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Abstract: Organophosphate pesticides exert their toxic effects by cholinesterase 
inhibition and the consequent proiongation of the undesirable effects of 
accumulation of acetylchol ine. The signs of toxicity include tremors. convu lsions. 
lachrymation. urination . defecation etc. However. prolonged cholinesterase 
inhibition through sustained administration of organophosphates could lead to the 
gradual disappearance of the in itial signs of toxicity in the course of time. termed 
behavioral tolerance. The present study was undertaken to examine in albino rats 
the development of behaviorai tolerance to phosalone. an organophosphate 
insecticide commonly used in agricultural operations. After determining the LDso 
dose, oral doses ranging between Yi LD50 to Ys LD50 (both inciusive) were . 
administered daily for a period of 15 days to six batches of rats (each batch of 12-
20 animals), and changes in consummatory behavior (eating and drinking) , body 
weight and cumulative mortality were monitored daily to assess the development of 
behavioral tolerance at a particu lar dose. The onset and disappearance and 
frequency of toxic signs and symptoms were also taken into consideration to arrive 
at a daily sublethal tolerable oral dose of phosalone. A dose of % LD50 was finally 
selected for daily dosing for 15 days. The occurrence of tremors and convulsions 
was observed each day after dosing during a time period of 6h at intervals of Yih. 
2h, 3h , and 6h. The study revealed that albino rats develop behavioral tolerance to 

- phosalone toxicity. This may have implications in agricultural operations employing 
this insecticide. 
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Introduction 

Organophosphate (OP) pesticides. though short-lived in terms of persistence in 

environment. exhibit a very high degree of toxicity in target and non-target species. 

Most of the organophosphate compounds, despite being used aga inst a pest 

species, do normally show a wide spectrum . of toxic actions in several an imals . 

including the behavioral, neurological and b1och8mical ones (Johnson, 1975; 

Davies and Richardson . 1980) Many short-term studies conducted on 

organophosphate poisoning enable us to understand the adverse effects of these 

compounds during acute exposure as a part of occupational hazard in agricultura!, 
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industrial and public health workers. Course studies over prolonged exposure to . . . . 
sub-acute doses of OP compounds would reveal the development of lesions, 

biochemical, behavioral and neuronal, transient, incipient and permanent. These 

studies are more relevant and informative in providing the clues for developing 

management strategies in OP-poisoning. Long-term sub-acute exposure studies 

also bring to the fore the important concept of behavioral tolerance. Repeated 

administration of s·ub-acute doses of OP compounds has been found to produce 

behavioral changes, tending towards overt normalcy after the initial development of 

signs and symptoms of OP toxicity (Barnes and Denz, 1951 ; Rider et al., 1952; Lim 

et al., 1983). The development of behavioral tolerance has been shown to be dose

depend.ent, and there seems to be a threshold dose above wh ich the an imals may 

not develop any tolerance (Overstreet and Jamal, 1986). We should also take into 

account the possible metabolism of the administered compound causing reduction 

in its level in the body. Hence we may not know the exact concentration of the 

chemical in the body causing tolerance. It might be an area which .has promise for 

future investigations. 

It is possible to measure qualitatively and quantitatively the overt symptoms OP 
. -

toxicity (Russell et al., 1975; Schwab and Murphy 1981; Overstreet 1984). For the 

study of behavioral tolerance, selecti.on of sub-acute dose is a very important 

criterion . The dose should be such that it produces initial measurable 

manifestations of OP toxicity, and the disappearance of symptoms could be taken 

as the measure of tolerance developed . Any lesser dose might over a long period of 

time induce tolerance, but is not useful .un less it produces measurable overt 

behavioral symptoms. 

In the present investigation, the effect of P,hosalone, an OP i]1secticide commonly 

used in agricultural and domestic operations, was studied on albino rats to test the 

_ possibility of phosalone-induced symptomatic behavioral tolerance during a 

treatment period of 15· days. Among the ·two types of dosing patterns, namely 1) 

constant dafly sub-acute dose and 2) periodically altered daily sub-acute dose, the 
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former was selected in the present study to avoid complexities of patterns of 

cumulative toxicity. 

Material and Methods 

Male aibino Wistar rats weighing 130±20 g were used, Four an imals were housed 

per cage and allowed access to food and water ad libitum. 

Experimental Procedure 

Technical grade (98% ·purity) phosalone [O, 0- diethyl-s- (6-chloro-1-3 ben 

30X03ol-2(3H)-O-methyl) phosphorodithiote]. obtained from Volhro Ltd .. India was 

us2d. Phosalone is characterized by broad spectrum action against the principal 

pests and immediate action and moderate toxicity to mammals (Hayes 1982) 

Control animals received normai saline and the experimental rats received it along 

with phosalone. LD50 values were determined by probit method (Finney, 1971 ). 

After determining the LD50 dose. oral doses ranging between Yi LD50 to Ya LD50 

(both inclusive) were administered dai ly for. a period of 16 days to six batches of 

rats (each batch of 12-20 animals) and changes in the consummatory behavior 

(eating and drinking) , body weight and cumulative mortality were monitored daily to 

assess the development of behavioral tolerance at a particular dose. The onset and 

disappearance and the frequency of toxic signs and symptoms were also taken into 

consideration to arrive at a daily sub-lethal tolerable oral dose of phosaione. A dose 

of % LD50 (41 .35 mg) was finally selected for daily dosing for 15 days, and it was 

given by gavage method of daily oral intubation. The rats were fasted for 6 hours 

iJefure each dosing. 

Average body weights, and average amounts of food and water consumed out of 

the provided known quantities, were deter~ine.d every day for a period of 15 days in 

both control and phosalone-administered rats, and the results were tabulated 
; \ 

• 
Signs and symptoms were noted at regular intervals of 3h, 6h , 1'2h, and 24h and 

poole~ later. The onset of tremors and convulsions was observed each· day after 

dosing during a time period of 6h at intervals of 1/2h, 2h, 3h and 6h . . TJ1e 

observations pertainin.g to tremors and convu1$ions were quantified into arbitrary 

-' 
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units in the scale of 0 = no obvious signs; 0.2 =slight (slow tremor of the head); O 4 

= moderate (faster tremor of the head, trunk and limbs); 0.6 = high (more intense 

tremors) and 6.8 = severe. Similar s·cale was developed for convulsions, viz. 0.0 = 

none; 0.1 =slight; 0.2 = moderate and 0.3 = high. 

Mann Whitney 'U' test was used to analyze the statistical significance for behavioral 

scores. 

Results 

The following parameters were measured daily for a period of 15 days of treatment 

with % LD5(J of phosalone. 

1. Body Weight 

11. Amount of food consumed 

iii. Amount of water consumed 

1v. Tremors 

v. Convulsions 

Daily administration of % LD50 dose did not cause any cumulative mortality 

Body Weight 

Changes in tfie body weight of unexposed rats and experimental rats are presented 

in Table-1. The resu lts show that in control rats there was an increase of 7.71 % in 

body weight by the ?'h day and 18.8% by 15 days. Phosalone-administered rats did 

not register any increase in body weight, and after 15 days of treatment the body 

weight remained near pre-exposure value. 

Food Consumption 

Re~ults pertaining to the amount of food consumed are given in Tabie-2. The total 

quanttty of food consumed was consistently greater in control rats cor.ipared to that 

in phosalone-treated rats·. Despite fluctuations in food consumption values in 

untreated rats and experimental rats , a trend was discernible. There was a greater 

drop in food consumption in phosalol'.le-administered rats with time. -25.9% by day 

4 
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1 and -36.5% by day 7. By the 15th day there tended to be a recovery in food 

consumption as the value stood at -12 .7%. 

Water Intake 

Data pertaining to water-intake of unexposed rats and experimental rats are 

presented in Table-3. Untreated rats consumed more water than phosalone-treated 

rats throughout the experimental period . Despite fluctuations recorded up to day 7, 

there was a decline in water intake, -12.3% by day 1 and -36.9% by day 7. From the 

ylh day onwards the experimental rats exhibited a remarkable recovery , as a result 

of which the water intake level increased to over 20% by the 15th day. 

Tremors and Convulsions 

The data pertaining to tremors and convulsions are presented in Table-4. The 

tremors commenced 6 hours after dosing on the 2nd day, ~dvanced to 3h on the 3rd 

day, and 2h on the 51h day. The onset time remained thus till the 13th day, and by 

the 15th day the tremors disappeared A progressive increase in severity of tremors 

occurred, reaching the peak on the 91h day. There were some fluctuations between 

the 4th and ylh days. On the 1 oth day the tremors showed a downward trend with 

some fluctuations on the 11th day. From the 1 ih day .onwards there was a steep fall , 

with normalcy returning by the 15th day. 

Convulsions were found to set in only from the 5th day, 6 hours after dosing. The 

pattern continued up to the 11 th day, and on the 1 ih day no convulsions were 

noticed. The convulsions were aiways slight to moderate in the·scaie with the peak 

on the gth day. 
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Table-1: Ct1 anges in the mean body weights of albino rats during selected periods of exposure to phosalone 
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Table-3: Changes in the mean water consumption during selected periods of exposure to phosalone. 
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Other behavioral lesions such as involuntary urination , defecation. lachrymation and 

chromodacryorrhea were also observed but could not _be quantified, and so not 

shown. These changes set in 6 hours after dosing on the 2nd day. While urination 

and defecation did not show any pattern after the 2nd day, the other parameters 

disappeared on the 81
h day. 

Discussion 

It is known that repeated application of a stimulus normally leads to a process of 

habituation or simple learning in organismal response which will not be apparent in 

the course of time. While phosalone is the toxic chemical acting as the stimulus, the 

onset of signs and symptoms of toxicity in the animal are the responses. Behavioral 

tolerance implies gradual disappearance of these overt manifestations of toxicity 

with multiple sub-chronic (% LD50) dosing over · an extended period of time. The 

development of such behavioral tolerance has been reported in rats under OP 

treatment (Costa et ai., 1982; Russell et al .. 1986; Swamy and Murali Mohan 1991 ). 

lt has als.o been established that in addition to tremors and convulsions, changes in 

several. other parameters such as body weight, food consumption. water 

consumption and body temperature couid be observed as indices of physioiogical 

lesions ~ in the animal (Overstreet et al., 1979; Russell et al. , 1979). The 

development of behavioral tolerance to OP compounds is aiso do~e- and time

dependent (Swamy and Murali Mohan 1991 ). Cumulative mortality data are very 

useful in evaluating long-term effects of multiple sub-acute doses. Based in this, % 

LD50 value of 41.35 mg/kg body weight has been selected for daily administration 

for 15 days in the present study. 

It is evident that the rats did not show any addition to bodyweight during phosalone

treatment, while the untreated animals registered a 19% rise in body weight on the 

151n day (Table 1 ). There was a very clear evidence of behavioral recovery in food 

and wa_ter consumption during 15 days of phosalone-expt:>sure. Lowest food 

consumption value was recorded on the 91
h day, and by the 15111 day normal 

consumption was restored. Water consumption value was at its lowest on the i h 
day. Recovery was evident after the ih day, and by the 141

h day the value was 
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nearer to the normal. These patterns clearly reveal the development of behavioral 

tolerance commencing between the J1h and 91h day of treatment. In regard to 

tremors and convulsions also, the 9th day seems to be the point from where 

tolerance occurred. Comparison of these trends with the observations of other 

workers gives an interesting picture. Babinski and Dubois (1958) showed that rats 

developed behavioral tolerance to Yi L050 dose . of disyston over a period of 60 .. 
days. Mice treated with a daily dose of 10 mg/kg of disulfoton for 14 days developed 

tolerance in terms of body weight (Costa et al. , 1982). Swamy and Murali Mohan 

(1991) observed that weight losses in rats treated with OP compounds is dose

dependent. Yi L050 dose did not induce tolerance, while data with % an·d Ys LD50 

coses of phosphamidon and monocrotophos revealed that the development of 

toierance to OP compounds is dose-dependent (Russell et al., 1969; Lim et al., 

1983: Ho and Hoskins 1986; Swamy and Murali Mohan 1991). fn the present study, 

the food and water consumption tended to recover towards the control value, from 

the 9th day in the former and from the J1h day in the latter. Swamy and Murali Mohan 

(1991) reported that the recovery was faster in phosphamidon-treated rats 

compared to those treated with monocrotophos. 

Several factors such' as dosing scheduies, route of administration etc determine the 

temporal sequence of tolerance development to OP compounds. Besides these, 

other factors such as binding, absorption, and avidity to lipids in the gastrointestinal 

tract may influence the consummatory behavior of animals. 

In regard to signs and symptoms of toxicity as reflected by tremors and convulsions. 

which declined in phosalone-treated animals from the 91
h · day onwards in the 

present work, comparison with reports on the other OP compou.nds reveals that the 

changes are slower and milder but last longer than those which occur with other 

OPs, · i.e. it takes longer time for the onset of tolerance in terms of tremors and 

convulsions. Swamy et at. ( 1993) made a detailed study of onset and 

disappearance of tremors and convulsions in rat after exposure to different doses of 

monocrotophos. The signs and symptoms appeared on the 2nd day and started 

9 
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disappearing from the 11th day on exposure to % LD50 dosing. Any dose above % 

LD50 induced tolerance ear;isr but with greater mortality. 

Different hypotheses have been proposed to explain the development of behaviorai 

,tolerance. Inhibition of cholinesterase by OP compounds is well known and the 
I 

ans.et of tremors and convulsions is due to the inh ibition of acetyl cholinesterase 

activity. Despite the fact that AChE remains inhibited, the organisms develop 

tolerance. The contributions of Russell et al. (1975), Wecker et al. (1977), Costa et 

al. (1986) , Sivam 'et al. (1 986) and Swamy and Murali Mohan (1991) are noteworthy 

;in lrroking for explanations for .the phenomenon of tolerance. Reduction in the level 

.o.f OP ccrliTil,pound in the body due to metabolism of these compounds by hepatic 

irnicmsomal mixed function oxidases and hydrol·ases has been suggested as a 

rnmechanism for tol:erance dev€lopment urider the caption 'metabolic tolerance.' This 

does !rl~'t 'look tenable because .AChE inhibi tion observed after exposure to OP 

OOJl1liljpDunds continues even after developmer+ of the so-called 'metabolic 

iDlarai111iDE. ' ilf the OP level in the body is re".'· ~,l,r L ' , AChE activ ity should show 

recovery 'to a fDreate r exdiefrnt 

Based Oll1l irerep11:ioir-bulf'lldii:rny experriimrne;mtts IJJS~ ml!JSt:a rrn ir: amrt:ag o l1l1Sts can d a_gmrrni:sl::s. 

it was shoWl!l thlat there occurs a d01wn-regulati!Dira ©ff 1mnllJJ£Callllirrll1i'c ·rte'Oeip~or::s in 'Oentra1 

and peripheral nervous systems ~Costt:a e'f.:a!/. , 11~82.; Ya1rl'g et all. 11~,) . iltu.til1i:dhl hei;pxs 

in explaining toleranc~eve~opm:ent desp1itte AClhlE iilf'llitnibition. 

The third alternative seems to be the impJication of no!l1l-Cho~u1r11ell'g1i:c medhla111lrisms mo 
induce recovery and tolerance. Sivam et aJ. (1983) studied arute a1111t0l c.ihlmlf'lllic 

cholinesterase inhibition with DFP in rnuscarinic, dopamine and GABA receptors iin 

rat striatum and showed that by the 14th day toxic symptoms disappear. 

Conclusion 

The present investigation on phosalone toxicity throws light on the possible 

changes other than those in the biochemical profiles underlying the development of 

behavioral tolerance. 
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