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Organophosphate pesticides have reportedly caused numerous fatalities in man and domes-
tic animals (Namba et al 1971). Over 100 deaths in India during the spring of 1958
resulted from eating food accidentally contaminated with parathion (Karunpakaran 1958).
Some reports are available on the effects of malathion on behavioural and reproductive
functions (Krause 1977; Kurtz 1977). High level exposure to phosalone in rats and
dogs has been reported to cause changes in body weight, liver weights, RBC etc. (FAO/
WHO 1973b).

Toxic effects of these pesticides may be influenced by pre-existing nutritional cond-
itions (Chakravarty and Ghosh 1980; Chakravarty and Sreedhar 1982). The acute toxic-
ities of parathion (Boyd and Krupa 1970) and malathion (Boyd and Tanikella 1969)
reportedly are greatly enhanced in animals fed a 3.5% casein diet compared to those
fed with a 26% casein diet. Hence, it appears that the susceptibility to pesticide
toxicity may be determined by the amount of protein in the diet.

The liver b the major detoxifying organ of the body (Chatterji 1975). DeCastro and
Boyd (1967) have reported impairment of growth of body organs, including the liver in
animals fed a protein deficient diet. Pesticides themselves may produce antihepatic
effects e.g. DDT influences carbohydrate metabolism in vivo (Hickenbottam and Yan
1974) by promoting hepatic glycogenclysis. £ and y -lkomers of BHC have been
observed to cause alterations in hepatic enzyme activitles viz. transaminases, phos-
phatases etc. (Srinivasan and Radhakrishnamurty 1977). Altered hepatic function in
young rats exposed to malathion has been reported (Pawar and Makhija 1975). The
present study was undertaken to evaluate the effect of the three most commonly
used organophosphorus pesticides viz. parathion (O-O-diethyl-O-p-nitrophenyl-thio
phosphate), malathion (0-O-dimethyl-S-(1,2-dicarboethoxy) ethyl phosphorodithioate)
and phosalone (0-0-diethyl-5-(6~chlorol,3 benzoxazol-2(3H)-onyl-methyl) phosphoro-
dithicate), on the hepatic B -glucuronidase activity In rats fed with normal and
protein deprived diets.

MATERIALS AND METHODS

Adult male albino rats of Charles Foster Strain obtained from the Institute's  animal
houwse were uwsed for the study. The animals weighed approximately 100-120gms. They
were kept under controlled lighting of 12hrs dark and 12hrs light at a temperature
of 26:2°C. The rats were divided into three dietary groups of 90 each. They were
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maintained on koenergetic diets containing 16%, 6% and 3% casein protein respectively
for 3 comsecutive weeks. The 16% protein det taken as the control (Ramesh 1980)
was prepared by slightly modifying the composition proposed by Kalamegham et al.
(1981). The 6% and 3% diets were kept kocaloric compared to the 16% diet, by replac-
ing casein with an equivalent amount of amylum. They were fortified with minerals
and vitamins as given in Table 1.

Table 1. Composition of the diets per 100 gms.

16% 6% 3%
Casein® 20.0 gms 7.5 gms 3.75 gms
Amylum 59.0 gms 71.5 gms 75.25 gms
Glucose 10.0 gms 10.0 gms 10.00 gms
Groundnut oil 6.0 gms 6.0 gms 6.00 gms
Vitamin mixtcure 0.7 gms 0.7 gms 0.70 gms
Salt mixture 4.0 gms 4.0 gms 4.00 gms
Cellulose 0.3 gms 0.3 gms 0.30 gms
a. Protein content of casein was 80%.
b. Vitamins were added a per the requirements specified by the committee

of the National Academy of Sclences (1962).

c. Salt mixture was prepared according to the compasition of Wesson Salt Mixture

(Wesson 1932).

All animals had access to food and water ad libitum. Food dishes were filled and
weighed, and the amount consumed was calculated from the difference of weight,
24hrs later. If there was evidence of spillage, the calculation was omitted from the
estimate of weekly average. All animals were weighed weekly.

At the beginning of the treatment, each dietary group of rats were further subdivided
into five individual groups for pesticide treatment, with at least 6 rats in each group.
Parathion, malathion and phosalone were orally force fed to each group per os by
using a standard feeding needle at 10.00AM for a period of 21 comsecutive days.
The doses wsed are given in Table 2. The doses were selected on the basis of 'mo
effect' level of “these pesticides in rats (Lehman 1965 WHO 1982; FAG/WHOG 1973b).

Table 2. Doses of pesticide treatment

Diet for Group Parathion Malathion Phosalone

3 weeks Ha/kg _fig/kg mg/kg
body weight body weight body weight

16%, 6% ar 3% [ Nit Nil Nil

dietary protein It} 50 5 1.25
it} 100 50 5.00
v 150 250 12.50
v 200 500 60.00

The rats were sacrificed by decapitation, exactly 24hrs after the last day of treat-
ment. The intact liver was carefully dissected out after removal of all adhering tissues,
blotted on a filter paper, weighed and placed in crushed ice on watch glasses. A
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part of the liver from each rat was homogenised in ice-cold 0.32 (M) Sucrose solution
and the 10% homogenate was centrifuged at 4°C at 3000 x g. The supernatent was
wed a the enzyme source. fglucuronidase activity was estimated by the method
of Fishman et al. (1948), wing P-nitrophenyl- B -D-glucuronide (PNP- B-D-glucuronide)
the substrate. Protein weas estimated by the method of Gornall et al. (1949). At
the completion of the experiment, four healthiest rats were chaosen from each group
for carrying out the studies to have compatible results and uniformity in data.

Statistical analysis of the data was done by uwing students 't' test and the analysis
of variance, and P <0.05 was taken to be significant. Intergroup comparisons at each
dose level were also done by calculating the critical difference and 't'-siatistic was
ao wed, to find out whether there existed a significant difference between the
two sample means.

RESULTS AND DISCUSSION

It s evident from Table 3 that all the three pesticides studied caused a dose depend-
ent increase in the activity of hepatic B~glucuronidase. The change in the enzyme
activity in the 16% group was significant only at the higher doses of pesticide treat-
ment. In the groups containing low protein however, pesticide administration even
at the lower doses caused significant increase in the enzyme activity. Protein deficien-
cy itself also caused a significant decrease on the enzyme activity as is evident from
Groups VI and XI when compared to Group L

Table 4. Anova table for R-glucuronidsse after subacute administration of parathion,
malathion and phosalone.

Saurce df Mean Squares

. Parathion 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 0.32 042

'n' per dose = 4 *P <0.05 **pP > 0.05

On applying analysis of variance individually for parathion, malathion and phosalane
(Table 4) it & seen that the various doses (D) and the dietary protein levels (DPL)
contribute significantly to bring about the change in B-glucuronidase activity for each
of the three pesticides studied. The DxDPL interaction also, 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 phosalone (Table 7) showed significant reductions in the R -glucuronidase activity
when compared between the 16% and 6% protein groups. Comparisons between 6%
and 3% protein groups showed significant changes for malathion and phosalone. In
case of parathion, at the 100 and 150 ug doses, though the reduction is apparent,
the change was not statistically significant.

The present study indicates that B-glucuronidase activity increases in a dose-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 k greater after pesticide treatment.

Injuries to the Iysosomal membrane produced by toxic agents often lead to the release
of this enzyme into the cytoplasm, subsequently resulting in cell death and necrosis

75



(dno1b 1ad sjer §) 1noy 1od uiajoid Puw

[X-15 03 paredwoo AX 03 |[X sdnoin
IAC1D 01 paledwod X 07 |JA sdnoin
|-15 03 paiedwoo |X pue [A 03 || sdnoig
0'0 > anjea d jueayiubis sajouap = s

60'0 < anfea d juearyubrs jou sajousp = su

1ad pajeraqy jouaydoijiu-eied bBr| se passaidxa sanjeA UBB =

JLo¥0eoL 0°09 GLE0F€T0L 00s 0£°0%82% (8]474 AX
GOE°0¥09°01 A HL07sL6 (1194 RAAVRCA] osl AIX ujajord
/7ol 0°s (090789 0s (HL0%Z69 ool X urased
SE0eRL LrAL" IR S AUY4: S G72°0%51L9 0s X %¢
(7¢0%069 N J7E°0%027s N RANS A tIN X
JE0FLyel 0°09 GCVOFLZLL 009 ;O7'0%766°0L 00z X
GLSOFLELL szl (CE07£0°0L 0s¢ GJL0FLL6 ost X1 urajoid
(L7'0%86%6 0s (22072498 as OEOFLLL ool A ulasea
o 7€'0%07'8 szl suBE0¥8LL S tEOFIL as 1IA %
(SLOFILL N LLVOFLLL 1IN S£EV0F8L°L IIN 1A
(L0706 0°09 0TI 00s RAN AR 002 A
JeoFeLcl sTL e SLOFLEDL 0se SVDFLETL oSt Al usjord
28 0%627CL (189 ST 0FL9°0L 0s o 870%200L ool it urased
s b O%6s°LL YA G LtOFLL0L 9 G E70¥eT0L 0s 1] %91
LEOF LY L IIN ©<°0%80°01 TN 87'0¥89°01L IIN 1
#NISTURBIN *IM*q DX /Buwi *NISFUBSN  "imeq B3/Bw *WaIsFUBW  *Imeq B>/Br
Kjtanoe auojesoyd K3An3oe uoiyjew KjiA1308 uolyjeied sdnoib
asepiuainanib-¢ jo sasoQ. asepjuoinanib-g 40 sasoQ asepjuoinanib-g j0 sasoQ sdnoin Arejaiq

A3Anoe asepiuainanib-g onjedsy uo suofesoyd pue

uolyjefewr ‘uolyjered JO UOIBIISIUIWPE 2INOB-QNS JO 309}47

‘¢ 9lqel

76



100> d ueopubis = 2 ¢pp> 4 jueaubis = q (dnoib

1ad sje1 g) 1y 1ad urajoad Bw 1ad pajersqy dNd Bri se passeidxs

sanjen Uea = e

€70l 516 .89 28°S 0Z's uero1d %

%m.o 4880 59l J96°L a4 weroid
VL £0°01 14%:} 8Lt et

5Tl %m.o R4 J£€72 Wi uer0d %91
9H°ZL L6°0L L9°0L LLeL 80°0L

sdno1b

aguaIaijq mcmm_z aausIsyIq m:mm_z 8Ju8IaliqQ mcmm.z gauarayyq mcmm_z aJualalliqg mcmm.z A1e3siq

amea

00¢ 0se 0s. S 0 B>1/bw

$950(]

UOIYJEB[BW }O UOIJBIISILIWPE ajnoegns 193E AJIA1j0e asepluoinonib-g 10y 9jge; soualayp jo aouedijubis 9 sjge)

$0°0< d juednyubisuoN = 9 00> 4 Jueoyubls = q (dnoib 1ad sje1 %) 1y 1od ujejord Buw 1ed pejeraqy dNd BTl se pessaidxae sanjen ueap = e

8¢°6 6%7°8 269 5l*9 €9y urajord %
ni.w ,89°0 ,58°0 a@é nmm.m uierord
66701 L6 LLL 79°L 8lL
§£5°C 0%°¢ (YA 66°C 06°¢ uia
1a301d %9)
d el a LsZ1 g 200l 4 £9°01 9 8901

_ _— sdnoib
souaIajiq gUEBW  sausIapg GUBAW  @austaIg mcmm_z 20uUaIa441q g2 a0uaIsiq mcmm_z Arejaig
T T T T T T T T T T T e e e TTTTTTTmTTTToTTToTooTToomnTmoenmes Mg
00z 0sL oot 0s 0 B/
s3s0Qg

uojyjeied jo uoljeljSIUIWPE ajndeqns 19)je AJIAIj0E asepluoinanib-g 1o} siqe;

20UaIaIp 40 aouedrjubig ¢ s|qe

77



(dnosb 1ad sjer g) inoy 1ad urejord Bw 1ad pajeiaqn [ousydoiju-4 br

$0'0< d IueonubsUoN = 9

10°0> d ueoywbig = q

se passaldxa sanjea ues = B

06°0L 09°0L 128 68°L 0579 utejoud g
187 1z'L L) 150 LTl
s} uiejord 9
g Lrel 4 181l d 866 o8 d wLL o
gLl 8ol 1€ 6L°¢ cLs
uiajoid 9
g 0zsl 9 6L°€L g 6271 a 6511 a Ll = 891
sdnoib
aoualayjiq m:mm_z ELIENETRY (g m:mmZ gaualayyig mcmm_z aouaIalIq mcmm_z agua1ay}iq mcmmE A1eja1Qq
Mg
0°09 3r4} s v Al 0 Bx/bw
$3s0(]

auojesoud’ JO UOIJEIJSIUJWPE 21Ndeqgns 1a}je
Ajanjoe asepiuoinonib-g 10} 9jqe} 9oualaip jo souedyubig

“E 8lqel

78



(Deckers-Passau 1957). Hence, the increase in this lyscsomal enzyme activity induced
by the pesticides as observed in the present study, may also be due to the possible
damage to the lysosomal membrane. All the organophosphorus pesticides studied appear
to have a similar action in undernourished condition, but of the three pesticides
studied, malathion seems to have the least significant effect while parathion appears
to be most toxic. Enhanced in vivo toxic effect of parathion and its metabelite paraoxan
under conditions of water and food restriction have also been reported (Baetjer 1983;
Chakravarty and Sreedhar 1982). In case of malathion, increased susceptibility under
the protein deprived conditions have “ been previously reported from our laboratory
(Chakravarty and Sreedhar 1981; Buluisu and Chakravarty 1983 Bulusu and Chakravarty
1984). Hence, protein deprivation may lead to increased in vive toxicity of the three
organophasphorus pesticides studied. Hence, it may be advisable to determine the
nutritional status of a community prior to its exposure to any new pesticide.
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