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POLYPLOIDIZATION OF HEPATOCYTES IN RATS FOLLOWING 

EXPOSURE TO CCI 4 UNDER DIFFERENT CONDITIONS 

N. N. Belyaeva, T. I. Bonashevskaya, UDC 615.917'412.133.07:[612.35.014o 
and G. I. Nekrasova 24:612.6.052 

A karyometric study was made of hepatocyte polyploidization in albino rats during continuous 
and interrupted poisoning with CCI 4. Polyploidization, as a response to exposure to chlorinated 
hydrocarbons, was shown to depend on the toxicity of the poison, which depends on the number 
of chlorine atoms in the molecule, and on the character of exposure (mode of administration, 
dose, regime). 

KEY WORDS: karyometry; ploidy of hepatocytes; chlorinated hydrocarbons; CC14. 

Studies of the effects of various chlorinated hydrocarbons (di- and t r i ch lo rop ropanes -  DCP and TCP) 
[1, 2] and investigations of the action of CC14 on the rat  l iver [10] have shown that the response of the hepato- 
cytes depends on the concentration of the harmful agent and the duration of exposure to it. Since it is assumed 
that the number of DNA-synthesizing hepatocytes depends on the rhythm of exposure to CC14 [8], the effect 
of this factor on polyploidization under the conditions of action of the hepatotoxin on rats  must also be taken 
into account. The object of the investigation described below was to determine how polyploidization of the 
hepatocytes depends on the character  of entry of CC14 into the body (continuous or interrupted exposure), 
Both the to~al (including intervals between exposures in the case of interrupted administration) period of ex- 
posure and the duration of exposure proper  were estimated. 

EXPERIMENTAL METHOD 

The DNA content in the hepatocytes was studied in control (20) and experimental (51) noninbred male 
albino rats  made to inhale CC14 continuously o r  interruptedly, and divided into 13 groups depending on the 
experimental conditions. In airtight chambers (capacity 200 li ters) containing the experimental animals con- 
stant concentrations of CC14 (5, 1O0, and 300 mg/m 3) were maintained. Interrupted exposure was studied by 
two programs:  inhalation of CC14 in a concentration of 300 mg/m 3 for 4 h with intervals of 20 and 8 h between 
exposures.  The data on the length of exposure in ~ e  case of continuous and interrupted programs a re  given 
in Table 1. Rats kept in airtight chambers ventilated with atmospheric a i r  for the same length of t ime as the 
experimental animals served as the control.  

Fi lms of hepatocytes for karyometric analysis were obtained by the method described previously [1], 
fixed in Carnoy's mixture,  and stained with hematoxylin-eosin and gallocyanin. Karyometric analysis for 
each animal was based on determination of 500-2000 cells.  

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

During constant inhalation of CC14 for 1, 3, and 7 clays changes in polyploidization began after poisoning 
for 24 h (group 2). An increase in the length of exposure led to aggravation of the changes. After  exposure for 
3 days (group 3) the number of binuclear cells with diploid nuclei was significantly reduced (p < 0.02) and the 
number of tetraploid hepatocytes was increased (P < 0.001). After exposure for 7 days (group 4) the number 
of binuclear tetraploid hepatoeytes was reduced even more  (P < 0.001) whereas the number of mononuclear 
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Fig .  1. Re la t ive  n u m b e r s  of  t e t r ap lo id  (mono- 
and binuclear)  hepatocyges following exposure  
to CC14 unde r  di f ferent  conditions (300 rag~m3). 
A b s c i s s a ,  actual  exposu re  to CC14 (in h); o r -  
dinate,  % of hepatocytes  of different  ploidy 
values. C) Control;  a) continuous exposure;  
b) exposure  for  4 h, in te r rupt ion  for  8 h; c) 
exposure  for  4 h, in te r rupt ion  for  20 h. 

(P > 0.001) and binuclear cells (P < 0.02) with octaploid nuclei was increased. A significant m~mber of nuclei 
with a ploidy of  16n appeared .  

Morphological investigation of the liver of the animals showed that after exposure to CCI 4 for only 24 h 
fatty degeneration of the liver, with the appearance of tiny droplets, had developed in the zone of cells around 
the central veins. By the end of the 3rd day of exposure, besides fatty degeneration, vacuolar degeneration 
also had begun to develop in many hepatocytes in the eentrilobular regions. After 7 days of poisoning the 
depth and extent of the degenerative changes were increased. Signs of necrobiosis were intensified. Dis- 
organization of the trabecular structure of the organ was observed. The zone of fatty and vacuolar degenera- 
tion extended a l m o s t  throughout  the  lobule.  

A dynamic i~vestigaLion a f t e r  exposure  to CC14 in a concent ra t ion  of 100 m g / m  3 fo r  9, 19, and 33 days 
(groups 5, 6, and 7) a lso  showed an i n c r e a s e  in the  deg ree  of polyploidizat ion of hepatocytes  in the  exper imenta l  
g roups  of r a t s .  Af t e r  exposure  to CC14 for  9 and 19 days the  number  of  t e t rap lo id  hepatocytes  was signif icantly 
r educed  (P < 0.001) and the  n u m b e r  of  mononuc lea r  (P > 0.001 for  9 days v and P > 0.002 fo r  19 days  ~ exposure)  
and b inuc lea r  (P < 0.02) ce i l s  with octaploid nuclei  was inc reased .  Af te r  poisoning for  33 days,  bes ides  a 
s ignif icant  d e c r e a s e  in the number  of b inuc lear  ce l l s  with diploid nuclei  (P < 0.001) the  number  not only of 
mononuc lea r  (P < 0.01) and b inuc lear  (P > 0.001) hepa toeytes  with octaploid  nuclei,  but also the number  of 
mononuc lea r  t e t r ap lo id  ce l l s  (P < 0.01) and of hepatoeytes  with a ploidy of 16n w e r e  inc reased .  C ent r i lobular  
nec ro s i s  was obse rved  in the hepat ic  lobules .  

T h e  ra t io  between the  num ber s  of hepatocytes  in the di f ferent  ploidy c l a s s e s  a f t e r  exposure  f o r  9 and 
19 days to 100 m g / m  3 CC14 was s i m i l a r  to that  following exposure  to CC14 in a concent ra t ion  of  300 m g / m  z 
fo r  s h o r t e r  pe r iods ,  name ly  3-7 days (Table 1, Fig .  1). Consequently CC14, l ike o ther  compounds f r o m  the 
ch lo r ina t ed  hydroca rbon  group,  such a s  DCP and T C P  [2], causes  polyploidizat ion of the l i ve r  in accordance  
with a concent ra t ion  v e r s u s  t i m e  ru le .  Polyploidizat ion following chronic  inhalat ion of DCP, TCP,  and CCI 4 
does not lead  to comple te  d i sappea rance  of b inuc lear  ce l l s ,  as  is  o b s e r v e d  a f t e r  exposure  to sublethal  doses  
of CCl 4 [7]. 

If the l i ve r  was inves t iga ted  a f t e r  exposure  to CC14 fo r  4 h followed by an in te r rupt ion  of 20 h, the 
c h a r a c t e r  of  d is t r ibut ion of the hepatocytes  among ploidy c l a s s e s  48 h l a t e r  was sti l l  uachanged, although 
signs of fatty and vacuo la r  degenera t ion  could be seen  in the  l ive r .  If  exposure  by th is  p r o g r a m  was prolonged 
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to 6 days (group 9) the pathological changes in the l ive r  p rogressed .  The number of te t raplo id  mononuclear  
hepatocytes  was inc reased  (P < 0.01). 

If the in te rva ls  between exposures  were  shor tened f rom 20 to 8 h (groups 10, 11, 12, and 13) morpho-  
logical changes and polyploidization developed af te r  sh o r t e r  per iods  of exposure.  F o r  instance,  a significant 
i n c r e a s e  in the number  of te t rap lo id  mononuclear  hepatocytes  took place on the 6th and 9th days of exposure  
(P < 0.02); the number  of binuclear  cel ls  under  these  c i r cums tances  was reduced  on the 3rd, 6th (P < 0.02), 
and 9th (P < 0.002) days of exposure .  If the in terval  between exposures  was reduced,  the degree  of polyploidi-  
zation of the l i v e r  inc reased ,  so that the effect observed  on the 6th day of exposure  on the 4 - 2 0  h p rogram 
cor responded  to that  on the  3rd day on the  4 - 8  h p rog ram (Table 1, Fig.  1). 

Compar i son  of the reac t ion  of the hepatocytes  to the different  conditions of exposure,  allowing for  the 
total per iod and the actual t ime  of exposure  to CC14 (Fig. 1) r evea led  no significant d i f ferenee both af te r  con-  
tinuous exposure  to 300 m g / m  s CC14 for 24 h (group 2) and af te r  poisoning for  24 h on the 4 - 2 0  h p rog ram 
(group 9) and 4 - 8  h p rog ram (group 11), and also af te r  continuous poisoning for 72 h (group 3) and in ter rupted  
poisoning on the 4 - 8  h p rog ram for  the same per iod (group 13). Consequently,  the development of hepatocyte 
polyploidization depends not only on the conditions of exposure,  but also on the total dose of the hepatotropic 
poison r ece ived  during the actual  exposure  t ime.  Dose dependence may be dis turbed in the case  of minimal 
and maximal  durations of exposure.  In fact,  s ince polyploidization following exposure  to hepatotoxins a r i s e s  
in r e sponse  to s t ruc tura l  o r  functional changes [3, 4, 6], a definite length of exposure  is essent ial  fo r  i ts 
development  {under our  exper imental  conditions 24 h with a dose of CC14 of 300 rag/m3). Meanwhile, a f te r  
shor t  exposures  to sublethal doses or  chronic exposure  to low concentra t ions  polyploidization increased  only 
up to a ce r t a in  level .  The  r ea son  is that  during the  development  of l iver  damage the organ may become r e -  
s is tant  to the effects  both of subsequent doses  of CC14 and of o ther  toxic substances,  which can be at t r ibuted 
to the i r  effect  on the enzymes  concerned  in metabol i sm of fore ign  substances  in the hepatocytes  [5, 9, 11, 12]. 

Compar i son  of  ou r  own data with those  of o ther  workers  on the action of CC14 on the l i ve r  with the r e -  
sul ts  of a study of  ce r t a in  chlor inated hydrocarbons  (DCP and TCP [2]) indicates  that polyploidization of the 
l ive r ,  as  a manifes ta t ion of a compensa to ry  and r e p a i r  reac t ion ,  depends on the degree  of  hepatotoxici ty of 
the substance and the  c h a r a c t e r  of exposure ,  including the mode of administrat ion,  dose (i.e., concentra t ion 
of the substance and the actual t ime  of exposure),  and also the p rog ram of adminis t ra t ion  (once only, chronic ,  
continuous, o r  in te r rup ted  with different  in tervals  between exposures) .  Dependence of  the  degree  of poly-  
ploidization on toxic i ty  of chlor inated hydrocarbons ,  demons t ra ted  by the wr i t e r s  in the case  of DCP and TCP 
and assoc ia ted  with the number  of chlor ine  atoms in the molecule ,  is valid for  CC14 also.  F o r  instance,  where -  
as exposure  to DCP for  2 weeks in a concentra t ion of 100 m g / m  ~ [2] did not cause polyploidization of the 
t i ssue ,  exposure  to CC14 in the same concentra t ion led  to the  onset  of polyploidization as ear ly  as on the 9th 
day (group 7, Table  1). The d i f ferences  in the intensi ty of polyploidization d i scovered  by different  worke r s  
under  di f ferent  exper imenta l  conditions can thus be explained. 
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