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The prolonged action of carbon disulfide produces signs of chronic poisoning accompanied by dis-  
turbances in the nervous system [2, 3, 6, 7, 10, 11]. 

The object of the investigation was to study the action of low concentrations of carbon disulfude on 
the acetylcholine {AC) system, changes in which are  a sensitive index of the functional state of the nervous 
sys tem [1]. 

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

Experiments  were ca r r i ed  out on 26 chinchilla rabbits weighing 2.2-3.5 kg. The animals were 
poisoned for  12 months with a daily exposure of 2 h. The effect of two concentrat ions of carbon disulfide 
in the air  was studied: 10 m g / m  3, corresponding to the maximal  allowable concentrat ion for  industrial  
p remises ,  and 100 m g / m  3. To detect changes in the react ivi ty of the animals [11], in the course  of a yea r  
all the animals were  immunized three t imes subcutaneously with typhoid vaccine (1.5 billion bacter ia l  
ce l l s /ml) .  Every  two weeks the AC concentrat ion in the blood of the rabbits was determined by a biologi-  
cal method on the isolated f rog ' s  lung [12, 17], the acetylcholine es te rase  (ACE) activity was determined 
by the method of F le i sher  and Pope [15] as modified by M. M. Eidel 'man [13], and the butyrylchol ines ter -  
ase (BCE) activity was est imated by an analogous method using butyrylcholine as substrate (8 ~moles BC 
in a sample with 0.2 ml blood). At the end of the experiment,  some of the animals were sacr i f iced and 
the total AC {after homogenization in 0.86~c sodium chloride solution and precipitat ion of the proteins  by 
boiling) and the activity of ACE and BCE (in homogenates prepared  in 0.137 M phosphate buffer, pH 7.2) 
were investigated in the brain, liver, kidneys, and skeletal muscles .  The resul ts  obtained were analyzed 
by statist ical  methods, and differences were considered significant when P -< 0.05 [14]. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The AC content in the blood of the control rabbits changed mainly as the result  of immunization. 
F rom 3 to 5 weeks af ter  each immunization, the concentrat ion of media tor  in the blood fell t emporar i ly  
(Fig. 1). This decrease  was par t icular ly  marked after  the third immunization, which took place in the 
control rabbits later  than in the experimental  (because the t i ter  of agglutinins remained high for a long 
time). During the f i rs t  two months of observation and toward the end of the l l t h  month, the AC concent ra-  
tion in the blood of the control rabbits  was indistinguishable f rom its initial level, while during the period 
f rom 4.5 to 8.5 months  it slightly exceeded the initial level. 

In the case of poisoning with carbon disulfide in a concentration of 100 mg/m3,an increase  in the 
blood AC concentration was observed after  two months of poisoning (Fig. 1). The f i r s t  immunization, 
car r ied  out at this time, produced a decrease  in the blood AC concentration as in the control ser ies ,  but 
the decrease  was g rea te r  in absolute t e rms .  In the period between 5 and 8.5 months of poisoning AC ac-  
cumulated in the blood (much more  than in the control series),  with weakening of the react ion to the sec,- 
ond and third immunizations.  After 9 months of poisoning, the blood AC concentrat ion fell to its initial 
level and became significantly below that level at 10 months. Two months af ter  cessat ion of poisoning 
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F i g .  1. D y n a m i c s  of b lood  a c e t y l c h o l i n e  c o n c e n t r a t i o n  in c a r b o n  d i s u l -  
f ide  po i son ing .  A b s c i s s a  - -  d u r a t i o n  of p o i s o n i n g  (in months ) ,  o r d i n a t e  
- -  a c e t y l c h o l i n e  c o n c e n t r a t i o n  in  b lood  (in g / m l ,  l o g a r i t h m i c  s c a l e ) .  
1) Con t ro l ;  2) c a r b o n  d i s u l f i d e  in c o n c e n t r a t i o n  of 100 rag/m3; 3) c a r -  
bon d i s u l f i d e  in c o n c e n t r a t i o n  of 10 m g / m  3. S y m b o l s  - -  t i m e s  of i n v e s -  
t iga t ion ;  c o m p l e t e l y  s h a d e d  - -  t i m e s  with  s i g n i f i c a n t  d i f f e r e n c e s  (P -< 
0.05) f r o m  in i t i a l  l e v e l  o r  p r e c e d i n g  t i m e ,  ha l f  s h a d e d  - -  c o r r e s p o n d i n g  
to P < 0.1. V e r t i c a l  a r r o w s  - - t i m e  of i m m u n i z a t i o n .  

(the recovery period) the AC concentration in the blood of the rabbits poisoned with carbon disulfide in a 

concentration i00 mg/m 3 remained low. 

During carbon disulfide poisoning in a lower concentration w i0 mg/m 3 -- an increase in the blood 

AC concentration also took place after two months, with accumulation of AC between 4.5 and 8.5 months. 
The first and second immunizations caused the blood AC level to fall, while the reaction of the rabbits of 

this series to the third immunization was weakened. After i0 months of poisoning with carbon disulfide 

in a concentration of i0 mg/m 3 a tendency appeared for the blood AC concentration to fall, but near the 

end of the period of observation it returned to its initial level (Fig. i). All the changes in the blood AC 

concentration in the rabbits of this series were less marked than in the animals of the preceding series. 

The ACE activity of the blood of the control animals was essentially indistinguisable from its initial 

level throughout the period of observation, but showed a tendency to increase by 18-27% between 3 and 8 

weeks after each immunization. By the end of the investigation the ACE activity had fallen (Fig. 2). 

In carbon disulfide poisoning the blood ACE activity of the experimental animals remained unchanged 

during the first two months, while from the 3rd to the 8th month at most times it was above the initial level, 

corresponding to the higher AC concentration in the blood of the experimental animals at this period. In 

the animals poisoned with carbon disulfide in a concentration of I00 mg/m 3 the ACE activity did not in- 

crease in response to the second and third immunizations, but starting with the 9th month it fell below the 

initial level; by 10.5 months, the ACE activity had fallen on the average by 34% (Fig. 2). After cessation 

of poisoning the ACE activity in the blood of the rabbits of this series returned temporarily to normal after 
1.5 months and again fell by 27% after 2.0-2.5 months. The blood ACE activity i~'the rabbits poisoned with 

carbon disulfide in a concentration of I0 mg/m 3 underwent the same changes after the second and third im- 

munizations as in the control series; by the end of poisoning (Fig. 2), a significant decrease in the activity 

of the enzyme was observed. 

The blood BCE activity (Fig. 3) of the control animals at most times was on the average slightly 

above the initial level, but a significant difference was observed only in the first two weeks. With a carbon 
disulfide concentration Of I0 mg/m 3, the level of this index fluctuated in a sinusoidal manner about the in- 
itial level with statistically significant decreased at the 5th and 12th months of poisoning. With a carbon 
disulfide concentration of I00 mg/m 3 the BCE activity of the blood fell significantly after 4.5 months (by 
40-50%), and remained at this level until the end of poisoning and for 2.5 months after its termination. 

749 



60 

$ 0  

2"..  k" ,~-o-.~ ' /~ . ~ . ~  +.-~ 

1st 2rid 3re 3rd 
Exptl. series Control 

0 II i I I I . . . . .  I i i i i i , , - 

i~ 3 ,~ S 6 7 ,t 9 #0 ~# f2 13 

Fig .  2. D y n a m i c s  of b lood  a c e t y l c h o l i n e  e s t e r a s e  a c t i v i t y  du r ing  c a r -  
bon d i s u l f i d e  po i son ing .  O r d i n a t e  - -  a c e t y l e h o l i n e  e s t e r a s e  a c t i v i t y  
( in /xmoles  AC h y d r o l y z e d  by  1 m l  b lood  p e r  hour ) .  R e m a i n d e r  of l egend  
as  in F ig .  1. 
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Fig .  3. D y n a m i c s  of b u t y r y l c h o l i n e s t e r a s e  a c t i v i t y  of the  b l o o d  
du r ing  c a r b o n  d i su l f i de  po i son ing .  Ord ina t e  - - b u t y r y l c h o l e s t e r -  
a s e  a c t i v i t y  (in # m o l e s  BC h y d r o l y z e d  by 1 m l  b lood  p e r  hour ) .  

Some of the  a n i m a l s  w e r e  s a c r i f i c e d  11-12 m o n t h s  a f t e r  the  beg inn ing  of the  e x p e r i m e n t  to  i n v e s t i -  
ga te  the  AC s y s t e m  in the  t i s s u e s  ( three  r a b b i t s  f r o m  each  s e r i e s  of e x p e r i m e n t s  u s ing  a c o n c e n t r a t i o n  of 
10 m g / m  s and the  con t ro l  s e r i e s  and fou r  n o r m a l  i n t a c t  a n i m a l s ) .  The  only s t a t i s t i c a l l y  s i gn i f i c an t  d i f -  
f e r e n c e  b e t w e e n  the  c o n t r o l  a n i m a l s  and the  n o r m a l  was  an i n c r e a s e  in  the ACE a c t i v i t y  of the b r a i n .  In 
the  r a b b i t s  p o i s o n e d  wi th  c a r b o n  d i s u l f i d e  (see  T a b l e  1), on the o t h e r  hand, t h i s  index  was  l o w e r e d .  The  
BCE a c t i v i t y  of the  l i v e r  a l so  was  l o w e r e d .  The  g r e a t e s t  changes  w e r e  o b s e r v e d  in the  k idney ,  w h e r e  the  
AC c o n c e n t r a t i o n  was  i n c r e a s e d  and the a c t i v i t y  of bo th  t y p e s  of c h o ] i n e s t e r a s e  w a s  d e c r e a s e d .  

On the b a s i s  of the  r e s u l t s  ob t a ined  in t h e s e  e x p e r i m e n t s  r e f l e c t i n g  the  d y n a m i c s  of the  AC s y s t e m  
in the  b lood  of the  r a b b i t s  dur ing  c h r o n i c  c a r b o n  d i su l f i de  po i son ing  and the  r e a c t i o n  of th i s  s y s t e m  to i m -  
m u n i z a t i o n ,  t h r e e  p r i n c i p a l  p e r i o d s  can  be  d i s t i n g u i s h e d :  the  f i r s t  2-4  mon ths  of p o i s o n i n g  - -  an i n c r e a s e  
in  AC c o n c e n t r a t i o n  wi th  n o r m a l  ACE and  BCE a c t i v i t y  and a u s u a l  o r  i n t e n s i f i e d  r e a c t i o n  to  i m m u n i z a t i o n  
( i .e . ,  a f a l l  in AC c o n c e n t r a t i o n  and i n c r e a s e  in ACE ac t iv i ty ) ;  4 .5 -8 .5  mon ths  f r o m  the beg inn ing  of p o i s -  
oning - -  an i n c r e a s e  in the  AC and ACE content ,  b u t  wi th  the h i g h e r  d o s a g e  of c a r b o n  d i su l f ide  a d e c r e a s e  
in  BCE a c t i v i t y  and a t e n d e n c y  fo r  t he  r e a c t i o n  of AC and ACE to i m m u n i z a t i o n  to d i m i n i s h ;  9 -11  m o n t h s  
- -  wi th  the  h i g h e r  c o n c e n t r a t i o n  of c a r b o n  d i su l f i de  a l o w e r i n g  of a l l  the  AC ind i ce s ,  but  wi th  the  l o w e r  
c o n c e n t r a t i o n  r e s t o r a t i o n  of the  n o r m a l  l eve l  of the  i n d i c e s  fo l lowed  b y  a d e c r e a s e  of ACE and BCE.  A 
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TABLE 1. Concentration of AC and Activity of ACE and 
BCE in Organs of Animals Poisoned with Carbon Disul-  
fide in a Concentration of 10 mg/m 3 

Normal 

Control 

Experiment 

Normal 

Control 

Experiment 

Normal 

Control 

Experiment 

Normal 

Control 

Experiment 

I ACE (in BCE (in 
AC (in g/g tissue) ~moles AC/g/h) / gmoles BC/g/h) 

Brain 

--7,992+_ 0,9094 359,4_+ 32,19 90,0+_ 23,42 
(1.10 -s) 

--7,780_+0,5292 553,3__.41,13 144,7+_44,92 
(1,7 -10 -s) 

--7,030_+ 0,4123 274,2+_5,003 67,8+_ 13,96 
(9,3 �9 10 -s) 

Kidneys 

--9,817+_0,3435 9,90_+1,67 23,3+6,34 
(1,5 "10 -1~ 

--9,817_+ 0,4099 8,70- + 1,46 9,8+- 3,24 
(1,5 "10 -1~ ) 

~8,950+-0,4159 4,16_+1,84 4,8• 
(1.1.10 -9) 

Liver 
--9,813_+0,5070 32,4+_3,49 40,9+_7,75 

(1,5 "10 -1~ 
--9,920_+ 0,2449 33,1_+-3.77 52,6+_3,76 

(1,2 "10 -l~ 
--9,800_+0,9633 32,8+_0,64 27,0-+6,64 

(1,6 '10 -1~ 

Muscle 
--9,240• 1,26t 8,55-+ 2,68 

(5,8 q0 -'~ 
--9,407-+0,1517 

(3,9-10 --lo) 8,61 _+ 1,94 
--8,000_+0,9381 6,90• 

(1 "10 -s) 

2,1_+0,47 

2,3_+ 0,664 
2,6- + 0,808 

Note: Mean content of AC and its e r r o r  given in loga- 
r i thmic form, for the sake of c lar i ty  all the mean values 
were converted to anti logari thms (the geometr ic  mean 
values obtained are given in parentheses) .  

noteworthy feature was the more  marked disturbances in the AC sys tem with the higher concentration of 
carbon disulfide, when the indices had not re turned to normal  2.5 months after poisoning was discontinued. 

The f i rs t  and, possibly,  the second phases of the changes descr ibed indicate activation of cholinergic 
mediation at par t i cu la r  stages of carbon disulfide poisoning (what D. E. Al 'pern  [1] descr ibes  as the phase 
of hnmoral  compensation), in agreement  with results  obtained by other workers  [2, 3, 6]. The third phase 
may be explained by the gradual development of decompensation. On the whole, the resul ts  obtained con- 
cur  with the periodizat ion of the changes in the central  and autonomic nervous system suggested by 
~. A. Drogychina [5] in cer tain forms of chronic poisoning. 

The decrease  in BCE activity in the blood may be explained by depress ion  of the production of this 
enzyme, which enters  the blood s t ream from the l iver  [16]. This explanation is supported by repor ts  in 
the l i te ra ture  describing the severi ty  of the lever  damage in carbon disulfide poisoning [4, 10] and also by 
the decrease  in BCE activity observed in the presen t  experiments in the t issue of this organ. 

The sever i ty  of the dis turbances in the AC sys tem in the kidneys cor responds  to data indicating the 
accumulation of carbon disulfide in these organs [7-9] and the development of functional changes during 
chronic poisoning [7]. 

The ear ly  appearance of the changes descr ibed and their  distinct pat tern  of change during develop,  
ment of poisoning confirm that the state of the AC sys tem is a sensitive index of the reaction of the organ-  
i sm to chronic external fac tors .  
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