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Inter l inear  differences with r e spec t  to morphometr ic  charac te r i s t i c s  of the subcel]ular organi-  
zation of the hepatocytes and also to indices of adrenocor t ica l  function and ra te  of metabol ism 
of s teroid hormones  in the l iver  were  found in adult male CBA and C57BL mice. Steroid hor -  
mone production by the adrenals  and the ra te  of their  metabol ism in the liver were found to be 
inversely proport ional  in the animals of the two lines. The pat tern  of s t ruc tura l  and functional 
indices of the adrenal  cor tex  and liver may perhaps  be respons ib le  for differences in the r e -  
sponses of the l iver of animals  of these two s t ra ins  to pathogenic factors .  

KEY WORDS: interl inear differences;  l iver;  adrenals;  s teroid  hormones.  

The l iver and adrenals function 
unique charac ter  of the response  of this sys tem is evidently largely  determined by the initial morphological  
and functional state of its organs and the charac te r i s t i c s  of its regu la tory  interrelat ions,  which a re  themselves  
la rge ly  determined by the genotype. 

Young male CBA and C57BL mice have been shown to differ in the u l t ras t ruc tura l  organization of their 
hepatocytes under normal  conditions [6, 7]. Young and adult animals of these two lines also differ essent ial ly  _ 
in the response  of the l iver to CCI 4 and to par t ia l  hepatectomy [1, 4, 6-8]. 

The object of this investigation was to study to what extent the special  u l t ras t ruc tura l  features  of the 
hepatocytes of young mice of the above s t ra ins  a re  also charac te r i s t i c  of the adult animal. Adrenocor t ica l  
function and the ra te  of metabol ism of s teroid hormones in the l iver  of adult animals also were  investigated 
on the grounds that possible inter l inear  differences with r e spec t  to these indices could be responsible  for dif- 
ferences  in the response  of their  l iver  to experimental  factors .  

as a single sys tem in the formation of responses  to external  factors .  The 

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

Male CBA and C57BL mice aged 2 months and kept under identical conditions were used. The l iver was 
taken f rom five animals  of each s t ra in  for  e lec t ron microscopy.  Samples of l iver were fixed in OsO 4 and em-  
bedded in Epon. A twin-grid c losed t e s t  sys tem was used for morphometry  of the e l ec t ron-mic roscop ic  images  
of the hepatocytes in accordance  with published recommendat ions  [14]. The ra te  of metabol ism of s teroid hor-  
mones in the liver was est imated f rom their  d isappearance f rom 1 ml medium containing 150 ram KC1, 10 mM 
Tris-HC1, pH 7.4, 1 mM NADPH, and 10 ~g cor t icos terone  or  tes tosterone,  after  addition of 0.25 ml of 20% 
nuc leus- f ree  l iver  homogenate in 150 mM KC1, pH 7.4, and incubation for 20 rain at 37~ The react ion under 
these conditions was l inear.  The reac t ion  was stopped with 0.5 ml0 .2N  H2SO 4. Adrenal  function was judged 
f rom cor t icos tero id  production and the react ion for  ACTH in vitro. The adrenals  were removed  and cut into 
four par ts  at 0-4~ The glands f rom each animal  were  preincubated in 2 mI Krebs -R inge r - -phospha t e  buffer, 
pH 7.4, with 0.2% glucose in an a tmosphere  of oxygen at 37~ for 45 min. The medium was then changed and 
the glands incubated under the same conditions for 1 h. After  repeated change of medium the glands were in- 
cubated for a fur ther  hour with ACTH (1 i .u . /ml) .  The concentrat ion of l l - hyd roxyco r t i cos t e ro id s  ( l l-HCS) 
in the incubation media of the adrenals  and of cor t icos terone  and tes tos te rone  in the incubation media of the 
l iver was determined by f luorometr ic  methods [2, 3] on the Spekol spec t rof luorometer  (East Germany). P r o -  
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TA BLE 1. R e l a t i v e  Vo lume  and S u r f a c e  
A r e a  of  C y t o p l a s m i c  S t r u c t u r e s  of  H e p a t o -  
c y t e s  of  I n t a c t  CBA and C57BL M i c e  (M • 

m) 

Vv 

Vv 
Vv 
Vv 
Vv 
Vv 
Sv 

Sv 

Structure 

Mitochondria 
Granular 

endoplasmic 
reticulum 

~ic ~176 
rosomes 

Lipids 
Glycogen 
Mitochondria 
Granular 

endoplasmic 
reticulum 

C 57BL 
mice 

28,0-+ 1,70 

17,80--+0,97 
1,20-----0,14 
1,40-----0,10 
3,80-+0,91 
6,80-----1,00 
t,25m0,07 

4,07• 

CBA 
mice 

26,4-+ 1,10 

17,3-----0,90 
0,85-----0,10" 
1,10-+0,09" 

2,50-+0,50 
14,2---+1,60' 
1,74~0,06" 

4,5320,27 

Legend :  1. Vv) V o l u m e  of c y t o p l a s m i c  
s t r u c t u r e  e x p r e s s e d  in % of  v o l u m e  of  
c y t o p l a s m ;  Sv) s u r f a c e  a r e a  of  m e m b r a n e s  
of c y t o p l a s m i c  s t r u c t u r e  p e r  un i t  v o l u m e  
of c y t o p l a s m  (/~ 2//~3). 2. H e r e  and  in T a b l e  
3, a s t e r i s k  d e n o t e s  P < 0.05 c o m p a r e d  with  
C57BL m i c e .  

T A B L E  2. D e n s i t y  of D i s t r i b u t i o n  of  U l t r a -  
s t r u c t u r e s  in H ~ p a t o c y t e s  of  I n t a c t  CBA 
and C57BL Mice  p e r  /~a of C y t o p l a s m  ( M +  
m) 

C57BL CBA Structure mice mice 

Free ribosomes 

Attached ribosomes 

Mitoehondria 

3724,0-+-279,2 

4487,2--+257,4 

0,27+0,03 

4657,6-+220,3 
(P<O,OI) 

5236,1 • 263,6 
(P< 0,05) 

0,41+0,03 
(P< 0,001) 

T A B L E  3. A d r e n o c o r t i c a l  F u n c t i o n  and R a t e  of M e t a b o l i s m  of  
Exogenous  C o r t i c o s t e r o n e  and T e s t o s t e r o n e  by N u c l e u s - F r e e  L i v e r  
H o m o g e n a t e s  of I n t a c t  CBA and C57BL M i c e  (M • m) 

C57BL 

CBA 

[ndices of adrenocortical function Indices of liver function 
II-HCS production, 
g/rag protein/h 

without ACTH 

5,52-----1,25 
(4) 

1,91-+0,49" 
(4) 

with ATCH 

37,04--+10,59 
(4) 

6,48-----0,39* 
(4) 

rate of cortico- rate of testosterone 
steronemetabo- metabolism , 
lism, ~g/mg g gzmg . 
protein/h protein/h 

1,20• 
(5) 

2,13• 
(6) 

1,61• 
(6) 

3,06• 0,52* 
(6) 

Legend .  N u m b e r  of  a n i m a l s  shown in p a r e n t h e s e s .  

r e in  in the  h o m o g e n a t e s  of  l i v e r  and a d r e n a l s  was  d e t e r m i n e d  by L o w r y ' s  m e t h o d  [10]. D i f f e r e n c e s  be tween  
the  m e a n  v a l u e s  c o m p a r e d  w e r e  t a k e n  to be s i g n i f i c a n t  a t  the  P < 0.05 l e v e l  (S tuden t ' s  c r i t e r i o n ) .  

EXPERIMENTAL RESULTS 

Analysis of the morphometrie measurements revealed interlinear differences in these characteristics 
of several cytoplasmic structures of the hepatocytes in the mice of the two lines (Table I). Comparison of 
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these  data with the r e s u l t s  of p rev ious  invest igat ions of hepatocyte u l t r a s t r u c t u r e  in intact young animals  of 
the s a m e  l ines [6, 7] r evea led  changes in the  indices of subcel lu lar  organizat ion of thei r  hepatocytes  which 
w e r e  evidently connected with the inc rease  in age of the an imals .  Meanwhile some  fea tu res  dist inguishing the 
subce l lu la r  organiza t ion  of the pa renchyma tous  ce l l s  of  the young an imals ,  re f lec t ing  the higher  functional 
capac i ty  of the hepatocytes  of CBA mice  than of  young C57BL mice,  a lso  were  found to apply to the adult ani-  
mals .  The number  of at tached and f r e e  r i bosomes  in the  hepatocytes  of the two s t r a ins  of mice ,  which 
can be r ega rded  as re f lec t ing  the intensi ty of pro te in  synthes is  in the cell, we re  mos t  demons t ra t ive  in this 
r e s p e c t .  Fo r  instance,  the higher content of r i b o s o m e s  in the hepatocytes  of CBA m i c e  than of C57BL mice  
p robab ly  r e f l ec t s  the higher level  of p ro te in  synthes is  in the  pa renchymatous  cel ls  of  the l iver  of the f o r m e r  
s t ra in ,  as  is conf i rmed by the b iochemica l  data [13]. The r e su l t s  of m o r p h o m e t r y  of the mi tochondr ia  (Table 
1) may a lso  defini tely r e f l ec t  the higher functional capaci ty  of the hepatocytes  of CBA than of C57BL mice .  
F o r  equal r e l a t i ve  vo lumes  of mi tochondr ia ,  the i r  number  and the i r  su r face  a r e a  p e r  unit volume of cy top lasm 
w e r e  g r e a t e r  for CBA mice .  The  leve l  of b iosynthes is  of co r t i cos t e ro ids  in the adrena l s  was cons iderably  
higher  in the C57BL mice ,  espec ia l ly  in the p r e s e n c e  of ACTH (Table 3). This  r e f l ec t s  the cons iderable  po-  
tent ial  capaci ty  of the adrenals  of C57BL mice  under conditions of s t r e s s .  

One of  the genera l  manifes ta t ions  of the action of co r t i cos te ro ids  on t i s sue  is the i r  abi l i ty to dep re s s  cell  
division, e spec ia l ly  division of hepatocytes .  Under the conditions of s t r e s s ,  a f te r  pa r t i a l  hepa tec tomy in young 
and adult C57BL mice  v e r y  high mor t a l i t y  and much lower mitot ic  act ivi ty  of the hepatocytes  was obse rved  
than in CBA mice  [1, 4]. Together  with high f igures  for  adrenal  function in C57BL mice ,  the lower potent ial  
capaci ty  of the i r  hepatocytes  for p ro te in  synthesis  may  also pe rhaps  be one of the r e a sons  why r e s t o r a t i o n  of 
the weight of the l iver  in these  an ima l s  is delayed and the i r  mor ta l i ty  is high a f t e r  pa r t i a l  hepatec tomy.  In 
C57BL mice,  pa ra l l e l  with the high potent ia l  capaci ty  of the i r  adrena ls ,  low ability of their  l iver  t i s sue  to m e -  
tabol ize  co r t i cos t e rone  and t e s to s t e rone  was observed .  A low level  of adrenal  function and a high r a t e  of me-  
t abo l i sm of s t e ro id  hormones  in the l iver  we re  found in the CBA mice  (Table 2), These  di f ferences  in the pa t -  
t e rn  of hormona l  homeos ta s i s  r e f l ec t  d i f ferences  in h o r m o n e - t i s s u e  re la t ions  in normal  an imals  of these  
l ines .  The  r e c i p r o c a l  re la t ions  between the intensi ty of s te ro id  hormone  me tabo l i sm  in the l iver  and the po-  
tent ial  functional capaci ty  of  the adrena l s  in CBA and C57BL mice  can be r ega rded  a s  a manifes ta t ion  of the 
act ion of au to regu la to ry  t i s sue  m e c h a n i s m s  s t imulat ing the i r  r e s p o n s e  to hormona l  influences.  Observa t ions  
showing a d e c r e a s e  in the number  of r e c e p t o r s  of s te ro id  ho rmones  during prolonged adminis t ra t ion  of these 
subs tances  in high doses  [5] a lso  sugges t  s i m i l a r  mechan i sms .  

The  pa t t e rn s  of s t ruc tu ra l  and functional indices and of functional in te r re la t ions  of the l iver  and adrenals  
found in the mice  of these two l ines  could be of g r ea t  impor tance  in de te rmin ing  the outcome of pathological  
p r o c e s s e s  a s soc ia t ed  with exposure  to var ious  ha rmfu l  fac tors .  Fo r  instance,  CBA mice  in pa r t i cu la r ,  cha r -  
a c t e r i zed  by higher act ivi ty  of m e t a b o l i s m  o f  s te ro id  ho rmones  and higher abil i ty of thei r  l ive r  to synthes ize  
p ro te ins ,  as  well as by a lower level  of product ion of s te ro id  hormones  than C57BL mice ,  a r e  dist inguished by 
much lower r e s i s t a n c e  to induction of hepa tomas  by CC14 and 9 ,10-d imethyl -1 ,2-benzanthracene  [8, 9]. The 
oncogenic act ion of these  subs tances  is l a rge ly  de te rmined  by the fo rmat ion  of thei r  act ive metabol i tes  in the 
cour se  of  thei r  "detoxicat ion" in the l ive r  [11, 12]. The i r  low r ange  of m e t a b o l i s m  of s te ro id  hormones  a r e  
r e s i s t a n t  to induction of hepa tomas ,  but during acute CC14 poisoning the p a r e n c h y m a  of the i r  l ive r  is m o r e  
s e v e r e l y  damaged  than that  of CBA mice  [6, 7]. 
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