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T h e  E f f e c t  o f  N e o n a t a l  A d m i n i s t r a t i o n  of  T e s t o s t e r o n e  a n d  O e s t r a d i o l  o n  t h e  L i v e r  N u c l e a r  V o l u m e  

of Male  and F e m a l e  Rats  

I t  is gene ra l ly  accep t ed  t h a t  t h e  nuc le i  of t h e  p a r e n -  
c h y m a t  cells of m a m m a l i a n  l ive r  h a v e  p lo id ies  (DNA 
c o n t e n t s )  in  t h e  r a t i o  of 2N ,  4 N ,  8N1,  ~. These  v a r i o u s  
levels  of p lo idy  co r r e spond  in r a t i o  w i t h  t i le  cell  v o l u m e  3,4, 
n u c l e a r  voIume~,S, nuc leo la r  vo lume~,  ~ a n d  n u c l e a r  
h i s t o n e  levels  s of h e p a t o e y t e s .  T h e  p r e s e n t  i n v e s t i g a t i o n  
is conce rned  w i t h  t he  n e o n a t a l  i n j ec t i on  of sex h o r m o n e s  
on  t h e  l ive r  nuc l ea r  v o l u m e  of ma le  a n d  female  ra ts .  

L i t t e r s  of a h i g h l y  i n b r e d  co lony  of ~Vistar r a t s  were  
r a n d o m l y  d iv ided  i n to  d i f f e ren t  groups ,  each  c o n t a i n i n g  
males  a n d  females .  A s ingle  s.c. i n j ec t i on  of e i t h e r  500 (xg 
of t e s t o s t e r o n e  p r o p i o n a t e  or  250 ~tg of oes t r ad io l  ben -  
zoa te  in  0.05 m l  of a r ach i s  oil was  g iven  w i t h i n  24 h 
a f t e r  b i r t h .  Cont ro l s  were  g iven  equa l  vo l um es  of a r ach i s  
oil  or rece ived  no  t r e a t m e n t .  I m m e d i a t e l y  u p o n  wi th -  
d r a w a l  of t h e  needle ,  t h e  in j ec t ion  s i te  was  sealed w i t h  
colourles's oc ta f lex  (1% w/w o c t a p h o n i u m  chlor ide) .  H a l f  
of t h e  r a t s  were g o n a d e c t o m i z e d  a t  4 weeks  a n d  t he  
a n i m a l s  were  fed a l a b o r a t o r y  d ie t  a n d  w a t e r  ad  l i b i t u m .  

T h e  l i t t e r s  were k i l led  a t  6 -7  m o n t h s .  T i ssue  b locks  
were  t a k e n  f rom t h e  lef t  l a t e r a l  lobe of t h e  excized l ivers,  
f ixed  in He l ly ' s  f luid a n d  e m b e d d e d  in pa ra f f in .  Sec t ions  
cu t  a t  10 ~tm were  s t a i ned  b y  h e m a t o x y l i n  a n d  eosin for  
t he  m e a s u r e m e n t  of t h e  size of nuclei .  Th i s  m e t h o d ,  
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Fig. I. Distribution of mmlcar volume in the liver of male (Q...O) 
and female (A-'-&) rats. 

a l t h o u g h  i t  d id  n o t  p r o v i d e  a d i r ec t  m e a s u r e m e n t  of t h e  
a m o u n t  of D N A  p r e s e n t  in  t h e  nuclei ,  such  as  m a y  b e  
o b t a i n e d  w i t h  t h e  Feu lgen  t e c h n i q u e  u s ing  a n  i n t e g r a t i n g  
microdensitome~cer,  gave  a r e a s o n a b l y  a c c u r a t e  a n d  q u i c k  
m e t h o d  for  t h e  m e a s u r e m e n t  of a la rge  n u m b e r  of nuclei .  
T h e  m a j o r  a n d  m i n o r  n u c l e a r  d i a m e t e r s  were  m e a s u r e d  
u s i n g  a Le i t z  6 X  ocu la r  /~m w i t h  c a l i b r a t e d  scale  a n d  
t h e  100X o i l - immers ion  ob j ec t i ve  lens.  I n  cacti  an ima l ,  
200 nuc le i  were m e a s u r e d  a n d  t h e  nuc l ea r  v o l u m e s  in  
cub ic  m i c r a  were  ca l cu la t ed  f r o m  the  f o r m u l a  of t h e  
r o t a r y  e l l ipos id :  V = er/6 ab 2, where  a is t h e  m a j o r  ax is  
a n d  b t h e  m i n o r  axis.  

The  resu l t s  a re  s u m m a r i z e d  in  t h e  Tab le  a n d  t h e  d is t r i -  
b u t i o n  of t h e  va lues  o b t a i n e d  were  s h o w n  g raph ica l l y  
in  F igures  1-5. The  n u m b e r  of nuc le i  m e a s u r e d  fa l l ing  
in to  each  class  gave  a n  a p p r o x i m a t e  i n d i c a t i o n  of t h e  
va r ious  classes of p lo idy ;  p r e s u m a b l y  A = d ip lo id  (2N) ,  
13 = t e t r a p l o i d  (4N),  a n d  C = oc tap lo id  (SN).  U n t r e a t e d  
a d u l t  ma le s  h a d  a s ign i f i can t ly  g rea t e r  nuc l ea r  v o l u m e  
t h a n  t h e  females .  N e o n a t a l  i n j ec t i on  of t e s t o s t e r o n e  
p r o d u c e d  no  effect  in  males  b u t  s ign i f i can t ly  increased  
t h e  nuc l ea r  v o l u m e  in female  ra ts ,  whereas  oes t r ad io l  
caused  a d rop  b o t h  in ma les  a n d  in females .  C a s t r a t i o n  
r educed  t he  nuc lea r  v o l u m e  a n d  t h e  fal l  could  be  r e s to red  
b y  n e o n a t a l  t r e a t m e n t  w i t h  t e s tos t e rone .  The  g r ea t e r  
nuc l ea r  v o l u m e  of ma les  was  a p p a r e n t l y  due  to  a h i g h e r  
f r e q u e n c y  of t e t r a p l o i d  a n d  oc tap lo id  nucle i  (Figure  1). 
I n  females ,  a l t h o u g h  t h e r e  was  a s c a t t e r  of va lues  
a p p r o a c h i n g  t h e  t e t r a p l o i d  a n d  oc tap lo id  cIasses, t h e  
l iver  was  p r e d o m i n a n t l y  u n i m o d a l  - p r e s u m a b l y  diploid .  
A s ingle  s.c. n e o n a t a l  i n j ec t i on  of t e s tos t e rone ,  a l t h o u g h  
i t  p r o d u c e d  no  s ign i f i can t  a l t e r n a t i o n  of po lyp lo id  dis-  
t r i b u t i o n  in ma les  (F igure  2), s ign i f i can t ly  inc reased  t h e  
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Fig. 2. Comparison of the effect of neonatal administration of 
testosterone (O""O) and oestradiol (&-'-A) with the control (O--©) 
on the distribution of nuclear volume in the liver of intact male rats, 
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Fig. 3. Comparison of the effect of neonatal administration of 
testosterone (Q...O) and oestradiol (A-'-A) with the control (0--<3) 
on the distribution of nuclear volume in the liver of intact female rats. 
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The effect of neonatal administration of sex hormones on total liver nuclear volumes of intact and gonadectomized male and female rats 

No. of Intact No. of Gonadectomy 
rats mean 4- S.E.M. rats mean 4- S.E.M. 

Normal untreated control c~ 6 265.62 + 10°35 P < 0.001 • 
6 164.63 -t- 4.23 

Oil treated control d~ 6 263.96 -I- 6.74 P < 0.001" .6 170.79 ~ 7.69 P < 0.1 = 
5 168.41 4- 9.75 6 153.54 4- 7.51 

Testosterone treated ~ 6 287.84 4- 9.77 P < 0.05 b 4 256.40 4- 10.12 P < 0.001 b 
6 304.24 4- 8.18 P<0.001 b 6 244.18 q- 12.35 P<0.001 b 

Estradiol treated d~ 6 164.96 4- 7.89 P < 0,001 ~ 6 162.20 4- 7.91 P < 0.4b 
6 132.87 4- 9.86 P<:0.025 b 6 154.48 4- 8.21 P < 0 . 9  b 

Comparison between males and females, b Comparison between oil-treated control and hormone-injected groups. 

t e t r ap lo id  and  oc tap lo id  popu la t ions  in female  ra t s  
(Figure 3). Oestradiol ,  by  cont ras t ,  r educed  the  n u m b e r  
of big (polyploid) nuclei  in the  male  a n d  in t he  female  
ra ts .  Cas t ra t ion  of wean l ing  r a t s  cons i s t en t ly  decreased  
t h e  t e t r ap lo id  and  oc tap lo id  popu la t i ons  of l iver  nuclei  
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Fig. 4. Compar/son of the effect of neonatal administration of 
testosterone (O""O) and oestradlol (&-.-&) with the control (©--O) 
on the distribution of nuclear volume in the liver of male rats 
castrated at the age of 4 weeks. 
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Fig. 5. Comparison of the effect of neonatal administration of 
testosterone {O'--O} and oestradiol (&---&) with the control (O--©) 
on the distribution of nuclear volume in the liver of female rats 
ovariectomized at the age of 4 weeks. 

(compar ison of Figures  2 and  4). Tes tos te rone  g iven to  
new-born  r a t s  offse t  the  d imin i shed  t e t r ap lo id  and  
octaploid  nuc lea r  popu la t ion  associa ted  wi th  gonadec-  
t o m y  at  t h e  age of 4 weeks  (Figures  4 a n d  5). 

SWARTZ et  a12 also showed  a h igher  pe r cen t age  of 
8 N  nuclei  in t h e  l iver  of ma les  t h a n  in female  ra ts .  
However ,  SWARTZ a n d  SAMS 1° d id  n o t  p r o d u c e  a n y  
s igni f icant  e f fec t  on  l iver  po lyp lo id iza t ion  w h e n  i n t a c t  
new-born  r a t s  were  g iven  ve ry  large a m o u n t s  of  t e s tos t e -  
rone  (500 ~xg daily)  or  es t rone  (80 tzg a l t e rna t e  days)  for  
80 days.  These a u t h o r s  i n t e rp re t ed  the  failure as a dosage  
phenomenon ,  for large quan t i t i e s  of t e s tos t e rone  m i g h t  
ac tua l ly  inh ib i t  b o d y  g rowth  n while  smal l  doses of 
t es tos te rone  p roduced  s ign i f ican t  increase of g r o w t h  
ra te  lz. SWARTZ e t  al.~, 13 d e m o n s t r a t e d  t h a t  neona t a l l y  
ca s t r a t ed  males  were  more  g rea t ly  inh ib i t ed  in g r o w t h  
and  polyplo id iza t ion  t h a n  males  ca s t r a t ed  a t  t h e  t ime  
of weaning.  I f  cas t ra t ions  were  pe r fo rmed  on n e w - b o rn  
ra ts ,  in jec t ion  of t e s to s t e rone  (250 t~g) or  es t rone  (10 ~g) 
for 22 days  beg inn ing  a t  b i r th ,  fai led to  h a v e  s igni f icant  
e f fec t  on  the  hepa t i c  p lo idy  d i s t r i b u t i o n  w h e n  the  ra t s  
were  ki l led a t  t he  end  of t h e  course of in jec t ions  14. 
HOFFMANN and  SWARTZ ~4 r e p o r t e d  t h a t  h y p o p h y s e c t o m y  
in t e r rup ted  t h e  progress  of po lyp lo id iza t ion  in  t he  l iver  
nuclei  and  sugges ted  t h a t  t h e  effect  of sex  s te ro ids  was  
me d i a t e d  v ia  t he  p i t u i t a r y  r a t h e r  t h a n  by  d i rec t  ac t ion  
on the  liver. 

Zusammen[assung. "~Virkung yon  Tes tos te ron  oder  
0 s t r a d i o l  auf  die Gr6sse bzw. das  K e r n v o l u m e n  der  
Leberze l len  yon  neugeborenen  m/ innl ichen und  weib-  
l ichen R a t t e n .  Tes tos t e ron  ve ru r sach te  vor  a l lem bei  
weib l ichen  Tieren eine erhebl iche  V o l u m e n z u n a h m e  der  
Leberze l lenkerne ,  w~khrend K a s t r a t i o n  eine V e r m i n d e r u n g  
der  Polyplo id ie  zur Folge ha t t e .  
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