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The dynamics  of changes in the u l t r a s t ruc tu re  and functional s tate of the l iver  ce l l s  during 
the development  of nec ros i s  induced by ora l  admin is t ra t ion  of a 1% solution of al lyl  alcohol 
(1 mt /100 g body weight) was studied in expe r imen t s  on male  albino r a t s .  At var ious  t imes  
a f t e r  poisoning of the an imals  (1, 2, 4, 8, and 48 h) the act ivi ty  of organel le-speci f ic  enzymes  
(suecinate dehydrogenase,  g lucose-6-phospha tase ,  acid phosphatase,  acid deoxyr ibonuclease ,  
acid r ibonuclease)  was studied in homogenates  and subcel lu lar  f rac t ions  of the l iver  isola ted 
on the different ial  u l t racent r i fuge .  A para l l e l  e l e c t r o n - m i c r o s c o p i c  examinat ion  of the l iver  
t issue was c a r r i e d  out. The r e s u l t s  show that al lyt  alcohol induces ea r ly  changes in the 
s t ruc tu re  of all  types of organel les ,  leading to the fo rmat ion  of necros i s .  Changes in the ul- 
t r a s t r u c t u r e  of the l iver  cel ls  were  p receded  or accompanied  by seve re  d is turbances  of the 
functional integr i ty  of the organel les ,  mani fes ted  by changes in act ivi ty  of the organel le -  
specif ic  enzymes  and in thei r  solubil izat ion into the cel l  hyaloplasm.  

The object  of this invest igat ion was to study the dynamics  of functional and u l t r a s t r u c t u r a l  changes in 
the subcel lu lar  s t ruc tu re s  of the l iver  in expe r imen ta l  poisoning with al lyl  alcohol,  producing focal nec ros i s  
of the l iver  [1, 5-7]. 

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

Expe r imen t s  were  c a r r i e d  out on male  albino r a t s  weighing 200-250 g r ece iv ing  a 1% aqueous solution 
of al lyl  alcohol by mouth (through a tube) in a dose of 1 ml /100 g body weight. In the expe r imen t s  of s e r i e s  
I the r a t s  were  decapi ta ted 1, 2, 4, and 8 h a f te r  admin is t ra t ion  of a single dose of the poison; act iv i ty  of the 
enzymes  was de te rmined  in l iver  homogenate  and in the supernatant .  The expe r imen t s  of s e r i e s  II were  
c a r r i e d  out 24 h a f t e r  2 doses  (at an in terva l  of 24 h) of a l lyl  alcohol; ac t iv i ty  of the enzymes  was de te r -  
mined in homogenates  and subcel lu lar  f rac t ions  of the l iver  isolated on the different ia l  u l t racent r i fuge  [3]. 

To quantify the functional s tate of the organel les  the u l t r amic rome thods  developed by Pokrovsk i i  
[3, 4] were  used to study the ac t iv i ty  of the following m a r k e r  enzymes :  succinate dehydrogenase (1.3.9.9), 
acid phosphatase (3.1.3.2), acid deoxyr ibonuclease  (3.1.4.5), acid r ibonuclease  (2.7.7.16), and g lucose-6-  
phosphatase  (3.1.3.9). 

Samples  of l iver  t i ssue for  e l ec t ron -mic roscop ic  invest igat ion were  fixed in 2.5% glutaraldehyde solu- 
t ion in phosphate buffer ,  pH 7.4, for  2 h. After  r ins ing  they were  postf ixed in 1% osmium tetroxide solution 
and embedded in a mix ture  of p-butyl  and p -me thy l  me thac ry l a t e s  or  in l~pon 812. Sections were  cut on the 
LKB-8810 u l t r amic ro tome ,  s ta ined with uranyl  aceta te  and lead c i t ra te ,  and examined in the FEM-6C e lec -  
t ron  mic roscope .  Acid phosphatase  was detected e l e c t r o n - h i s t o c h e m i c a l l y b y  a modif ied G o m o r i ' s  method. 
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Fig. 1 Fig. 2 

Fig. 1. Autophagous vacuole (AV) in cytoplasm of a hepatocyte f rom the ra t  l iver 4 h af ter  
adminstrat ion of allyI alcohol (47,200• 

Fig. 2. Pa r t  of a hepatocyte from a ra t  liver 1 h af ter  receiving allyl alcohol. Ac idphos-  
phatase (AP) revealed e lec t ron-his tochemical ly  as granules of lead phosphate in lysosomes  
and in the cytoplasm outside them; the nucleus of a hepatocyte (N) can be seen (26,800• 

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

The electron-optical  investigation of the liver t issue showed no evidence of necros i s  in the u l t ras t ruc-  
ture of the cells during the f i rs t  hour of action of allyl alcohol~ Numerous mitochondria of different shapes 
were seen in the hepatocytes,  some of them with a c lear ly  defined osmiophilic matrix.  The endoplasmic 
ret iculum (ER) was indistinguishable from normal,  and part ial  dilatation of the tubules was observed only in 
individual hepatocytes.  The u l t ras t ruc ture  of the nuclei and nucleoli was not significantly changed. Few 
lysosomes  were present  in the hepatocytes and Kupffer ce l l s .  

The f i rs t  signs of necrobiosis  were observed 4 h after  adminis t ra t i~  of the poison: single phagosomes 
and autophagous vacuoles of very  large size appeared in the cytoplasm of the hepatocytes and Kupffer cells  
(Fig. 1). The matr ix  of the mitochondria varied in its e lec t ron density. Changes in the u l t ras t ruc ture  of 
individual nuclei were observed:  marginat ion of the nuclear  mater ia l ;  the contents of some nuclei became 
gray  and homogeneous. 

Evidence of necros is  of all types of organelles of the l iver cells  was seen on the e lectron m i c r o ,  
graphs 8 h after  the action of allyl alcohol. Margination of the nuclear  mater ia l  was observed in some he- 
patocyte nucleiwhile in others pycnosis or,  frequently, karyolys is  was seen. Under the influence of allyl 
alcohol, destruction of the mitochondria took place, and often only faint t races  of their outer membrane  could 
be seen. The ER was fragmented and swollen and formed twisted and spherical  shapes. In the destroyed 
cytoplasm there was an increased number of large lipid granules and a few lysosomes.  Because of de- 
s t ruc t ionof the  outer membrane  of the hepatocytes some cells were indistinguishable. Infiltration of the 
l iver cells with neutrophils was often observed, leading to enzymic breakdown of the necrotic substrate.  

The study of the activity of the organel le-speci f ic  enzymes  showed that the change in u l t ras t ruc ture  
of the l iver cells during the development of necros is  was preceded or  accompanied by severe disturbances 
of the functional integrity of organel les  of all types. Table 1 shows that 1 h after adminis t ra t ion of the poi- 
son the activity of mitochondrial  succinate dehydrogenase in the l iver homogenate was significantly lowered, 
and a f t e r 2  h its mean value was 68% of normal.  By this time the binding of the enzyme in the organelles 
was disturbed, as shown by an increase  in its unsedimented activity. Changes in the functional state of the 
ER were no less severe.  Judging from the glucose-6-phosphate  activity the s t ruc tura l  changes in the e r -  
gastoplasm were combined with inactivation of the enzyme and its l iberation into the supernatant.  
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The action of al lyl  alcohol in producing nec ros i s  is evidently l inked with its abil i ty to cause labi l iza-  
t ion of the ly sosomal  m e m b r a n e s .  The r e su l t s  show that 1 h a f t e r  poisoning of the an imals  there  was a 
significant  l ibera t ion of acid r ibonuclease  and deoxyr ibonuclease  into the supernatant .  The e l ec t ron -h i s to -  
chemica l  study showed that some acid phosphatase  lay outside the l y sosomes  where  it was r evea led  as 
e lec t ron-dense  granules  of lead phosphate (Fig. 2). It  is in te res t ing  to note that the degree  of solubil izat ion 
of the hydro lases  r em a i ned  about the same throughout the exper iment .  The r e su l t s  of the study of the ac-  
t ivity of the ly sosomal  enzymes  in the subcel lu lar  f rac t ions  of the l iver  show that al lyl  alcohol ac t iva tes  
these enzymes  within the l y s o s o m e s  and also produces  a red i s t r ibu t ion  of act ivi ty  on account of an inc rease  
in act ivi ty  in the nuclear  f ract ion,  with which the autophagous vacuoles  and phagosomes ,  containing hy- 
drolyt ic  enzymes  in the act ive  state,  a re  evidently sedimented.  

Allyl alcohol thus induces ea r ly  and seve re  changes in the enzyme pa t te rns  of the subcel lu lar  s t ruc -  
tu res  and, in accordance  with P o k r o v s k i i ' s  observa t ions  [2], these m u s t  be r e g a r d e d  as evocat ive of ne- 
c ros i s .  

The r e su l t s  of the p r e s e n t  expe r imen t s  sugges t  that the int imate m e c h a n i s m  of the necrot ic  act ion 
of al lyl  alcohol is connected with the e a r l y  i r r e v e r s i b l e  damage to the functional and morphologica l  in tegr i -  
ty of the organe l les  of the l ive r  cel ls ,  p r i m a r i l y  the mi tochondr ia  and ly sosomes ,  as  a r e su l t  of which the 
cel ls  die and foci of nec ros i s  a re  fo rmed  in the l iver .  
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