m a n  UDC 577.7 : 577.17 +577.15.158 

Male Wis t a r  r a t s  aged 1, 3, 12, and 24 months were  given thyroxine in a dose of 250 #g/100 g 
body weight daily.  After  9 days the content of cy tochromes  c and a (a 3) was cons iderably  in- 
c r ea sed .  An apprec iab le  i nc rea se  in the cy tochrome e content was observed  as ea r l y  as a f te r  
24 h, whereas  the content of cy tochromes  a (a3) did not exceed normal  even a f te r  2 days.  The 
content of cy tochromes  a (a3) in r a t s  aged 3, 12, and 24 months was litt le lower  a f t e r24  h than 
normal ly .  A signif icant  t e m p o r a r y  i nc rea se  in the ra t io  c / a  (a3) a f t e r  1-2 days was observed  
only in r a t s  aged 12 and 24 months .  An inc rease  in the ra t io  c / a  (a3) with age a lso  was demon-  
s t ra ted .  The p rospec t s  for  the use of thyroid hormones  in the study of regulat ion of biogenesis  
of the mi tochondr ia  a re  suggested.  
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In hype r thy ro id i sm  and thyro toxicos is  an i nc rea se  is observed  in the content of individual cy tochromes  
of the r e s p i r a t o r y  chain in the l ive r  mi tochondr ia  [3, 5, 9]. The cy tochrome content is low in thyroidectomized 
an imals  [10]. Synthesis of mi tochondr ia l  cy tochromes  is effected by mitochondr ia l  and cy top lasmic  s y s t e m s  
or  p ro te in  synthes is ,  and the contr ibution of these two s y s t e m s  to the synthesis  of different  cy tochromes  differs  
[7]. Fo r  instance,  cy tochromes  a and a 3 a re  synthesized with the par t ic ipa t ion  of both sys t ems ,  whereas  cyto-  
chrome c is synthesized by the cy top lasmic  s y s t e m  only. The r egu la to ry  mechan i sms  in both p r o t e i n - s y n -  
thes iz ing s y s t e m s  a re  sens i t ive  to thyroid ho rmones  [2], but the t e m p o r a l  c h a r a c t e r i s t i c s  of induction of syn-  
thes is  of individual mi tochondr ia l  ey toehromes  under these c i r cums t ances  have rece ived  li t t le study. The 
object  of this inves t iga t ion  was to study changes in the content of cy tochromes  c and a (a 3) in the l i ve r  mi to-  
ehondria of r a t s  of different  ages in the ea r ly  stage a f t e r  admin is t ra t ion  of thyroxine.  

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar albino rats of four age groups: i, 3, 12, and 24 months. 
The animals were given a daily intraperitoneal injection of L-thyroxine in a dose of 250 pg/100 g body weight. 
The animals were killed I, 2, and 9 days after the first injection (after i, 2, and 9 injections respectively). 
Mitochondria were isolated by differential centrifugation in medium with final concentrations of: sucrose 
0.3 M, Trilon B 1 raM, pH 7.2; they were washed and suspended in medium without Trilon B. The protein 
concentration in the mitochondrial suspensions was determined by Lowry's method in Miller's modification 
[13]. The ADP/O coefficient and the respiratory control in the experimental series were indistinguishable 
from normal during oxidation of succinate, except for a marked decrease in ADP/O in the 24-month~old rats 
and of the respiratory control in rats aged 3, 12, and 24 months receiving nine injections of the hormone. 

The differential spectrum of the cytochromes was recorded as described in [I0], with very slight changes. 
To a test tube containing 3.6 ml of i00 mM K-phosphate buffer, pH 7.4, were added 0.3 ml of mitochondrial 
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Time after beginning of 
injections of thyroxine, days 

F ig .  1. Conten t  of  e y t o e h r o m e s  in  l i v e r  m i t o c h o n d r i a  
of n o r m a l  r a t s  and of r a t s  1 and 2 days  a f t e r  i n j e c t i ons  
of t h y r o x i n e .  O r d i n a t e ,  conten t  of  e y t o c h r o m e s  {in 
p m o l e s / m g  p r o t e i n ) .  Age of r a t s i  a) 1 month ,  b) 3 
mon ths ,  e) 12 m o n t h s ,  d) 24 m o n t h s ,  E m p t y  c i r c l e s  
denote  c y t o e h r o m e  a (aa); f i l l ed  c i r c l e s  c y t o c h r o m e  c.  

T A B L E  1. Ra t io  of C o n c e n t r a t i o n s  of C y t o -  
c h r o m e s  c / a  (a a) in L i v e r  M i t e e h o n d r i a  on 
Ra t s  of D i f f e r e n t  Ages  u n d e r  N o r m a l  C o n d i -  
t ions  and 1 and 2 Days  a f t e r  A d m i n i s t r a t i o n  
of T h y r o x i n e  

Age, 
m o n t h s  

] 
3 

12 

24 

Ratio c/a ( ~  

thyroxine, 
normal 1 day 

0,79-+0,06 (6) 
0,91-+0,08(7) 
0,95-+0,06 (6) 

P<0,I* 
1,00-+0,05 (8) 

PdO,05* 

0,87-+0,04 (7) 
1,04-+0,05 (8) 
1,16_+0,05 (7) 

P<O,05 
1,18-+0,04 

P<O,02 

thyroxine, 
2 Nays 

0,91-+0,03 (S) 
1,00+__0,02 (8) 
I, 14-+0,08 (7) 

P<0,1 
1,20_+0,03 (6) 

P<0,0t 

*S ign i f i c ance  r e l a t i v e  to r a t s  aged  1 month,  
o t h e r w i s e  r e l a t i v e  to n o r m a l .  
Legend .  N u m b e r  of e x p e r i m e n t s  in p a r e n -  
t h e s e s  ( e x p e r i m e n t s  e a r r i e d  out  in s p r i n g ) .  

T A B L E  2. Ef fec t  of Dai ly  A d m i n i s t r a t i o n  of 

T h y r o x i n e  f o r  9 Days  to Ra t s  of D i f f e r e n t  Ages  
on Conten t  of C y t o c h r o m e s  c and a (aa) tn L i v e r  
M i t e c h o n d r i a  

Age, Cyto- Concentration of cyto- 
chromes, pmoles/hSg 

months 2hromes protem _ _  
normal thyroxine 

1 

3 

12 

24 

c 2t8-+13 (4) 
a (as) 251--+24 (4) 

c 245-+ 15 (4) 
a (aa) 232+27 (4) 

c 230-+7 (5) 
8 (a 211+10 (6) 

e a) 222~ 16 (4) 
a (a3) 219-+21 (4) 

282~29 (3) 
338+ 15 (3) 
299~ 12 (3) 
272+ 15 (3) 
311___21 (5) 
357--+ ] 8 (5) 
333-+ 18 (.3) 
342-+5 (3) 

<0,1 
<0,05 
<0,05 
>0,1 
<0,01 
<0,001 
<0,0I 
<0,01 

Legend .  Number  of e x p e r i m e n t s  (all e x p e r i -  
m e n t s  conduc ted  in the  fa l l  in p a r e n t h e s e s ) .  

s u s p e n s i o n  (12-15 rag p r o t e i n )  and 0.3 ml  4~ T r i t o n  X-100 ,  and a f t e r  mix ing ,  the s a m p l e s  w e r e  d iv ide d  e q u a l l y  
and p o u r e d  into two c u v e t t e s .  A few c r y s t a l s  of d i th ion t t e  and 0.1 ml  p h o s p h a t e  bu f fe r  w e r e  added  to the r i g h t  
cuve t te ,  0.1 m] of 0.5 M K - f e r r i c y a n l d e  s o l u t i o n  to the  l e f t  euve t te ,  and a f t e r  2 -3  ra in  the  s p e c t r u m  was  r e -  
c o r d e d  on the " S p e c o r d  UVVIS" s p e c t r o p h o t o m e t e r .  The  con ten t  of e y t o e h r o m e s  was  c a l c u l a t e d  by W i l l i a m s '  
method ,  a s  d e s c r i b e d  in [1]. The d e t e r g e n t  was  u sed  du r ing  r e c o r d i n g  of  the  d i f f e r e n t i a l  s p e c t r u m  not  only  to 
c l a r i f y  the  s u s p e n s i o n ,  but  a l s o  to s t a n d a r d i z e  the m i c r o e n v i r o n m e n t  of the  c y t o c h r o m e s .  Th i s  i s  i m p o r t a n t  
b e c a u s e  i n j e c t i o n  of t h y r o i d  h o r m o n e s  into a n i m a l s  c a u s e s  c ha nge s  i n t h e  s t r u c t u r e  of the m i t o c h o n d r i a l  m e m -  
b r a n e s  [8] and t h i s ,  in  t u rn ,  m a y  a f f ec t  the  s p e c t r a l  c h a r a c t e r i s t i c s  of the  c y t o c h r o m e s .  The  e r r o r  a r i s i n g  
wi th  cy~och rome  b s in th i s  connec t i on  i s  m a x i m a l  on ly  in r e s p e c t  to c y t o c h r o m e s  b and c t and i s  v e r y  s m a l l  
in  r e s p e c t  of c y t o c h r o m e s  e and a (a a) [6] when th is  me thod  of  c a l c u l a t i o n  is  u s e d .  

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

The con ten t  of c y t o c h r o m e s  e and a (a s) in the  l i v e r  m t t o e h o n d r i a  of r a t s  of d i f f e r e n t  a g e s  u n d e r  n o r m a l  
cond i t i ons  and 1 and 2 days  a f t e r  i n j e c t i o n  of t h y r o x i n e  into the  a n i m a l s  is  shown in F ig .  1. N o r m a l l y  the con-  
t en t  of c y t o c h r o m e s  a (a 3) d e c r e a s e d  wi th  the  age  of the  r a t s ,  w h e r e a s  the con ten t  of c y t o c h r e m e  c was  unchanged .  
The  conten t  of c y t o c h r o m e s  a (a s) in the  l i v e r  m i t o c h o n d r i a  of 12- and 2 4 - m o n t h - o l d  r a t s  was  s i g n i f i c a n t l y  
l o w e r  than  fo r  a n i m a l s  aged  1 month  (P< 0.05 and P<  0.01 r e s p e c t i v e l y ) .  A d e c r e a s e  in the  content  of c y t o -  
c h r o m e s  a (as) wi th  age  a l so  was  r e f l e c t e d  in an i n c r e a s e  in the  r a t i o  be tween  the  con ten t s  of c y t o e h r o m e s  c / a  
(a s ) (Table  1). 

A f t e r  1 o r  2 days  of i n j ec t i ons  of t h y r o x i n e  into the  r a t s  an i n c r e a s e  in the e y t o c h r o m e  e con ten t  was  
o b s e r v e d  t n t h e  l i v e r  m i t o c h o n d r i a  (F ig .  1), and th i s  i n c r e a s e  was  s i g n i f i c a n t  in the 2 4 - m o n t h - o l d  r a t s  1 day  
(P< 0.05) and in  the  12-  and 2 4 - m o n t h - o l d  r a t s  2 days  (P< 0.05) a f t e r  i n j e c t i o n  of t h y r o x i n e ,  tn the  r a t s  aged  
3, 12, and 24 mon ths ,  s o m e  t e n d e n c y  t o w a r d  a d e c r e a s e  in the  con ten t  of  e y ~ o e h r o m e s  a (a s) was  o b s e r v e d  1 
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day a f t e r  injection of thyroxine,  and this was m o s t  marked  in the 12-month-old animals .  The dif ference in the 
d i rec t ion  of the changes in the content of cy tochromes  c and a (a 3) a f t e r  1 day (Fig. 1) also was manifes ted  as 
a s ignif icant  i nc rea se  in the cy tochrome c / a  (a3) ra t io  (Table 1). On the 2nd day of the expe r imen t  the content 
of cy tochromes  a {a3) had a l ready  begun to i nc rease ,  but st i l l  had not exceeded normal .  In the 24-month-old 
r a t s  the s ignif icant  i nc rea se  in the cy tochrome e / a  (a3) ra t io  was sti l l  maintained on the 2rid day of the exper i -  
ment .  

The smal l  d e c r e a s e  in the content of cy tochromes  a (a3) 1 day a f t e r  injection of thyroxine could bel inked 
with an inc rease  in the synthes is  of other  mi tochondr ia l  prote ins ,  such as cy tochrome c, c~-glycerophosphate 
dehydrogenase  [12], and an unidentified pro te in  with molecu la r  weight of 54,000 [4], etc. ,  [2], and a lso  with an 
i nc rea se  in p ro te inase  act ivi ty  [11]. 

More prolonged admin is t ra t ion  of the hormone  led to an i nc rea se  in the content both of cy tochrome c and 
of ey toehromes  a (a3), which was m o s t  marked  in the 12- and 24-month-old  r a t s  (Table 2), in genera l  a g r e e -  
ment  with data showing an i nc rea se  of 30-35% in the content of cy tochrome e [5] and of 40-50~ in the content 
of cy tochrome a [9] in the l ive r  of r a t s  with exper imen ta l  thyro tox icos i s .  Under these c i r cums tances ,  however,  
the ra t io  of cy tochromes  c / a  (a 3) was no higher  than normal ly .  

With age, the re fore ,  a dec rea se  in the content of cy tochromes  a (a 3) and a corresponding inc rease  in the 
c / a  (a s) ra t io  a re  obse rved  in the l i ve r  mi toehondr ia  of r a t s .  Prolonged admin is t ra t ion  of thyroxine to the 
an imals  caused an inc rease  in the cy toehrome content, which was g r e a t e s t  in ra t s  aged 12 and 24 months,  but 
in the ea r ly  stage of development  of hype r thy ro id i sm  there  was a t e m p o r a r y  inc rease  in the c / a  (as) ra t io  due 
to delay in the i nc rea se  or  even a smal l  d e c r e a s e  in the content of cy tochrome a (a3), mos t  marked  in ra t s  
aged 12 months .  The r e su l t s  point to absence  of synchronizat ion of changes in the content of the components 
of the mi tochondr ia l  r e s p i r a t o r y  chain in the per iod of t rans i t ion  to a new physiological  s ta te  - hyper thyro id i sm.  
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