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The pa t t e rn  of injury and r e p a i r  in the l i v e r  of Wis ta r  r a t s  depending on sex, the phase  of 
the e s t rous  cycle ,  and a lso  under  the conditions of deficiency of f ema le  sex  hormones  and 
a f t e r  inject ion of f l -es t rad io l  into ova r i ec tomized  ra t s  was studied by morphome t r i c ,  h i s -  
to chemica l ,  and e l e c t r o n - m i c r o s c o p i c  methods.  St ructura l  d i s tu rbances  caused by CC14 
w e r e  found to be inc reased  and r e p a r a t i v e  reac t ions  inhibited in the l i v e r  of f ema les  both 
during the per iod  of a na tura l  i n c r e a s e  in the blood es t rogen  concentra t ion  and under  the 
influence of exogenous es t rad io l ,  and ova r i ec tomy  also had a p ro tec t ive  effect.  In ma les ,  
s t r uc tu r a l  changes  in the l i ve r  w e r e  m o r e  m a r k e d  than in f ema le s  with a low blood e s t r o -  
gen level  and di f fered  only a l i t t le  f r o m  those  in f e m a l e s  during the per iod  of inc reased  
s e c r e t i o n  of sex  s t e ro ids .  
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Steroid hormones ,  as powerful  r egu la to r s  of b iochemica l  p r o c e s s e s  in cel ls ,  can modify the r e sp o n se  
of o rgans  and t i s sues ,  e spec ia l ly  the l i ve r ,  to pathogenic act ion [1, 8, 9]. 

The study of hormona l  effects  on the reac t iv i ty  of o rgans  is interest ing,  and sex  d i f ferences  in the en-  
docr ine  ba lance  as well  as hormonal  changes  during the sex  cycle  in f ema le s  can be used for  this purpose .  
It has  been shown [12, 14] that  the blood es t rogen  concentra t ion  in r a t s  s t a r t s  to r i s e  on the l as t  day of d i e s -  
t ru s ,  r e aches  a m a x i m u m  in the middle  of p r o e s t r u s ,  and r e tu rns  to its or iginal  level  at the end of this phase  
(Fig. 1). 

The object  of the p r e s e n t  invest igat ion was to c o m p a r e  the p r o c e s s e s  of injury and r e p a i r  in male  and 
f ema le  r a t s  with toxic hepat i t i s  during the per iods  of max ima l  and min imal  s ec re t ion  of es t rogens  and also 
during a def ic iency of these  s t e ro ids  and a f t e r  inject ion of f l -es t radiol .  

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

Wis ta r  r a t s  (males  and females)  weighing 170-230 g were  used. The scheme  of the exper imen t  and the 
g roups  of an ima l s  a r e  shown in Fig. 1 and Table  1. To identify the phases  of the es t rous  cycle  vaginal  s m e a r s  
w e r e  examined  cytological ly  [2]. A def ic iency of sex  s t e ro ids  was c rea ted  by b i la te ra l  ovar iec tomy;  f l - e s t r a -  
diol (oily solution) was injected subcutaneously  a f t e r  CC14 poisoning in a dose  of 600 uni ts /100 g body weight. 
CC14 was injected into the s tomach  through a tube as  a 50% oily solution in a dose of 0.3 ml  CC1J100 g body 
weight. The an imals  we re  decapi ta ted 48 h a f t e r  poisoning. 

P ieces  of l ive r  were  fixed in 10% neutra l  fo rma l in  and in Carnoy ' s  and L i l l y ' s  fluids. Paraf f in  sect ions 
w e r e  s ta ined with h e m a t o x y l i n - e o s i n ,  nucleic acids were  demons t ra t ed  with g a l l o c y a n i n - c h r o m e  alum, g ly-  
cogen by the PAS react ion,  and l ipids in unfixed l ive r  sect ions were  stained with Sudan III and IV [4]. The 
extent of nec ro s i s  was a s s e s s e d  quant i ta t ively by the method of counting points lying above necrot ic  and intact 
hepatocytes ,  using a spec ia l  ocu la r  inser t ion  [7]. By means  of the s c r e w - o p e r a t e d  AM-9-4 ocular  m i c r o m e t e r ,  
the d i a m e t e r s  of all  nucleoli  in 100 l i ve r  nuclei we re  de te rmined  and the i r  a r e a  of c r o s s  sect ion calculated by 
the equation for  a c i rc le .  Mi toses  w e r e  counted in 5000-15,000 hepatoeytes .  The numer ica l  r e su l t s  we re  sub-  
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Fig. 1. Scheme of experiment.  1) Injection 
of CC14; 2) sac r i f i ce  of animals;  3) ova r i ec -  
tomy; 4) male  ra ts ;  5) injection of f l -es t ra -  
diol. Abscissa ,  duration of experiment and 
phases of es t rous  cycle (in days); ordinate,  
concentrat ion of f l-estradiol  in per iphera l  
blood p lasma by the B r o w n - G r a n t s c a  method 
[3] (in mg/ml) .  

TABLE i. 
(M �9 m) 

Changes in Hepatic Pa renchyma of Rats 48 h af ter  Adminis t rat ion of CC14 

Group of animals 

i. Female rats in period of maximal estrogen 
secretion (8) 

2. Female rats in period of minimal estrogen 
secretion (10). 

3. Male rats (10) 
4. Ovariectomized rats (8) 
5. Ovariectomized rats+ B -estradiol (8) 

P1-2 
P2-s 
P2-4 
Pz-a 
P4-5 

Number of necrot- 
ic hepatocytes. 
% 

70+5 

44+4 
61-t-4 
20+-I.-2 
31+4 

<0,001 
<0,01 
<0,001 

<0,05 

Tota'i area of 
cross-section of 
nueleol~in nu- 
eleus~ ~ 

4,3+0,2 

7,3--I--0,1 
7,2-1-0,1 
6,3-t-0,3 
5,8-t-0,4 

<0,001 

<~,,OOl 
<0,001 

Mitotic index, 
O/o0 

3,9+1,4 

24,0m_ 1,9 
9,0+3,2 

38,0~1,4 
21,0+_2,2 

<0,001 
<0,001 
<0,001 

<0,001 

Legend. Number of animals given in parentheses. 

je t ted  to s ta t is t ical  analysis  by Student 's c r i ter ion.  Pieces  of l iver  for  e lectron microscopy  were  fixed in 
buffered O s Q  solution and embedded in Epon-812. Sections cut on the LKB-III  u l t ra tome were stained with 
uranyl  acetate  and then with lead c i t ra te  and examined in the JEM-7A electron microscope .  

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

The highest mortal i ty ,  about 70%, was observed in the group of female  rats  poisoned with CC14 during 
the period of maximal  secre t ion  of sex s teroids .  The highest percentage  of necrot ic  centrolobular  hepatocytes 
was found in the l iver  of the surviving animals (Table 1). The l iver  ceils at the per iphery  and, to some ex- 
tent, at the center  of the lobules had no glycogen and little RNA in their  cytoplasm, which contained droplets 
of fat. In most  nuclei there  was one smal l  nucleolus (Table 1). An e lec t ron- t ransparen t  hyaloplasm was ob-  
served in many hepatocytes ,  with vacuoles of g ross ly  dilated c i s te rns  of granular  endoplasmic ret iculum (GER) 
and single attached r ibosomes ,  c lus te rs  of smooth membranes  large lipid drops,  mitochondria  with d i sorgan-  
ization of their  typical s t ructure ,  and occasional  autophagosomes with membranous  mater ia l  were  visible 
(Fig. 2a). The pic ture  descr ibed is evidence of advanced dest ruct ive  changes in the l iver  t issue with inhibition 
of in t racel lu lar  r epa i r  p rocesses  in the hepatocytes  during the period of maximal concentrat ion of es t rogens  
in the blood. The prol i fera t ive  ability of the hepatic parenehyma of the ra t s  was low under these conditions 
(Table 1). 
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Fig. 2. Ultrastructural  changes in hepatocytes of rats with acute CC14 poisoning depend- 
ing on sex and phase of estrous cycle: a) part of a hepatocyte, showing structural  changes, 
from a female rat  poisoned with CC14 during period of maximal secretion of sex steroids 
(15,000 x); b) part  of hepatocyte of female rat  poisoned with CC14 at period of low estrogen 
secretion, showing signs of restorat ion of ul t ras t ructure  (9000x); c) part  of hepatocyte of 
ovariectomized rat  poisoned with CC14, with ul t ras t ructure  preserved (7500 x); d) part  of 
hepatocyte of ovariectomized rat  poisoned with CC14 after injection of fl-estradiol (6000 • 
e) part of hepatocyte of male rat  with ul trastructural  disturbances caused by CC14 poison- 
ing (6000 x). AUS) autosome; AER) agranular endoplasmic reticulum; VAC) vacuoles; G) 
glycogen; GER) granular endoplasmic reticulum; L) lysosome; LIP) lipid drop; M) mito- 
ehondrion; MY) myelin-like inclusion; P) polysomes; NU) nucleus; NO) nucleolus. 

In the liver of the rats receiving CC14 at a t ime of low estrogen secretion the structural  disturbances of 
the parenchyma were not as severe  as those observed in the liver cells of the animals of the previous series .  
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The number of necrotic hepatocytes was much smal ler  (Table 1). In the middle and peripheral zones of the 
lobule, besides cells characterized by marked destructive changes (vacuolation of GER, disorganization of 
mitochondria, abundance of lipid droplets), hepatocytes were frequently found with cytoplasm staining inten- 
sively for RNA, corresponding to the accumulations of GER with large numbers of attached ribosomes, and 
also polysomes, detected by electron microscopy (Fig. 2b). The appearance of glycogen granules in the zones 
of the Golgi complex and predominance of small pr imary  lysosomes over secondary were typical. These 
features are evidence of the high working activity of the cells under conditions of injury and they could serve 
the purpose of intracellular regeneration [3, 5, 6]. The mitotic activity of the hepatoeytes (Table 1) is evi- 
dence of a high rate of renewal of the injured tissue. 

In ovariectomized animals the hepatotoxic effect of CCI 4 was reduced still more (Table 1). The pres -  
ence of lipid drops in the cytoplasm was character is t ic  of those hepatocytes which remained; no other dis-  
turbances of cell s tructure were found. Under the conditions of a deficit of sex steroids the manifestations of 
intracellular  regeneration were less marked than in rats  with intact gonads at a time of low estrogen secretion, 
as shown by the smaller  size of the nucleoli (Table 1) and their  segregation, and by the smaller  numbers of 
polysomes and primary lysosomes, and also of glycogen granules in the zones of the Golgi complex (Fig. 2c). 
The mitotic activity of the liver tissue under these experimental conditions was considerably increased (Table !) 

Injection of fl-estradiol into ovariectomized rats intensified the structural  disturbances of the hepatocytes 
produced by CCI 4 (Table 1). Besides the marked lipid infiltration in the cytoplasm of the hepatocytes, absence 
of glycogen granules and a reduction in the intensity of staining for RNA were observed; electron-microscopy 
revealed vacuolation and fragmentation of the GER, the almost complete disappearance of attached and f ree  
ribosomes, destruction of the mitochondria, accumulation of lamellar  concentric membranes (Fig. 2d), and 
increased segregation of nucleotar material.  Signs of inhibition of intracellular repair  processes were com- 
bined with inhibition of cell proliferation (Table 1). 

The increased intensity of the structural  disturbances and inhibition of repair  processes in the liver 
of the females observed both during the period of natural elevation of the blood estrogen level and under the 
influence of exogenous estradiol, and also the protective effect of ovariectomy suggest that female sex steroids 
are  a factor which aggravate the oourse of the pathological changes in the liver. A similar  conclusion was 
drawn by Yatsenko [10], who studied liver function in women with virus hepatitis in the course of the menstrual 
cycle. 

In males structural  disturbances of the liver parenchyma caused by CC14 were similar in severity to those 
observed in the liver of females poisoned during the period of maximal secretion of hormones (Table 1). Among 
the features described above, one which attracted attention was the large number of balloon cells, characterized 
electron-microscopical ly by well-marked vacuolation of GER (Fig. 2e). Meanwhile, at the periphery Of the 
hepatic tobules cells with the structural  manifestations of intracellular regeneration noted above were fre~- 
quently found; a moderate increase in mitotic activity also was observed (Table 1). 

The l iver  of males, character ized by a different endocrine balance and, in particular,  by a high level of 
secretion of  androgens, thus occupies an intermediate position between the l iver of females in the different 
phases of the sex cycle, and this may account for  the contradictory nature of results obtained by some workers  
[11, 13] who compared the resistance of males and females to CC14 without allowance for  the phase of the sex 
cycle. Since the period of basal secretion of estrogens in rats accounts for about four-fifths of the sex cycle, 
it can be concluded that for the greater  part  of reproductive life females are  more resistant to the action of 
CC14 than males. 
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P R O L I F E R A T I O N  O F  T H E  E X O C R I N E  A N D  E N D O C R I N E  P O R T I O N S  

O F  T H E  P A N C R E A S  A F T E R  I T S  R E S E C T I O N  

V.  P .  K r a s n o v  UDC 616.37-089.87-092.9-07:616.37-003.93-07 

Af te r  r e s e c t i o n  of the panc rea s  (about 40% of the weight of the organ) in (CBA • C57BL/6) 
hybr id  mice  weighing 20-28 g of the r e g e n e r a t i v e  abi l i ty of the organ was found to be weak. 
Af te r  21 days  of the e x p e r i m e n t  no  apprec iab le  r e c o v e r y  of the weight of the organ had 
taken place .  An inc rea se  in p ro l i f e r a t i ve  act ivi ty  (the number  of mi toses  and the diurnal  
f r ac t ion  of cel ls  labeled with [3H]thymidine were  counted) was t r ans ien t  in c h a r a c t e r  and 
did not extend to all the organ.  The g r e a t e s t  number  of labeled nuclei in the epi thel ium 
of the acini  and i s le t s  was found in the region n e a r  to the s i te  of injury,  where  the t i s sue  
of the o rgan  was a l i t t le  edematous .  In a r e a s  not f a r  f r o m  the wound su r f ace  but r e m a i n -  
ing unchanged the num ber  of labeled ce l l s  was  inc reased  only in the ea r ly  per iod  a f t e r  the 
operat ion.  In regions  of the organ  r e m o t e  f r o m  the s i te  of injury (the duodenal loop) the 
number  of labeled ce l l s  in the i s le t s  and acini was  the s a m e  as in the control .  The number  
of labeled ce i l s  in the i s le ts  was g r e a t e r  than in the acini.  

KEY WORDS: mouse  panc reas ;  i s le ts  and acini; prol i fera t ion;  autoradiography.  

P ro l i f e r a t i ve  p r o c e s s e s  in the panc rea s  a f t e r  r e sec t ion  of the organ have  been inadequately studied. 
Most invest igat ions have been conducted on r a t s  and the i r  object  has been to study pro l i fe ra t ion  only of the 
exocr ine  p a r t  of the o rgan  [1, 4, 7, 10, 12, 14]. Only in i so la ted  invest igat ions,  a lso  conducted on ra t s ,  has 
the impor tan t  ro le  of p ro l i f e r a t i ve  p r o c e s s e s  in the panc rea t i c  is le ts  been demons t ra t ed  [8, 13]. A few o ther  
invest igat ions in this f ield made use  of [3H]thymidine [5, 6], but unfortunately they did not take into account 
the diurnal  rhy thm of cell  division.  The dependence of p ro l i f e r a t ive  act ivi ty of the t i s sue  of the gland r e m a i n -  
ing a f t e r  r e sec t ion  on i ts  r e m o t e n e s s  f r o m  the s i te  of injury has  v i r tua l ly  not been studied. 

The object  of this invest igat ion was to make  a m o r e  detai led study of the p ro l i f e ra t ive  activity of the 
epithel ium of i s le t s  and acini of the panc reas  a f t e r  r e sec t ion  of the organ.  The daily f rac t ion  of cel ls  taking 
p a r t  in p ro l i f e ra t ion  was de te rmined .  The index of labeled and dividing cel ls  was calcula ted in th ree  zones of 
the panc rea s  located at d i f ferent  d is tances  f r o m  the s i te  of t r auma .  

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

Exper imen t s  we re  c a r r i e d  out on hybr id  (CBA • C57BL/6) ma le  mice  with a mean  weight of 20 and28 g. 
About 40% of the t i s sue  of the panc reas  was r emoved  in the exper imenta l  an imals .  Intact mice  se rved  as the 
control .  The an imals  we re  decapi ta ted at 10 a .m.  on the 3rd, 4th, 5th, 7th, 16th, and 21st days a f t e r  the o p e ra -  
tion, 6-8 an imals  at  each t ime.  All the an imals  were  given in t raper i toneal  injections of [3H]thymidine f ive 
t imes  in the c o u r s e  of the 24-h per iod  (at noon, 5 and 10 p .m. ,  and 5 and 8 a.m.)  in a dose  of 0.25 pC i /g  body 
weight. The specif ic  act iv i ty  of the isotope was 1.4 C i / m m o l e .  The panc reas  was fixed in Bouin's  fluid. P a r a f -  
fin sect ions  4 ~ thick were  cut. The sec t ions  were  coated with type M (NIKFI) emuls ion and exposed for  45 

Depar tment  of Anatomy, Moscow Medical Stomatological  Institute.  (Presen ted  by Academic ian  of the 
Academy of Medical Sciences of the USSR A. P. Avtsyn.) T rans la t ed  f r o m  Byulleten '  ~kspe r imen ta l ' no i  Biologii 
i Meditsiny,  Vol. 85, No. 4, pp. 464-467, Apri l ,  1978. Original  a r t i c le  submit ted  October  31, 1977. 

506 0007-4888/78/8504-0506507.50 �9 1978 Plenum Publishing Corpora t ion  


