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T H E  E F F E C T  O F  G R O W T H  H O R M O N E  

T H E  DNA C O N T E N T  IN L Y M P H O C Y T E  N U C L E I  

H Y P O P H Y S E C T O M I Z E D  R A T S  

Vo P .  F e d o t o v ,  V .  P .  F i n n i k ,  UDC 612.42.014.1:547o963.32/-06:612.433'65 
a n d  L .  V.  A l e s h i n a  

The ef fec t  of growth hormone  on the DNA content in lymphocyte  nuclei in the thymus,  spleen,  
and lymph nodes was inves t igated cytophotometr ica l ly .  In hypophysectomized ra t s  growth 
hormone  was shown to i nc r ea s e  the DNA content in nuclei of medium lymphocytes  of these  
organs  but did not change i ts  content in smal l  lymphocytes .  Lymphocytes  of the thymus were  
mos t  sens i t ive  to the action of growth hormone.  The DNA content in the nuclei of these  cel ls  
i nc rea sed  as ea r ly  as 1 h a f t e r  injection of the hormone  and reached  its  m a x i m u m  af te r  4 h. 
Other  hormones  with anabolic action (insulin, thyroxine,  tes tos terone)  caused no inc rease  in 
DNA in the thymocyte  nuclei during this period~ It  is concluded that growth hormone  has high 
affinity for  cel ls  of the lymphoid organs  and, in pa r t i cu la r ,  for  thymocytes  (medium Iympho-  
cytes  of the thymus).  

KEY WORDS: growth hormone;  nuclei of lymphocytes ;  thymocytes ;  hypophysectomyo 

Invest igat ions in the w r i t e r s '  l abo ra to ry  have shown that  a few months a f te r  hypophysectomy in ra t s  only 
growth hormone and, to a f a r  l e s s e r  degree ,  thyro t rop ic  hormone  can inc rease  the weight of the thymus s igni-  
f icant ly when admin i s t e r ed  daily for  10 days [2,3]. No other  hormones  had this p rope r ty .  The specia l  role  of 
growth hormone  in re la t ion to lymphoid t i s sue  is re l fee ted  in the s t imulat ion of incorpora t ion  of labeIed p r e -  
c u r s o r s  into pro te ins  and nucleic acids of lymphocytes  [8] and also the i nc r ea se  in the mitot ic  act ivi ty of lym-  
phocytes  [9]. It has recent ly  been shown that  thymocytes  speci f ica l ly  bind growth hormone [4]. 

In this invest igat ion a compara t ive  cy tophotometr ic  analys is  was made  of the specif ic i ty  of the ea r ly  
effect  of growth hormone  on DNA synthes is  in different  types of cel ls  in s eve ra l  lymphoid organs .  

EXPERIMENTAL METHOD 

Fema le  Wis ta r  r a t s  weighing 65-70 g were  hypophysectomized by the t r a n s a u r i c u l a r  route [1]. The ani-  
ma l s  were  used in the exper imen t s  14 days a f t e r  the operat ion.  In the exper imen t s  of s e r i e s  I the r a t s  were  
divided into four groups with 10 animals  in each group. Group 1 se rved  as the control ,  the an imals  of groups 
2 and 3 r ece ived  a single in t raper i tonea l  injection of growth hormone in a dose of 200 pg, d issolved in 0.25 ml  
physiological  saline and were  ki l led 4 and 6 h la ter ,  r e spec t ive ly ,  and the ra ts  of group 4 were  intact  an imals  of 
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T A B L E  1~ Ef fec t  of Growth  H o r m o n e  on DNA Content  (in c onve n t i ona l  uni ts)  in L y m p h o c y t e  
Nuc le i  f r o m  D i f f e r e n t  O r g a n s  (M+m)  

Animals 

Hypophysectomized 
Hypophysectomized, 4 h after 

injection of hormone p 

Hypophysectomized, 6 h after 
injection of hormone p 

Intact 
P 

Thymus 
Medium Small ' 
lymphocytesilymphocytes 

0,375----- 0,014 

0,824-- ~ 0.051 
<0,001 

0.329-----0,018 

0,380-----0,028 
>0,05 

0,367• 
> 0,05 

0,421~-0,031 
> 0,05 

Spleen 
Me~tium Small 

lymphocytes [ymphocyte~ 

0,302• 

0,533• 
<0,01 

0,363• 

0,390-----0,012 
> 0,05 

0,387 + 0,019 
>0,05 

0,380~ 0,032 
> 0,05 

Lymph nodes 
Medium 1 Small 

lymphocyt es dymphocyt es 

0,247--0,014 

0 465~0,029 
<0,001 

0,851~0,068 
<0,001 

0,790-----0,025 
<0,001 

0,485• 0,027 
<0,01 

0,446m0.038 
<0,05 

0,640~ 0,052 
<0,001 

0,305m 0,024 
<0,05 

0,324~-0,017 

0,357--0,046 
> 0,05 

0,377----- 0,023 
> 0,05 

0,371"-'-0,036 
>0,05 

0,900 

O, SO0 
O, 700 

0.800 

o,5oo 

o, 4oo 

o, 300 

o, zoo 

o,/0o 

o 

Fig .  1. 
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D y n a m i c s  of DNA con ten t  in nuc l e i  of m e d i u m  
l y m p h o c y t e s  f r o m  v a r i o u s  o r g a n s  of h y p o p h y s e c t o -  
m i z e d  r a t s  a f t e r  i n j e c t i o n  of g rowth  h o r m o n e :  1) 
t h y m u s ,  2) s p l e e n ,  3) l y m p h  nodes .  O r d i n a t e ,  DNA 
con ten t  (in conven t i ona l  uni ts ) ;  a b s c i s s a ,  t i m e  (in h). 

the  s a m e  weigh t  and  s ex .  The  r a t s  of  g r o u p s  1 and  4 e a c h  r e c e i v e d  in i n j e c t i o n  of 0.25 m l  p h y s i o l o g i c a l  s a l i n e .  
In  the  e x p e r i m e n t s  of s e r i e s  II h y p o p h y s e c t o m i z e d  r a t s  w e r e  g iven  the s a m e  dose  of g rowth  h o r m o n e  and w e r e  
M l l e d  1 ,2 ,3 ,4 ,  and  6 h l a t e r ,  e i g h t  a n i m a l s  a t  e ach  t ime~ In the  e x p e r i m e n t s  of s e r i e s  I I I  (e ight  a n i m a l s  in each  
group) h y p o p h y s e c t o m i z e d  r a t s  of g roup  1 r e c e i v e d  an i n j e c t i o n  of p h y s i o l o g i c a l  s a l i n e ,  t h o s e  of g roup  2 r e c e i v e d  
g rowth  h o r m o n e  (200 pg),  g roup  3 i n su l i n  (2 un i t s ) ,  g roup  4 t h y r o x i n e  (30 pg),  and group  5 t e s t o s t e r o n e  p r o p i o -  
na te  (5 mg) .  The  a n i m a l s  w e r e  k i l l e d  4 h a f t e r  r e c e i v i n g  the  h o r m o n e .  In the  e x p e r i m e n t s  of s e r i e s  I and II 
p i e c e s  of  t h y m u s  and s p l e e n  and l y m p h  nodes  w e r e  f i xed  in C a r n o y ' s  f lu id  and e m b e d d e d  in p a r a f f i n  wax,  a f t e r  
which  s e c t i o n s  w e r e  cut  to a t h i c k n e s s  of 5 g. In the  e x p e r i m e n t s  of s e r i e s  III squash  p r e p a r a t i o n s  w e r e  m a d e  
f r o m  the  o r g a n s  and f ixed  in m e t h a n o l .  DNA in the  l y m p h o c y t e  nuc l e i  was r e v e a l e d  by  F e u l g e n ' s  and R o s s e n -  
b e c k ' s  m e t h o d s .  C y t o p h o t o m e t r i c  d e t e r m i n a t i o n  of the  DNA con ten t  in the  nuc l e i  of the  l y m p h o c y t e s  ( s m a l l  
c e l l s  5-6  g and m e d i u m - s i z e d  8-9 g in d i a m e t e r )  was  c a r r i e d  out  on the  M U F - 5  i n s t r u m e n t  at  a wave l eng th  of 
546 nm by a p r o b e  m e t h o d  and e x p r e s s e d  in conven t iona l  un i t s  r e l a t i v e  to a s t a n d a r d .  F i f ty  c e l l s  f r o m  each  
a n i m a l  w e r e  i n v e s t i g a t e d  p h o t o m e t r i c a l l y .  The s i g n i f i c a n c e  of d i f f e r e n c e s  b e t w e e n  the r e s u l t s  was  a s s e s s e d  

by  S t u d e n t ' s  c r i t e r i o n .  

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

In the  c o n t r o l  r a t s  a d e c r e a s e  in  the  DNA con ten t  (Tab le  1) was  o b s e r v e d  a f t e r  h y p o p h y s e c t o m y  in the  
m e d i u m  l y m p h o c y t e s  of the  t h y m u s ,  s p l e e n ,  and  l y m p h  nodes  (P < 0o001). The  r e s u l t s  r e f l e c t  d e l a y  of syn the t i c  
p r o c e s s e s  in the  n u c l e i  of  the  m e d i u m  l y m p h o c y t e s  and  a r e  in a g r e e m e n t  wi th  o b s e r v a t i o n s  of o t h e r  w o r k e r s  
who found a d e c r e a s e  in  p r o l i f e r a t i v e  a c t i v i t y ,  l eng then ing  of the  m i t o t i c  c y c l e ,  and  a d e c r e a s e  in the  n u m b e r  of  
c e l l s  r e a d y  f o r  d i v i s i o n  a f t e r  h y p o p h y s e c t o m y  [5,6]. No s t a t i s t i c a l l y  s i g n i f i c a n t  changes  in the  DNA conten t  
w e r e  found in the  s m a l l  l y m p h o c y t e s  of any  of the  o r g a n s  s tud i ed .  A f t e r  i n j e c t i o n  of g rowth  h o r m o n e  into  the  
h y p o p h y s e c t o m i z e d  r a t s  the  DNA conten t  was  i n c r e a s e d  in the  m e d i u m  l y m p h o c y t e s  of  the  t h y m u s ,  s p l e e n ,  and  
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lymph nodes both 4 and 6 h af ter  injection of the hormone (P < 0.001)~ No difference was found in the DNA 
content in the small  lymphocytes.  The resul ts  are  in agreement  with investigations by other  workers  who 
observed an increase  in DNA synthesis in the thymus,  spleen, and lymph nodes autoradiographically 6 h af ter  
injection of growth hormone [8]. These workers  did not c a r r y  out any ear l ie r  tes ts .  

In the experiments  of ser ies  II an attempt was made to discover  the ear l ies t  manifestations of the action 
of growth hormone in the nuclei of medium lymphocytes of the thymus,  spleen, and lymph nodes (Fig. 1)~ In- 
jection of growth hormone into the hypophysectomized rats  caused a significant increase  in the DNA content 
in the medium lymphocytes of the spleen and lymph nodes, start ing from 2-3 h after injection of the hormone 
and reaching a maximum at 6 h. In the thymocytes a stat is t ical ly significant increase  in the DNA content was 
observed as ear ly  as 1 h after  injection of the hormone,  and the increase  reached a maximum after 4 h. 

Activation of DNA synthesis by growth hormone in cell nuclei of different t issues in hypophysectomized 
animals is known to begin after  different t ime invervals .  This effect was observed,  in par t icu lar ,  by Goldspink 
and Goldberg [7], who investigated DNA synthesis in nuclei of hepatocytes,  epithelial cells of the kidney tubules, 
and muscle  f ibers with the aid of thymidine-3H. However, in the present  experiments the cells were from an 
identical t issue.  

In the experiments  of ser ies  III the effect of growth hormone was compared with that of other hormones 
with an anabolic action on the DNA content in medium lymphocytes of the thymus~ The DNA content in the 
nuclei was determined 4 h after injection of the hormones .  Injection of insulin, tes tos terone,  and thyroxine 
into hypophysectomized rats  caused no appreciable increase  in the DNA content in the thymocyte nuclei and 
only growth hormone gave a significant increase  in the DNA content (0~ 0.027 compared with 0.170~ 0.022 
in the control). 

Growth hormone thus st imulates DNA synthesis only in nuclei of medium lymphocytes of hypophysecto-  
mized rats  and has no appreciable effect on the DNA level in the nuclei of small  lymphocytes.  Activation of 
DNA synthesis a r i ses  at different t imes depending on the organ to which the medium lymphocytes belong. The 
action of the hormone is manifested soonest,  1 h after  injection, in thymocytes .  

The high sensit ivity of thymocytes to growth hormone deserves  special attention, considering the impor-  
tant role of the thymus in the lymphoid system.  In the period of s t rongest  action of growth hormone (4 h after  
injection) other hormones with anabolic proper t ies  have no effect on the DNA content in the medium lympho- 
cytes of the thymus, thus showing that growth hormone exhibits definite specificity toward lymphoid tissue. 
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