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The s eve r i t y  of changes in the endoplasmic  r e t i cu lum (ER) and mitochondr ia  of hepatoeytes  
in the va r ious  p a r t s  of the l ive r  lobule in acute  CC14 poisoning depends on the degree  of m e t -  
abolic ac t ivat ion by i ts  m i c r o s o m a l  enzymes  in each hepatocyte,  and this in turn is  de te rmined  
by the s t ruc tu r a l  and functional c h a r a c t e r i s t i c s  of these  hepatocytes  in the l ive r  of intact  ani-  
ma l s .  Changes in the mi tochondr ia i  population in each hepatocyte a r e  l a rge ly  respons ib le  for  
the degree  of damage  to the ER. The fact  that the hepatocytes  va ry  in the i r  vulnerabi l i ty  to 
CC14 sugges ts  that  the functions of some of the damaged  hepatocytes  can be r e s t o r e d b y  in t r a -  
ce l lu la r  r e p a r a t i v e  r egenera t ion .  

Inves t iga t ions  have shown the he terogenei ty  of the hepatocytes  in the l i ve r  of in tact  an ima l s  with r e -  
spect  to the i r  u l t ra  s t ruc tu ra l  organiza t ion  and functional p r o p e r t i e s  [10, 3, 15]. It is a l so  known that the 
hepatotoxici ty of CC1 t i s  de te rmined  by the abi l i ty of the m i c r o s o m a l  enzymes  to metabo l ize  it  to f r ee  r ad i -  
ca l s  and it  is  i n c r e a s e d  if an i nc r ea s e  in the content of ER in the hepatocytes  is  f i r s t  induced [12-14, 17]. 
In this connection it  is a s s u m e d  that hepatocytes  with d i f ferent  ER contents  will suf fe r  d i f ferent  deg ree s  of 
damage  by CC14. 

The object  of the p r e s en t  invest igat ion was to make  a quanti tat ive study of ER and the mi tochondr ia  
in the hepatocytes  of in tact  an i m a l s  and in the ea r ly  s tages  a f t e r  CC14 poisoning.  

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

E x p e r i m e n t s  we re  c a r r i e d  out on 12 male  CBA mice  aged i month. The an ima l s  were  divided into 
two groups .  Mate r ia l  taken f r o m  the mice  of group 1 (six animals)  was used to study the hepatocytes  of the 
intact l ive r .  The mice  of group 2 were  poisoned by inhalation of a single dose of CC14 (corresponding to 0.1 
ml /100  g body weight).  The m a t e r i a l  was  embedded Araldi te  and fixed in 1~ OsO 4 solution by the usual  
method.  Sections were  studied in the JEM-7A e lec t ron  m i c r o s c o p e .  The technique of the m o r p h o m e t r i c  
invest igat ion was that developed a t  the Inst i tute of Biophysics ,  Academy of Sciences  of the USSR [5]. A se -  
r i e s  of d imens ion le s s  indices  of the u l t r a s t r u c t u r e s ,  the total  a r e a s  of the rough endoplasmic  re t i cu lum 
(RER), and of the mi tochondr ia ,  thei r  mean d imens ions , and  the i r  number  per  conventional unit a r e a  of cyto-  
p l a s m  were  studied. All indices  we re  e x p r e s s e d  as  pe r cen t ages  of the a r e a  of the cytoplasm,  taken as 100. 
Mate r ia l  fo r  m o r p h o m e t r i c  invest igat ion f r o m  the an ima l s  of group 1 was photographed by the r andom cel l  
se lec t ion pr inciple ,  and in addition the so -ca l l ed  da rk  hepatocytes  we re  studied sepa ra te ly .  The l ive r  hep-  
a tocy tes  of the group 2 mice  were  studied with a l lowance for  thei r  topographical  posi t ion in the hepatic lob- 
u les .  The numer i ca l  r e s u l t s  were  subjected to s ta t i s t i ca l  ana lys i s .  The r e s u l t s  of the quanti tat ive inves t i -  
gation of the l i ve r  hepa tocytes  of the two groups  of mice  a r e  given in Table  1. 
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TABLE i. Results of Morphometr ic  Investigation of Liver  Hepato- 
cytes  of Intact Mice and of Mice 6 h af ter  CC14 Poisoning (M • m) 

Group of ] Class of cells ESRg r ZSM Srn M KM animals 

1 (con- " 

trod 
A 
B 
C 
D 
E 
Average hepatocytes 
Dark liepatocytes 
t~ontrot 
Expt. 

30,2+-0,41 
25,9-+0,56 
21,3-+0,25 
16,2+0,33 
10,9-+0,50 
20,4-+0,55 

28,3-+0,84 
22,4_0,72 

25,3-+1,84 
21,7_+0,76 
23,5-+1,12 
22,8-+0,86 
24,5• 
23,3--+0, I 1 

21,4-+1,22 
23,1_1,62 

0,40-+0,05 
0,38-+0,02 
0,51-+0,01 
0,41_0,01 
0,57-+0,02 
0,44-+0,03 

0,30_0,06 
0,31-+0,04 

A0 12,9--+0,97 
58,5-+3,41 
35,7-+2,04 
15,6-+0,96 
17,0-+I,02 

17,4_+0,65 
11,5_+0,74 
16,3-+0, 95 
21,8• 
22,2--+0,30 

0,20-+0,04 
0,14_0,01 
0,25-+0,02 
0,29-+0.03 
0,44--+0,03 

2,50___0,21 
2,85+_0,13 
2,38_0,24 
2,38• 
2,05-+0,13 
2,47-+0,14 

3,22__.0,03 
3,70-+0,04 

5,17-+0,32 
7,44-+_+0,75 
3,93_+0,19 
3,40--+0,27 
2,54-0,05 

Legend: E SRg r) total a rea  of granular  endopla smic reticulum;: E SM) 
total a rea  of mitochondria;  SmM) mean size of mttochondria; KM) 
number  of mitochondria  per  unit a rea  of cytoplasm. 

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

Morphometr ic  investigation of the l iver  of the mice of group 1 demonst ra ted  the heterogeneity of the 
hepatocytes as  r ega rd s  their  RER content. In accordance  with this feature the ceils  studied were subdi- 
vided into five c l a s ses .  The RER was represented  in the hepatocytes of each c lass  mainly by narrow tu- 
bules with numerous  at tached r ibosomes .  Most frequently it consisted of groups of tubules ar ranged pa ra l -  
lel to each other, some of them lying next to the mitochondria  and repeating their configuration. The cyto-  
p lasm contained many f ree  r ibosomes .  The smooth endoplasmic re t iculum (SER) was poorly developed in 
all the hepatocytes.  The mitochondria  in the hepatocytes of each c lass  had numerous cr i s tae  and they dif- 
fered widely in their  shape and size.  The dark hepatocytes had a denser  ground substance of their  cyto-  
plasm, the RER was well developed, and it contained numerous at tached and f ree  r ibosomes .  Qualitatively 
the RER and mitochondria  in these hepatoeytes were  indistinguishable f rom those in the hepatocytes de- 
scr ibed above. The resul t s  point to different levels of functional activi ty of the hepatocytes studied. The 
definite constancy of the total a r ea  of the mitoehondria despite the considerable polymorphism, couples with 
differences  in the RER content, may perhaps  be connected with their  considerable potential capacity and 
with their  marked functional heterogeneity.  

The study of the l iver  f rom the mice of group 2 revealed changes in the hepatocytes mainly in the cen- 
t ra l  zones of the hepatic lobules and, to a l e s s e r  degree,  in the intermediate  zones.  Differences in the de- 
gree  of express ion of the changes in RER in the different hepatocytes were charac te r i s t i c .  The changes con- 
sisted of degranulation , fragmentat ion,  and vesiculation of its tubules. Corresponding to the degree of f rag-  
mentation and dilatation of the tubules of the RER and the increase  in the area  occupied by them, the number 

�9 of at tached and f ree  r ibosomes  was reduced and the density of the basic  mat r ix  of the cytoplasm was in-  
c reased .*  Hepatoeytes of c l a s ses  A0, B0, and C o with the grea tes t  changes in RER had an extremely t r ans -  
parent  basic  matrix,  while in hepatocytes of c l a s ses  B 0 and C o the cytoplasm was honeycombed in appear-  
ance (Fig. la,  b) as the resul t  of the considerable vesiculation of the RER. In the c lass  A 0 hepatocytes lo- 
cated di rec t ly  by the centra l  vein the RER~vere f ragmented and concentrated mainly around the mitochondria.  
I ts  components located near the mitochondria  were  less  severe ly  damaged and retained some of their  a t -  
tached r ibosomes .  A large quantity of SER was present  only in these hepatocytes, in the form of concentra-  
tions of its membranes  (Fig. le) .  The RER of some hepatoeytes in the intermediate  zones of the l iver lob- 
ules (class Do) showed changes in the fo rm of slight vesiculat ion of its components.  The organizat ion of the 
RER in the hepatocytes located mainly at the per iphery  of the lobule was indistinguishable f rom that in the 
hepatocytes of the control  animals .  In the zones where ceils of c lasses  B0, Co, and D O were found the rewere  
a lways a few hepatocytes in which the organizat ion of the RER and mitochondria  was virtually indistinguish- 
able f r o m  that of the hepatocytes in the control  (Figs. 1 and 2). The changes in tim mitoehondria in the hep- 

* The hepatoeytes were c lass i f ied on the basis  of these features ,  the change in the population of mitoehondria,  
and their  topographical  position in the lobule. 
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Fig. 1. Types of changes in organization of endoplas- 
mic reticulum and mitochondria in hepatocytes of mice 
6 h after  CC14 poisoning, 30,000 • a) on right, part of 
cytoplasm of class B 0 hepatocyte, b) on right, part  of 
cytoplasm of class C o hepatocyte. On left, part  of cy- 
toplasm of hepatocyte with unchanged cytoplasmic or-  
ganoids, c) part of cytoplasm of class A 0 hepatocyte. 
M) mitochondria; RM) rough membranes of endoplas- 
mic reticulum; SM) smooth membranes of endoplasmic 
reticulum; CM) cell membrane. 

atocytes of classes A0, B0, Co, and D O were similar in type. They consisted of uniformity of shape and a de- 
crease in size by comparison with the control, condensation of the matrix, shortening of the cristae, and a 
decrease in their number. They differed in the different classes of hepatoeytes only in the degree of expres- 
sion of these features. Dark hepatocytes were found frequently in zones with considerable changes in the 
surrounding cells, but their cytoplasmic components had no visible qualitative changes. 

The organization of the hepatocytes of the experimental animals points to differences in their ~'dlner- 
ability to the action of CC14. This fact is probably connected with differences in the content of RER in the 
hepatocytes of the intact animals. Investigations have shown that the hepatotoxicity of CCI 4 depends on its 
metabolic activation by microsomal enzymes of the hepatocytes and the effect is intensified after prelimi- 
nary induction of an increase in the ER content in the hepatocytes [14, 19, 16]. Consequently, it might be 
expected that in some hepatocytes with the highest content of RER the damage would be more severe. How- 
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ever ,  the s t r u c t u r e s  of the cy top lasmic  organoids  were  unchanged in the da rk  hepatocytes  with the g r e a t e s t  
deg ree  of hyperp las ia  of the RER. Only the quanti tat ive content of RER was  changed, being c lose r  to i t s  
mean  value in some of the hepa tocytes  of the control  mice .  This  fac t  probably  indicates  that da rk  hepato-  
ey tes  a r e  r e s i s t a n t  to the action of CC14. It may  be linked with the functional c h a r a c t e r i s t i c s  of these  p a r -  
t icu lar  hepatocytes .  I t  has been shown that in hibernating sousl iks  mos t  of the pa renchymatous  ce i l s  a r e  
da rk  hepatoeytes ,  the number  of which fa l ls  sharply  when the an imals  awaken. The d e c r e a s e  in the RER 
content may  be due to t r ans fo rma t ion  of the 
[2]. Carbon t e t r ach lo r ide  is  known to cause 
the d e c r e a s e  in the RER content in the dark  
s t e ro id  concentrat ion.  

Inves t iga t ions  have shown an i nc r ea s e  

dark  hepatocytes  into light, as  s eve ra l  inves t igat ions  have shown 
an i n c r e a s e  in the blood co r t i cos t e ro id  level  [6]. P r e sumab ly ,  
hepatocytes  i s  connected with an i nc r ea se  in the blood co r t i co -  

in the toxici ty of CCI~ is accompan ied  by exposure  to s t r e s s  
f a c t o r s  or  admin i s t r a t ion  of ce r t a in  s te ro id  hormones ,  a s  well  a s  sex and age  d i f fe rences  in the reac t ion  
to i ts  admin i s t r a t ion  as  r e f l ec ted  in l i ve r  damage  [8, 16, 12, 17]. The veloci ty  of b iochemica l  reac t ions  has  
been shown to be de te rmined  by the act ivi ty  of enzymes  which can be control led by va r ious  ho rmones  [5]. 

It can be postula ted on the ba s i s  of the fac t s  desc r ibed  above that the toxicity of CCI 4 for  different  hep-  
a toey tes  is  de te rmined  not only by the p r e s e n c e  of enzymes  in these  ce i l s  capable  of metabol iz ing CC14, but 
a l so  l a rge ly  by the i r  act iv i ty  de te rmined  by hormonal  induction and by the abi l i ty of the cell  to respond ade-  
quately to it  [5]. The degree  of damage  to the l i ve r  as  a whole will be l imited by the number  of ce l l s  ca -  
pable of metabol iz ing  CC14. A specia l  example  of metabol ic  act ivat ion of CCI~ in the l i ve r  is  c h a r a c t e r i s t i c  
of many pha rmaco log ica l  agents ,  the act ion of which depends on the i r  t r ans fo rma t ion  in the l iver  [9, 18] and 
it  may  be de t e rmined  by s i m i l a r  m e c h a n i s m s .  The functions of ER and the mi tochondr ia  a r e  known to be 
c lose ly  connected [1, 7, 11]. The s eve r i t y  of the changes  in the mi tochondr ia  in the h e p a t o e y t e s o f e a c h c l a s s  
may  probably  be de te rmined  by the degree  of d is in tegra t ion  of in t r ace l lu l a r  m e t a b o l i s m  and, above all, by 
damage  to ER, as  the r e s u l t s  in Table 1 conf i rm.  The d e c r e a s e  in s ize of the mi tochondr ia  is  pe rhaps  con-  
nected with the d e c r e a s e  of the i r  functional act iv i ty .  The i nc r ea se  in the number  of mi tochondr ia  may be 
a ref lec t ion of a compensa to ry  reac t ion  a imed at inc reas ing  the i r  contact  with ER, a m a t t e r  of g rea t  i m p o r -  
tance for  the no rma l  function of the mi tochondr ia .  Not all  the changes  obse rved  in the di f ferent  hepatoeytes  
mus t  be r ega rded  as  potent ial ly  i r r e v e r s i b l e .  In some ce i l s  with l e s s  s eve re  changes  r e s to ra t i on  of the 
s t ruc tu re  and function of thei r  organoids  can be expected.  Inves t igat ions  have shown that r e s to ra t ion  of cell  
function can take place through in t r ace l lu la r  r e p a r a t i v e  r egenera t ion  [4]. The d i f fe rences  in the degree  of 
vulnerabi l i ty  of the hepatoeyte to CC14 in this  case  may  provide a b a s i s  fo r  such a phenomenon. 
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