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Organophosphate pesticides have reportedy caused numerous fatalittes in man and domes- 
tic animais (Namba et al 1971). Over 100 deaths in India during the spring of 1958 
resuited from eating food aec|dentally eontamlnated with parathion (Karunakaran 1958)o 
Some reports are avallable on the effects of malathion on behavioutal and reproduetlve 
functions (Krause 1977~ Kurtz 1977). High level exposure to phusalone in rats and 
dogs hes been reported to cause changes in body welght, Uver weights, RBC etc~ (FAO/ 
WHO 197�87 

Toxie effeets of these pesticides may be influeneed by pre-existing nutritional cond- 
Rions (Chakr” and Ghosh 1980! Chakravarty and Sreedhar 1982)~ The acute toxic- 
Ries of parath|on (Boyd and Krupa 1970) and malathion (Boyd and Tan|kella 1969) 
reportedly are greaUy enhanced in animais fed a 3~ casein dtet eompared to these 
fed with a 26~ n dlet. Hence, it appears that the susceptibiiity to pesticide 
toxle|ty may be determtned by the amount of prote|n in the diet. 

The liver b the major detoxifying organ of the body (Chatterjl 1975). DeCestro and 
Boyd (1967) have reported impalrment of growth of body organs 9 including the liver In 
animais fed a prote|n deflelent dlet. Pesticides themselves may produce antlhepatlc 
effeets eogo DDT influences carbohydrate metabolbm in v i ~  (Hickenbottam and Yan 
1974) by promottng hepatlc glycogenolysis. 13 and ~,-isomers of BHC bave been 
observed to cause alterations in hepatic enzyme activit|es r iz.  transaminases~ phes- 
phatases etc~ (Srinivesan and Radhakrishnamurty 1977)~ Altered hepatic funct|on in 
young rats expoeed to malathlon hes been reported (Pawar and Makh|ja 1975). The 
present study was undertaken to evaluate the effect of the three most commonly 
used organophosphorus pesticides r iz.  parathlon (O-O-dlethyI-O-p-nRrophenyl-thio 
phosphate), malathion (O-O-ntmethyI-S-(1,2-dlcarboethoxy) ethyl phosphorodith[oate) 
and phosalone (O-O-d|ethyl-S-(6-chlorol,3 benzoxazol-2(3H)-onyl-methyl) phn 
dithloate), on the hepatle ~-glucuronidase act|v|ty in rats fed with normal and 
protein deprived diets~ 

MATERIALS AND METHODS 

Adult maie alblno rats of Charles Foeter Strain obtainad from the Institute~s animal 
bouse were used for the study. The anlmals weighed approximately 100-120grns. They 
were kept under controlled lightlng of 12hrs dark and 12hrs Ilght at a temperature 
of 26•176 The rats were dlvided into three dletary groups of 90 each. They were 

* Correspondence and reprint author 
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malntained on Isoenergetic dlets containing 16~, 6,~ and ],~ caseln protein rospectively 
for ] coosecutlve weeks. The 16~ protein cRet taken oe the controi (Ramesh 1980) 
wos prepared by sllghtly mo@fying the composition proposed by Kalamegham et al. 
(1981). The 6,~ and 3~ dlets were kept isocalor|c compared fo the 16~ diet, by replac- 
ing coeein wRh an equlvalent amount of amylum. They were fortlf led w|th minerals 
and v|tamins as glven In Table 1. 

Table 1. Composition of the diets per 100 gms. 

16~ 6~ 3 % 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cosein a 20.0 gros 7.5 grns 3.75 gros 
Amylum 59.0 gros 71.5 gms 75.25 gros 
Glucose 10.0 gms 10.0 gms 10.00 gms 
Groundnut cil b 6.0 grns 6.0 gms 6.00 gms 
Vltamin mixture 0.7 gros 0.7 gms 0.70 gms 
Sait mlxture c 4.0 gros 4.0 gros 4.00 gms 
Cellulose 0.] gms 0.3 gms 0.30 gms 

a o  

b. 

C .  

Protein content of casein was 80~. 
Vitamins were added oe per the requirements speclfied by the commlttee 
of the National Academy of Sciences (1962)o 
Sait mixture wes prepared according to the composltlon of Wosson Sait Mixture 
(Wesson 1912). 

Ail anlmals had access to food and water ad IIi~iluum. Food dtshes were fllled and 
welghedj and the amount consumed was calculated from the difference of weight, 
24hrs later. If there was ev|dence of splllage, the calculation was omltted from the 
est|mate of week|y average. Ail animais were weighed weekly. 

At the beglnnlng of the treatment, each dletary group of rats were further subdivided 
lnto ftve indlvidual groups for pestlclde treatment, w|th at least 6 rats in each group. 
Parathlon, malath•on and phosalone were orally force fed fo each group per os by 
using a standard feeding needle at 10.00AM for a per|od of 21 consecutive da)s. 
The doses used are glven In Table 2. The doses were selected on the bosls of 'no 
effect '  level o f :  these pesticides in rats (Lehman 1965; WHO 1982; FAO/WHO 1973b). 

Table 2. Doses of pestlctde treatment 

Diet for Group Parathion Malathion Phosalone 
3 weeks pg/kg _~kg mg/kg 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _b �9 _=_r _ _w?j g _h [ . . . .  b_~_d_z_~_=jg_h_L__bg_d]_~*jg_h_L_ 

16%, 6, ~ or 3% 1 Nil Nil Nil 
dietary protein 11 50 5 1.25 

111 100 50 5.00 
IV 150 250 12.50 
V 200 500 60.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The rats were sacrifleed by decapltatlon, exaetly 24hm after the last day of t reat-  
ment. The Intact Iiver was carefully dlssected out after removal of aU adhering tlssues, 
blotted on a t i re r  paper, weighed and placed in crushed ice on watch glassos. A 
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part of the liver from each rat was homogenised in tn 0.32 (M) Sucrase solution 
and the 10~ homogenate wes eentrlfuged at 4~ et 3000 x g. The supernatent was 
used as the enzyme source. ~glueuronidese acttvity was estimated by the method 
of Fishman et al. (1948), using P-ni trophenyl-~-D-glucuronide (PNP-~-D-glucuronide) 
as the substrate. Proteln wes estlmated by the method of Gornall et al. (1949). At 
the completion of the experiment, four healthlest rats were ehosen from each group 
for carrylng out the studies to have compatible results and uniformity in data. 

Statistical analysis of the data was done by using students 't '  test and the analysis 
of variance, and P <0.05 was taken to be significant. Intergroup comparisons et each 
dose level were aiso done by calculating the critical dJfference and 't'--statist|c wes  

aiso used, to f|nd out whether there existed a signiflcant difference between the 
two sample means. 

RESULTS AND DISCUSSION 

It is evident from Table 3 that ail the three pesticides studied caused a dose depend- 
ent inerease in the aetivity of hepatie ~-glueuronidase. The change in the enzyme 
activity in the 16~ group was significant only at the higher doses of pestlcide t reat-  
ment. In the groups containing low protein however, pesticide administration even 
at the Iower doses caused significant inerease in the enzyme activity. Protein deficien- 
cy itself also caused a slgnificant deerease on the enzyme aetivity es is evident from 
Groups VI and XI when compared to Croup I. 

Table 4. Anova table for ~-glueuronidase after subaeute administration of parathlon, 
malathion and phesatone. 

Source df Mean Squares 
Parath[on Malathion Phosalone 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D 4 28.23* 28.23* 44.23* 
DPL 2 97.96* 57.84* 78.48* 
DxDPL 8 1.36"* 1.77" 1.72" 
Error 45 0.65 0.32 0.42 
'n' per dose = 4 *P < 0.05 * *P > 0.05 
On applying analysis of variance lndividually for parathion, malathion and phosalone 
(Table 4) it is seen that the various doses (D) and the dietary protein levels (DPL) 
contribute significantly to bring about the change in ~-glucuronidese activity for each 
of the three pesticides studied. The DxDPL intetaction aiso, however, caused significant 
change except in the case of parathion. 

The intergroup comparisons at each dose level of parathion (Table 5), malathion (Table 
6) and phesalone (Table 7) showed significant reductions in the ~-glucuronidese activRy 
when compare(/ between the 16.~ and 6,"-' protein groups. Comparisons between 6~ 
and 3~ protein groups showed significant changes for malathion and phesalone. In 
case of parathlon, et the 100 and 150 ]Jg doses, though the reduction is apparent, 
the change wes not statisticalIy significanL 

The present study indicates that ~-glucuronidese activity increeses in a dese-dependent 
manner with pesticide administration. Low protein diets however appeared to reduce 
the enzyme activity in the liver. In protein deprived rats, there was initially a decrease 
in the activity of the enzyme which is greater after pesticide treatment. 

Injuries to the lysesomal membrane produced by toxic agents often lead to the release 
of this enzyme lnto the cytoploem, subsequently resuRing in cell death and necrosis 
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(DeckeIs-Pessau 1957). Hante, the increoee in this lysesomal enzyme act iv i ty induced 
by the pesticides as observed in the present study, mey also be due to the possible 
damage to the lysoeomal membrane. Ail the organophesphorus pesticides stur"ed appear 
fo have a simIlar action in undernourished condltlon, but of the three pesticides 
studied, malathion seerns to bave the least slgnificant effect whlle parathion appeam 
fo be most toxIc. Enhanced In vivo toxIc effect ofparathion and ils metabolite paraoxan 
under conditions of water  and food restriction have aiso been reported (Baetjer 198~ 
Chakravarty and 5reedhar 1982). In case of malathIon, increesed susceptibility under 
the protein deprIved conditions h a v e  been previously reported from our laboratory 
(Chakravarty and 5reedhar 1981t Bulusu and Chakravarty 1983; Bulusu and Chakravarty 
1984). Hence, protein deprivatton may lead fo increased In v ivo toxic i ty of the three 
organophesphorus pesticides studIed. Hence, It may be advisable to determine the 
nutrit ional status of a communlty prtor to its exposure to any new pestlcide. 
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