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During the development of toxic cirrhosis of the liver, necrosis and fibrosis are accom- 
panied by intracellular reparative regeneration of the damaged cells and compensatory hyper- 
trophy of the intact cells, aimed at maintaining the specific function of the liver. It is postu- 
lated that the outcome of cirrhosis is determined by whichever is the predominant process - 
death, regeneration, or hypertorphy of the cells, and its progression is connected with over- 
strain and increasing exhaustion of the intracellular compensatory-adaptive mechanisms. 
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One of the principal problems in the investigation of the pathogenesis of sclerotic changes in the liver 
is to establish the causes of and principles governing the conversion from acute and chronic hepatitis to 
cirrhosis. 

The object of this investigation was to study the u l t ras t ruc tu re  of hepatocytes at different stages of 
c i r rhos i s .  

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

Cir rhos is  of the l iver was produced in male Wistar ra t s  weighing 130-180 g by inhalation of CC14 (for 
4 h, twice a week) [10]. Material  for investigation* was taken 1.5, 3, and 6 weeks f rom the beginning of the 
f i r s t  inhalation and two days af ter  the last. The t issue was fixed in buffered solutions of 3% glutaraldehyde, 
and then in 1% 0sO4, dehydrated in alcohols,  and embedded in Araldite.  Sections were cut on the LKB-8800 
ul tratome,  stained with lead salts~ and studied in the IEM-7A electron microscope.  

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

Examination of the liver of the ra t s  af ter  three inhalations of CCI 4 under the light microscope  showed 
changes of subacute hepatitis.  E l ec t ron -mic roscop i c  exam[nation showed moderate  fragmentat ion of the 
tubules of the granular  endoplasmic ret iculum in the hepatocytes,  a dec rease  in the number of r ibosomes  
on the membranes  and free r ibosomes ,  and a reduction in the density of the mater ia l  of the cytoplasm. 

In the zones of the Golgi complex (GG) of many of the hepatocytes,  collections of tubules of the agranu-  
lar  endoplasmic ret iculum, which always communicated with its d ic tyosomes,  were observed (Fig. 1A). In 
the w r i t e r s '  opinion this must  be regarded as an expression of the compensa tory  plast ic function of GC (act- 
ing as a membrane  "depot" [9] or "conveyor"  [11]), aimed at CCt 4 deto• It has been shown, for  e• 
ample, that the increase  in volume of the agranular  endoplasmie ret iculum in the hepatocytes of ra ts  under 
the influence of phenobarbital  is accompanied by activation of the mic rosomal  enzymes responsible for de- 
s t roying it [13]. An increase  in the length of the GC dictyosomes,  the appearance of mult ivesicular  bodies 

*Histological  investigations were car r ied  out by S. G. Dobrovol ' skaya.  

Central  Resea rch  Laboratory,  Novosibirsk Medical Institute. (Presented by Academician of the Acad- 
emy of Medical Sciences of the USSR V. P. Kaznacheev.) Translated from Byulleten'  ~ksper imenta l 'no i  
Biologii i Meditsiny, Vol. 80, No. 9, pp. 103-107, September,  1975. Original ar t ic le  submitted September 
30, 1974. 

@319 76 Plenum Publishi,g Corporation, 22 7 West 1 7th Street, New York, JM Y. l OOl I. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, hi atl.v jbrm or by any means, electro~ic, mechanical, photocopying, microfilming, 
recordh~g or ocherwise, without writteiz permission of  the publisher. A copy of  this article is available from the publisher for $15. 00. 

1111 



Fig. i. Changes in ultrastructure of hepatocytes in toxic hepatitis: 
a) structural features of the Golgi complex in subacute toxic hepatitis 
(30,000 • ; b) part of a necrotieally changed hepatocyte (20,000 • ; c) 
part of a hepatoeyte with features of regeneration (30,000 • d) locali- 
zation of myelin-like formation (30,000 • IVD Mitoehondrion; GER) 
granular endoplasmic reticulum; AER) agranular endoplasmic retieulum; 
N) nucleus ; D) dictyosomes of Golgi complex; MVB) multivesicular body; 
CM) cell membrane; LI) lipid inclusion; L) lysosomes; GG) glycogen 
granules; MB) microbodies. Arrows : in a) widenings of intermembranous 
spaces of mitochondria, in b) long arrows indicate lipid and myelin-like 
inclusions in widened spaces of GER and perinuclear space, short arrows 
indicate dilated nuclear pores, in c and d) myelin-like inclusions. 

budding f rom the dic tyosomes (Fig. 1A), and a c lear  decrease  in the number  of lysosomes in the cells were 
observed.  The view is held that the mult ivesicular  bodies are  p re lysosomes  [12]. The new generation of 
lysosomes  was  evidently formed through the "wearing out" of the preexist ing lysosomes  inthe course  of triple 
inhalation of CC14, and this must  be regarded  as a manifestat ion of u l t ra  s t ruc tura l  renewal of the hepatoeytes .  

The re tuction in the glycogen content of the hepat0cytes or, more  frequently, its total disappearance 
(Fig. la),  was probably associated with this phenomenon. 
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The o b s e r v e d  behav io r  of the hepa tocytes  evidently r e f l ec t s  subce l lu la r  r econs t ruc t ions  with an 
adapt ive o r  c o m p e n s a t o r y  ro le  dur ing exposure  to CC14. 

A d e c r e a s e  in s ize  and densi ty  of the mi tochondr ia ,  widening of the i n t e r m e m b r a n e o u s  spaces ,  and 
close contact  between some  mi tochondr ia  and lipid inclusions were  found. These s t ruc tu ra l  changes point 
to a change in the function of the mitochondria .  Appearances  of this type a re  known to be cha r ac t e r i s t i c  
of the condensed configurat ion of the mi tochondr ia  [7], assoc ia ted  with its low-energy  metabol ic  s ta te  both 
in vitro and, evidently, in situ also [3]. The presence of close contact between mitochondria and lipid drop- 
lets is evidently a reflection of liberation of fatty acids. The detection of osmiophilic myelin-like forma- 
tions at the sites of contact could indicate changes in the DhosDholipid metabolism of the mitochondria, for 
such formations are known to consist ofphospholipid-cholesterol complexes [14]. 

After six inhalations of CCI 4, evidence of chronic hepatitis with signs of fatty and acidophilic degenera- 
tion and with necrotic and necrobiotic changes was observed in the liver under the light microscope. In 
many hepatocytes the number of ribosomes, polysomes, and granular membranes was reduced, and frag- 
mentation and vaeuolation of the tubules of the granular endoplasmic reticulum, associated with a disturbance 
of protein synthesis and with structural changes in the membranes [8], were observed. This association 
is confirmed by biochemical data [15] obtained during a study of the liver microsomes from the rats used 
in the present experiments. 

A well-developed agranular endoplasmic reticulum was observed in some of the hepatocytes. The 
dictyosomes of the GC, around which collections of agranular endoplasmic reticulum were observed, were 
converted into bundles of osmiophilic undulating membranes~ The membranes of the dictyosomes in the 
necrotically changed hepatocytes had indistinct outlines (Fig. lb), indicating their degradation. The cause 
of necrosis of the hepatocytes could have been a progressive disturbance of the compensatory function of 
GC as regards providing for the formation of a new agranular endoplasmic reticulum, responsible for de- 
stroying the poison. The disturbance of this function, in turn, could depend on injury to the phospholipid 
component of the hepatocyte membranes discovered biochemically [5]. 

Marked lipid infiltration of the cytoplasm is highly pathognomonic for many hepatocytes. Fattyinfiltra- 
tion is an important pathogenetic stage in the development of cirrhosis, and is essentially precirrhosis [10]. 
According to Leites [2], a decrease in phospholipid synthesis is also characteristic of hepatocytes damaged 
by CCI 4. This evidently has a diseoordinating effect onthe function of the hepatocyte organoids, thereby en- 
abling fatty degeneration of the organ to develop and the cirrhosis to progress. 

The mitochondria of hepatocytes with an agranular endoplasmic reticulum were increased in size and 
the matrix and granules were reduced in density; these changes could be connected with the active provision 
of energy for the detoxication of the CCI 4 and they can be regarded as a reflection of an adaptive reaction. 
This view is supported by an increase in the cytochrome content in the mitochondrial fractions of the exper- 
imental rats [5]. 

Changes in the nuclear ultrastructure of hepatocytes with a high content of agranular endoplasmic 
reticulum were noteworthy. The quantity of heterochromatin was appreciably reduced; the nuclear mem- 
branes often formed projections and invaginations with the result that the area of their contact with the cyto- 
plasm was increased. An increase of the number of dilated nuclear pores was observed. These features 
are usually associated with an increase in the intensity of nucleo-cytoplasmic relations. They could have 
been due to intensification of the discharge of nuclear material into the cytoplasm in order to provide for 
the phenomena of subcellular compensation during repeated exposure to CCI 4. 

After 12 inhalations of CCI 4 features of posttoxic cirrhosis were observed in the rats' liver. Besides 
marked degenerative changes and evidence of necrosis and fibrosis, foci of nodular regeneration of liver 
tissue were found. Necrotically changed hepatocytes and large aggregations of fibrils in the debris of the 
destroyed cells and the Desse's spaces were seen in the electron microscope. The number of hepatocytes 
with hyperplasia of the agranular endoplasmic reticulum was appreciably reduced. In some cells the degree 
of change in the granular endopls smic reticulum was reduced and the number of enlarged mitochondria in- 
creased (Fig. ic). These changes were evidently an indication of the development of intracellular repara- 
tive regeneration in the cells [4]. This conclusion is confirmed by the appeafance of glycogen granules in 
the cells together with an clear decrease in the number of lipid inclusions. A biochemical study of the mi- 
crosomal fractions of the experimental rats revealed a decrease in the degree of unsaturation of the fatty 
acids of the membrane phospholipids [5], which was interpreted as a manifestation of molecular adaptation 
of the membranes to the action of CCI 4. Intracellular regeneration was evidently possible under these ex- 
perimental conditions only in hepatocytes that had become adapted to the chronic action of the poison. 
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In some mitochondria on the hepatocytes myelin-like, strongly osmiophilic inclusions, visible in the 
lipid drops adjacent to the mitochondria, were found (Fig. ld). They were also found in the tubules of the 
granular endoplasmic reticulum and also outside the cells, possiblyreflecting the path of elimination of 
the inclusions from the hepatoeytes. The formation of inclusions evidently depends on increasing distur- 
bance of the phospholipid metabolism of the mitochondria, depressing their function. This could possibly 
explain the compensatory increase in the number of unchanged mitochondria. The process of formation 
and liberation of inclusions from mitochondria is evidently of adaptive importance at the organoid level. The 
possibility cannot be ruled out that the further disturbance of metabolism of these mitochondria leads to 
exhaustion of their compensatory powers and is the cause of development of fatty degeneration in a certain 
number of hepatoeytes. A role of this sort has been ascribed to the mitochondriaby other workers during 
the development of chronic hepatitis and cirrhosis in man [1, 6]. Changes in the fatty-acid composition of 
the phospholipids also were found characteristically in the mitochondrial membranes of the rats in this 
series of experiments [5]. 

Hepatocytes of the foci of nodular regeneration are characterized bY their large size, condensation 
of their cytoplasm, and an increase in the number of mitochondria and the amount of unchanged granular 
endoplasmic reticulum and ribosomes. The mitochondria differ from intact in their larger size and the 
lower density of their matrix, i.e., they have the orthodox configuration reflecting the high productivity of 
energy liberation [3]. Large accumulations of glycogen were found in the hepatocytes, with osmiophilic 
membranes ofuncertainnature often visible inside them. The cell nuclei were usually enlarged and irregu- 
lar in shape and their nucleoli also were enlarged. Autophagosomes were seen quite frequently, pointing 
to a high level of the metabolic reactions in the cells. These features are evidence of activation of hyper- 
plastic processes in the cells aimed at compensating for the functions of the injured and irreversibly changed 
hepatocytes. 
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