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Tho physiological action of endrin, malathion and neurotoxins liberated by them was studied on 

isolated cockroach heart. In the action of malathion acetylcholine is involved and it does not 

paralyse the cardiac ganglia. Contrary to this malathion ncurotoxin acts by paralysing cardiac 

ganglia and acctylcholine is not involved in its action. Endrin and its neurotoxin act a t the 

cardiac ganglia by paralysing them and acetylcholine is not involved in their action.

IN TR O D U C TIO N

I t has been shown that during D D T 

poisoning, a toxic substance is liberated into 

the blood o f Periplaneta am ericam  L., which 

by chemical analyses proved to be neither 

D D T nor its metabolite ( S t e r n b u r g  &  

K e a r n s ,  1952; S h a n k l a n d  &  K e a r n s ,  1959). 

The neurotoxin released by TEPP. m alathion 

and pyrethrum  into the blood of cockroach, 

when applied to  an isolated nerve cord, 

produced increased spontaneous activity and 

also an increase in the heart beat frequency 

(COLHOUN, 1958; S u d e r s h a n  &  N a i d u ,  

1967). A recent report ( P u r u s i i o t h a m  R a o

&  N a i d u ,  1976) has shown that site of 

action for neurotoxins and nicotine appears 

to be the same. The present investigation 

was undertaken to  study and com pare the 

physiological action of m alathion, endrin 

and the neurotoxins released by their action.

M A TERIA LS AND M E TH O D S

The isolated cockroach heart technique descri­

bed earlier ( K r u g s m a n  a / , 1950; N a i d u , 1955) 

was employed in the present studies. The frequency 

o f h eart-b ea t was taken as a m easure o f the action

of insecticide o r neurotoxin and each experiment was 

carried out on a t least five different heart prepa­

rations. The mean result o f five tests provides the 

value for each point on the graph. Arrow s in the 

figures indicate the point o f addition  of test solution 

to the heart preparation. Laboratory  reared male 

adults o f Periplaneta americana L. were used for the 

experiments.

The concentration equivalent to LD^o of m ala­

thion and endrin dissolved in ethanol was injected 

intraperitoneally to P. americana. F our hours 

after the treatm ent blood was collected by centri­

fugation and the toxic neuroactive substance was 

isolated as described by S t e r n b u r g  et al. (1959). 

Test solutions o f insecticides and neurotoxins were 

prepared in ethanol (wt/vol) while drugs in distilled 

w ater and incorporated in to  the physiological 

solution. The concentration of ethanol used was 

found to be no t detrim ental to the isolated cock­

roach heart.

RESU LTS

Effect o f  malathion and endrin (Fig. 1)

M alathion (A, 2x 10~6 jtg/ml) caused an 

immediate increase in the frequency of the 

heart beat (FHB) which continued for 

sometime, later a steady decline was 

observed. A t lower concentration (B,



Effect o f  cholinergic drugs on the activity o f  

insecticides

The anticholinesterase, eserine (1 x I0~8 

(ig/mi) by itself had little or no action on 

the FH B when added to a heart preparation, 

but potentiated the activity of m alathion 

(5  X 1 0 - ' ,ig/ml). Similar potentiation of 

m alathion was also seen w ith very low con­

centration of acetylcholine (2 x lO'^  ̂ ^g/ml) 

but atropine (5 x 18“  ̂ ^g/ml) inhibited the 

action o f  m alathion (Fig. 3).

Figs. 1 and 2. Effect o f m alathion (M AL) and 

endrin (E N D ) on the  isolated cockroach heart 

(upper) and Effect o f m alath ion—neurotoxin (NT) 

on the isolated cockroach heart (lower),

5 x 1 0 “ '’ /tg/ml) a similar effect was produced 

except tha t the initial increase caused was 

slightly less. A slight increase in the ampli­

tude was seen. Endrin (A, 5 x 10~^;ig/ml) 

induced an immediate increase in the fre­

quency followed by a rapid decline, this was 

accompanied by slightly reduced amplitude. 

At lower dilution (B, 3 x lO^s /ig/ml) the 

initial increase caused was slightly less.

Effect o f  malathion and endrin toxins (Fig. 2)

N eurotoxin released by the action of 

m alathion (A, 5 x iO '̂* (ig/ml) caused an 

immediate increase in the FHB which was 

sustained for some time followed by rapid 

decline. No apparent change in the ampli­

tude o f the heart beat was observed. At 

lower concentration (B, 2 x 10“  ̂ /ig/ml) a 

similar effect on the FHB was seen except 

th a t the initial increase caused was less. 

An identical action was seen with endrin- 

neurotoxin on the isolated cockroach heart.

■o >io I to
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Figs, 3 and 4. Effect o f eserine (ESR), acetylcho­

line (A CH ) and atropine (ATR) on the action o f 

m alathion (M AL) (upper) and Effect o f  eserine 

(ESR), acetylcholine (ACH ) and atropine (ATR) on 

the action of endrin (E N D ) (lower).

To a heart preparation previously trea­

ted with endrin (5 x 10~7 ^g/ml) addition of 

eserine (Ix  10-8//g/ml) or acetylcholine (2 x 

10^‘Vg/m!) did not cause significant change in 

the heart beat rate. Atropine (5 x lO-s 

/jg'ml) a cholinergic blocker did not interfere 

with the action o f endrin (Fig. 4). After 

prolonged treatm ent of nicotine (5 x IQ-s 

;ig/ml) for 3hrs addition of endrin did not 

cause any significant change in the frequency



Fig. 5. Effect o f nicotine (N IC ) on the action of 

endrin (EN D ) and vice versa.

o f the heart beat. When the treatm ent was 

reversed the action o f nicotine was reduced 

significantly (Fig. 5).

D ISCUSSION

The changes produced in the FHB by 

m alathion, endrin and their neurotoxins are 

similar, suggesting similarity in the site and 

mode o f action o f the insecticides and their 

neurotoxins. However, reaction with choli­

nergic drugs gave contrary results.

The potentiation of m alathion by low 

concentrations o f eserine or acetylcholine 

suggests the involvement o f acetylcholine 

in its action, which is further supported by 

the fact that atropine a cholinergic blocker 

inhibits its action. Earlier findings of 

N a i d u  (1965) showed tha t nicotine was able 

to  manifest its norm al action after prolonged 

treatm ent with m alathion. If  the treatm ent 

was reversed, the action o f m alathion was 

not seen. It was concluded that m alathion 

does not produce its action by causing 

paralysis o f cardiac ganglia as nicotine does, 

but by stimulating them.

Eserine or acetylcholine in low con­

centration do not potentiate the action of 

endrin and atropine does not antagonise its 

action. It is reasonable to believe that 

acetylcholiae is not involved in the action o f 

endrin. Further, its action on the cardiac 

ganglion is evident from the fact that after 

prolongsd action of nicotine, endrin does 

not cause any change in the FHB.

The authors have recently reported 

(PuRusHOTHAM R a o  & N a id u , 1976) that 

after prolonged treatm ent of neurotoxin 

released by m alathion and endrin, nicotine 

did not produce any change in the heart 

beat frequency. The activity o f neurotoxins 

on the heart was neither antagonised by 

atropine nor potentiated by eserine. It was 

concluded that neurotoxins act at the 

cardiac ganglia and acetylcholine is not 

involved in their action. The present 

findings on endrin appear to be in agreement 

with the above contention.

/Acknowledgement:- one o f us (APR) is grateful to 

CSIR , New Delhi for the award of research lellow- 

ship.

R EFEREN CES

COLHOUN, E. H. (1958) Tetraethyl pyrophosphate 

and acetylcholine in Periplaneta americana. 

Science, 127 : 25.

K r i j g s m a n , B. J., D . D r e s d e n  & N . E. Be r g e r  

(1950) The action o f R otenone and tetraethyl 

pyrophosphate on the isolated heart o f the 

cockroach. Bull. ent. Res., 41 : 141-1 :!.

N a i d u , M, B. (1955) Physiological action of drugs 

and insecticides on insects. Bull ent. Res., 

46 : 205-220.

N a id u , M. B. (1965) Site o f action o f piperonyl 

butoxide and m alathion in insects. Ind. J. exp. 

Biol., 3 ; 67-68,

PURUSHOTHM R a g , A. & M . B. N a i d u  (1976) Site 

and m ode of action of neurotoxins released by 

insecticide poisoning. Ind. J. exp. Biol., 14 ; 

343-344.

S h a n k l a n d , D. L. & C. W. K e a r n s  (1959) C harac­

teristics o f blood toxins in D D T -poisoned 

crockroaches. Ann. ent. Soc. A m er., 52 : 

386-394.

SiERNBURG, J. & C. W. K e a r n s  (1952) The presence 

o f toxins o ther th an  D D T  on the blood of 

D D T -poisoned  roaches. Science, 116 : 144-147. 

S t e r n b u r g , j . ,  s .  C. C h a n g  & C. W. K e a r n s  (1959) 

The release o f a neuroactive agent by the Am e­

rican cockroach after exposure to D D T  or 

electrical stim ulation J. econ. Ent., 52 : 1070- 

1076.

S u d e r s h a n , P. & M. B. N a i d u  (1967) Effect of 

insecticide treated crockroach blood on the 

heart beat o f Periplaneta americann L. Ind. J. 

exp. Biol., 5 : 215-218.




