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I t  is well known that organophosphorous pesticides and the i r  meta- 
bol i tes are potent inh ib i to rs  of acetylcholine-esterase system and 
consequently disrupt the nerve conduction (Metcalf 1971). An ex- 
posure to these pesticides also produces hyperglycemia, glycosuria 
and a l te r  a variety of metaboli c processes (Gupta and Paul 1974; 
Stevens 1974). These insect icides may produce changes in membrane 
f l u i d i t y  at concentrations as low as 10 -7 - IO-9M (Domenech et al 
1977). In a previous report from th is  laboratory, administration 
of a single oral dose of malathion markedly decreased the levels 
of brush border enzymes and in test ina l  uptake of sugar and amino 
acids in rats (Chowdhury et al 1980). This communication is an 
extension of these studies, describing the ef fect  of long term 
(subchronic) malathion (S-I ,  2-bis ethoxy carbonyl-O-dimethyl 
phosphorodithioate) exposure on the digestive and absorptive char- 
ac te r is t i cs  of rat in test ine.  

MATERIALS AND METHODS 

Male albino rats (Wistar strain) weighing 80-120 g were used. 
Animals were maintained on standard rat pellet diet (Hindustan 
Lever Ltd, Bombay) and had free access to water. Malathion (Cy- 
thion malathion technical, Cynamide India Ltd) mixed with corn 
oil (5 mg/100 g body wt in 0.1 ml o i l )  was administered by stomach 
tube daily for 45 days to a group of rats. Animals in the control 
group received corn oil alone. There were 6 animals in each group. 
Regular records of the body weights and food intake of the animals 
were maintained. At the end of the experiment, animals were fast- 
ed overnight and ki l led under l ight  ether anesthesia. Intestines 
"18-22 cm", starting from the ligament of Treitz were removed, im- 
mediately flushed with ice cold saline and everted using a thin 
stainless steel rod. 
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Intest inal uptake of glucose and amino acids was determined using 
tissue accumulation method, the detai ls of which have been pre- 
viously described (Alvarado and Mahmood 1974). Randomly 4 intes- 
t inal  segments (0.3-0.5 cm) were incubated in 5 ml of oxygenated 
Kreb's Ringer buffer, pH 7.4 containing 5 mM D-glucose or glycine 
or L-phenylalanine or L-lysine with trace amounts of U-14C-D-glu- 
cose or U-14C-glycine or U-14C-L-phenylalanine or "3H-L-lysine" 
respectively. The incubations were carried out for I0 min at 37 o C. 
At the end of incubation, tissues were removed, gently blotted, 
weighed and the amount of radioact iv i ty  taken up was measured in 
Packard sc in t i l l a t i on  counter. After ~orrecting for the extracel lu- 
lar  space, measured separately using ~H-Inulin, the rate of nut r i -  
ent uptake was calculated and expressed as ~moles/lO/g wet tissue. 

Brush border membranes were isolated and pur i f ied following the 
method of Schmitz et al (1973). Membranes were suspended in 50 mM 
sodium maleate buffer, pH 6.5 and exhibited 16-20 fold enrichment 
of brush border sucrase compared to that in crude homogenate. Su- 
crase was assayed by the method of Dahlqvist (1964). Alkaline 
phosphatase ac t iv i ty  was determined as described by Bergmeyer 
(1963). Leucine aminopeptidase ac t i v i t y  was assayed by the method 
of Goldbarg and Rutenberg (1958). For assaying the Na+, K+-ATPase 
ac t i v i t y ,  a 5% homogenate of mucosal scrappings was made in 5 mM 
EDTA-I mM Tris-HC1, pH 7.4. The homogenate was spun at 700 g for 
I0 min and the supernatant recentrifuged at 10,000 g for I0 min at 
0-4 o C. The pel le t  was suspended in 2.5 mM EDTA and enzyme act- 
i v i t y  was determined as described by Quigley and Gotterer (1969). 

A portion of the jejunum was homogenized in 50 mM sodium maleate, 
pH 6.5 and centrifuged at 1000 g for 10 min in the cold. The su- 
pernatant was removed and used as such for the assay of various 
cellular enzymes. Lactate dehydrogenase was assayed as described 
by Bergmeyer (1963). Glucose-6-phosphatase and transaminases were 
determined as described by Freedland and Harperi (1959) and Reit- 
man and Frankel (1957) respectively. 

All enzyme act ivi t ies were calculated as units/g protein. One en- 
zyme unit is equal to one ~mole substrate transformed in to pro- 
duct per min under standard assay conditions. Protein was deter- 
mined by the method of Lowry et al (1951) using bovine serum al- 
bumin as the standard. 

All chemicals used were of analytical grade. The glucose-oxidase 
peroxidase k i t  was from Boehringer-Mannheim, FGR. Radioisotopes 
were obtained from Bhabha Atomic Research Center, Bombay. 

RESULTS AND DISCUSSION 

Oral intake of pesticides is one of the common routes of pesticide 
exposure to humans and to various animal species (WHO 1972), but 
l i t t l e  information is available on the interactions of pesticides 
with the gastrointestinal tract. Earlier, we reported that acute 
exposure of malathion to rats severely impairs the digestive and 
absorptive functions of intestine (Chowdhury et al 1980). But 
repeated exposures to pesticides for a longer period is of fre- 
quent occurrence (WHO 1972). Thus, in the present studies, the 
effect of subchronic malathion exposure on some of the intestinal 
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character is t ics was investigated. The resul ts presented in Table 
I show that subchronic malathion exposure to rats s ign i f i can t l y  
increased the absorption of glucose, phenylalanine and lysine from 
in test ine;  however, the uptake of glycine was not affected under 
these condit ions. A s imi lar  augumentation in the uptake of glu- 
cose and amino acids was also observed in monkey intest ine af ter  
chronic DDT exposure (Mahmood e t a l  1979). An acute exposure to 
DDT and d ie ldr in  has also been shown to stimulate the uptake of 
glucose (Mahmood et al 1978,1981; Reymann et al 1983), and of leu- 
cine and phenylalanine from intest ine (Dudeja and Mahmood 1982). 

Table 1 Effect of subchronic malathion exposure on 
in tes t ina l  uptake of D-glucose and certain amino acids 
in rats 

Substrate Control Malathion Fed p value 
(~moles/lO min/g wet t issue) 

Glucose 7.44 • 0.16 10.24 • 0.24 <0.001 

Glycine 2.14 • 0.29 2.66 • 0.33 NS 

Phenylalanine 3.96 • 0.03 5.19 + 0.41 <0.05 

Lysine 3.33 • 0.02 5.17 • 0.50 <0.01 

Values are mean • SD 
NS = not s ign i f i can t  

Previously we observed that acute malathion exposure to rats great- 
ly  depressed the absorption of glucose and glycine (Chowdhury et al 
1980). The anomalies observed in the uptake of nutr ients in the 
present studies with that of acute experiments could possibly be 
at t r ibuted to adaptation of animals to repeated doses of malathion 
for  a longer period in subchronic experiments. I t  has been docu- 
mented that t ox i c i t y  of poisonous agents markedly d i f fers  depend- 
ing upon the animal species, dose, duration of exposure, route of 
administration and nut r i t iona l  status of the animals (Debruin 
1976). 

The ef fect  of subchronic malathion exposure on various brush bor- 
der enzymes was also investigated and these resul ts are presented 
in Table 2. There was a considerable increase in the levels of 
sucrase (44%) and alkal ine phosphatase (21%) in malathion exposed 
rats compared to controls,  but there was no s ign i f i can t  change in 
leucine aminopeptidase ac t i v i t y  under these condit ions. Similar 
resul ts were reported in monkey intest ine in response to acute 
(Mahmood et al 1978) and chronic (Mahmood et al 1979) DDT ex- 
posures. 

Na+, K+-ATPase system is known to be l inked to ion transport pro- 
cesses in various t issues (Skou 1965). In the present studies a 
s ign i f i can t  decrease in Na+, K+-ATPase ac t i v i t y  was observed in 
malathion exposed animals (Table 2) which suggests the disrupt ion 
of ion transport processes in in test ine af ter  pesticide exposure. 
A s imi lar  reduction in the ac t i v i t y  of th is  enzyme system was also 
observed in in test ine of DDT (Dudeja and Mahmood 1982) and endo- 
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sulfan (Wali et al 1982) treated rats. 

Table 2 Effect of subchronic malathion administration 
on brush border enzymes in rat intest ine 

Enzyme Control Malathion Fed p Value 
(Units/g protein) 

Sucrase 343.8 • 8.2 495.9 • 15.6 <0.001 

Alkaline 
phosphatase 1085.3 • 12.4 1316.2 • 50.1 <0.05 

Leucine amino- 
peptidase 335.4 • 42.4 399.2 • 15.9 NS 

Na+, K+-ATPase 88.7 • 6.9 72.7 • 7.9 <0.01 

Values are mean • SD 
NS = not s ign i f i cant  

Most transport proteins and digestive enzymes (those involved in 
terminal events of digestion) are known to be intr insic membrane 
proteins, which span the l ip id bilayer. Further there is consid- 
erable evidence that many functions of biological membranes are 
influenced by the chemical composition and physical state of the 
membranes (Lee 1975; Melchior and Steim 1976; Sanderman Jr 1978). 
Malathion has been shown to affect the red cell membrane f lu id i ty  
at concentrations as low as lO-7M(Domenech et al 1977). I t  may 
be surmised that subchronic malathion treatment may produce alter- 
ations in microvillus membrane composition leading to observed 
changes in intestinal functions. Alterations in chemical archi- 
tecture of intestinal brush borders in response to DDT exposure 
has been described (Mahmood et al 1979; Dudeja and Mahmood 1982). 

Intest inal  epithelium is among the most act ive ly  repl icat ing t i s -  
sues in the body with a l i f e  span of 36-48 hr in rats (LeBlond 
and Stevens 1948). Thus observed perturbations in in test ina l  
functions in subchronic malathion t o x i c i t y  may resul t  ei ther due 
to altered cell repl icat ion or due to the formation of hypercellu- 
lar t issue (increased cell size). Analysis of t issue DNA, RNA 
and protein (Mahmood et al ,  unpublished data), did not reveal any 
change in these parameters, th is  suggested that pesticide admin- 
i s t ra t ion  does not affect the cell size or cell number. 

In addition to brush border enzymes, the effect of subchronic mal- 
athion administration on some of the cel lu lar  enzymes of rat  in- 
test ine was also studied. These results are presented in Table 3. 
The ac t i v i t i e s  of lactate dehydrogenase and glucose-6-phosphatase 
were s ign i f i can t l y  increased in malathion treated rats compared to 
control group. However, the a c t i v i t y  of transaminases was re- 
duced in pesticide t o x i c i t y .  Increase in serum transaminase 
levels has been described by Luckens and Phelps (1969) in DDT and 
Lindane treated rats.  
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Table 3 Effect of Subchronic Malathion Administration 
on Certain Cel lu lar  Enzymes of Rat Intest ine 

Enzj~ne Control Malathion Fed p value 
(Units/g protein) 

Lactate dehydrogenase 329.9 • 6.3 486.4 • 48.3 <0.05 

Glutamate oxalo- 
acetate transaminase 456.3 • 4.2 397.5 • 4.9 <0.001 

Glutamate pyruvate 
transaminase 512.4 _+ 10.7 477.0 • 9.2 <0.05 

Glucose-6- 
phosphatase 82.5 • 5.2 108.6 • 5.1 <0.01 

Values are ~ SD 

Malathion is one of the most commonly used organophosphorous pes- 
t ic ides in agr icul ture and is known to be least toxic to mammals 
as compared to insects (Debruin 1976). The resul ts presented in 
th is  communication indicate that exposure to th is  pesticide may 
produce a l terat ions in in tes t ina l  functions; however, the mecha- 
nism of pesticide interact ions with in test ina l  epithelium remains 
to be elucidated. 
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