
E F F E C T  

P L O I D Y  

No 
T. 

O F  1 , 2 , 3 - T R I C H L O R O P R O P A N E  ON T H E  

O F  R A T  L I V E R  C E L L S  

N. B e l y a e v a ,  V. R.  T s u l a y a ,  UDC 612.35.014.24:612.6.052].014.46:547.412.63 
L. M a r s h a k ,  a n d  V. Ya .  B r o d s k i i  

Cytophotometr ic  and ka ryomet r i c  "studies of ploidy of albino ra t  hepatocytes showed that af ter  
inhalation of 1 ,2 ,3- t r ichloropropane in a concentra t ion of 0.8 mg / l i t e r  the number of mono-  
nuclear  cel ls  with a nucleus of higher  ploidy was increased and the number of binuclear cells  
was reduced. 
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The ploidy of the hepa tocy tes  can be changed by severa l  procedures  injuring the liver. In par t icular ,  
an increase  in the ploidy of the nuclei can be observed  after  part ial  hepatectomy on the normal  l iver [6, 9] 
and in the l iver  when pathologically changed by the action of carbon te t rachlor ide  [8] and potassium pe rman-  
ganate [7]. Polyploidization of the hepatocytes  developed in ra ts  t reated with thioacetamide [13], carbon 
te t rachlor ide  [17], and phenobarbital  [18] and also in domest ic  cats  af ter  denervat ion of the l iver  [4]. Mean- 
while , ce r ta in  other p rocedures  may leave the polidy of the l iver  cel ls  unchanged or  reduce it [5, 10]. 

The study of fac tors  capable of changing cell ploidy is promis ing in connection with the d iscovery  of 
ways of influencing regenera t ion  in the liver. 

The response  of the l iver  to poisoning has been studied in the case  of only one of the ha logen-subs t i -  
tuted hyd roca rbons ,  CC14. This paper descr ibes  an investigation of another compound of this c l a s s ,  namely 
1 ,2 ,3- t r ichloropropane (TCP), which is used in industry in the manufacture of cer ta in  synthetic rubbers  and, 
because of its action, is c lassed  among the general  anesthetics.  After an exposure of 2 h to TCP in a con-  
centrat ion of 7 mgAi t e r  in the. air ,  narcos is  develops in 50 % of mice. In a subacute exper iment  as a resul t  
of inhalation the animals were re ta rded  in weight, their condit ioned-ref lex activity was disturbed, and de-  
generative changes appeared in some parenchymatous  organs ,  notably in the l iver  [11]. 

Under the conditions of the present  experiments  TCP had no appreciable harmful  action on the liver.  

The object of this investigation was to examine the effect of TCP on the ploidy of l iver  cells. 

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

Male albino ra t s  inhaled TCP for 1 week. The concentrat ion of TCP in the chamber  was 0.8 rag/liter. 
Another group of ra ts ,  not exposed to the action of this compound, acted as the control.  

Fi lms of hepatocytes  were obtained by the method of Jacob and Bhargava [14]. The a i r -d r i ed  films 
were fixed for 30 min in Carnoy ' s  mixture and stained by Feulgen 's  method with hydrolys is  for 13 rain in 
1 N hydrochlor ic  acid at 60~ The optical density of the DNA-fuchsin was determined with a s ingle-beam 
probe cytophotometer  with square probe of regular ly  changing size. Measurements  were made in the 540 
nm region. The DNA content in the nucleus was calculated as the product  of optical density and a rea  of the 
probe and expressed  in ploidy units. His tograms were plotted for two of the control  and three of the ex-  
per imental  animals on the basis  of counts of 100-170 nuclei f rom each animal. 
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Fig. 1. Dis t r ibut ion of h e p a -  
tocyte nuclei by ploidy c l a s s e s  
(N) in contro l  (A) and e x p e r i -  
menta l  (B) ra t s .  Absc i s sa ,  DNA 
content  (in ploidy units); ordinate ,  
number  of nuclei in each in terval  
(in ~). 

To identify the hepatocytes  when the r e l a t ive  pe rcen tages  of 
mono-  and b inuc lear  ce l l s  of d i f ferent  ploidy the f i lms  were  stained 
with gal locyanin by E i n a r s o n ' s  method. In that case  about 14,000 
ce l l s  were  counted. The ploidy index (P) was ca lcula ted  by the equa-  
tion [6]: 

~g,Pg 

where  Pk  is the pe rcen tage  of ce l l s  with a pa r t i cu l a r  ploidy (k). 

R E S U L T S  

The cy tophotomet r ic  invest igat ion showed that the nuclei in 
the l iver  of both intact  and expe r imen ta l  r a t s  were  grouped into 
c l e a r l y  defined pr inc ip le  c l a s s e s  of ploidy (Fig. 1). 

However,  the h i s t o g r a m s  give an idea only of the ploidy of the 
nuclei.  The ra t io  between the numbers  of mononuc lear  and b inuclear  
ce l l s  in the population is no l e s s  impor tant .  For  hepatocyte nuclei, 
c o r r e l a t i o n  has  been  shown between the s ize  of the nuclei and their  
content  of DNA in a number  of cy tophotomet r ic  invest igat ions [1, 13, 
15]. This  co r r e l a t i on  and the absence  of hepatocytes  of in te rmedia te  
ploidy make it poss ib le  to study the d is t r ibut ion  of mono-  and b i -  
nuc lear  hepa tocytes  of d i f ferent  ploidy c l a s s e s  by using p a r a m e t e r s  
such as the s ize  of the nuclei and the i r  number  in the cel l  for this 
purpose .  Inves t igat ions  of the l iver  of no rma l  r a t s  aged 7-8 months 
by this method (Table 1) showed no d i f fe rence  as r e g a r d s  the ra t io  
between the numbers  of hepatocytes  of d i f ferent  ploidy f rom the 
mean  values  given by Ryabinina and Benyush for  the l iver  of Wis tar  
r a t s  [6]. 

S ta t i s t ica l  ana lys i s  of the r e s u l t s  of the d is t r ibut ion for two 
age groups  in the group of expe r imen ta l  an ima l s  inhaling TCP (sub- 
group 1: r a t s  aged 7-11 months Nos. 6, 7, and 8; subgroup 2: r a t s  
aged 2 weeks ,  Nos. 9, 10) showed that the d i f f e rences  within each 
ploidy c l a s s  were  not significant;  this  mean t  that  the expe r imen ta l  
and control  groups  of an imals  could be c o m p a r e d  by taking the mean  
value s. 

The ploidy index calcula ted f rom these  data,  cha r ac t e r i z i n g  
the mean  ploidy of the hepatocytes ,  was  the same  inthe  expe r imen ta l  

an imals  (P = 4.48) as in the cont ro ls  (P = 4.49). These  indices co r r e sponded  to the analogous indices for 
the r egene ra t ing  and no rma l  r a t  l ive r  [6]. 

Meanwhile, c o m p a r i s o n  of the dis t r ibut ion of the hepatocytes  by ploidy c l a s s e s  showed a s ignif icant  
i nc r ea se  in the number  of mononuc lear  polyploid hepatocytes  with a d e c r e a s e  in the pe rcen tage  of b inuc lear  
cel ls .  As Table 1 shows, as a r e s u l t  of the inhalation of TCP the pe rcen tage  of mononuc lear  te t raploid  
(P <0.001) and octaploid (P <0.005) ce l l s  i nc reased  and ce l l s  with a ploidy of 16 n appeared .  The pe rcen tage  
of mononuclear  diploid ce l l s  was  unchanged. The re  was a pa ra l l e l  d e c r e a s e  in the pe rcen tage  of b inuclear  
ce l l s  (P <0.01 for  te t raploid  and P <0.05 for  octaploid).  A d e c r e a s e  in the number  of b inuc lear  ce l l s  in the 
l iver  during polyploidizat ion of the nuclei has  also been obse rved  af ter  the act ion of po t a s s ium p e r m a n g a -  
nate [7] and also in the ea r ly  per iod a f te r  pa r t i a l  hepa tec tomy [6]. P r e s u m a b l y  the i nc rea se  in the number  
of mononuclear  polyploid ce l l s  in the l iver  obse rved  in the p re sen t  invest igat ion a f t e r  inhalation of TCP 
by r a t s  is the r e su l t  o f  a comple ted  wave of mi tos i s .  In this case ,  jus t  as in no rma l  ontogeny of the l iver  
[9, 12, 15], mi tos i s  of the b inuclear  cel l  mos t  l ikely leads to the appearance  of two mononuclear  ce l l s  of the 
same  ploidy (2 n x2  --~mitosis ~ 4  nM + 4 n). 
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TABLE 1. Relat ive  Pe rcen t age  of Cel ls  of Dif ferent  Ploidy in the 
L ive r  of Intact 'and Expe r imen ta l  Rats  

Group of ~.~= Number of hepatocytes of different ploidy (in %) I~ 

1 "Q ~ 

animals "~ ~" 2n 2 n + 2 n  4n 4 n + 4 n  8n 8 n + 8 n  16n ~ ~ ~ 

Z o u  

Control [ 
animals 

N-* 1 2651 3,2 14,7 72,5 7,4 1,8 0,4 -- 2001) 
N.* 2 2401 2,9 14,7 73,4 7,3 1,7 I000 
J~-* 3 2601 2,1 12,8 75,1 5,7 4,0 0~ 2000 
J~- 4 260 i 1,2 5,5 74,1 t5,2 3,9 0,1 1000 
~-0 5 270 2,3 9,8 70,1 14,8 2,6 0,4 lO00 

! 

M--m 259 2,4--*-0,4 11,5--1,7 73,0--0,9 10,1-----2,01 2,8-----0,5 10,2--0,1 
I 

F I 

Experim. 
animals 
(inhaling 
TCP) 
~6 2401 3,1 2,7 82,6 3.9 7.2 0,3 0,2 2000 
N.,7 2701 3,4 0,9 86,3 1,4 7,9 0,1 -- 1328 
j~.o8 3~n5 1,6 5,8 79,7 6,6 6,0 0.3 lOOO 
N.~ 9 ,w 2,7 1,7 85,9 2,3 6,9 0,4 O~ 1000 
1r 10 160 2,2 1,7 77,9 5,6 11,3 0,6 0,7 .1000 
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