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EFFECT OF SOME PESTICIDES CONTAINING CHLORINE 

ON HEMOLYTIC RESISTANCE AND ACETYLCHOLINESTERASE 

ACTIVITY OF ERYTHROCYTES 

F. I. Braginskaya, G. G. Sultaneva, UDC 577.151.044+612.111,45 
and O. M. Zorina 

KEY WORDS: pes t ic ides ;  e ry th rocy tes ;  ul t rasound.  

Pes t ic ides  can affect  the s t ruc tu re  and biological  act ivi ty  of blood cel ls  [1, 3, 7, 8, 10]. Ery throcy te8  are  
a convenient object  with which to study the ha rmfu l  act ion of pes t ic ides  on cei ls  and t he i r  m e m b r a n e s ,  fo r  
des t ruc t ion  of the cell  m e m b r a n e s  leads to readi ly  r ecordab le  hemolys i s  of these  cel ls  [1, 8]. Dependence of 
the hemolyt ic  act ivi ty  of some  pes t ic ides  and herb ic ides  on the conditions of ini t ial  act ivi ty of in t r ace l lu l a r  
enzymes  [8, la]  and on the abil i ty of the substance  to reduce the ~flowability" of the m e m b r a n e  [12] has been 
studied. However ,  the kinetic cha r ac t e r i s t i c s  of action of pes t ic ides  containing chlorine on hemolys i s  of e r y t h -  
rocy te s  and the i r  r e s i s t a n c e  to mechanica l  action, which may  c h a r a c t e r i z e  cer ta in  p r inc ip les  governing the 
physiological  act ivi ty of these compounds,  has not been studied. 

The a im  of this invest igat ion was to study the kinetics of action of pes t ic ides  containing chlorine on h e m o l -  
y s i s  and mechanica l  r e s i s t ance  of e r y t h r o c y t e s  to the action of ul t rasound and on m e m b r a n e - b o u n d  ace ty l -  
cho l ines te rase  (ACHE) act ivi ty  and a lso  to obtain quanti tat ive c r i t e r i a  with which to compare  the ef fec t iveness  
of action of pes t i c ides .  

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

Suspensions of e ry th rocy t e s  i so la ted  f rom human blood were  studied; spec i f ic  AChE act ivi ty was d e t e r -  
mined by a po ten t iomet r ic  method with automat ic  record ing  [3]. The ldnetics of e ry th rocy te  hemolys i s  in i so -  
tonic med ium under the influence of pes t ic ides  was studied by a pho toco lor imet r ic  method based  on the i nc rea se  
in light t r a n s m i s s i o n  of a suspens ion (107-108 c e l l s / m l )  during cell  des t ruc t ion  [2]. The compar i son  cuvette 
contained a suspens ion  of e ry th rocy t e s  hemolyzed  in dis t i l led wa te r .  The pes t ic ides  containing chlorine which 
were  used included herbic ides :  the sodium sa l t  of t r i ch lo roace t i c  acid (TCA) and pentacMorophenolate  (PCP-  
Na); the insect ic ide chlorophos;  the fungicide pentachloroni t robenzene  (PCNB), and the su l fu r -con ta in ing  p e s t i -  
cide rogor  (Table 1). Res is tance  of e ry th rocy te s  t r e a t ed  with the pes t ic ides  to mechan ica l  hemolys i s  through 
the action of u l t rasound (frequency 1 MHz, intensi ty  0.4 W / c m  2) was inves t iga ted  by automat ic  record ing  of the 
kinetics of e ry th rocy te  des t ruc t ion  in a spec t ropho tome te r  cuvette [2]. The p a r a m e t e r s  de te rmined  f r o m  ex-  
pe r imen ta l  kinetic curves  of u l t rasonic  hemolys i s  c h a r a c t e r i z e  the mechanica l  r e s i s t ance  of e r y t h r o c y t e s  and 
its change as a r e su l t  of t r ea tmen t  of the e ry th rocy t e s  by the chemica l  compounds chosen for  tes t ing .  

Sec tor  of Kinetics of Chemical  and Biological  P r o c e s s e s ,  Insti tute of Chemical  Phys ics ,  Academy of 
Sciences of the  USSR, Moscow. Scientific Cente r  fo r  Biological  R e s e a r c h ,  Academy of Sciences  of the A z e r -  
bai jan SSR, Baku. (Presen ted  by Academic ian  of the Academy of Medical Sciences  of the USSR A. P.  Avtsyn.) 
T rans la t ed  f rom Byulleten '  ]~ksper imtal 'noi  Biologii i Meditsiny,  Vol. 96, No. 7, pp. 36-38,  July,  1983. Original  
a r t i c le  submi t ted  June 22, 1982. 
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TABLE 1. Ef fec t iveness  of Action of P e s t i -  
cides on AChE Activity of E ry th rocy t e s  

Compound Structural formula c&o, mM 

TCA 

PCP-Na 

PCNB 

Chlorophos 

Rogor 

CCIsCOONa 
C1 CI 

C I ~ O N a  
CI C1 
C1 CI 

CIQ~cI c1NOz 
CHaO~p__CH__CCI a 

CHaO/~ t OH 
C~oO\ 

" P--S--CH~CNHCHa 

120 

5" 10 -1 

2.10-3 

5.10 -a 

100 

50 

0 

I00 

o 

a 

300 600 

. _  L I 

300 600 

I00 a ~b ~ 
80 2 3 t 

6O 

~020 2010 ~ ~  
0 300 600 

0 
0 300 6;0 

Fig. 1 Fig. 2 

Fig. i. Typical kinetic curves of hemolysis of erythrocytes treated with various concentrations of ehlorphos (a) 
and PCP-Na (b). Concentrations of chlorophes: i) 10 -2 M; 2) 9 x 10 -3 M, 3) 5 • 10 -3 M. Concentration of 
PCP-Na: 1) 5 • I0-3 M; 2) 10-2 M. Abscissa, hemolysis time (in see); ordinate, light transmittance of suspen- 
sion (in %). 

Fig. 2. Dependence of parameters of hemolysis: hemolysis time (t), half-destruction time (ts0), and velocity 
of hemolysis (v) of erythroeytes under the Lrffluence of chlorophos (a) and PCP-Na (b), on pesticide concentration 
in sample. 1) t, 2) t.~0, 3) v. Abscissa, pesticide concentration (in M • 103); ordinate: on left, t and ts0 (in see); 
on right, v (in optical density units/sec). 

EXPERIMENTAL RESULTS 

AS c r i t e r ion  of the action of pes t ic ides  on e ry th rocy te  AChE the p a r a m e t e r  of 50~o inactivation of the en-  
zyme (CAs0) was chosen.  These  pes t ic ides  were  found to have definite ant i-AChE act ivi ty.  The compounds 
chosen a re  not specif ic  AChE inhibi tors  (Table 1), for  they dep re s s  act ivi ty  of this enzyme in much higher  con-  
centra t ions  (CAs0 120 and 10-1-10 -3 mM) than the known anti-AChE agents phosphine,  amiton,  e tc . ,  fo r  which 
CA60 is 10-6-10 -8 mM [5]. Inactivat ion of the ex te rna l  enzyme AChE found in these  expe r imen t s  indicates that 
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Fig.  3. Kinetic curves  of u l t rasonic  hemolys is  of 
e ry th rocy te s  in control and in p r e sence  of p e s t i -  
cides (a); corresponding curves  for  distr ibution 
of e ry th rocy t e s  by r e s i s t ance ,  in pe rcen t ,  as  a 
function of hemolys i s  t ime  (b). 1, 1') Control;  
2, 2') 1.8 x 10 -3 M PCNB; 3, 3') 1 x 10 -4 M P C P -  
Na; 4, 4') 1 • 10 -3 M PCNB. Abscissa :  t ime (in 
sec);  ordinate:  a) light t r ansmi t t ance  (in p e r -  
cent); b ) n u m b e r  of e ry th rocy t e s  (in percent ) .  

the inhibitory action of organochlor ine pes t ic ides  is due to injury to the e ry th rocy te  m e m b r a n e s  with which 
AChE is bound [11]. An e x t r e m e  manifes ta t ion of the modifying action of chemical  compounds on the e r y t h r o -  
cyte m e m b r a n e ,  leading to a dis turbance of in tegr i ty  of the ce l l s ,  is hemolys i s .  It was shown that PCP-Na ,  
chlorophos,  and roge r  have natural  hemolyt ic  act ivi ty in isotonic medium,  but t r e a t m e n t  of e ry th rocy t e s  with 
TCA and PCMB does ac t  cause  the i r  hemolys i s .  Kinetic curves  of e ry th rocy te  hemolys i s  induced by different  
concentra t ions  of P C P - N a  and ehlorophos in isotonic med ium are  i l lus t ra ted  in Fig. 1. The curves  a re  S-  
shaped with a definite induction per iod (latent per iod) ,  and the veloci ty of hemolys i s  iS concentra t ion-dependent .  
Dependence of m e a s u r e d  and calcula ted p a r a m e t e r s  of the s t ruc tu ra l  and functional s ta te  of e ry th rocy t e s  (time 
and ra te  of hemolys i s ,  ha l f -des t ruc t ion  t ime) t r e a t e d  with pes t ic ides  on the concentrat ion of the compound is 
shown in Fig.  2. It will be c l ea r  f r o m  Fig.  2 that  with an inc rease  in concentra t ion of the compound in the in-  
cubation medium the hemolys i s  t ime and ha l f -des t ruc t ion  t ime  are  reduced  whereas  the veloci ty  of hemolys i s  
i nc rea se s  correspondingly .  The method used  to study quantitat ive cha r ac t e r i s t i c s  of e ry throcy te  hemolys i s  
under  the influence of pes t ic ides  enabled the region of concentra t ions  of the compound with a definite degree  of 
hemolyt ic  act ivi ty to be es tab l i shed  in each case .  

It has been shown fo r  ce r ta in  pes t ic ides  [10] and bac te r ic ida l  p repa ra t ions  [9] causing hemolys i s  of e r y t h -  
r ocy t e s  in isotonic medium that  they a lso  induce s tabi l izat ion of e ry th rocy te  m e m b r a n e s  to hemolys i s  in 
hypotonic medium.  It might  be expected  that the modifying action of pes t ic ides  on e ry th rocy te  m e m b r a n e s  
would also lead to a change in the i r  mechanica l  r e s i s t a n c e  to the action of ul t rasound.  Typical  kinetic curves  
of u l t rasonic  hemolys i s  of e ry th rocy tes  t r ea t ed  with var ious  concentra t ions  of pes t ic ides  a r e  given in Fig.  3a. 
PCP-Na ,  which p o s s e s s e s  na tura l  hemolyt ic  act ivi ty,  a l so  acce l e r a t e s  mechanical  u l t rasonic  hemolys i s  in con-  
centra t ions  not inducing natura l  hemolys i s  (10-4-10 -5 M, curve  3). A s i m i l a r  effect  was found fc~ chlorophos 
in a concentrat ion of 10 -3 M. TCA and PCNB, which do not t hemse lves  induce e ry th rocy te  hemolys i s ,  d i f fered 
in the i r  effect  on u l t rasonic  hemolyt ic  r e s i s t ance  of the e ry th rocy t e s .  TCA acce l e r a t ed  (curve 2) mechanica l  
des t ruct ion due to ul trasound,  but PCNB s tabi l ized  the cel ls  to it (curve 4). Different ial  curves  showing the 
pe rcen tage  distr ibution of e ry th rocy te s ,  for  r e s i s t ance  to u l t rasonic  hemolys i s  fo r  instance (Fig. 3b), were  
obtained f r o m  exper imenta l  kinetic curves  of u l t rasonic  hemolys i s  of e ry th rocy te s  in the absence  and in the 
p re sence  of pes t ic ides .  The curves  we re  ex t r ema l  in c h a r a c t e r  with an approx imate ly  uni form dis t r ibut ion of 
e ry th rocy te s  around the max imum.  Under the influence of P C P - N a  and TCA (curves 2' and 3') the posi t ion of 
the max imum was changed with a shif t  to the left ,  indicating a dec rea se  in mechan ica l  s tabi l i ty  of the e r y t h r o -  
cytes .  In the case  of PCNB, however ,  the m a x i m u m  of the dis tr ibut ion curve (curve 4') was  shif ted to the r ight  
compa red  with the control  (curve 1'), conf i rming an inc rease  in e ry th rocy te  r e s i s t a n c e  to u l t rasonic  hemolys i s  
in the p r e sence  of this compound. Table 2 gives quanti tat ive p a r a m e t e r s  cha rac te r i z ing  changes in e ry th rocy te  
r e s i s t ance  to ul t rasound under  the influence of di f ferent  concentra t ions  of pes t ic ides .  The changes in mechan i -  
cal s tabi l i ty  of e ry th rocy te s  under the influence of pes t ic ides  thus "revealed may re f l ec t  d is turbances  of m i c r o -  
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TABLE 2. Effect  of Pes t i c ides  on P a r a m e t e r s  of Ul t rasonic  Hemolys i s  of E ry th rocy te s  
(M • m) 

Control 

5002= 10 
1,092=0,03 

PCNB. m 

10--4 10--3 

7002=22 12002=150 
0,602=0,02 0,302=0,09 

TCA, M 

3.10 - a -  ] 2. 10 - ~ -  
--6"10--3 [ --3'10--2 

420• 17 3602= 19 
1,122=0,04 1,30:i:0,05 

10--6 

484•  
1,022=0,07 

PCP-Na m 

10--5 

4502=27 
1,222=0,09 

10 "4--10--3 [ 10 -2 

415• 250• 
1,30~0,05 3,00+___0,08 

Legend. F requency  of u l t rasound 1 MHz, intensi ty  0.4 W / c m  2. t) Hemolys i s  t ime (in sec);  
v) veloci ty  of hemolys i s  (in optical  densi ty u n i t s / s e c ) .  

v i scos i ty  of the p ro te in - l ip id  s y s t e m  [6, 7]. Under  these  c i r c u m s t a n c e s  pes t i c ides  m a y  e i the r  be inco rpora t ed  
into the l ipoprote in  s t ruc tu re  of the e ry th rocy te  m e m b r a n e  [3] or  in te rac t  with e ry th rocy te s  by dis t r ibut ion on 
the hydrophobic su r face  s i tes  of the m e m b r a n e  where  the AChE which they inact ivate  is located.  

Quanti tat ive c h a r a c t e r i s t i c s  of the effect  of organochlor ine  pes t ic ides  on s t ruc tu ra l  and functional changes 
in e ry th rocy t e s  were  thus obtained on the bas i s  of p a r a m e t e r s  ref lect ing hemolyt ic  r e s i s t ance  and AChE ac -  
t ivi ty .  Since d i s tu rbances  of e ry th rocy te  m e m b r a n e s  may  a lso  re f l ec t  the c h a r a c t e r i s t i c s  of changes in the 
p l a s m a  m e m b r a n e s  of o ther  t i s sues  [4], there  is r ea son  to suppose that de terminat ion  of these c h a r a c t e r i s t i c s  
can a l so  be used to judge r e sponses  of other  biological  cel ls  to these  subs tances .  

The authors  a re  gra teful  to Dr .  Chem. Sci. P r o f e s s o r  K. E. Kruglyakova fo r  help in the d iscuss ion of the 
resu l t s .  
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