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The l ive r  of in tact  p regnan t  r a t s  was inves t iga ted  m o r p h o m e t r i e a l l y  and h is tochemica l ly  a f t e r  
admin i s t r a t ion  of ca rbon  t e t r ach lo r ide .  On the l l t h - 1 4 t h  day of normal  p regnancy  mitot ic  a c -  
t ivity and the r e l a t ive  weight  of the l i ve r  r eached  a maximum;  a f t e r  the 7th day the glycogen 
content  was  reduced in the hepatocytes  and a f t e r  the 15th day the RNA content w a s i n c r e a s e d .  
The r e s u l t s  indicate  d i f f e rences  in the level  of functional s t r e s s  on the organ in the cour se  of 
pregnancy .  With the development  of p regnancy  the degree  of damage  susta ined by the l i v e r  
t i s sue  of the r a t s  through the act ion of CC14 was reduced; the  i nc r ea se  in the mi to t ic  index 
was  d i rec t ly  p ropor t iona l  and the i nc r ea se  in the re la t ive  weight of the l i ve r  was  i nve r se ly  
p ropor t iona l  to the va lues  of these  indices  at the t ime  of admin is t ra t ion  of the poison. 

P regnancy  m a k e s  specia l  demands  on the l i ve r  connected with the need fo r  providing for  the energe t ic  
and metabol ic  r e q u i r e m e n t s  of the developing fetus,  with the need fo r  neutra l iz ing and excre t ing  the m e t a -  
bolic p roduc t s  of the fetus ,  and with the i nc r ea se  in the blood leve l s  of va r ious  hormones ,  notably s te ro ids ,  
f o r  the binding, inactivation,  and e l iminat ion  of which the l i ve r  is  l a rge ly  respons ib le  [7, 4]. The functional 
s t r e s s  on the l i ve r  is  r e f l ec ted  to Some degree  in i t s  s t ruc tu ra l  and h is tochemica l  f ea tu re s  [2, 4, 8, 11, 15]. 

The c h a r a c t e r i s t i c  morphologica l  and functional s ta te  of the l i ve r  t i s sue  during p regnancy  sugges t s  
that the organ r e a c t s  to harmful  f a c t o r s  in specif ic  ways .  However,  the data in the l i t e r a tu re  on this ques -  
tion a r e  e x t r e m e l y  con t rad ic to ry  [5, 9, 14, 18]. 

The object  of the inves t igat ion desc r ibed  below was  to study the morphologica l  c h a r a c t e r i s t i c s  of the 
l i ve r  at  d i f ferent  pe r iods  of p regnancy  f f rom the 5th to the 21st day) a f t e r  admin i s t r a t ion  of CC14. 

EXPERIMENTAL METHOD 

E x p e r i m e n t s  w e r e  c a r r i e d  out on 102 noninbred f ema le  albino r a t s  weighing init ial ly 230-260 g. The 
expe r imen ta l  g roups  cons i s ted  of nonpregnant  (16) and pregnan t  (48) r a t s  which r ece ived  CCI~ 48 h be fo re  
sac r i f i ce .  The control  g roups  contained intact  nonpregnant  (six) and pregnan t  (32) an ima l s .  The phases  of 
the e s t rous  cycle  and the p r e s e n c e  of spe rma tozoa  in the genital  t r ac t  were  de te rmined  by the vaginal  s m e a r  
method [1]. 

The CC14 was injected into the s tomach  through a tube a s  a 50% oily solution in a dose  of 0.3 ml  pure  
CC1j100  g body weight.  P i ece s  of l ive r  were  fixed in 10% formal in ,  in C a r n o y ' s  fluid, and in a l c o h o l - f o r m a -  
l in and embedded in paraf f in  wax in the usual  way. Some of the l i ve r  t i s sue  was  used  for  the p r epa ra t i on  of 
f rozen  sec t ions  in a c ryos t a t .  Af te r  dewaxing the sect ions  were  stained with hematoxyl in  and eosin, with 
Schiff ' s  reagent  by McManus ' s  method, with b romphenol  blue and ninhydr in-with-Schif f rs  reagent  [6], and 
with toluidine blue a t  pH 4.2 [12]. F r e e  l ipids we re  de t e rmined  by staining with Sudan III  and IV [6]. The 
a p p r o p r i a t e  enzyme and chemica l  con t ro l s  were  p e r f o r m e d  at  the s a m e  t ime.  The re la t ive  weight of the 
l i ve r  was  ca lcula ted  p e r  100 g body weight, while the mitot ic  index was  de te rmined  b y  counting the number  
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Fig.  1. Dynamics  of weight  of 
l i ve r  (I) and mitot ic  act ivi ty of 
hepatocytes  (II) of p regnant  r a t s  
rece iv ing  CC14: a andb )  during 
no rma l  pregnancy;  c) ra t io  be -  
tween weight of l iver  of pregnant  
r a t s  r ece iv ing  CC14 and weight 
of l iver  of control  p regnant  r a t s  
at cor responding  t imes  of p r e g -  
nancy; d) ra t io  between mitot ic  
index of hepatocytes  of pregnant  
r a t s  rece iv ing  CC14 and mitot ic  
index of control  pregnant  r a t s  
a t  cor responding  t imes  of p r e g -  
nancy. Absc i s sa ,  day of p r eg -  
nancy; ordinate:  I) on l e f t -  
weight of l ive r  of control  p r e g -  
nant r a t s  (in g /g  body weight), 
on r ight  - coeff ic ient  of change 
in weight of l i ve r  of pregnant  
r a t s  48 h a f t e r  admin i s t r a t ion  
of CC14 in re la t ive  units; II) on 
left  - mi to t ic  index of hepato-  
cy tes  of control  pregnant  r a t s  
(in %0), on r i g h t -  coeff icient  
of change of mitot ic  index of hep-  
a tocy tes  of pregnant  r a t s  48 h 
a f t e r  admin i s t r a t ion  of CC14 in 
re la t ive  units .  

of m i t o s e s  in 6000 hepatocytes  and was  e x p r e s s e d  pe r  thousand cel ls .  
The numer ica l  r e su l t s  were  subjected to s ta t i s t ica l  ana lys i s  by the 
Fi  she r -  Student method.  

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

The mor ta l i ty  among the pregnant  an ima l s  f r o m  CC14 was 9.8~ 
c o m p a r e d  with 52.5~ fo r  the nonpregnant r a t s .  

The re la t ive  weight of the r a t  l ive r  rose  sharply  on the 13th- 
14th day of pregnancy,  a f te r  which it fell  and remained  at  about the 
same  level ,  slightly higher than initially,  until par tur i t ion .  Admin-  
i s t r a t ion  of CC14 (Fig. 1, I) cons iderably  inc reased  the r e l a t iveweigh t  
of the l i ve r  of the nonpregnant  and a lso  of the pregnant  r a t s  in the 
ea r ly  s tages ,  but to a l e s s e r  degree  in the final s tages  of pregnancy,  
w h e r e a s  admin i s t r a t ion  of the poison on the l l t h - 1 2 t h  day caused no 
i n c r e a s e  in the re la t ive  weight of the l iver .  

The mitot ic  act ivi ty  (Fig. 1, II) in the l iver  ce l l s  of the intact  
r a t s  a l so  r o s e  signif icantly f r o m  the l l t h  to the 14th day of p r eg -  
nancy. After  admin is t ra t ion  of CC14 the inc rease  in the mitot ic  index 
(F ig .  ld) was d i rec t ly  propor t iona l  to i ts  value at the t ime the poison 
was  given: admin is t ra t ion  of the hepatic poison during the t ime of 
m ax i ma l  mi to t ic  ac t iv i ty  (on the 13th-14th day) led to the l a rges t  r i s e  
in the mitot ic  index a f t e r  2 days,  whe reas  if CC14 was given on the 
7 t h - l l t h  or  the 16th-17th day the degree  of i nc rea se  in the mitot ic  
act iv i ty  of the hepatocytes  was  much sma l l e r .  

Morphological  examinat ion of the l ive r  of the pregnant  an ima l s  
in some ca se s  r evea led  hepatocytes  containing lipid vacuoles  in the i r  
cy top la sm and enlarged Kupffer  ce l l s  with eosinophilic cy toplasm.  
F r o m  the 7th day of pregnancy the re  was a p r o g r e s s i v e  d e c r e a s e  in 
the glycogen content in the cy top lasm of the l iver  cei ls  located in the 
pe r iphe ra l  zone of the lobules.  Before  par tu r i t ion  the glycogen d i s -  
appea red  comple te ly  f r o m  the hepatocytes  of the pe r iphe ra l  zones 
pa r t ly  f r o m  the cen t ra l  zones.  The RNA content in the hepatocytes  
of the p regnan t  r a t s  i nc rea sed  f r o m  the 15th day and reached a m a x -  
i m u m  at  the end of pregnancy .  

A pic ture  of nec rob ios i s  of the hepatocytes  as  the r e su l t  of ac i -  
dophilic degenera t ion  was found 48 h a f t e r  admin is t ra t ion  of CC14 in 
the cen t ra l  zones  of the lobules in the l ive r  of the nonpregnant r a t s .  
The zone of nec rob ios i s  was usually inf i l t ra ted by connec t ive - t i s sue  
ce i l s  of the lymphoid and his t iocyt ic  s e r i e s .  Pa le  swollen l ive r  ce l l s  
with pycnotic nuclei, cal led bal lons because  of thei r  la rge  s ize and 
s t r u c t u r e l e s s  cy top lasm [16], were  found in the cen t ra l  zone. The 
pe r iphe ra l  zones of the hepatic lobule contained ve ry  la rge  hepato-  
cy tes  with pale  cy top lasm of a ce l lu la r  tex ture  as  the r e su l t  of i t s  
diffuse filling with lipid vacuoles .  In mos t  c a se s  the hepatocytes  of 
al l  zones  of the lobule had los t  all  the i r  glycogen. RNA remained  
chiefly in the hepatocytes  of the pe r iphe ra l  zone as  pale blue, finely 
d i spe r sed  granules ,  evenly d is t r ibuted  in the cy top lasm between the 
lipid vacuoles .  Staining fo r  total  p ro te ins  showed an intensive,  ho- 
mogeneous  reac t ion  in the necrot ic  m a s s e s .  P ro te ins  we re  found in 
the cy top lasm of the hepatocytes  in the pe r iphe ra l  zone in the f o r m  
of a de l ica te  network around the lipid drople t s .  

Af te r  admin i s t r a t ion  of the poison to the pregnant  an ima l s  the zones  of nec rob ios i s  d e c r e a s e d  in s ize 
f r o m  the 7th day as  pregnancy developed and the s igns of balloon degenera t ion  d i sappeared .  
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On the 20th-21st  day smal l  cen t r a l  lobular  foci of n e c r o s i s  we re  found in individual hepatic lobules, 
where  they appea red  as  a few s t r u c t u r e l e s s  r emnan t s  of l i ve r  t i s sue  profuse ly  inf i l t ra ted  with connect ive-  
t i s sue  cel ls ;  the cy top lasm of m o s t  hepa tocytes  contained numerous  lipid vacuoles .  With the course  of p r e g -  
nancy the p redominan t  f o r m  of les ion of the l i ve r  t i ssue  a f t e r  exposure  to CC14 was thus diffuse fat ty  de-  
genera t ion .  

In the ea r ly  s t ages  of p regnancy  glycogen p e r s i s t e d  in the l i ve r  of the an ima l s  in a few hepatoeytes  
in the pe r iphe ra l  zone of the lobules; on the 13th-18th day numerous  glycogen g ranu les  we re  found in nea r ly  
al l  the hepa toeytes  of the cen t ra l  and p e r i p h e r a l  zones; on the 20th-21st  day glycogen was  found only in in- 
dividual cel ls .  The RNA content  in the cy top l a sm of the l i ve r  ce l l s  of an ima l s  rece iv ing  CC14 was  s ignif i -  
cantly higher than in the nonpregnant  an i m a l s  a s  ea r ly  a s  on the 7th day of p regnancy .  

Af te r  the 9th day of p regnancy  the content  and c h a r a c t e r  of d is t r ibut ion of the p ro te ins  began to  change.  
In mos t  c a s e s  the necro t ic  m a s s e s  no longer  showed deeply stained prote in  subs tances .  The pro te in  content  
outside the zones  of n e c r o s i s  in the hepa tocytes  was  apprec iab ly  inc reased .  

Very  p robab ly  the peaks  of mi to t ic  act ivi ty  and of the re la t ive  weight of the l i ve r  of the p r e g -  
nant r a t s  d i scovered  in these  expe r imen t s  were  due to the high functional load at the end of the per iod 
of fo rma t ion  of the definit ive fetal  organs ,  for  during deve lopment  and different ia t ion of the embryonic  l i ve r  
this  o rgan  begins  to pa r t i c ipa te  in the main tenance  of fe ta l  homeos t a s i s  [3, 17]. 

F luc tua t ions  in the mi to t ic  index and re la t ive  weight of the l iver  of the pregnant  r a t s ,  in conjunction 
with the r e s u l t s  of h i s toehemica l  ana ly s i s  of glycogen and RNA thus d e m o n s t r a t e  va r i a t ions  in the level  of 
hepatic function during pregnancy .  

The functional s t r e s s  on the m a t e r n a l  l ive r  during pregnancy  is evidently regula ted  by the "pregnancy  
dominant"  with which is  a s soc i a t ed  a ce r t a in  level  of act iv i ty  of va r i ous  hormones ,  notably s teroids ,  the 
blood level  of which r i s e s  in the c o u r s e  of p regnancy .  Before  pa r tu r i t ion  the excre t ion  of e s t rogens  is  a l -  
mos t  1000 t imes  higher  than ini t ia l ly  [10]. The ho rmones  or the i r  metabol i t es ,undergoing  convers ions  in 
the l iver ,  can ac t ive ly  influence the enzyme s y s t e m s  of the l i ve r  ce l l s  [7]. In addition, e s t rogens  a r e  con- 
s idered  to be capable  of s t imula t ing  the ac t iv i ty  of the re t i cu lo-endothe l ia l  sys tem,  a s  a r e su l t  of which 
phagocytos is  in the r a t  l i ve r  is i n c r e a s e d  by 3-6 t imes  in the p r e sence  of e s t rogens  [13, 14]. This  fact  may 
poss ib ly  explain the i nc rea sed  ra t e  of Iys i s  of the necrot ic  m a s s e s  and the consequent  negat ive r e su l t s  of 
h i s tochemica l  t e s t s  fo r  p ro te in  in the zones  of cen t ra l  lobular  n e c r o s i s  in the l ive r  of the p regnan t  an imals .  

The act ion of CC14 on the l i ve r  of p regnant  r a t s  thus takes  place under  specia l  conditions when, a s  the 
r e s u l t s  of these  e x p e r i m e n t s  show, during the p r o g r e s s  of p regnancy  the degree  of damage  to the l i ve r  t i s -  
sue is  reduced  and p ro l i f e ra t ion  of the hepatocytes  is  s t imulated,  a s  shown by the high RNA content and in-  
c r e a s e d  mitot ic  ac t iv i ty .  
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