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PREFACE 

Pesticides made a major contribution towards the improvement of 

agricultural output and control of disease vectors. Pesticidal chemicals 

have in common the capability of destroying life of some form or other 

and are classified as pesticides because organisms against which they are 

directed are deemed to be undesirable by the person or society that 

applies them. To prevent mass starvation due to destruction of food crops 

by insects and noxious weeds, pesticides are used. Similarly vector-borne 

diseases represent a major threat to the health of large population of 

human and use of pesticides to destroy the vectors of these diseases is a 

successful procedure. 

At present pesticide toxicity is a subject of topical interest and 

concern because today, more than at any time before, we consider the 

world to be a holistic biotic system and the concept of Gaia, the self 

regulating earth is gradually taking shape. Therefore, if one extends these 

considerations beyond purely a concern for human health and considers 

the question of ecological balance, the risk benefit equation takes on 

different proportions. In the first case, with exception of possible 

exposures of the person that handles the concentrated pesticides, the 

human population may not be exposed to any significant quantity of the 

chemical. However, when these chemicals are distributed over 

widespread areas of land and aquatic surfaces, there is a distinct 

possibility that desirable species in the environment, other than man, will 

receive potentially toxic doses of pesticide chemicals. This may not 

appear to have any direct effect on man's health and welfare; however, if 

such effects lead to a serious ecological imbalance, indirect effects on 

man are possible. 



Pesticide is a general classification that includes insecticides, 

rodenticides, fungicides, herbicides, nematicides and fumigants, all 

T.* designed for the sole purpose of destroying some form of pests. The total 

world pesticide market is worth about 20 billion dollars, of which 

herbicides (50%); insecticides (29%) and fungicides (17%) are 

majorconstituents. In India, insecticides account 75%, herbicides 14% 

and fungicide 10% of the total market in which Hindustan Insecticides 

Ltd. (HIL), Rallis, Bayer, Ciba-Geigy, NOCIL, Excel, Sandoz, Gharda 

and Hoechst are the major players. 

Under the title of "The study of kidney of mouse (Mus musculus) 

exposed to Monocrotophos and DDVP", there are five chapters and 

bibliography. Chapter one is introduction and cites historical perspective 

of pesticide use, reasons for choosing this specific study area and 

proposed plan of research. 

Chapter two describes materials and methods employed for present 

study. 

Chapter three gives detailed account of observations of the 

experimental work carried out. 

Chapter four under the heading "Effect of Monocrotophos and 

DDVP on serum describes in detail the alterations in serum biochemistry 

under the influence of monocrotophos and DDVP. 

Chapter five consists of discussion for the observations made for 

both monocrotophos and DDVP toxicity.This chapter is followed by 

summary of the present investigation and bibliography. 
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Historical perspective of pesticide use 

Pesticides have been used since ancient times. "The Ebers Papyrus ", 

written about 1550 B.C., lists preparations to expel fleas from a house. 

Homer relates how Odysseus burnt sulfur " to purge the hall and the 

house and the court". By 900 A.D. the Chinese were using arsenic to 

control garden insects. There are records of arsenic being used as an 

insecticide with honey as ant bait in the western world during , 

 seventeenth century. Use of tobacco as a contact insecticide was 

mentioned later in the same century. Few materials were introduced as 

pesticides during eighteenth century. Even during the early nineteenth 

century, only a few compounds were available, and their use was not 

general. In the beginning about 1870, compounds were available for use 

as pesticides but they increased gradually (Hayes and Laws,1991). 

Following the Second World War, organochlorine pesticides made a 

major contribution to improvements in agricultural output and in the 

control of disease vectors. Due to their persistence after application, it 

created problems. As these problems became more noticeable, pest 

control began to rely more on the anticholinesterase organophosphorus 

and carbamate ester pesticides. 



In 1972, a mathematical model for estimating the worldwide incidence of 

pesticide poisoning was developed by an Expert Committee of the World 

Health Organisation (WHO, 1973). The committee considered only 

accidental cases. Copplestone (1977) on the basis of resporises to WHO 

survey from several developing industrialized countries suggested that 

the yearly number of accidental deaths was actually four times higher 

than that proposed by the Expert Committee. 

Even though industrial countries use upto 80% of the world's 

agrochemical, they are estimated to suffer 1% or less of all deaths due to 

acute pesticide poisoning (Jeyaratnam, 1987). 

Survey of literature 

Pesticide uses in domestic animals and their effects: Domestic animals 

are raised and housed in a variety of environments. Although domestic 

animals are often closely associated with humans, the kennels, yards, 

barns & pastures of most animals are likely to get heavily infested with 

insects, parasites, rodents, and other pests. 

The effects of pesticides on domestic animals are complicated by the 

variety of domestic animal species and economics of agricultural 

practices. Pesticide exposures of the domestic animals are a common 
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cause of risk and frequent toxicity due to insecticides and rodenticides 

(Oehme, 1977). Insecticide poisoning in cattle is the second most 

frequently reported toxicity (Ivie and Dorough, 1977). 

When combined with other agricultural chemicals, insecticides, 

herbicides and fungicides are among the most commonly cited sources of 

chemical toxicity in horses, sheep, goats & swines (Mount et al., 1980; 

Osweiler et al., 1985). The insecticides are of particular concern as the 

organophosphates cause problem in domestic animals. 

Seven cows were killed by disulfoton when the cattles chewed on bags 

that had blown into their pasture from adjacent sprayed potato fields. 

Some disulfoton in the potato field may also have contaminated water, 

which then flowed into the pasture pond (Watson et al., 1971). The 

deaths of two heifers and a cow were traced to drums that had been 

discarded 4 years earlier but still contained a layer of paraquat covered 

by rainwater (Hayes and Laws,1991). 

Effect of pesticide to wildlife: An ecosystem is complex and is 

dependent on many interactions among animal species, minor deleterious 

effects at a low level can have major rami-effects at higher trophic levels. 
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Alterations that do not directly affect the animals but do affect its habitat 

or homeostatic mechanism which may alter survival, density, diversity 

and reproduction (Morreson and Meslow, 1984; Rattner et al., 1982). 

Exposure of wildlife to pesticides in high - use areas occurs, as does 

exposure of wildlife in remote areas due to aerial transport and food 

chain biomagnification. The effects on the Antarctic wildlife were 

confirmed in connection with samples taken in the same general area. 

DDT only was found in 4 of 16 weddell seals and both DDT & DDE 

were found in most of the skuas examined. (Hayes and Laws,199P. 

Stickel (1973) reviewed chlorinated hydrocarbon residues in wildlife 

while Smith (1987) reviewed organophosphorous and carbamates 

residues. 

Toxicity due to monocrotophos 

Monocrotophos (0,0-dimethy1-0- (methy1-3-oxo-1propeny1) phosphate) 

is an organophosphorus insecticide and acaricide which is systematic on 

contact, it is extremely toxic to birds and is used as a bird poison ( 

EXTONET,1998). It is also very poisonous to mammals. It is used to 

control variety of sucking, chewing and boring insects and spider mites 

on cotton, sugarcane, peanuts, ornamentals and tobacco (Kidd and James, 



1991; Miester, 1992). The EPA (Environmental Protection Agency, 

U.S.A.) classifies monocrotophos as a class I toxicity - highly toxic. 

Products containing Monocrotophos bear the signal word "Danger" 

(FCH, 1994). Monocrotophos is available in other countries as a soluble 

concentrate or an ultra-low volume spray (Meister, 1992). 

Toxicological effects 

o Acute toxicity: Monocrotophos is a direct acting cholinesterase 

inhibitor capable of penetrating through the skin (ACGIH, 1991). The 

dose, which kills half of the test animals, the LD50, is 17-18 mg/kg 

for male rats and 20 mg/kg for female rats. The LD50 for dermal 

exposure is 126 mg/kg for male rats, 112 mg/kg for female rats and 

354 mg/kg for rabbits (Meister, 1992; Budavari, 1989). The 

concentration in air, at which half of the test animals die, the LC50, is 

0.8 mg/L air. Monocrotophos is not irritating to skin and eyes (Kidd 

and James, 1991). Symptoms of monocrotophos poisoning are similar 

to those of other organophosphate compounds. Its cholinesterase 

inhibiting activity causes nervous system effects. Cases of human 

poisoning are characterized by muscular weakness, blurred vision, 

profuse perspiration, confusion, vomiting, pain and small pupils. 

There is a risk of death due to respiratory failure (Gallo and Lawryk, 

1991; Senanayake and Karalliedde, 1987). 
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• Reproductive effects: Rats who received doses of 2 mg/kg/day 

monocrotophos produced fetuses with lower than average length and 

weight (EPA US, 1985). This dose is much higher than expected from 

normal application of this pesticide. 

• Teratogenic effects: No teratogenic effects were found at 2 mg 

monocrotophos /kg/day in rats, the highest dose tested (EPA US, 

1985). 

• Mutagenic effects: Studies show that monocrotophos may be weakly 

mutagenic (EPA US, 1985). 

• Carcinogenic effects: Monocrotophos is not carcinogenic in rats at 

0.45 mg/kg/day, the highest dose tested (EPA US, 1985). No 

significant carcinogenic lesions were observed when rats were 

exposed to ,monocrotophos aerosol at concentrations from 97-308 

mg/m3  for one hour (ACGIH, 1991). 

• Organ toxicity: Monocrotophos affects the central nervous system by 

inhibiting cholinesterase, an enzyme essential for normal nerve 

impulse transmission. Liver and kidney acetlycholinesterase 

inhibition in rats is reported by Ramesh et al., (1996) 

• Fate in humans and animals: Monocrotophos is metabolized and 

excreted rapidly and does not appear to accumulate within the body 
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(ACGIH, 1991). In mammals, 60-65% is excreted within 24 hours, 

predominantly in the urine (Gallo and Lawryk, 1991). 

Ecological effects 

• Effects on aquatic organisms: Monocrotophos is moderately toxic to 

fish (Meister, 1992). The LC50 (48hrs) is 7 mg/L for rainbow trout 

and 23 mg/L for bluegill sunfish (Kidd & James, 1991). 

Monocrotophos causes reproductive damages to crustaceans exposed 

for long duration (Briggs, 1992). 

• Effects on birds: Monocrotophos is highly toxic to birds (Meister, 

1992). The LD50 is 0.76 mg/kg for California quail, 0.94 mg/kg for 

bobwhite quail, 1.58 mg/kg for Canada goose, 3.3 mg/kg for 

European starling and 4.76 mg/kg for mallard ducks 

(EXTONET,1998). 

• Effects on other animals (Nontarget Species): Monocrotophos is 

highly toxic to bees (Kidd and James, 1991). It may also kill non-

target birds which eat insects poisoned with monocrotophos 

(EXTONET,1998) and toxicity to frogs is also reported (Calumpang 

et al., 1997). 
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Environmental Fate 

• Breakdown of chemicals in soils and ground water: Monocrotophos 

has a low environmental persistence. It does not accumulate in soil 

because it is biodegradable. Its half-life is less than 7 days in soil 

exposed to natural sunlight (EXTONET,1998; Meister, 1992; EPA 

US, 1985). 

• Breakdown of chemical in surface water: No information is currently 

available. 

• Breakdown of chemical in vegetation: Monocrotophos has a half-life 

of 1.3 to 3.4 days on plant foliage (Chambers and Patrica, 1992). It 

causes slight injury to some varieties of apples, pear, cherry, peach 

and sorghum (Gallo and Lawryk, 1991). 

Toxicity due to DDVP 

The EPA (Environmental Protection Agency, USA) has classified DDVP 

(0, 0-dimethly 1-0-2, 2-dichlorovinyl phosphate) as toxicity class I - 

highly toxic, because it may cause cancer and there is only a small 

margin of safety for other effects. DDVP is an organophosphate 

compound used to control household, public health and store product 
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insects. It is effective against mushroom flies, aphids, spider mites, 

caterpillars, thrips, and white flies in greenhouse, outdoor fruit and 

vegetable crops. DDVP is used to treat a variety of parasitic worm 

infections in dogs, lives stock and humans. DDVP can be fed to live 

stock to control bot fly larvae in the manure. It acts against insects as 

both, a contact and as stomach poison. 

Toxicological Effects 

o Acute toxicity: DDVP is highly toxic to inhalation, dermal absorption, 

and ingestion. As DDVP is volatile, inhalation is the most common 

route of exposure. As with all organophosphate, DDVP is readily 

absorbed through the skin. Acute illness from DDVP is limited to the 

effect through cholinesterase inhibition. Compared to poisoning by 

other organophosphates, DDVP causes a more rapid onset of 

symptoms, which is often followed by a similarly rapid recovery. This 

occurs because DDVP is rapidly metabolized and eliminated from the 

body. Symptoms of acute exposure to DDVP may include the 

following: Numbness, tingling sensations, inco-ordinations, headache, 

dizziness, tremor, nausea, abdominal cramps, sweating, blurred 

vision, difficulty in breathing or respiratory depression, slow heart 

beat. Very high dose may result in unconsciousness, incontinence and 

convulsions or fatality. DDVP may cause delayed symptoms 
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beginning 1 to 4 weeks after an acute exposure that may or may not 

have produced immediate symptoms. In such cases, numbness, 

tingling, weakness and cramping may appear in the lower limbs and 

progress to inco-ordination and paralysis. Improvement may occur 

over months or years, but some residual impairment may remain. The 

oral LD50 for DDVP is 61 to 175 mg/ kg in mice, 100 to 1090 mg/kg 

in dogs, 15 mg / kg in chickens, 25 to 80 mg/kg in rats, 157 mg/kg in 

pigs, and 11 to 12.5mg/kg in rabbits. The dermal LD50 for DDVP is 

70.4 to 250 mg/kg in rats, 206 mg/kg in mice and 107 mg/kg in 

rabbits ( Gallo and Lawryk, 1991; PHS US, 1995; Kidd and 

James,1991) the 4 hour LD50 for DDVP is greater than 0.2 mg/L in 

rats (PHS US, 1995) 

Chronic toxicity: Repeated of prolonged exposure to DDVP may 

result in the same effects as acute exposure, including the delayed 

symptoms. Other effects reported in workers repeatedly exposed 

include impaired memory and concentration, disorientation, severe 

depressions, irritability, confusion, headache, speech difficulties, 

delayed reaction times, nightmares, sleepwalking, and drowsiness or 

insomnia. Influenza like conditions with headache, nausea, weakness, 

loss of appetite and malaise has also been reported. Doses of up to 4 

mg/kg of a slow release formulation, given to cows to reduce flies on 
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their faces, had no visible adverse effects on the cows; but blood tests 

of these cows indicated cholinesterase inhibition. Feeding studies 

indicate that a dosage of DDVP very much larger than doses which 

inhibit cholinesterase, are needed to produce illness. Rats tolerated 

dietary doses as high as 62.5mg/kg/day for 90 days with no visible 

signs of illness, while a dietary level of 0.25 mg/kg/day for only 4 

days produced a reduction in cholinesterase levels. In male rats, 

repeated high doses caused abnormalities in the tissues of the lungs, 

heart, thyroid, liver and kidneys (PHS US, 1995). Rats exposed to air 

concentrations of 0.5 mg/L of DDVP over 5 weeks period exhibited 

significantly decreased cholinesterase activity in the plasma, red 

blood cells and brain. Dogs fed dietary doses of 1.6 or 12.5 mg/kg/day 

for 2 years showed decreased red blood cell cholinesterase activity, 

increased liver weights and increased liver cell size occurred (PHS 

US, 1988). Chronic expoSure to DDVP caused fluid to build up in the 

lungs (pulmonary edema). Liver enlargement has occurred in pigs 

maintained for long periods of time on high doses (PHS US, 1995). 

• Reproductive effects: There is no evidence that DDVP affects 

reproduction. When male and female rats were given a diet containing 

5 mg/kg/day DDVP just before mating, and through pregnancy and 

lactation, there were no effects on reproduction or on the survival or 
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growth of the off spring, even though severe cholinesterase inhibition 

occurred in the mothers and significant inhibition occurred in the off 

spring. The same results were observed in a three - generation study 

with rats fed dietary levels up to 25 mg/kg/day (Gallo and Lawryk, 

1991). Once in the blood stream, DDVP may cross the placenta (PHS 

US, 1995). 

• Teratogenic effects: There is no evidence that DDVP is teratogenic. A 

dose of 12 mg/kg/day was not teratogenic in rabbits and did not 

interfere with reproduction in, any way. There was no evidence of 

teratogenicity when rats and rabbits were exposed to air 

concentrations of up to 6.25 mg/L throughout pregnancy. DDVP was 

not teratogenic when given oraly to rats (Gallo and Lawryk, 1991). 

• Mutagenic effects: DDVP can bind to molecules such as DNA. For 

this reason, there has been extensive testing of DDVP for 

mutagenicity. Several studies have shown DDVP to be a mutagen for 

example, DDVP is reported positive in the Ames mutagenicity assay 

and in other tests involving bacterial or animals cell cultures (EPA 

US, 1988). 

• Carcinogenic effects: DDVP has been classified, as a possible human 

carcinogenic because it caused tumors in rats and mice in some 

studies but not others. When DDVP was administered by gavaga 
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(stomach tube) to mice for 5 days/ week for 103 weeks at doses of 20 

mg/kg/day in males and 40 mg/kg/day in females, there was an 

increase incidence of benign tumors in the lining of the stomach in 

both sexes. When rats were given doses of 4 or 8 mg/kg/day for 5 

days per week for 103 weeks, there was an increase incidence of 

benign tumors of the pancreas and of leukemia. At the highest dose 

there was also an increased incidence of benign lung tumors in males. 

In female rats there was an increase in the incidence of benign tumors 

of the mammary glands. However, no .  tumors caused by DDVP were 

found in rats up to 25 mg/kg/day for 2 years, or in dogs feed up to 11 

mg/kg/day for 2 years. No evidence of carcinogenicity was found 

when rats were exposed to air containing up to 5 mg/L for 23 

hours/day for 2 years (EPA US, 1988). A few tumors were found in 

the oesophagus of mice on oral exposure to DDVP, even though 

tumors of this kind are normally rare (PHS US, 1995). 

• Organ toxicity: DDVP primarily affects the nervous system through 

cholinesterase inhibition, the blockage of an enzyme required for 

proper nerve functioning. Distribution of DDVP in the heart, lung, 

liver, kidney & spleen after fatal ingestion is reported by Shimizu et 

al., (1996). Toxicity to liver is reported in fish (Rath & Misra, 1981) 

and rat (Ellinger, 1984). 
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• Fate in humans and animals: Among the organophosphates, DDVP is 

remarkable for its rapid metabolism and excretion by mammals. 

Exposure of rats to 11 mg/L (250 times the normal exposure) for 4 

hours was required before DDVP detectable in the rats. Even than, it 

was detected only in the kidneys. Following exposure to 50 mg/L, the 

half-life for DDVP in the rat's kidney was 13.5 minutes. The reason 

for this rapid disappearance of DDVP is the presence of degrading 

enzymes in both tissue and blood plasma. When DDVP is absorbed 

after ingestion, it is moved rapidly to the liver where it is rapidly 

detoxified. Thus poisoning by non-lethal doses of DDVP is usually 

followed by rapid detoxification in the liver and recovery. Rats given 

oral or dermal doses at the LD50 level either died within one hour of 

dosing or recovered completely. DDVP does not accumulate in body 

tissues and has not been detected in the milk of cows or rats, even 

when the animals where given doses high enough to produce 

symptoms of severe poisoning (Gallo and Lawryk, 1991). 

Ecological Effects 

• Effects on bird: DDVP is highly toxic to birds, including ducks and 

pheasants: the LD50 in wild birds fed dichlorvos is 12 mg/kg (Kidd 

and James, 1991). 
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• Effects on aquatic organisms: UV light makes DDVP 5 to 150 times 

more toxic to aquatic life (PHS US 1995). Grass shrimp are more 

sensitive to DDVP than the sand shrimp, hermit crab, and 

mummichog (EPA US, 1988). The LC50 (96-hour) for DDVP is 11.6 

mg/L in fathead minnow, 0.9 mg/L in bluegill, 5.3 mg/L in mosquito 

fish, 0.004 mg/L in sand shrimps, 3.7 mg/L in mummichogs and 1.8 

mg/L in American eels. The LC50 (24-hour) for DDVP in bluegill 

sunfish is 1.0 mg/L. DDVP does not significantly bio-accumulate in 

fish (Howard, 1991). 

• Effects on other organisms: DDVP is toxic to bees (Kidd and James, 

1991). 

Environmental Fate 

• Breakdown in soil and ground water: DDVP has low persistence in 

soil. Half-lives of 7 days were measured on clay, sandy clay and loose 

sandy soil. In soil DDVP undergoes hydrolysis and biodegradation. 

Volatilization from moist soils is expected to be slow. The pH of the 

media determines the rate of breakdown. Breakdown is rapid in 

alkaline soils and water, but it is slow in acidic media. For instance, at 

pH 9.1 the half-life of DDVP is about 4.5 hours. At pH 1 (very 

acidic), the half-life is 50 hours. DDVP does not adsorb to soil 

particles and it is likely to contaminate ground water. When spilled on 
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soil, DDVP leached into the ground with 18 to 20% penetrating to a 

depth of 12 inches within 5 days. (Howard, 1991; Augustin et at, 

1994). 

• Breakdown in water: In water, DDVP remains in solution and does 

not adsorb to sediments. It degrades primarily by hydrolysis, with a 

half-life of approximately 4 days in lakes and rivers. This half-life 

will vary from 20 to 80 hours between pH 4 and pH 9. Hydrolysis is 

slow at pH 4 and rapid at pH 9. Biodegradation may occur under 

acidic conditions, which slow hydrolysis, or where populations of 

acclimated microorganisms exist, as in polluted waters. Volatilization 

from water is slow. It has been estimated at 57 days from river water 

and over 400 days from ponds. (PHS US, 1995; Howard, 1991) 

• Breakdown in vegetation: Except for cucumbers, roses and some 

chrysanthemums, plants tolerate dichlorvos very well (PHS US, 1995) 

Nephrotoxicity due to pesticides 

There are very few reports on pesticide induced nephrotoxicity . The 

nephrotoxicity of paraquat was evaluated by estimating renal function in 

vitro and in vivo in surviving mice 24 hours after an LD50 dose of 

herbicides (Ecker et al., 1975). Exposure of rats to 10 p,g/litre of DDVP 
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for 4 hours showed its presence in the kidney of the animals (Blair et al., 

1975). Changes in renal function associated with paraquat dichloride 

toxicity in domestic fowl are reported by Prashad et al., (1981). Hydropic 

degeneration of fish renal tubules and glomerular contraction is reported 

by Kumar and Pant (1985) following acute lethal and sublethal 

concentration of monocrotophos. The effect of a single low dose of 

parathion in dogs showed increased renal sodium excretion and decrease 

in potassium excretion (Guana et al., 1982). Webb (1982,83) observed 

nephrotoxicity of paraquat in sheep and associated reduction in paraquat 

secretion. Endosulfan induced nephrotoxicity in Channa gachua is 

reported by Sharma (1990). Effect of chlorpyrifos on kidney of 

freshwater catfish showed dilation of the lumina of the kidney tubules 

and necrosis of tubules (Srivastava et al., 1990 ). DDVP induced 

histopathological changes in kidney of grey mullet Liza parsia are 

reported by Mohapatra & Noble (1992). Nagano et al., (1992) has 

reported acute renal failure in mice exposed to paraquat. 

Histopathological changes were observed in kidney due to effect of 

malathion on dwarf lizards (Ozelmas and Akay, 1995). Kidney 

abnormality in male rats on chronic exposure to DDVP is reported by 

PHS US (1995). Ramesh et cd.,(1996) reported acetylcholinesterase 

inhibition in kidney of rat after exposure to monocrotophos. Renal effects 
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of chronic exposure to malathion in Octodon degus induced histological 

damage and increase in fractional excretion of potassium (Bosco et 

al., 1997). 

Reason for choosing pesticide toxicant for the present study 

Although the total usage of pesticides, in terms of pounds applied, is 

largest in those application related to agriculture or forestry, these toxic 

chemicals are also used in urban areas. In addition to the use of 

pesticides by government service agencies, as in mosquito and rodent 

control programs and a weed control on highways and utility rights of 

way, there is a rather large use of pesticides by individual homeowners 

and gardners. Realistic efforts to strike a balance between the benefits 

and the subtle, indirect costs of pesticides must take all humanity into 

account. As Indira Gandhi (1972) said," HoW can we speak to those who 

live in villages and slums about keeping the oceans, the rivers, and the 

air clean when their own lives are contaminated at the source? The 

environment cannot be improved in conditions of poverty, nor can 

poverty be eradicated without the use of science and technology". 

It is apparent that there are many sources of exposure of humans and 

other non-target species to pesticides by direct contact with materials at 
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the site of application. In recent years, however it has become 

increasingly apparent that exposures to pesticides far remote from the 

source of application are also possible. This results from the 

translocation of chemicals from their sites of application through the 

various media of the environment. The extent to which translocation 

within the environment occurs will depend to a larger degree on the 

physiochemical properties of the pesticides. Perhaps one of the most 

important factors is the extent of and time required for degradation of 

chemicals to simpler non-toxic forms. 

Other non-biological modes of translocation include vaporization and 

drift airborne routes so that prevailing wind patterns far remote from 

their site of application carries the materials. Subsequently, they may be 

precipitated out by rainfall onto land and surface water in areas in which 

the pesticides have not been applied directly. Application to the soil may 

result ultimately in suspension of pesticides, adsorbtion on soil particles, 

and air borne translocation as dust. The extent to which pesticides will 

remain in soil after application depend upon a number of factors such as 

soil types, moisture, temperature, pH, microorganisms content, 

degradability of the pesticide itself and the extent to cultivation and 

cover crops (EXTONET,1998). Most of the chemicals that are used as 
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pesticides are not highly selective but are generally toxic to many non-

target species, including man and other desirable forms of life that 

coinhabit the environment. Therefore, lacking highly selective pesticide 

action. 

Toxicological evaluation of hazard of handling and usage of pesticides 

have for many years focused primarily on preventing injury to man, and 

common laboratory animals have served as the experimental models for 

man's biochemical, physiological and pathological responses to these 

chemicals. Increased awareness and concern for ecological implication of 

the use of pesticides have begun to direct the attention and the research 

of the toxicologists towards studies on the wild species as well as on man 

and domestic animals and laboratory animals that are selected as test 

models to represent man. The toxicology of pesticides therefore relates to 

both their injurious effects directly upon man and their effects on other 

species of animals in the environment from which man derives the 

pleasure as well as food and which are essential to maintain a proper 

ecological balance. 
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Choice of experimental animal 

Choice of mouse (Mus musculus) as a experimental animal was 

done based on following reasons: 

• Mice are easy to identify and their classification and systematics are 

well established. Hence there is little risk of monitoring being 

confounded to uncertainties regarding the identification of , or 

relationship between the species being studied. 

• They are particularly known experimental animals, with much 

research carried out, which provide background knowledge of 

toxicology thus reducing the risk of misinterpretation. 

• They are easily available throughout the experimental period from the 

local supplier. 

• They quickly acclimate to laboratory conditions and can tolerate the 

experimental stress. 

• Results could be extrapolated to the mammals of higher order. 

Kidney studies for pesticide toxicity and choice of 

parameters 

Mammalian kidney is an extremely complex organ, both anatomically 

and functionally. One primary renal function is excretion of wastes, but 
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the kidney also plays significant role in the regulation of total body 

homeostasis. The kidney is the predominant organ involved in regulation 

of extracellular volume and in control of electrolyte and acid-base 

balance. This organ is also a major site of formation of hormones that 

influence systemic metabolic functions: erythropoetin, potent stimulus to 

the erythrocyte formation; the relatively inactive vitamin D3; renin, the 

trigger to the formation of angiotensin and aldosteron is formed in the 

kidney; and the recent evidences indicate that the kidney produces 

several vasoactive prostaglandins and kinins. A toxic insult to kidney 

could alter any or all of these functions. Owing to its diverse functions 

and the small mass in relation to the resting cardiac output it handles, the 

kidney is a target for chemicals that are pharmacologically active and for 

toxic material functions. It is the major organ of excretion and 

homeostasis for water-soluble molecules. Because it is metabolically 

active organ, it can concentrate certain substances actively. In addition its 

cells have the potential to bioconvert chemicals and metabolically 

activate a variety of compounds. There are other processes described 

below that establish the potential for cellular injury. Specific 

physiological characteristics are localized to specific cell types, which 

make them susceptible to, and the target for toxicant. 
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Kidney also responds to cellular lesions by renal and extrarenal 

adaptations to compensate for loss of the cell functions. Although there is 

a capacity within the kidney for repair, there are also several 

circumstances where damage may be irreversible .In general, the 

proximal and distal tubules and urothelia can be repaired , but the 

glomeruli and the medulla have a significantly lower repair facility. It is, 

therefore possible to initiate a series of degenerative changes as a result 

of interfering with one or more of the normal physiological processes. 

Since kidney is a highly dynamic organ, renal blood flow is quite high. 

Two kidneys together receive about 25 % of the cardiac output. 

Approximately one third of the plasma water reaching the kidney is 

filtered and from this material approximately 98 to 99 % of salt and water 

is reabsorbed. Because of high blood flow, any toxicant in the systemic 

circulation will be delivered in relatively high amounts to this organ. 

Reflection of any alteration in renal function due to toxic insult will be 

thus seen in the composition and the concentration of urine, which 

sometimes indicate a deficit in renal medullary function. 

The glomerular filtration produces an ultrafiltrate of the blood plasma, 

which contain foreign compounds and their metabolites in approximately 
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same concentration as occurs in the blood. Once the compound has 

filtered at the glomeruli, it may remain within the tubular lumen and 

excreted or it may be passively reabsorbed across tubular cells of the 

nephron into the blood stream. 

There is hardly any work done on kidney of mammals showing renal 

toxicity of monocrotophos and DDVP besides, the one reported by 

Ramesh et al.,1996 wherein they observed acetylcholinesterase 

inhibition in the kidney of rat after sublethal acute exposure to 

monocrotophos and the previous study on DDVP-induced 

nephrotoxicity as reported by PHS US(1995) mentions about 

abnormality in kidney tissue after chronic exposure to DDVP. Therefore, 

the present study was undertaken to find out the effect of single 

exposure of sublethal doses of monocrotophos and DDVP on kidney. 

Further, current interest in and awareness of the role of the kidney in 

elimination of toxic compounds as well as observations of toxicant-

induced kidney damage have provided an impetus for further study of 

toxicology of this organ system. Therefore, some biochemical parameters 

were undertaken for kidney, serum and urine analysis. Glomerular 

Filtration Rate was also studied to evaluate the alterations in renal blood 

supply and the damage caused to the ultrafiltration unit. Inaddition to 
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this, histopathological studies were also undertaken to provide a great 

deal of information about nephropathies and renal degeneration and also 

to focus on that injury which has occurred in situation in which it does 

not alter the function to noticeable extent. 

Objectives of the study 

• To find out how an important organ like kidney reacts to the 

intoxication of monocrotophos and DDVP. 

• To explore organophosphate insecticide toxicity at biochemical as 

well as histophathological level. 

• To extend information on acute toxicity of organophosphorus 

insecticides for terrestrial vertebrates especially in the field of 

nephrotoxicity. 

• To provide more information to instill possible ecological fate of 

monocrotophos and DDVP. 

• To suggest biochemical effects of organophosphorus insecticides so 

that a number of other drugs and chemicals may provide explanation 

for the protection of mammals against poisoning. 
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Proposed plan of research 

A review of the literature on pesticide toxicity showed that hardly any 

attention is given to the nephrotoxicity of Monocrotophos and DDVP. 

Therefore it was felt necessary to study the effect of monocrotophos & 

DDVP - widely used organophosphate insecticides - on the kidney of 

mouse Mus musculus. 

Monocrotophos and DDVP showed LD50  values equivalent to 457.0 

ppm and 5542.0 ppm for 24 hours respectively. Therefore single 

injections of sublethal doses were chosen to see if these could lead to any 

renal impairment vis-a-viz renal alterations with respect to histology and 

biochemical changes. On exposure of mice to different doses of both 

pesticides separately, kidney, serum and urine analysis were undertaken. 

As cellular responses to toxic insults may vary from biochemical 

alterations to cell death with resulting necrosis, for this reason 

biochemical analysis as well as histopathological studies were 

undertaken. 

As mentioned by Dubach et al., (1989) different enzymes are not 

uniformly distributed along or between nephrons and previous studies on 

26 



organophosphate-induced nephrotoxicity showed necrosis of renal tissue 

therefore , to find out the role of lysosomal enzymes during induction of 

necrosis, acid phosphatase and non-specific esterase enzyme assays were 

undertaken. As alkaline phosphatase is known to be associated with 

membrane transport and under necrotic conditions membranes are likely 

to be disturbedllesioned therefore, it was felt appropriate to study the 

changes in alkaline phosphatase activities under the influence of 

monocrotophos and DDVP. Besides, there is hardly any such report 

under the changes in alkaline phosphatase activities under the influence 

of monocrotophos and DDVP. Glucose-6-phosphate dehydrogenase, 

mitochondral isocitrate dehydrogenase and mitochondria) malate 

dehydrogenase were studied to evaluate metabolic stress under the 

influence of monocrotophos and DDVP. 

Some enzyme parameters and rest of the parameters chosen for the study 

were extended for serum analysis as any change brought about at cellular 

level is passed on to the blood stream through extracellular fluid 

(Meri11,1956). 

Tests of enzymuria are sensitive enough to detect acute tubular damage 

and severity of tubular dysfunction (WHO, 1991) therefore, urine acid 
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phosphatase, alkaline phosphatase and non-specific esterase estimations 

were undertaken. 

Total protein estimation was studied for kidney and serum specially to 

reveal tissue damage caused to renal architecture as well as the changes 

in protein metabolism and its reflection in serum to certain extent. Urine 

protein analysis were undertaken because presence of proteins in urine 

indicates abnormalities in renal function (Jerry, 1975). 

Creatinine and urea analysis was carried out for kidney, serum and urine 

as they are good indices for tissue damage and change in protein 

metabolism (Jerry, 1975). 

Since toxicants are transported by the organic acid transport system 

which appears to be located in the proximal convoluted tubules (renal 

site) and during the process of transport ation of toxicants usually uric 

acid is excreted (Curtis, 1975). Also any change in purine metabolism 

can alter uric acid level. Therefore, quantitative analysis of kidney, serum 

and urine uric acid was carried out, as it was a good estimate of degree of 

toxicity caused due to renal handling of pesticides. 
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The ability of kidney to reabsorb or to secrete electrolytes is estimated as 

the fractional excretion of sodium ion, potassium ion, calcium ion, 

chloride etc. which takes into account the filtered load, thus allowing 

comparison of electrolyte transport between treated and control even if 

renal haemodynamics is changed, which is a good estimate of nephron 

function (Jerry, 1975). Therefore, sodium, potassium, calcium and 

chloride analysis was undertaken for kidney as well as for serum and 

urine to correlate renal dysfunction with electrolyte transport. 

To note the histopathological alterations in the kidney of experimental 

mice, fixed frozen kidneys were sectioned cryostatically and stained by 

employing haematoxylene/eosin technique and the permanent slides were 

prepared which were used for microscopical examinations which aimed 

at detecting cellular damage and to show subclinical lesions and to 
• 

interpret associated dysfunction in the light of biochemical analysis 

undertaken. 

Literature review on pesticide toxicity showed glomerular damage and 

since there are no reports on monocrotophos- and DDVP-induced 

alterations in glomerular filtration rate and urine flow rate , it was felt 

necessary to study these parameters. The main aim behind the study of 
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glomerular filtration rate and urine flow rate was to find out the change 

in renal blood supply and the damage caused to the ultrafiltration unit. 
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MONOCROTOPHOS 

Chemical name: Monocrotophos is an E isomer of 0, 0- dimethy1-0- 

(1-methy1-3-oxo-l-propenyl) phosphate. It is also called the cis-isomer. 

Chemical structure: 

0 

(CH30) 2-P-0 	H 

\ / 
C=C 	H 
/ \ 
CH3C-N 

, 
0 	CH3 

Synonyms: The common name, monocrotophos (BSI,ISO) is in general 

use. Trade names include Azodrin and Nuvacron Bilobran, Crisodrin, 

Monocil 40, Monocron, Pillardrin & Plantdrin. Code designations are C-

1, 414,ENT-27, 129 and SD-9, 129. The CAS registry numbers are as 

follows: E-isomer, 6923-22-4. 

Physical and chemical properties: The emperical formula of both 

isomers is C7H14NO5P and they have a molecular weight of 223.16. The 

pure material forms crystals with a melting point of 54 -55 °  C. The 

vapour pressure is 7 x 10 -5  mm Hg at 20 °  C; Monocrotophos is soluble 

in water, acetone and alcohol but only slightly soluble in mineral oils. 
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The Technical material forms a reddish brown solid with a melting point 

of 25 - 30 ° C. Monocrotophos is unstable in low-molecular weight 

alcohols and glycols. It is stable in ketones and higher molecular weight 

alcohols and glycols. It is unstable when stored in glass and polyethylene 

container. The half-life of monocrotophos in a 2.0ppm solution at pH 7 

and 38 ° C is 23 days; at pH 4.6 and 100 ° C, the half-life is 80 minutes. 

DDVP 

Chemical name: DDVP is 0, O-dimethyl-O-2, 2-dichlorovinyl 

phosphate. 

Chemical structure: 

0 

(CH30) 2-P-0-- CH = C Ct2 

Synonyms: The common name dichlorvos (BSI, ISO) is generally 

accepted, except in the USSR, where acronym DDVP was used 

extensively until supplemented by dichlorvos except in Japan. Trade 

names include Canogard, Crossman's Fly-Cake, Dedevap, De-Pester 

Insect strip, Lethalaire, Mafu, Misect, Nogos, Vapona, Vaponicide and 

Vaporette Bar, Apvap, Benfos, Cekusan, Cypona, Derribante, Devikol, 

Didivans, Duo-Kill, Duravos, Elastrel, Fly-bate, Fly-Die, Fly-fighter, 
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Herkol, Marvex, No-Pest, Prentox, Vaponite, Verdican, Verdipor, 

Verdisol, Doom, Nogos. The compound in the form of a resin granule 

formulation is sold as an antihelminthic under the name Atgard, 

Dichloroman;Equigard and Task. Code designation includes BAY-

19149, ENT-20738, OMS- 14, and SD-1750. The CAS registry number 

is 62-73-7. 

Physical and chemical properties: Dichlorvos has the emperical 

formula C4H7C1204P and a molecular weight of 220.98. The pure 

material forms a colourless to amber liquid with a mild chemical odor. 

The density of dichlorvos at 25 0  C is 1.415. The boiling point is 350  C at 

0.05 mm Hg. The vapour pressure of dichlorvos is 1.2 x 10 mm Hg at 

200  C. Dichlorvos is miscible with alcohol and in aromatic and 

chlorinated hydrocarbon solvents. Its solubility is about 1 % in water and 

3 % in kerosene and mineral oils. Dilute dichlorvos hydrolyzes rapidly in 

the presence of moisture. A saturated aqueous solution (1%) hydrolyzes 

at a rate of about 3 % per day. Concentrates are readily decomposed by 

strong acids and bases. Technical DDVP contain not less than 93 % of 

pure material. 
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Swiss albino mice ( Mus musculus ) 10-week-old adult males weighing 

22-25 g were obtained from Vaccine Institute, Belgaum, Karnataka. 

Animals were housed in polypropylene cage of dimention 290 x 240 x 

140mm bedded with paddy husk. They were acclimatized to the ambient 

laboratory conditions viz. Temperature 30 0  C: Photoperiod 141: 10D; 

Humidity 65-70% for a period of 10 days before use. They were fed ad 

libitum on commercial mice feed and clean tap water was provided for 

drinking. 

Monocrotophos and DDVP (Technical grade 95% pure) obtained from 

Ciba Geigy, Goa were used as pesticide toxicants. Suspension of the 

pesticides was made in physiological saline. Initial rough dose-range-

finding experiment involved selecting doses on suspected toxicity, which 

was obtained from prior information on toxicity of monocrotophos and 

DDVP. A second series of tests was then performed using 4 animals in 

each test group in an attempt to narrow the range of doses. And final 

experiment was performed with a total number of animals of similar 

body weight and same sex, which were assigned randomly to test and 

control groups so that each group contained 10 animals. Test groups 

were administered different doses of formulation which previously has 

been estimated to produce mortality between 10% - 90% LD 50  was then 
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statistically determined for different exposure period by probit analysis 

(Finney, 1971), simplified by Busvine (1971). The details used to trace a 

regression equation and to find out LD 50  are as follows: 

Different doses of pesticides number of animals used for experimentation 

and their corrected moralities in column I — IV of table 2.1 to 2.16. 

Empherical probit values corresponding to the percent mortality in 

column III were determined from probit transformation table (Table 7 of 

Busvine, 1971) and added in column VI of table 2.1 to 2.16. 

Empherical probit (Y-axis) were then plotted against log doses (X-axis) 

and by using this graph, expected probit (from Y-axis) were read from 

provisional line for corresponding log doses on X-axis intercept and were 

tabulated in column VII of table 2.1 to 2.16. Working probits (Y) were 

then calculated using formula V = Yo + Kp; where p = percentage killed 

and Yo and K were read from table 8 of Busvine (1971) for the 

appropriate value of expected probit and values were then included into 

column VIII of table 2.1 to 2.16. Weighing coefficient (w) for each 

point of expected probit were read from table 8 of Busvine (1971) and 

were listed in column IX of table 2.1 to 2.16. 
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Each weighing coefficient was multiplied by the number of experimental 

animals and then probits (W) were listed in column X of table 2.1 to 

2.16. Now for each row of table 2.1 to 2.16 the values of W and X, W 

and Y were multiplied and the products WX and W Y were listed in 

column XI & XII of table 2.1 to 2.16. The products of column X, XI and 

XII for table 2.1 to 2.16 were summed up at the foot of each respective 

column giving abbreviations as EW, ZWX and ZWY respectively. Then 

the values for X and Y were determined using following equations. 

EWX 
	

EWY 
= 	 and V = 

EW 
	

EW 

Where X and Y is the arithmetic means with weighing coefficient as 

frequency distribution. 

For each row of Table 2.1 to 2.16, the values of WX was multiplied by 

the values of X and the product of WX 2  was summed up as ZWX 2  at the 

foot of column XIII. Similarly the value of WY was multiplied by value 

of Y and product WY2  were summed up as ZWXY2  at the foot of column 

XIV. For each row of Table 2.1 to 2.16 again the value of WX was 

multiplied by value of Y and products WXY were summed up as WXY 

at the foot of column XV 
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Now the values of the estimated regression coefficient b was calculated 

by following equation 

ZWXY — ZWY 
b= 

ZWX2 ZWX 

The regression equation may now be written as follows: 

Y' = (1— bX ) + bX or Y' = 17+ b (X- I) 

From above equation improved expected probit Y' were calculated and 

tabulated in column XVI. This value of improved expected probit Y' did 

not differ by more than 0.2 as compared to working probit Y in column 

VII of all tables which marks significance of the values (Y'). Similarly X', 

improved logio dose values were calculated using formula 

Y — -b X)  
X' — 

b 

And average was calculated and placed at the foot of column XVII using 

abbreviation m 

LD50  (column XXII) for each exposure period was then calculated using 

following formulae. 
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For monocrotophos (in ppm) LD 50  = Antilog [ 5- 	b X)] x 100 

b 

For DDVP (in ppm) LDso = Antilog [ 5 - 	— b TC) x 1000 

b 

Value 5 — (Y— bX ) 

b 

was substituted by abbreviation ni and were tabulated in column XVIII 

of table 2.1 to 2.16. The variance of m was calculated by expression 

V = 1 

b2  

1 + 	(m —M) 2  

EW 	EWX2  EWX2  

EW 

Where V is variance which is statistical device to measure the scatterness 

have calculated value. The fiducial limits also called an interval estimate, 

is a parameter given by two numbers between which calculated value ( 

) may be considered to lie between m l  (the lower confidence level)m 2 

 (the upper confidence limit) with 95 % confidence were calculated from 

variance (V) by using following formulae: 

= m — 1.96 VV—

m2 = m + 1.96 1\7 
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EVVY 
133.749 

EWY2  EWXY 	Avg(m) 
685.165 93.217 	0.6769 

EW 
26.770 

EWX 
18.127 

zwx2  
12.693 

Avg(M) 
0.6696 

EW 
27.120 

EWX 
18.266 

EVVY 
135.425 

zwx2  
12.699 

zwY2  
693.169 

EWXY 
93.775 

      

Avg(m) 
0.6728 

Table2.1 Probit analysis data of Monocrotophos toxicity for 6 hours exposure period 

Dose 
D in 

No.of 
animal 

correc 
ted % 

X= 
D X=log 

Emph 
erica! 

Expect 
ed Y=Y04- 

weighi 
ng co- Weight WX WY WX2  V■N2  WXY y' X' 

_ 
m V m 1  m2  

LD50 
 in 

ppm s mortal 
ity 

100 x10 probit probit Kp eff. w W ppm 

297 10 10 2.97 0.4728 4.160 4.020 3.750 0.439 4.390 2.056 16.463 0.981 61.734 7.783 3.702 0.480 

00' 9L
f 

395 10 30 3.95 0.5966 4.750 4.750 4.460 0.581 5.810 3.466 25.913 2.068 115.570 15.459 4.486 0.592 
495 10 50 4.95 0.6946 5.000 5.000 5.000 0.637 6.370 4.425 31.850 3.073 159.260 22.123 5.108 0.678 

'1.9  

601  

',19  

K
C. 

593 10 70 5.93 0.7731 5.250 5.250 5.530 0.581 5.810 4.492 32.129 3.473 177.680 24.839 5.605 0.761 
692 10 90 6.92 0.8401 6.280 6.280 6.240 0.439 4.390 3.688 27.394 3.098 170.940 23.013 6.030 0.873 

Avg(M) 
0.6754 

Table 2.2 Probit analysis data of Monocrotophos toxicity for 12 hours exposure period 

Dose 
D in 

No.of 
animal 

correc 
ted % 

X= 
D X=log 

Emph 
erica! 

Expect 
ed Y=Yo+ 

weighi 
ng co- Weight WX WY VVX2  WY2  WXY Y' X' 

_ 
m V m 1  m2  

LD50 
 in 

ppm s mortal 
ity 

100 x10  probit probit -Kp eff. w W ppm 

293 10 10 2.93 0.4669 4.160 4.000 3.750 0.439 4.390 2.056 16.463 0.957 61.734 7.686 3.660 0.4809 

O
l'E L

t 

390 10 30 3.90 0.5911 4.750 4.500 4.460 0.581 5.810 3.434 25.913 2.030 115.570 15.317 4.460 0.5911 
488 10 50 4.88 0.6884 5.000 4.840 4.970 0.637 6.370 4.316 31.162 2.971 154.875 21.452 5.090 0.6703 

7L9  00
f 

6P
 [EL 

585 10 70 5.85 0.7612 5.250 5.300 5.510 0.581 5.810 4.803 34.493 3.685 190.054 26.463 5.595 0.7541 
683 10 90 6.83 0.8344 6.280 6.000 6.240 0.439 4.390 3.663 27.394 3.056 170.936 22.857 6.027 0.8674 



EW 
26.770 

EWX2  
12.070 

EWXY 
90.897 

EWY2  
685.165 

EWX EWY 
17.681 133.749 

EW EWX 
17.051 

EWX` 
11.254 26.770 

EWXY 
87.747 

EWY 
133.749 

EWY2  
685.165 

Table2.3 Probit analysis data of Monocrotophos toxicity for 24 hours exposure period 

Dose 
D in 

No.of 
animal 

correc 
ted % 

X= 
D X=log 

Emph 
erica! 

Expect 
ed Y=Y04- 

weighi 
ng co- Weight WX WY WX2  WY2  WXY Y' X' 

_ 
m V m 1  m2  

LD5o 
in 

ppm s mortal 
ity 

100 x10 probit probit Kp eff. w W ppm 

285 10 10 2.85 0.4548 4.160 4.000 3.750 0.439 4.390 1.997 16.463 0.9080 61.734 7.489 3.654 0.4695 °C
a
t
  

380 10 30 3.80 0.5798 4.750 4.500 4.460 0.581 5.810 3.369 25.913 1.9531 115.570 15.026 4.471 	. 0.5781 
475 10 50 4.75 0.6767 5.000 5.000 5.000 0.637 6.370 4.311 31.850 2.9171 159.250 21.555 5.105 0.6606 

)9S 10
7 ;OS  71
L 

570 10 70 5.70 0.7559 5.250 5.500 5.530 0.581 5.810 4.392 32.129 3.3197 177.675 24.288 5.612 0.7416 
665 10 90 6.65 0.8228 6.280 6.000 6.240 0.439 4.390 3.612 27.394 2.9720 170.936 22.539 6.061 0.8502 

Table2.4 Probit analysis data of Monocrotophos toxicity for 48 hours exposure period 

Dose 
D in 

No.of 
animal 

correc 
ted % 

X= 
D X=log 

Emph 
erica! 

Expect 
ed Y=Y0+ 

weighi 
ng co- Weight WX WY WX2  WY2  WXY V' X' 

_ 
m V mi m 2  

LD5o 
in 

ppm s mortal 
ity 

100 x10  probit probit Kp eff. w W ppm 

270 10 10 2.70 0.4314 4.160 4.000 3.750 0.439 4.390 1.894 16.463 0.8170 61.734 7.102 3.662 0.4450 

43
4.

00
 360 10 30 3.60 0.5563 4.750 4.500 4.460 0.581 5.810  3.232 25.913 1.7980 115.570 14.415 4.473 0.5544 

450 10 50 4.50 - 0.6532 5.000 5.000 5.000  0.637 - 6.370 4.161 31.850 2.7179 159.250 20.804 5.102 0.6376 

:ES  10
8  :LS

  

'769  

540 10 70 5.40 0.7324 5.250 5.500 5.530 0.581 5.810 4.255 32.129 3.1165 177.675 23.530 5.616 0.7147 
630 10 90 6.30 0.7993 6.280 6.000 6.240 0.439 4.390 3.509 27.394 2.8047 170.936 21.896 6.050 0.8287 

Avg(M) 
0.6580 

Avg(m) 
0.6600 

Avg(M) 
0.6345 

Avg(m) 
0.6361 



EW Ewx2  
10.425 

EWX 
16.387 26.770 

EWXY 
84.430 

EWY 
133.479 

zwy2  
685.165 

EW EWX 
15.682 26.770 

E'WY EWX 
133.749 9.58 

EWY2  EW),CY 
685.165 86.886 

Table 2.5 Probit analysis data of Monocrotophos toxicity for 72 hours exposure period 

Dose 
D in 

No.of 
animal 

correc 
ted % 

X= 
D X=log 

Emph 
erica! 

Expect 
ed Y=Y0-1- 

weighi 
ng co- Weight WX WY WX2  WY2  WXY Y' X' 

_ 
m V m 1  m2  

LDso 
in 

ppm s mortal 
ity 

100 x10 probit probit Kp eff. w W ppm 

255 10 10 2.55 0.4065 4.160 4.000 3.750 0.439 4.390 1.785 16.463 0.725 61.734 6.692 3.659 0.4205 

40
9.

90
 340 10 30 3.40 0.5315 4.750 4.500 4.460 0.581 5.810 3.088 25.913 1.641 115.570 13.773 4.472 0.5296 

425 10 50 4.25 0.6284 5.000 5.000 5.000 0.637 6.370 4.003 31.850 2.515 159.250 20.105 5.103 0.6126 

300 

:c
5 

)L9 

510 10 70 5.10 0.7076 5.250 5.500 5.530 0.581  5.810 4.111 32.129 2.909 177.675 22.735 5.618 0.6941 
595 10 90 5.95 0.7745 6.280 6.000 6.240 0.439 4.390 3.400 27.394 2.633 176.936 21.216 6.053 0.8032 

Table 2.6 Probit analysis data of Monocrotophos toxicity for 96 hours exposure period 

Dose 
D in 

No.of 
animal 

correc 
ted % 

X= 
D X=log 

Emph 
erica! 

Expect 
ed Y=Y0+ 

weighi 
ng co- Weight WX WY WX2  WY2  WXY Y' X' 

_ 
m V m 1  m2  

LDso 
in 

ppm s mortal 100 x10 probit probit Kp eff. w W ppm 
ity _ _ _ 

240 10 10 2.40 0.3802 4.160 4.000 3.750 0.439 4.390 1.669 16.463 0.635 61.734 6.259 3.672 0.3924 

38
5.

30
 320 10 30 3.20 0.5051 4.750 4.500 4.460 0.581 5.810 2.935 25.913 1.482 115.570 13.088 4.475 0.5027 

400 10 50 4.00 0.6021 5.000 5.000 5.000 0.637 6.370 3.835 31.850 2.309 159.250 19.177 5.099 0.5867 58
.̀.  60(  

'2
5
 

;179 

480 10 70 4.80 0.6812 5.250 5.500 5.530 0.581 5.810 3.958 32.129 2.696 177.675 21.866 4.382 0.6691 
560 10 90 5.60 0.7482 6.280 6.000 6.240 0.439 4.390 3.285 27.394 2.458 176.936 20.496 6.039 0.7794 

Avg(M) 
0.6097 

Avg(m) 
0.6128 

Avg(M) 
0.5834 

Avg(m) 
0.5861 



EWY EW EWX 
14.931 

zwx2  
8.722 26.770 

EWXY 
77.156 133.749 

zwy2  
685.165 

EW EWX 
10.156 26.430 

zwx2  
4.2817 

EWXY 
53.317 

EWY 
132.331 

zwy2  
678.891 

Table 2.7 Probit analysis data of Monocrotophos toxicity for 120 hours exposure period 

Dose 
Din 

No.of 
animal 

correc 
ted % 

X= 
D X=log 

Emph 
erical 

Expect 
ed Y=Yo+ 

weighi
ng co- Weight WX WY WX2  WY2  WXY Y' X' 

_ 
m V mi m2 

LD5o 
in 

ppm s mortal 
its[ 

100 x10  probit probit Kp eff. w W PPm 

225 10 10 2.25 0.3522 3.720 4.000 3.750 0.439 4.390 1.546 16.463 0.5446 61.734 5.798 3.666 0.3651 

OZ.Z9C  

300 10 30 3.00 0.4771 4.480 4.500 4.460 0.581 5.810 2.772 25.913 1.323 115.570 12.363 4.473 0.4750 
375 10 50 3.75 0.5740 5.000 5.000 5.000 0.637 6.370 3.656 31.850 2.099 159.250 18.280 5.099 0.5586 49

!  )19 

450 10 70 4.50 0.6532 5.540 5.500 5.530 0.581 5.810 3.795 32.129 2.479 177.675 20.986 5.611 0.6407 
525 10 	, 90 5.25 0.7202 6.280 6.000 6.240 0.439 4.390 3.162 27.394 2.277 170.936 19.731 6.043 0.7506 

Table2.8 Probit analysis data of Monocrotophos toxicity for 240 hours exposure period 

Dose 
D in 
PPm 

No.of 
animal 

s 

correc 
ted % 

mortal 
ity 

X= 
D 

100 
X=log 

x10 

Emph 
erical 
probit 

Expect 
ed 

probit 
Y=Yo+ 

Kp 

weighi
ng co- 
eff. w 

Weight 
W 

WX WY WX2  WY2  WXY T X' 
_ 
m V mi m2 

LD5o 
in 

PPm 

150 10 10 1.50 0.1760 3.720 3.920 3.740 0.405 4.050 0.713 15.147 0.1254 56.650 2.666 3.649 0.1894 

I C8C*0 	
I 

968800
1
0

  

°C
U

.° 
66  Et/  0 

C 9'  ItZ
  

200 10 30 2.00 0.3010 4.480 4.480 4.460 0.581 5.810 1.749 25.913 0.5263 115.570 7.800 4.464 0.3003 
250 10 50 2.50 0.3979 5.000 5.000 5.000 0.631 6.370 2.535 31.850 1.6085 159.250 12.673 5.096 0.3831 
300 10 70 3.00 0.4771 5.540 5.540 5.540 0.581 5.810 2.772 32.071 1.3224 177.033 15.301 5.613 0.4628 
350 10 90 3.50 0.5440 6.280 6.050 6.230 0.439 4.390 2.388 27.350 1.2991 170.389 14.878 6.049 0.5717 

Avg(M) 
0.5553 

Avg(m) 
0.5580 

Avg(M) 
0.3792 

Avg(m) 
0.3816 



EW EWY zwx2  
15.567 26.770 

EWX 
20.155 

EWXY 
103.253 

EWY 
133.749 685.165 

Table 2.9 Probit analysis data of DDVP toxicity for 6 hours exposure period 

Dose 
D in 
ppm 

No.of 
animal 

s 

correc 
ted % 

mortal 
ity 

X= 
D 

100 
X=log 

x10 

Emph 
erical 
probit 

Expect 
ed 

probit 
Y=Yo+ 

Kp 

.. 

weighi 
ng co- 
eff. w 

Weight 
W 

WX WY WX2  WXY Y' X' 
_ 
m V m 1  m 2  

LD50 
in 

ppm 

3570 10 10 3.57 0.5527 4.160 4.000 3.750 0.439 4.390 2.426 16.463 1.341 61.734 9.099 3.656 0.567 

0.
75

8
6 

0.
00

08
78

0 666
9

.0 

191
8' 0 57

36
.0

0 4750 10 30 4.75 0.6767 4.750 4.500 4.460 0.581 5.810 3.932 25.913 2.661 115.57 17.535 4.465 0.6759 
5940 10 50 5.94 0.7738 5.000 5.000 5.000 0.637 6.370 4.929 31.850 3.814 159.25 24.646 5.099 0.7586 
7130 10 70 7.13 0.8531 5.250 5.500 5.530 0.581 5.810 4.951 32.129 4.228 117.675 27.410 5.616 0.8398 
8310 10 90 8.31 0.9196 6.280 6.000 6.240 0.439 4.390 4.037 27.394 3.712 170.936 25.191 6.050 0.9487 

Table 2.10 Probit analysis data of DDVP toxicity for 12 hours exposure period 

Dose 
D in 
ppm 

No.of 
animal 

s 

correc 
ted % 

mortal 
ity 

X= 
D 

100 
X=log 

x10  

Emph 
erical 
probit 

Expect 
ed 

probit- 
Y=Yo+ 

Kp 

weighi 
ng co- 
eff. w 

Weight 
W 

WX WY WX2  WXY Y' X' 
_ 
m V m1 m 2  

LD5o 
in 

ppm 

3530 10 10 3.530 0.5478 4.160 4.000 3.750 0.439 4.390 2.405 16.463 1.317 61.734 9.018 3.660 0.5617 

9£S
C
O

 
 

908800
0'0 

r
81769

.0 0.
81

12
 00

.0L
9g  

4700 10 30 4.700 0.6721 4.750 4.500 4.460 0.581 5.810 _ 3.905 25.913 2.624 115.570 17.416 4.469 0.6707 
5880 10 50 5.880 0.7694 5.000 5.000 5.000 0.637 6.370 4.901 31.850 3.771 159.25 24.505 5.103 0.7536 
7050 10 70 7.050 0.8482 5.250 5.500 5.530 0.581 5.810 4.928 32.129 4.180 117.675 27.252 5.616 0.8350 
8220 10 90 8.220 0.9149 6.280 6.000 6.240 0.439 4.390 4.016 27.394 3.675 170.936 25.062 6.057 0.9440 

EW 
26.77 

EWX 
20.281 

EWY 
133.749 

zwx2  
15.756 

Ewy2 

685.165 
EWXY 
103.881 

Avg(M) 
0.7552 

Avg(m) 
0.758 

Avg000 
0(M) 

0.7505 

Avg(m) 
0.7530 



EW EWX 
19.90 26.770 

EWY EWX2  
133.749 15.188 

Table 2.11 Probit analysis data of DDVP toxicity for 24 hours exposure period 

Dose 
D in 

No.of 
animal 

correc 
ted % 

X= 
D X=log 

Emph 
erica! 

Expect 
ed Y=Yo+ 

weighi 
ng co- Weight WX WY WX2  WY2  WXY Y' X' 

_ 
m V ml  m 2  

LD50 
in 

ppm s mortal 
ity 

100 xio probit probit Kp eff. w W ppm 

3450 10 10 3.45 0.5378 4.160 4.000 3.750 0.439 4.390 2.361 16.463 1.270 61.734 8.854 3.662 0.5513 

55
4

2.
00

 
 

4600 10 30 4.60 0.6628 4.750 4.500 4.460 0.581 5.810 3.851 25.913 2.552 151.570 17.175 4.475 0.6605 
5750 10 50 5.75 0.7597 5.000 5.000 5.000 0.637 6.370 4.839 31.850 3.676 159.250 24.196 5.104 0.7436 00

 89  

[08  

6900 10 70 6.90 0.8388 5.250 5.500 5.530 0.581 5.810 4.873 32.129 4.088 117.675 26.950 5.618 0.8252 
8050 10 90 8.05 0.9058 6.280 6.000 6.240 0.439 4.390 3.976 27.394 3.602 170.93624.813 6.054 0.9344 

EWY2  EWXY 
685.165 101.988 

Table 2.12 Probit analysis data of DDVP toxicity for 48 hours exposure period 

Dose 
D in 

No.of 
animal 

correc 
ted % 

X= 
D X=log 

Emph 
erica! 

Expect 
ed - Y=Yef 

weighi 
ng co- Weight WX WY WX2  WY2  WXY y. x. 

_ 
myrn, m2 

LD50 
in 

ppm s mortal 
ity 

100 xic, probit probit Kp eff w W ppm 

3300 10 10 3.30 0.5185 4.160 4.000 3.750 0.439 4.390 2.276 16.463 1.180 61.734 8.536 3.661 0.5322 00170£5  
 

4400 10 30 4.40 0.6435 4.750 4.500 4.460 0.581 5.810 3.739 25.913 2.406 115.570 16.675 4.473 0.6415 
5500 10 50 5.50 0.7404 5.000 5.000 5.000 0.637 6.370 4.716 31.850 3.492 159.250 23.582 5.102 0.7246 72

L 

)0
8 ;9

9 78
: 

6600 10 70 6.60 0.8195 5.250 5.500 5.530 0.581 5.810 4.761 32.129 3.902 117.675 26.330 5.616 0.8062 
7700 10 90 7.70 0.8865 6.280 6.000 6.240 0.439 4.390 3.892 27.394 3.450 170.936 24.284 6.052 0.9155 

EW EWX 
26.770 19.384 

EWY 
133.749 

EWX2  EWY2  EWXY 
14.43 685.165 99.407 

Avg(M) 
0.7217 

Avg(m) 
0.724 

Avg(M) 
0.7410 

Avg(m) 
0.743 



EW 
26.770 

EWX 
18.844 

EWY 
133.749 

zwx2  
13.657 

zwy2  
685.165 

EWXY 
96.702 

      

Avg(M) 
0.7015 

AVg(111) 

0.704 

Table 2.13 Probit analysis data of DDVP toxicity for 72 hours exposure period 

Dose 
D in 
ppm 

No.of 
animal 

s 

correc 
ted % 

mortal 
ity 

X= 
D 

100 
X=log 

x10 

Emph 
erical 
probit 

Expect 
ed 

probit 
Y=Y0 + 

Kp 

weighi
ng co- 
eff. w 

Weight 
W 

WX WY WX2  WXY Y' X' 
_ 
m V m 1  m2 

LD5o 
in 

ppm 

3150 10 10 3.15 0.4983 4.160 4.000 3.750 0.439 4.390 2.188 16.463 1.090 61.734 8.203 3.658 0.5124 9E
8

80
00'0 

L
gt9
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C
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  50
6
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00

  

4200 10 30 4.20 0.6232 4.750 4.500 4.460 0.581 5.810 3.621 25.913 2.256 115.570 16.149 4.471 0.6216 
5250 10 50 5.25 0.7207 5.00 5.000 5.000 0.637 6.370 4.588 31.850 3.304 159.250 22.938 5.101 0.7046 

frO
L00 6300 10 70 6.30 0.7993 5.250 5.500 5.530 0.581 5.810 4.644 32.129 3.712 117.675 25.681 5.616 0.7861 

7350 10 90 7.35 0.8663 6.280 6.000 6.240 0.439 4.390 3.803 27.394 3.295 170.936 23.731 6.052 0.8453 

Table 2.14 Probit analysis data of DDVP toxicity for 96 hours exposure period 

Dose 
D in 
ppm 

No.of 
animal 

s 

correc 
ted % 

mortal 
ity 

X= 
D 

100 
X=log 

xio 

Emph 
erical 
probit 

Expect 
ed 

probit 
Y=Y0+ 

Kp 

weighi
ng co- 
eff. w 

Weight 
W 

WX WY WX2  WXY Y' X' 
_ 
m V m 1  m 2  

LD50 
in 

ppm 

3000 10 10 3.00 0.4771 4.160 4.000 3.750 0.439 4.390 2.094 16.463 0.9993 61.734 7.854 3.658 0.4913 

9E8 900 

038
00

0' 0  

L
tZ

9
.0 

£t  P L. ' 0 48
26

.0
0 4000 10 30 4.00 0.6021 4.750 4.500 4.460 0.581 5.810 3.498 25.913 2.106 115.570 15.602 4.470 0.6005 

5000 10 50 5.00 0.6990 5.000 5.000 5.000 0.637 6.370 4.453 31.850 3.112 159.250 22.263 5.100 0.6836 
6000 - 	10 70 6.00 0.7782 5.250 5.500 5.530 0.581 5.810 4.521 32.129 3.519 117.675 25.003 5.615 0.7652 
7000 10 90 7.00 0.8451 6.280 6.000 6.240 0.439 4.390 3.710 27.394 3.135 170.936 23.150 6.049 0.8744 

EW 
26.770 

EWX 
18.276 

EWY 
133.749 

zwx2  
12.871 

zwy2  
685.165 

EWXY 
93.872 

      

Avg(m) 
()X83 

Avg(M) 
0.6803 



EW EWX2  
7.851 

EWX 
14.129 26.770 

ENVY 
133.749 

ZWY2  EWXY 
685.165 73.152 

Table 2.15 Probit analysis data of DDVP toxicity for 120 hours exposure period 

Dose 
D in 
ppm 

No.of 
animal 

s 

Correc 
ted % 

mortal 
ity 

X= 
D 

100 
X=log 

x10 

Emph 
erica! 
probit 

Expect 
ed 

probit 
Y=Y0+ 

Kp 

weighi 
ng co- 
eff. w 

Weight 
W 

WX WY WX2  WY2  WXY Y' X' 
_ 
m V m 1  m2 

LD5o 
in 

ppm 

2850 10 10 2.85 0.4548 4.160 4.000 3.750 0.439 4.390 1.997 16.463 0.908 61.734 7.487 3.650 0.4701 

0.
00

0
87

72
 

6209
. 0 

161C
0   45

87
.0

0 3800 10 30 3.80 0.5798 4.750 4.500 4.460 0.581 5.810 3.369 25.913 1.953 115.570 15.024 4.466 0.5789 
4750 10 50 4.75 0.6767 5.000 5.000 5.000 0.637 6.370 4.311 31.850 2.917 159.250 21.553 5.098 0.6616 

199
0 5700 10 70 5.70 0.7559 5.250 5.500 5.530 0.581 5.810 4.392 32.129 3.320 117.675 24.287 5.615 0.7428 

6650 10 90 6.65 0.8228 6.280 6.000 6.240 4.390 4.390 3.614 27.394 2.972 170.936 22.550 6.052 0.8516 

Table 2.16 Probit analysis data of DDVP toxicity for 240 hours exposure period 

Dose 
D in 
ppm 

No.of 
animal 

s 

Correc 
ted % 
mortal 

ity 

X= 
D 

100 
X=log 

x10 

Emph 
erica! 
probit 

Expect 
ed 

probit 
Y=Yo+ 

Kp 

weighi
ng. co- 
eff. w 

Weight 
W 

WX- WY WX2 WY2  WXY Y' X' 
_ 
m V mi ' m2 

LD5o 
in 

ppm 

2100 10 10 2.10 0.3222 4.16 4.000 3.750 0.439 4.390 1.415 16.463 0.4559 61.734 5.304 3.663 0.3357 

9
8
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8000
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8
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  33
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2800 10 30 2.80 0.4472 4.75 4.500 4.460 0.581 5.810 2.598 25.913 1.1619 115.570 11.588 4.473 0.4453 
3500 10 50 3.50 0.5441 5.00 5.000 5.000 0.637 6.370 3.466 31.850 1.8858 159.250 17.330 5.101 0.5286 
4200 10 70  4.20 0.6232 5.25 5.500 5.530 0.581 5.810 3.621 32.129 2.2565 117.675 20.023 5.613 0.6104 
4900 10 90 4.90 0.6902 6.28 6.000 6.240 0.439 4.390 3.030 27.394 2.0913 170.936 18.907 6.047 0.7200 

Avg(M) 
0.5254 

EW EWX ENVY 
26.770 17.683 133.749 

EWX` 
12.07 

zwy: 
685.165 

EWXY 
.90.901 

Avg(M) 
0.658 

Avg(m) 
0.661 

Avg(m) 
0.528 



From the above calculated LD 50 values for 6, 12, 24, 48, 72, 96, 120, and 

240 hours exposure periods, 1.0 ppm, 5.0 ppm and 10.0 ppm were 

chosen as biologically significant doses for present study. 

Effect of modes of administration of pesticides/drugs decides their 

efficacy in producing toxicity to the organism (Rouiller and 

Muller,1969). Intramuscular administraion of pesticide in given 

concentration was found less toxic than intraperitoneal and intravenous 

administration. Intraperitoneal and intravenous administration were 

found to be equally toxic. Therefore, intraperitoneal mode of 

administration of pesticide was preferred as it is convenient and less 

cumbersome than intravenous administration in mice. The doses were 

administered intraperitoneally in a volume of lml as a single acute dose 

per animal. Animals administered identical volume of physiological 

saline served as control. 

As renal functional changes may be reversible, depending on the 

efficiency of repair mechanisms and the cessation of exposure to 

offending pesticide toxicant therefore repeated monitoring was done by 

choosing different exposure periods (6,12,24,48,72,96,120 and 240 

39 



hours) to help us to distinguish temporal sequence of events that follow 

an acute exposure during progressive toxicity. 

At the termination of exposure periods • the animals were sacrificed by 

decapitation and serum was collected without minimal delay. Urine 

samples were collected 20 minutes before sacrificing the animal. After 

sacrificing the animal both kidneys were extirpated and one kidney of 

each sacrificed animal was fixed in 5 % formaline and remaining kidneys 

were used for biochemical estimations (Acid phosphatase, alkaline 

phosphatase, non-specific esterase, glucose-6-phosphate dehydrogenase, 

mitochondrial isocitrate dehydrogenase, mitochondrial malate 

dehydrogenase, total proteins, creatinine, urea, uric acid, calcium, 

chloride, sodium and potassium). Fixed frozen sections were cut on 

cryostat (Leica CM 180C) at 5-8 p and were stained with Haematoxylene 

and Eosin. 

40 



ACID PHOSPHATASE  (E.C.3.1.3.2) 

Orthophosphoric monoester phosphohydrolase.  

Bioassay method: Linhardt and Walter (1965). 

P-nitrophenol phosphate (5.5 x 10 -3M) (SRL product no.144816) was 

used as a substrate at pH 4.8 and all other chemicals used were of analar 

grade. 

Reagents: 1) Substrate buffer solution - Dissolve 0.41 g citric acid, 1.125 

g sodium citrate and 165 mg Na-P-nitrophenyl phosphate in 100 ml with 

distilled water. 

2) 0.05 M Phosphate buffers (pH 4.8). 

3) 0.1 N NaOH. 

Enzyme source: For kidney - 100 mg of tissue was homogenated in 10 ml 

of phosphate buffer (pH 4.8). Homogenization was carried out using 

glass mortar. Glass mortars and pestles were washed and rinsed with 

distilled water and covered with polythene paper and were kept in deep 

freezer for 8 hours prior to homogenization. Secondly, during the process 

of homogenization the mortar was kept on ice block container to prevent 

the rise in temperature beyond 12 °  C during homogenization, to avoid 

loss of enzyme activity due to rise of temperature during friction of the 

pestle with mortar. During homogenization when the tissue is just 

crushed at the bottom of the mortar, it instantaneously freezes and then 

41 



gradually thaws which helps in breaking the lysosomes, where the 

enzyme is partly localized. Then further thawing was done by adding 

some volume of chilled phosphate buffer and the final volume of extract 

was made up to a final concentration of 1% (w/v) with the help of 

phosphate buffer (pH 4.8). The extracts were collected in centrifuge 

tubes and centrifuged at 1500xg for 15 minutes and the clear supernatant 

was used as enzyme source. 

For serum and urine - samples collected were diluted with chilled 

phosphate buffer solution. 

Enzyme Reaction: Test tubes having experimental reaction mixture 

contained - 1 ml of the substrate buffer solution and 0.2 ml of enzyme 

source. This mixture was then allowed to equilibrate for 5 to 10 minutes. 

Blank test tube contained 1.0 ml of substrate buffer solution only. All 

test tubes experimental as well as blank were shaken gently to mix 

properly and were then stoppered and were incubated at 37.5 °  C for 30 

minutes. 

At the end of the incubation, the reactions in all test tubes were 

terminated by adding 4 ml of 0.1N NaOH and the optical density was 

read at 405 nm on 305 systronics spectrophotometer using blank as 

reference. 

42. 



Calculations: Optical density was converted to m moles of p-nitrophenol 

from the formula suggested by Linhardt and Walter (1965) with assay 

volume 0.2 ml serum and an incubation period of 30 minutes; a unit of 

acid phosphatase activity corresponds to an optical density of 0.362 at 

400 mil and is equivalent to 2.76. Factor 2.76 x O.D. of the assayed 

experimental mixture was phosphatase activity for 0.2 ml extracts which 

was then calculated for 1 g of tissue and finally the specific activity was 

calculated and was expressed as m moles of p-nitrophenol / g of protein. 

Formula for tissue sample: 

m moles of p-nitrophenol / g = 	O.D. x 2.76 

0.2 x wt. in g x 1000 

Formula for serum & urine: 

m moles of p-nitrophenol / 100 ml = 	O.D. x 2.76 	x dilution 

0.2 x 1000 

Specific enzyme activity: 

For kidney: m moles of p-nitrophenol / g of protein = 

in moles of p-nitrophenol / g wet wt. of kidney 

g of protein / g wet wt .of kidney 
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For serum or urine: m moles of p-nitrophenol / g of protein = 

in moles of p-nitrophenol / 100 ml of serum or urine 

g of protein / 100 ml of serum or urine 
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ALKALINE PHOSPHATASE  (E.C.3.1.3.1) 

Orthophosphoric monoester phosphohydrolase.  

Bioassay method: King and Armstrong (1934). 

P-nitrophenol phosphate (5.5 x 10-3M, SRL product no.144816) was 

used as substrate at pH 10.5. 

Reagents: 1) Substrate solution: Dissolve 375 mg of glycine, 10mg of 

MgC12 .6H20 and 165mg of Na-p-nitrophenyl phosphate in 42m1 0.1 N 

NaOH and dilute to 100 ml with double distilled water and adjust the pH 

to 10.5. 

2) 0.05 M glycine buffer solution (pH 10.5). 

3) 0.02 N NaOH. 

Enzyme source: For kidney - 1 % (w/v) homogenate of tissue was 

prepared in a manner similar to that described for the bioassay of acid 

phosphatase. In place of citrate buffer, 0.05 M glycine buffer (pH 10.5) 

was used for the preparation of homogenates. Rest of the conditions were 

kept unchanged. 

For serum / urine - Samples collected were diluted with chilled glycine 

buffer solution. 

Enzyme reaction: Reaction mixture for sample contained lml of substrate 

buffer solution + 0.1 ml of enzyme source. This mixture was allowed to 
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equilibrate for 5-10 minutes. Blank test tube contained only 1.0 ml of 

substrate buffers solution. The test tubes were then shaken gently to mix 

the contents properly and were incubated at 37 °  C for 30 minutes. 

At the end of incubation period, the reaction mixture was terminated by 

adding 10 ml of 0.02 N NaOH. The optical density was read at 405 nm 

on 305 systronics spectrophotometer where blank was used as reference. 

Calculations: Optical density was converted into m moles of p-

nitrophenol from the calibrated nitrophenol standard curve. The alkaline 

phosphatase activity was calculated as m moles of p-nitrophenol / g units 

in case of tissue sample and per 100 ml in the case of serum and urine. 

P-nitrophenol m mole units were calculated using the formula suggested 

by King and Armstrong (1934). 

For kidney: m moles p-nitrophenol / g wet wt. of kidney = 

m moles of p-nitrophenol (from std. curve) x 20. 

For serum / urine: m moles p-nitrophenol / 100 ml = 

m moles of p-nitrophenol (std. curve) x 20 x dilution. 
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Specific activity: 

For kidney: m moles of p-nitrophenol / g of protein = 

m moles of p-nitrophenol / g of wet wt. of kidney 

g of protein / g wet wt. of kidney 

For serum or urine: m moles of p-nitrophenol / 100 ml of protein = 

• m moles of p-nitrophenol / 100 ml of serum or urine 

g of protein / 100 ml of serum or urine 
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NON-SPECIFIC ESTERASE  (E.C.3.1.1) 

Bioassay method : Glenner (1963). 

P-nitrophenol acetate (0.001 M) (S.D. Fine product no.50027) was used 

as substrate at pH 7.0. 

Reagents: 1) Substrate solution - 63 mg of p-nitrophenolacetate in 10 ml 

ethanol (stock solution). The working substrate solution was prepared by 

diluting 0.1 ml of the stock solution to 10 ml . 

2) 0.66 M phosphate buffer solution (pH 7.0) 

Enzyme source: For kidney - 1 % (w/v) homogenate of tissue was 

prepared in a manner similar to that described for the bioassay of acid 

phosphatase. In place of citrate buffer, phosphate buffer was used for the 

preparation of homogenates. Rest of the conditions were kept 

unchanged. 

For serum / urine - Samples collected were diluted with phosphate buffer 

solution. 

Enzyme reaction: 1 ml of phosphate buffer solution + lml substrate 

solution, to this was added 0.1 ml of enzyme source. Test tube serving 

the blank contained no enzyme source. Tubes were shaken well to mix 

properly the contents and were then allowed to incubate at 37.5 °  C for 30 

minutes. The reaction was then terminated by adding 1 ml of chilled 
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distilled water. Optical density was read at 405 nm against blank on 

systronics spectrophotometer (305 Systronics spectrophotometer) 

Calculations: Optical density was converted into 1.t moles of p- 

nitrophenol from the calibrated nitrophenol standard curve. The esterase 

activity was expressed in 1.t moles of p-nitrophenol / g units in case of 

tissue sample and per 100 ml in the case of serum and urine. 

For kidney: 1.t moles p-nitrophenol / g wet wt. of kidney = 

1.t moles of p-nitrophenol (from std. Curve) 	x dilution 

wt. in g 

For serum / urine: 1.t moles p-nitrophenol / 100 ml = 

1.t moles of p-nitrophenol (std. curve) 	x dilution 

ml of sample 

Specific activity: 

For kidney:µ moles of p-nitrophenol / g of protein = 

moles of p-nitrophenol / g of wet wt. of kidney 

g of protein / g wet wt. of kidney 
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For serum or urine: 11 moles of p-nitrophenol / 100 ml of protein = 

1..t moles of p-nitrophenol / 100 ml of serum or urine 

g of protein / 100 ml of serum or urine 
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GLUCOSE-6-PHOSPHATE DEHYDROGENASE 

-41 	(E.C.1.1.1.49) 

Bioassay method: Deutsch (1983). 

Principle: 	 G6P-DH 
Glucose-6-phosphate + NADP+ 

 
	 6-phosphogluconolactone 

+ NADPH + H+  

The rate of increase in absorbance at 339 nm is a measure of G6P-DH 

activity. Addition of maleimide inhibits further oxidation of reaction 

products by 6-phosphogluconate dehydrogenase, 6-PGDH. 

Reagents: 1) Physiological saline —Dissolve 9g NaCl in 100 ml water. 

2) Lysing solution (0.02% digitonin containing NADP, 15 p, 

mol/L) — Dissolve 16 mg digitonin in 80 ml water. Warm the water to 

facilitate solution. Cool to room temperature. Filter (Whatman # 1). 

Add 1 mg NADP. 

3) NADP (3.8 m mol / L) — Dissolve 0.29 g NADP, sodium salt 

in 100 ml water. 

4) Tris buffer (0.5 mol / L) — Dissolve 6.05 g Tris base in 70-

80 ml water. Adjust the pH to 7.5 with HC1. Make up to 100 ml with 

water. 

5) MgC12 (0.63 mol / L) — Dissolve 1.28 g MgC12.6H20 in 100 

ml water. 
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6) Glucose-6-phosphate, G-6-P (33 m mol / L) — Dissolve 931 

mg glucose —6-phosphate, sodium salt in 100 ml water. 

Working reagents: For every sample to be assayed, combine 0.58 ml H 2O 

+ 0.10 ml NADP solution + 0.10 ml Tris buffer + 0.10 MgC12  solution + 

0.10 ml G-6-P solution. 

Add approximately 0.5 mg malacinimide to each ml of working reagent. 

The amount of malcinimide added is not critical. The assay works 

equally well in the concentration range of 2-8 m mol /L. Mix gently to 

dissolve the malcinimide. 

Enzyme source: For Kidney — 1% (w/v) homogenate of tissue was 

prepared in a manner similar to that described for the bioassay of acid 

phosphatase. In the place of citrate buffer solution physiological saline 

was used. 

Procedure: Add 1.0 ml working reagent, mix thoroughly; allow solution 

to reach reaction temperature (37 °C) then add 0.02 ml of sample (kidney 

extract) mix well, read absorbance, start stopwatch. Wait 2-3 minutes 

until reaction becomes linear, then read absorbance at one minute 

interval for 3-5 minutes. 
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Calculations: 

Glucose —6-phosphate dehydrogenase activity in U/L = 

8095 x AA/ &AT 
10 

The enzyme activity was then expressed as U/g wet wt. Of tissue. 
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ISOCITRATE DEHYDROGENASE  (E.C. 1.1.1.41) 

Bioassay method: Goldberg and Ellis (1983). 

Principle: 

mn  2+ 

Threo-D5-Isocitrate + NADP 	 2 oxoglutarate + NADPH + CO2 +1-1+  

The enzyme is measured by monitoring the rate of absorbance increase at 

339 nm as NADP is reduced. 

Reagents: 1) Triethanolamine buffer (0.1 mol/L,pH 7.3)- Add 18.6 g 

triethanolamine hydrochloride to about 800 ml water. Adjust the pH at 

37°C to 7.3 with NaOH and the volume to 1 L. 

2) Manganese chloride (100 in mol/ L)- Dissolve 9.895 g 

MnC12 .4H20 in 500 ml water. 

3) Nicotinamide-adenine dinucleotide phosphate —(NADP, 

approximately 13 m mol/L)- Daily dissolve 10 mg NADP, disodium salt, 

in each lml water. 

4) D, L-Isocitrate (67 m mol / L) - Dissolve 1.172 of isocitrate 

- Na3 .2.5 H2O in 60 ml water. 

Preparation of sample: Free mitochondrial fraction was purified 

according 	to the method of Christian (1963) as follows: The 
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wholefrozen tissue to be homogenized with 9 volume of 0.32 M sucrose. 

Nuclei were separated by centrifugation at 1000 g for 10 minutes. The 

nuclear pellet was washed once and the supernatants were centrifuged at 

10,000g for 30 minutes to obtain the crude mitochondrial pellet. The 

pellet was then washed twice and put on the top of 

discontinuous sucrose gradients (0.8,1.0,1.2 and 1.4 M sucrose 

solutions). After centrifugation at 75000g for 2 hours, the mitochondrial 

( 1.4 M interface) 
pellet was obtained at the bottom 1of the tube, which was used as sample 

source. 

Procedure: Pipette successively into the 10 mm cuvette triethanolamine 

buffer 1.95 ml, manganese chloride solution 0.05 ml, NADP solution 

0.10 ml, and sample 0.6 ml, mix and let stand for 20 minutes at 37 °c then 

add D, L - isocitrate solution 0.3 ml, mix and read the absorbance and 

start stopwatch repeat reading after exactly 1,2,3,4 and 5 min. 

Calculation: 

Isocitrate Dehydrogenase activity in U/L = 794 x A A /Pt 

The specific enzyme activity was then expressed as U/g of protein. 
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MALATE DEHYDROGENASE  (E.C. 1.1.1.37) 

Bioassay method: Smith (1983) 

Principle: 

Malate + NAD    oxaloacetate + NADH + H 

Malate dehydrogenase reversibly catalyses the reaction. 

Reagents: 1) Diethanolamine buffer (DEA, 0.1 mol / L, pH 9.2, 

containing MgC12, 5 m mol/ L)- Add 9.5 ml diethanolamine to 800 ml 

water, add lg MgCl 2  .61120, mix to dissolve and bring to pH 9.2 by 

adding HC1, 1 mol / L. Make up to 1 L with water. 

2) NAD (3 - 6 m mol / L)- Dissolve 120 mg NAD, free acid, in 

50 ml DEA buffer. 

3) L - Malate (250 m mol / L)- Dissolve 0.78 of L - malate 

(monosodium salt) in 15 ml DEA buffer, adjust to pH 9.2 with NaOH, 5 

mol / L and make up to 20 ml. 

Preparation of sample: Same as described for bioassay of isocitrate 

dehydrogenase. 

Procedure: Pipette successively into reaction cuvettes : sample 0.25 ml, 

NAD + Solution 2.00 ml, incubate at room temperature for 1 hour, bring 

cuvette temperature to 37 °c ( 5 to 15 minutes ) then add 0.25 ml malate 
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solution. Read absorbance continuously at 30 seconds intervals for 3 

min. 

Calculation: 

Malate dehydrogenase activity in U/L =1587 x AA/At 

The specific enzyme activity was then expressed as U/g of protein. 
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TOTAL PROTEINS  

Bioassay method: Lowry's method (Lowry et al., 1951). 

Principle: Lowry's C solution in an alkaline medium reacts with protein 

to form alkaline copper protein complex. This complex reacts with 

Folin's Phenol reagent (Phospho molybdic phosphotungstate phenol 

reagent) to form a blue coloured complex and the colour intensity is 

direct measure of protein content. 

Reagents: Reagent 1 - Standard protein solution. 

Reagent 2 - Lowry's A solution, sodium carbonate ( 2.0% ) 

solution in 0.01M Sodium hydroxide. 

Reagent 3 - Lowry's B 1 , 2.0% Sodium citrate solution in 

distilled water. 

Reagent 4 - Lowry's B2, 1.0% Copper sulphate solution in 

distilled water. 

Reagent 5 - Lowry's C, lml of reagent 3 + lml of reagent 4 + 

100m1 of Reagent 2. 

Reagent 6 - Folin's Phenol reagent (S.D. Fine product 

No.29058). 

58 



Preparation of sample: 1% (w/v) homogenate of kidney were prepared in 

chilled 0.9% saline. Homogenates were then centrifuged for 15 minutes 

at 1500g and clear supernatant fluid was used as the protein source. 

Unhemolysed serum was collected With minimal delay and was diluted 

with 0.9% saline. Urine samples collected were deuricated by treating the 

urine with equal volume of uricase solution ( 1 %) at 37 °  C for an hour and 

then urine sample was centrifuged for ten minutes at 5000 rpm and clear 

supernatant was used for protein estimation. 

Procedure: Reaction mixture contained 1.5m1 of distilled water and 3.0m1 

of reagent 5 in a test tube, which served as blank. In case of Sample test 

tube, the reaction mixture contained 1.3m1 of distilled water + 0.2m1 of 

sample + 3.0m1 of reagent 5. Whereas standard test tube, reaction 

mixture contained 1.3m1 of distilled water + 0.2m1 of reagent 1 + 3.0m1 

of reagent 5. Test tubes were shaken well to allow proper mixing. They 

were then allowed to stand for 15 minutes. 0.5m1 of reagent 6 was added 

in each test tube and the mixture was allowed to stand undisturbed for an 

hour. After one hour the readings were taken on spectrophotometer at 

660 run . 
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Calculations: The optical density was converted to g of protein by using 

following formula. 

For kidney: g of protein /g wet wt. of kidney = 

O.D. sample 	x Known conc.of Std. 

O.D. Standard 

For serum/ urine - g of protein /100m1 of serum or urine = 

O.D. sample 	x known conc. of Std. x dilution 

O.D. Standard 
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CREATININE  

Bioassay method: Alkaline picrate method (Bowers, 1980) 

Principle: Creatinine reacts with picric acid in an alkaline medium to 

form an orange coloured complex. The rate of formation of this complex 

is measured by noting the change in the absorbance at 505 nm in a 

selected interval of time & is proportional to the creatinine. 

The reaction time, concentration of picric acid and sodium hydroxide 

have been optimized to avoid the interference from keto acids. 

Autospan Diagnostic kit (code no. 25921) was used for creatinine 

analysis. 

Reagents: 1) Picric acid 

2) NaOH, 0.75 N 

3) Creatinine standard, 

Preparation of working reagent - Equal volume of reagent 1 & 2 were 

combined and mixed by swirling gently to prepare working creatinine 

reagent. 
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Creatinine source: For kidney - 1 % (w/v) homogenate of kidney were 

prepared in chilled distilled water, rest of the process of homogenization 

& centrifugation remained same as described for acid phosphatase. 

For serum and urine -Samples collected were diluted with chilled 

distilled water and used for estimation. 

Procedure: Reaction mixture in sample test tube contained 1 ml of 

working creatinine reagent and 0.1 ml of creatinine source. In standard 

test tube instead of sample creatinine source, 0.1 ml of reagent 3 was 

added whereas the blank contained only 1 ml of working creatinine 

reagent. 

Test tubes were then incubated at room temperature for 5 minutes and the 

optical density was read at 505 nm on 305 Systronics spectrophotometer. 

Calculations: 

The optical density was converted to mg of creatinine by using the 

following formula: - 
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UREA 

Bioassay method: DAM method (Wybenga,. et al., 1971) 

Principle: Urea reacts with hot acidic Diacetylmonoxime in the presence 

of thiosemicarbizide and produces a rose purple coloured complex, 

optical density of which is measured spectrophotometrically at 525 nm.' 

Autospan Diagnostic reagent kit (Code no. 25927-B) was used for 

bioassays. 

Reagents: 1) Urea reagent 

2) Diacetylmonoxiine (DAM) 

3) Working urea standard, 30 mg % 

Preparation of working solution - Solution I: Dilute 1 ml of reagent 1 to 5 

ml with distilled water for urea analysis. 

Urea source: Same as described for creatinine analysis. 

Procedure: Reaction mixture 2.5 ml of solution I in each test tube namely 

sample, standard and blank. 

To this was added 0.1 ml of urea source from sample, in the case of 

standard test tube 0.1 ml of reagent 3 was added while the blank 

contained no urea source. 
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Test tubes were then shaken properly to mix the contents and then 0.025 

ml of reagent 2 was added to all the test tubes and were then shaken well 

and kept in boiling water bath for exactly 10 minutes, then the test tubes 

were cooled immediately under running tap water for 5 minutes and were 

mixed by inversion and the optical density was measured within 10 

minutes at 525 nm. 

Calculations: 

The optical density was converted to mg of urea by using following 

formula. 

For kidney: Urea in mg / g wet wt. of kidney = 

O.D. Sample 	x Known conc.of urea in std. 

O.D. Standard 

For serum or urine: urea in mg /100 ml of serum or urine = 

O.D. Sample 	x Known conc. of urea in std. x dilution 

O.D. Standard 
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URIC ACID 

Bioassay method: Uricase PAP method (Fossati, 1980). 

Principle: Uricase converts uric acid into allantoin and hydrogen 

peroxide. In the presence of peroxidase, hydrogen peroxide oxidatively 

couples with phenolic chromogen to form a red coloured compound, 

which has maximum absorbance at 520 nm 

The concentration of the red coloured compound is proportional to the 

amount of uric acid in reaction mixture. 

02 Uric acid + 2H20 + uricase Allantoin + H2 02 + CO2 

2H2 02 + Phenolic chromogen + Peroxidase -+ Red coloured compound + 4H20 

Biolab Diagnostic kit (Code no. A200) was used for uric acid analysis. 

Reagents: 1) Enzyme 

2) Buffer 

3) Standard, 5 mg/d1. 

Preparation of working reagent - Add 1.2 ml of reagent 2 in each vial of 

reagent 1 and mix well. 

Uric acid source: Same as mentioned for creatinine analysis. 
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Procedure: Reaction mixture contained lml of working reagent in 

standard, sample and blank test tube. To standard test tube, 0.1 ml of 

reagent 3 while for the sample test tube 0.1 ml of sample uric acid source 

was added. 

Test tubes were then shaken well to mix properly and were then 

incubated for 10 minutes at 37° C. After exactly 10 minutes 2 ml of 

distilled water was added to the test tubes and the absorbance was read at 

520 nm against blank. 

Calculations: 

The optical density was converted to mg of uric acid by using following 

formula. 

For Kidney: Uric acid in mg /g wet wt. of kidney = 

O.D. Sample 	x Known conc. of uric acid in std. 

O.D., Standard 

For Serum or urine: Uric acid in mg / 100 ml of serum or urine = 

O.D. Sample x Known conc. of uric acid in std. x dilution 

O.D. Standard 
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CALCIUM 

Bioassay method: O.C.P.C. method (Lorentz, 1982). 

Principle: At alkaline pH, calcium binds with orthocresolphthalein 

(OCPC) to form a bluish-purple Complex. The intensity of the colour so 

formed is proportional to calcium concentration and is measured at 575 

nm. Interference from magnesium is overcome by the presence of 8- 

hydroxyquinoline in reagent 1, which binds free magnesium ions. 

Autospan Diagnostic kit (code no. 130811) was used for calcium 

estimation. 

Reagents: 1) OCPC reagent - OCPC, hydrochloric acid, 

8-hydroxyquinolone, preservative. 

2) AMP buffer - AMP buffer, pH10.4, preservative. 

3) Calcium Standard 10 mg / dl - Calcium carbonate in 

hydrochloric acid . 

Preparation of working reagent - Just prior to use, reagent 1- OCPC 

Reagent and reagent 2- AMP buffer were mixed in equal volume i.e. 1 

part of OCPC reagent + 1 part AMP.This mixture was labeled as working 

calcium reagent. Working standard was ready for use as supplied. 
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Calcium source: For kidney - Homogenization of the tissue was carried 

out in a manner similar to that described for the bioassay of acid 

phosphatase only in place of citrate buffer, chilled deionised 18 

mohm/cm quality reagent grade I water was used for the preparation of 

the homogenate. Rests of the conditions were kept unaltered. 

For serum and urine - Samples collected were diluted with chilled 

deionised water. 

Procedure: Reaction mixture contained 1 ml of working reagent in 

standard, sample and blank test tubes. To standard test tube was added 

0.02 ml of reagent 3 while for the sample test tube 0.02 ml of sample 

source of calcium was added. 

Test tubes were shaken well to mix properly and were kept for incubation 

for 5 minutes at 37 °  C. After 5 minutes absorbance was read at 578 nm 

against blank. 

Calculations: The optical density was converted to mg Calcium by using 

following formula. 

For kidney: Kidney calcium in mg / g = 

O.D. Sample 	x known conc. of calcium in std. 

O.D. Standard 
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For serum or urine: serum or urine calcium in mg / 100 ml = 

O.D. Sample 	x Known conc. of calcium in std. x dilution . 

O.D. Standard 
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CHLORIDE  

Bioassay method: Thiocyanate method (Zall, et al., 1956). 

Principle: Chloride ions react with a solution containing ferric, mercuric, 

nitrite and thiocyanate. Absorbance, measured at 505 run is in proportion 

to concentration of chloride in the sample. 

6 Cl + 2Fe+++ + 3 Hg(SCN)2 -+ 3 HgCI 2 + 2 Fe2 (SCN) 3 

Autospan Diagnostic kit (code no. B0511) was used for Chloride 

estimation. 

Reagents: 1) Chloride reagent - Mercuric nitrate, Nitric acid, Ferric 

nitrate, thiocyanate. 

2) Chloride Standard 100 mEq /L - Hydrochloric acid, diluent. 

Chloride source: Same as mentioned for calcium. 

Procedure: Reaction mixture contained 1 ml of reagent 1 in Standard, 

Test & Blank. To this standard tube was added 0.1 ml of reagent 2 while 

for the sample test tube sample chloride source was added. All the test 

tubes were then kept for incubation at 37 °  C for 3 minutes. After 3 

minutes absorbance was read at 578 nm against reactive blank. 

Calculations: The optical density was converted into m Eq / L by using 

following formula 
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For kidney: Chloride in m Eq 	= 

O.D. Sample 	x Known conc. of chloride in std. 

O.D. Standard 

For serum or urine: Chloride in m Eq / L = 

O.D. Sample 	x Known conc. Of chloride in std. x dilution. 

O.D. Standard 

72 



Na+  & K+  

Estimation of sodium and potassium was carried out by Flamephotometer 

by following the method of Mc Intyre (1958). 

Preparation of standard stock solution: 200 mEq / litre. 

Sodium: Dissolve 1.169 g of pure dry NaCI in 100 ml of glass distilled 

water 

Potassium: Dissolve 0.0746 g of pure dry KCl in 100 ml of glass distilled 

water. 

Preparation of standard mixed - working solution: 

Take above standard stock solutions as per the given table and dilute to 

100 ml. 

Stock solution 

Na+  

(ml) 

Stock solution 

K+  

(ml) 

Na+  

Content 

(mEq/litre) 

K+  

Content 

(mEq/litre) 

1. 0.55 0.2 1.1 0.02 

2. 0.6 0.3 1.2 0.03 

3. 0.65 0.4 1.3 0.04 

4 0.7 0.5 1.4 0.05 

5. 0.75 0.6 1.5 0.06 

6. 0.8 0.7 1.6 0.07 

7. 0.85 0.8 1.7 0.08 
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Preparation of samples: 

Dilute 0.05 ml of serum with 4.95 ml of glass distilled water. 

Estimation procedure: 

1) Aspirate standard mixed -working solution of highest concentration 

(i.e. 1.7 Na±/0.08K+ for 30 sec. and set it to desired full scale. 

2) Then aspirate intermediate concentration of standard mixed working 

solution (30 sec. each) and note down the reading. Distilled water should 

be aspirated for a minimum of 5 sec. between two solutions. 

3) Then aspirate intermediate concentration (30 sec.) and note the 

readings. Distilled water should be aspirated for 5 sec inbetween the 

sample solutions. 

Calculations: 

For estimation of each sample solution, locate two readings to either side 

of the sample reading and calculate as per given example: - 

Reading 	Difference 

a) Sample 	 82 

b) 1st standard 	 80 	(a-b) = 2 

1.3 mEq/L 

c) 2nd standard 	 85 	(c-b) = 5 

1.4 mEq/L 
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Concentration of sample = 1.3 + 2/5 x(1.4-1.3) 

= 1.34 rnEq/L. 

Dilution factor is 100, hence conc. in sample 

= 1.34 x 100 

For serum/urine 	= 134 mEq/L 

For kidney 	= 13.4 mEq/g wet wt. of tissue 
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GLOMERULAR FILTRATION RATE (GFR) 

Swiss albino mice weighing 22-25 g maintained in our laboratory were 

used as experimental animals. Ten animals were used for each exposure 

period of pesticides doses and also for the control set. Suspension of 

pesticides was made in physiological saline to get the different 

concentrations and these doses were administered intraperitoneally (1 ml) 

as a single acute dose per animal. Animals administered an identical 

volume of physiological saline served as controls. Animals were exposed 

to different doses (1.0,5.0 and 10.0 ppm of monocrotophos and DDVP) 

of pesticides for 24, 48, 72, 96, 120 & 240 hours. Twentyfour hours 

prior to the termination of exposure period 0.5 ml of 0.05 % inulin was 

administered to each mouse intravenously via tail vein and the urine 

sample was collected for twenty four hours. At the end of exposure 

period the animals were sacrificed after collection of blood by cardiac 

puncture. Care was taken to prevent evaporation of urine in urine 

collection tube during collection period by addition of liquid paraffin 

(1m1). Plasma and Urine inulin clearances were determined by the 

method of Roe et al ., (1949).The rate of urine flow was measured on the 

basis of 24 hours urine collection. 
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Calculation: Glomerular Filtration Rate was determined by using 

following formula: - 

GFR µl/Kg/min = 	Inulin conc. in urine x Rate of urine flow 

Plasma conc. of inulin. 
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STATISTICAL PROCEDURE  

2-way (ANOVA) analysis of variance was carried out for biochemical 

results GFR & UFR using systat 5.0 programme on computer. The 0.05 

level of significinCe for probability was used as criterion of statistical 

significance. 
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CHAPTER III 

O1SE,RVAT1ONS 



3A. HISTOPATHOLOGY AND BIOCHEMISTRY OF KIDNEY 

UNDER THE INFLUENCE OF MONOCROTOPHOS 

a. HISTOLOGY OF CONTROL MOUSE KIDNEY 

The kidney is divided into three main regions, cortex (outer), medulla 

(inner) and pelvis. The nephron is the functional unit of kidney and 

consists of a continuous tube of highly specialized heterogeneous cells, 

which show sub-specialization along the length of nephrons, according to 

their relative position in cortex: 1) The superficial nephrons occupy the 

outer two-third of the cortex and make up about 85% of the total number. 

2) The juxtamedullary nephrons occupy the inner thin region cortex and 

constitute about 15% of the total number. The nephron consists of 

following successive parts: renal or malpighian corpuscle, proximal 

convoluted tubule, loop of Henle, distal convoluted tubule and collecting 

tubule. 

Malpighian corpuscle: The corpuscle consists of two parts; glomerulus 

and Bowman's capsule. Each nephron starts with glomerulus, which is a 

capillary tuft which is surrounded by Bowman's capsule. The afferent 

arteriole breaks up into capillary loops and forms the glomerullar tuft. 

Just before entering the glomerulus, the wall of the afferent arteriole is 

found to contain a thick cuff of large modified muscle cells-the 

juxtaglomerullar cells. The capillary tuft reunite and forms the efferent 
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arteriole which passes out of the glomerulus. Bowman's capsule is the 

dilated blind end of the nephron invaded by the glomerular tuft. It 

consists of two layers: parietal and visceral. In male mice, the parietal 

layer is lined by cuboidal cells_while it is-of flattened- squamous cells in 

female that marks the sexual dimorphism common to mice (Liebelt, 

1986). The cells of visceral layer are known as podocytes. They give rise 

to a number of radiating tentacle-like cytoplasmic processes which form 

large number of small branches-the pedicles. The endothelium of the 

glomerulus also contains between endothelium and basal lamina, 

mesangial cells. 

Proximal convoluted tubule (PCT): PCT is found only in cortex or 

subcortical zone of kidney. It is lined by a single layer of cubical cells, 

the free borders of which are striated or brush bordered. (Plate 1: Fig. 1) 

Henle's loop: It is U-shaped loop dipped in for a variable length into the 

medulla. Descending limb of Henle's loop has epithelial cells with very 

few small microvilli and has got no striated appearance. The distal part 

and also a variable part are of ascending limb is lined by flat epithelial 

cells. The cells of the distal portion of ascending limb are cuboidal 

without brush border and no microvilli. 

Distal convoluted tubule (DCT): DCT (Plate 1: Fig. 1) connects the 

thick ascending limb of the loop of Henle to that part of collecting duct 

which originates in the cortex. This portion of the nephron is situated in 

80 



the cortex. DCT is lined by cubical epithelial cells which lack brush 

border. The proximal part of the DCT actually comes in contact with 

juxtaglomerullar cells of the corresponding efferent vessel. The cells of 

this region have closely placed nuclei and form the macula densa. 

Collecting tubule (CT): It (Plate 1: Fig. 2) is lined by a layer of cuboidal 

cells. Several collecting tubules combine to form duct of Bellini which 

exit around the papilla tip. The single papilla opens into the calyx, which 

is in continuity with the renal pelvis. 

Each kidney is supplied by a renal artery, which divides to form lobar 

arteries, which in turn gives rise to arcuate arteries, which run between 

the cortex and medulla. Some branches of arcuate arteries supply to 

kidney capsule and further branches to form afferent arterioles which 

breaks up to form capillary plexus of glomerulus which is drained into the 

efferent arteriole which forms peritubular capillaries surrounding PCT 

and DCT. In juxtamedullary region they branch into vasa recta that 

continue in medulla to terminate in a capillary network (Beeuwker, 

1980). Capillaries from cortex open into cortical radial vein from which 

blood flows via the arcuate vein to the renal vein and finally to the 

inferior vena cava. Capillary plexuses in medulla drain into vasa recta 

which join arcuate veins. Most of the intrarenal vascular system has both 

adrenergic and as well as cholinergic innervation (Moffat, 1979). 
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b. HISTOPATHOLOGICAL ALTERATIONS UNDER THE INFLUENCE OF 

MONO CROTOPHOS 

The kidney exhibited following alterations in histology at different time 

intervals under the influence of various doses of monocrotophos. 

I. Alterations in Glomeruli. 

i. General 

The studies of routine haematoxylene and eosin stained section of 

kidneys taken at the end of 6, 12, 24, 48, 72, 96, 120 and 240 hours after 

monocrotophos injections showed that dose as small as 1.0ppm could 

induce injury to glomeruli (10%) in both inner and outer cortex at the end 

of 6 hours, following which further damage could be observed at the end 

of 12 hours wherein there was 5% increase in the number of damaged 

glomeruli. However, the percentage of the glomeruli did not increase 

thereafter till the end of 240 hours. 5.0ppm dose induced damage to 30% 

of glomeruli at the end of 6 hours. However, the percentage of affected 

glomeruli did not increase for rest of the exposure periods. Thirty-eight 

percent of glomeruli were affected under the influence of 10.0 ppm dose 

at the end of 48 hours and the percentage of damaged glomeruli increased 

to 40 % at the end of 72 hours and thereafter there was change in the 

number of injured glomeruli (Table 3.00). 

The glomerular lesions described here as early and late do not refer to a 

specific time interval following injury. Rather they are described as early 

82 



changes when they are initially observed in most of the affected 

glomeruli at the end of 6 hours, although they were still observed in some 

glomeruli at the end of 12 and 24 hours. The description as late changes 

refers to those_ ust preceding and including obvious acute necrosis and 

the breakdown of glomerular structure. These late changes were rarely 

seen at the end of 6 hours or 12 hours, but were common at 48 hours at 

least partly and were present in the majority of affected glomeruli in the 

cortex at 96 hours. The appearance of early and late changes also 

depended upon dose. 

ii. Early changes 

The earliest changes detected in the studies of haematoxylene and eosin 

stained sections occurred at the end of 6 hours after 1.0ppm dose 

administration. The number of glomeruli getting affected seemed to 

depend mostly upon the dose and not upon duration except for 10.0 ppm 

dose. The earliest changes at the end of 6 hours after monocrotophos 

administration consisted of loss of integrity of glomeruli involving 

change in shape. Glomeruli showed slight disruption of Bowman's 

capsule , exudent in capsular space and swelling with increased infusion 

of blood cells (Plate 2: Fig. 1 ; Plate 4 : Fig. 1 and 2 ). These changes 

were observed at the end of 6 hours after administration of all selected 

doses of monocrotophos. 
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The early changes were also found at the end of 12 hours with all the 

dosages administered and were also found unchanged at the end of 24 and 

48 hours under the influence of doses like 1.0 ppm, 5.0 ppm and 10.0 

ppm. There was no recovery of damaged glomeruli even after 240 hours. 

iii. Late changes 

The transition between early and late changes apparently was quite rapid, 

since intermediate stages of injury could not be identified. The prominent 

features of late changes were glomerular disruption with high infusion of 

blood cells in glomerulus, exudation of cytoplasmic and predominantly 

nuclear matter (Plate 2: Fig. 3 and 4;Plate 3: Fig. 1 and 2;Plate 4: Fig. 1 

and 3; Plate 5: Fig.3; Plate 6: Fig.1, 3 and 4). Glomeruli which were 

quite disorganized showed intermittent breakdown of Bowman's capsule, 

irregular shape of glomeruli (Plate 4: Fig. 4: Plate 6: Fig. 3,4). These late 

changes were prominently observed with dose-dependent acuity at the 

end of 72, 96, 120 and 240 hours under the influence of 1.0, 5.0 and 10.0 

ppm doses of monocrotophos. But in the case of 10.0ppm dose these late 

changes were observed at the end of 24 and 48 hours also, which 

consisted of disrupted glomeruli with cytoplasmic debris in Bowman's 

space. All the above late lesions were irreversible even after exposure to 

240 hours. 
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II. Alterations in Proximal Convoluted Tubule (PCT) 

i. General 

The 1.0 ppm dose could induce necrosis of atleast 8 % the PCTs from the 

inner and outer cortex at the end of 12 hours but after this further signs of 

increased damage was observed at the end of 96 hours. 5.0ppm dose 

induced progressive increase (from 15 % to 35 %) in necrosis of PCTs 

from the end of 6 hours to the end of 72 hours and thereafter no further 

damage was observed. Similarly 10.0 ppm dose promoted damage to 40 

% of PCTs at the end of 6 hours and maximum of 60 % PCTs were 

affected at the end of 96 hours thereafter further damage was not 

observed (Table 3.00). Here also, the kidney lesions are referred as early 

and late changes like those described earlier for glomeruli. 

ii. Early changes 

The early changes appeared only at the end of 4 hours and not prior to 

that. The number of PCTs getting affected appeared to be dose-

dependent at the end of 6 hours. But time-dependent increase in the 

number of affected PCTs was not clearly marked for all doses. The early 

changes consisted of change in shape, necrosis of luminal border and 

basal membrane of tubules (Plate 2: Fig. 1;Plate 4: Fig. 1 and 2; Plate 5: 

Fig. 1,2 and 3). All the early changes were present at the end of 6,12 and 

24 hours under the influence of all the doses. After 1.0 and 5.0 ppm dose 
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treatment there was recovery of some of the damaged tubule after 

exposure to 120 and 240 hours respectively (Table 3.00). 

iii. Late changes 

Like glomeruli here also transition between early and late changes could 

not be detected. In a single PCT some cells were found to exhibit early, 

while the others late changes. The main features of late changes were 

exudation of nuclear and cytoplasmic material into tubular lumina, 

picnotic nuclei, disruption of tubules, shrinking of tubules, acutely 

damaged luminal border, clogging of lumen due to debris (Plate 2: Fig. 

2,3,4; Plate 3: Fig. 1,2 and 3; Plate 4: Fig. 3 and 4; Plate 5: Fig. 2 and 3; 

Plate 6: Fig. 1,2,3 and 4; Plate 7: fig. 2). There was dose-dependent 

acuity of damaged from the end of 24 hours to the end of 240 hours. 

Some of the late changes were observed at the end of 6 hours and 12 

hours under the influence of 5.0 and 10.0 ppm dose in addition to early 

changes. All above-mentioned changes were irreversible even after 

exposure to 240 hours. 

III. Alterations in Distal Convoluted Tubule (DCT) 

i. General 

1.0ppm dose could induce necrosis of at least 2 % of DCTs following 

which no further damage could be observed till the end 12 hours but after 
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this further signs of increased damage could be observed at the end of 24 

and 72 hours. 5.0 ppm dose brought about increase in percentage of 

damaged DCTs showing necrosis at the end of 6 hours (6 %) and about 8 

% of DCTs were affected at the end of 12 hours; following which further 

increase in the degree and number of damaged DCTs were observed at 

the end of 48 hours (15 %) and 72 hours (20 %). The 10.0 ppm dose 

promoted elevation in the percentage of affected DCTs at the end of 72 

hours. Here also, the kidney lesions were referred as early and late 

changes. 

ii. Early changes 

These changes were observed at the end of 6 hours. The number of DCTs 

getting affected appeared to be dose-dependent at the end of 6 hours. 

These early changes consisted of change in shape of DCTs, luminal 

debris (Plate 2: Fig. 1; Plate 4: Fig. 1 and 2;Plate 5 : Fig. 1 and 3). All the 

early changes were present at the end of 6,12 and 24 hours under the 

influence of all doses. There was recovery of some of the damaged 

tubules after exposure to 120 and 240 hours for 10.0 and 5.0 ppm doses 

respectively (Table 3.00). 
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ii. Late changes 

The prominent features of late changes were nuclear and cytoplasmic 

exudent into tubular lumina, shrinking of tubules, rupture of basement 

membrane, rupture of entire tubules, clogging of lumen with debris, 

picnotic nuclei (Plate 2: Fig.2, 3 and 4; Plate 3: Fig. 1,2 and 3; Plate 4: 

Fig. 3 and 4; Plate 5 : Fig.2;Plate 6: Fig. 1,2,3 and 4;Plate 7 : Fig. 2). 

There was dose-dependent increase in damage of DCTs from the end of 

24 hours upto the end of 96 hours with respect to late changes. All the 

above changes were irreversible even after exposure to 240 hours. 

IV. Alterations in Collecting Tubule ( CT ) 

i. General 

Most of the histological alterations in the collecting tubules were similar 

to those found in DCTs. The kidney sections stained with haematoxylene 

and eosin technique showed that kidney medulla got equally affected 

after exposing mice to monocrotophos. The number of CTs getting 

damaged depended on the strength of the dose and not on the exposure 

period. The 1.0 ppm dose induced damage to 5 % of CTs at the end of 6 

hours and the percentage of affected CTs remained same till the end of 

240 hours. 5.0ppm dose promoted gradual elevations in the number of 

affected CTs from the end of 6 hours to the end of 96 hours. At the end 

of 96 hours 35 % CTs were affected. However, at the end of 72 hours 

88 



about 40 % CTs were affected under the influence of 10.0 ppm dose. But 

subsequently there was no further change in the percentage of affected 

CTs. 

ii. Early and Late Changes 

The early changes were observed at the end of 6 hours in 5 % of CTs and 

these alterations were similar to those found in DCT. Hence to avoid 

repetition of description only specific alterations in CTs are mentioned. 

The 1.0 ppm dose promoted alterations in the shape of tubules as well as 

shrinkage of tubules. But 5.0 and 10.0 ppm doses induced early changes 

only at the end of 6,12 and 24 hours in combination with late changes 

which are observed prominently at the end of exposure periods such as 

48, 72, 96, 120 and 240 hours (Plate 3: Fig. 4; Plate 5: Fig. 4; Plate 7: Fig. 

1). 

V. Alterations in interstitium 

When the haematoxylene and eosin — stained kidney sections were 

studied under light microscope, the remarkable changes in the interstitium 

were revealed. The kidney interstitium widened under the influence of all 

the doses of monocrotophos for almost all exposure periods. All the doses 

caused widening of interstitium with presence of cytoplasmic and nuclear 

exudents, scattered blood cells (Plate 2: Fig. 1,2,3 and 4; Plate 3: Fig. 1 
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and 2; Plate 4: fig. 1,2,3 and 4; Plate 5: Fig. 1,2 and 3; Plate 6: Fig. 

1,2,34; Plate 7: Fig. 2). This interstitial lesion of kidney progressed in 

dose-dependent as well as exposure period-dependent manner with few 

exceptions wherein slight recovery was observed. 
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Table 3.00 : Histopathological alterations under the influence of monocrotophos 

Dose 
in 

ppm 

Type of 
Histopathological 

alterations 

Exposure periods in hours 

6 12 24 48 72 96 120 240 

1.0 

Damaged Glomeruli 10% 15% 15% 15% 15% 15% 15% 15% 
Necrosis of PCT 8% 8% 10% 10% 10% 15% 10% 7% 
Necrosis of DCT 2% 2% 3% 3% 4% 4% 4% 3% 
Necrosis of CT 5% 5% 5% 5% 5% 5% 5% 5% 

5.0 

Damaged Glomeruli 30% 30% 30% 30% 30% 30% 30% 30% 
Necrosis of PCT 15% 20% 25% 30% 35% 35% 35% 30% 
Necrosis of DCT 6% 8% 8% 15% 20% 20% 20% 16% 
Necrosis of CT 20% 25% 25% 25% 30% 35% 35% 35% - 

10.0 

Damaged Glomeruli 30% 30% 30% 38% 40% 40% 40% 40% 
Necrosis of PCT 40% 40% 45% 55% 58% 60% • 60% 60% 
Necrosis of DCT 20% 25% 30% 30% 35% 35% 30% 30% 
Necrosis of CT 25% 30% 30% 35% 40% 40% 40% 40% 



PLATE 1 

Fig. 1 : Control - 10 x 40 

: Note intact Glomerulus (G), proximal (PCT) and distal (DCT) 

convoluted tubules. 

Fig. 2 : Control - 10 x 40 

: Note intact collecting tubules (CT) 
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PLATE 2 

Fig. 1 : 1.0 ppm monocrotophos / 6 hours - 10 x 40 

: Note the exudent (E) in Bowman's Capsule and change in shape of 

proximal (PCT) and distal (DCT) convoluted tubules, widened 

interstitum (I) with exudents (E). 

Fig. 2 : 1.0 ppm monocrotophos / 48 hours - 10 x 40 

: Note the debris in lumen of proximal (♦) and distal (.4>) convoluted 

tubules widened interstitium (I) 

Fig. 3 : 1.0 ppm monocrotophos / 72 hours - 10 x 40 

: Note glomerulus with infusion of blood cells (G) and rupture of 

Bowman's capsule (BC). Note widened interstitium (I) and disrupted 

luminal border of proximal (♦) and distal (.4>) convoluted tubules 

with clogged lumen. 

Fig. 4 : 1.0 ppm monocrotophos / 96 hours - 10 x 40 

: Note necrotic proximal (PCT), distal (DCT) convoluted tubules and 

distorted glomerulus (G). Note blood cells (C), cytoplasmic and nuclear 

exudents (E) in widened interstitium (I). 
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PLATE 3 

Fig. 1 : 1.0 ppm monocrotophos / 96 hours - 10 x 40. 

: Note disrupted Bowman's Capsule (BC), necrotic distal convoluted 

tubul (DCT) and widened interstitium (I) with blood cells (C) and other 

cytoplasmic & nuclear exudents (E). 

Fig. 2 : 1.0 ppm monocrotophos / 120 hours - 10 x 40. 

: Note glomeruls with disrupted Bowman's Capsule (BC), picnotic nuclei 

in proximal (110) and distal (ct.) convoluted tubules and widened 

Fig. 3 : 1.0 ppm monocrotophos / 240 hours - 10 x 40. 

: Note the sglomendus with cytoplasmic exudents in Bowman's Capsule 

(NI) and disrupted capsular wall (BC). Note distorted proximal 

(PCT) and distal (DCT) convoluted tubules. 

Fig. 4 : 1.0 ppm monocrotophos / 240 hours - 10 x 40. 

: Note necrotic collecting tubules with luminal debris (CT). 
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PLATE 4 

Fig. 1 : 5.0 ppm monocrotophos / 6 hours - 10 x 40. 

: Note distorted glomerulus (G), proximal convoluted tubule with lesioned 

luminal border (*), distal convoluted tubule with luminal debris (D) and 

blood cells (C), cytoplasmic as well as nuclear exudents (E) in widened 

interstitium (I). 

Fig. 2 : 5.0 ppm monocrotophos / 12 hours - 10 x 40. 

: Note swollen glomerulus with disrupted Bowman's Capsule (G), 

disrupted basal membrane of proximal convoluted tubule (c>) 

and necrotic distal convoluted tubule (4>) with luminal debris (D). Note 

nuclear exudents in widened interstitium (E). 

Fig: 3 : 5.0 ppm monocrotophos / 48 hours - 10 x 40. 

: Note necrotic proximal (PCT) and distal (DCT) convoluted tubules, 

widened interstitium (I). 

Fig 4 : 5. 0 ppm monocrotophos / 72 hours - 10 x 40. 

: Note swollen glomerulus (G) showing disrupted Bowman's capsule with 

exudents (E), Necrotic proximal (PCT) and distal (DCT) convoluted 

tubule. Note widened interstitium (I) with blood cells (C), cytoplasmic 

and nuclear excudents (E). 
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PLATE 5 

Fig. 1 : 10.0 ppm monocrotophos / 6 hours - 10 x 40 

: Note the change in shape of proximal (PCT) and distal (DCT) 

convoluted tubules, widened interstitium (I) . 

Fig. 2 : 10.0 ppm monocrotophos / 12 hours - 10 x 40 

: Note distal convoluted tubule with picnotic nuclei (.0, clogged lumen 

( ► ) and necrotic proximal convoluted tubule (PCTs), widened 

interstitium (I). 

Fig. 3 : 10.0 ppm monocrotophos / 24 hours - 10 x 40 

: Note glomerulus with blood cells (G), necrotic proximal (PCT) and 

distal convoluted tubules(DCTs) . Note accumulation of blood cells (C) 

in interstitium. 

Fig. 4 : 10.0 ppm monocrotophos / 24 hours 10 x 40 

: Note change in shape of collecting tubule (CT), luminal debris (D) and 

disrupted tubules (-4). 
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PLATE 6 

Fig. 1 : 10.0 ppm monocrotophos / 48 hours - 10 x 40. 

: Note distorted glomerulus with disrupted Capsular wall (BC), proximal 

convoluted tubule with disrupted luminal border (PCT), necrotic distal 

convoluted tubule (DCT) and widened interstitium (I). 

Fig. 2 : 10.0 ppm monocrotophos / 96 hours - 10 x 40. 

: Note necrotic proximal (PCT) and distal (DCT) convoluted tubules 

(CT) and widened interstitium with blood cells (C) as well as cellular 

exudents (E). 

Fig. 3 : 10.0 ppm monocrotophos / 240 hours - 10 x 40. 

: Note disrupted glomeruli (G), necrotic proximal convoluted tubule 

(PCT), distal convoluted tubule (DCT) and distal convoluted tubule 

with clogged lumen (♦) and widened interstitium (I). 

Fig. 4 : 10.0 ppm monocrotophos / 240 hours - 10 x 40. 

: Note necrotic glomerulus (G), proximal convoluted tubule (PCT) and 

distal convoluted tubule (DCT). Note widened interstitium (I) with 

blood cells (C) and reduced stainability. 



PLATE 6 



PLATE 7 

Fig. 1 : 10.0 ppm monocrotophos / 240 hours - 10 x 40. 

: Note necrotic collecting tubule (CT), tubular lumen with debris (D) and 

reduced stainability. 

Fig. 2 : 10.0 ppm monocrotophos / 240 hours - 10 x 40. 

: Note necrotic proximal (PCT) and distal (DCT) convoluted tubules. 

Note widened interstitium (I) and decreased stainability. 
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b. BIOCHEMICAL CHANGES IN KIDNEY UNDER THE 

INFLUENCE OF MONOCROTOPHOS 

Acid phosphatase  (ACP) 

Acid phosphatase activity of the kidney of control mice was in the range 

of 0.433 to 0.460 m moles/g of protein. All the doses of monocrotophos 

induced dose-dependent elevations of ACP activity from the end of 6 

hours to the end of 24 hours(Table 3.01). The maximum elevation of 

ACP activity was induced by 5.0 ppm dose at the end of 240 hours 

(Graph 3.01). 

Alkaline phosphatase  (ALP) 

Alkaline phosphatase activity of the kidney of control mice was in the 

range of 4.000 to 4.462 m moles/g of protein. All doses induced 

elevations of ALP activity. However, only 5.0 ppm dose could induce 

exposure period-dependent elevations of ALP activity till the end of 96 

hours (Table 3.02). Maximum increase of ALP activity was induced by 

10.0ppm dose at the end of 96 hours (Graph 3.02). 

Non-specific esterase  (NSE) 

Control animals showed NSE activity of the kidney in the range of 7.415 

to 13.934 IA moles /g of protein. Monocrotophos induced dose-dependent 
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control 

1 ppm 
5ppm 

--410-- 1 Oppm  

6 	12 	24 	48 	72 	96 120 240 

Table 3.01: Effect of monocrotophos on acid phosphatase activity of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 0.456 0.455 0.439 0.460 0.451 0.433 0.442 0.446 
±0.109 ±0.119 ±0.105 ±0.113 ± 0.111 ±0.112 ± 0.109 ±0.117 

1ppm 3.335 3.473 3.853 4.205 4.627 5.091 5.159 5.197 
±2.035 ±2.106 ±2.061 ±3.061 ± 3.049 ± 3.959 ± 3.080 ± 3.942 

a a a a a a a b 
5PPm 3.588 3.821 4.360 4.854 5.203 5.483 5.491 5.603 

± 2.039 ± 2.037 ± 2.027 ± 2.038 ± 3.097 ± 3.048 ± 3.080 ± 3.077 
a a a 3, a a a a 

lOppm 4.183 4.617 4.725 4.657 5.005 5.384 5.232 5.182 
± 3.028 ± 3.059 ± 3.036 ±3.050 ± 3.026 - ± 3.039 ± 3.032 ± 3.040 

b a a a a a a a 
m moles of p-nitrophensolig of protein 

= 10 (per cell) 
Values are mean ± standard deviation 
a-÷P <0.01 
b-W <0.05 
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Graph 3.01 : Effect of monocrotophos on acid phosphatase 
activity of kidney 

Exposure periods in hours 
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Table 3.02: Effect of monocrotophos on alkaline phosphatase activity of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 4.091 4.000 4.264 4.393 4.150 4.322 4.368 4.462 
±1.212 ±1.265 ±1.252 ±1.173 ± 1.318 ±1.170 ± 1.160 ±1.227 

1ppm 54.911 55.840 55.308 60.329 61.540 64.240 60.661 60.848 
±34.001 ±34.002 ±34.113 ±36.115 ± 36.110 ± 34.116 ± 38.106 ± 38.150 

a a a a a a a a 
5ppm 54.210 57.543 61.750 63.080 64.405 65.128 64.267 61.839 

± 33.100 ± 34.115 ± 38.116 ± 38.516 ± 38.118 ± 38.191 ± 38.211 ± 39.000 
a a a a a a a a 

lOppm 60.966 67.803 67.557 67.311 72.229 79.947 77.761 77.081 
± 36.015 ± 38.116 ± 33.210 ±33.115 ± 33.916 ± 35.002 ± 36.116 ± 38.115 

a a a a a N N a 
m moles of p - nitrophenol/g of protein 

n= 10 (per cell) 
Values are mean ± standard deviation 
a-÷P <0.01 
b-÷13  <0.05 
N-+non significant 

Graph 3.02: Effect of monocrotophos on alkaline phosphatase 
activity of Kidney 

Exposure periods in hours 



elevations of NSE activity from the end of 6 hours to the end of 240 

hours (Table 3.03). Maximum increase of NSE activity was induced by 

10.0 ppm dose at the end of 96 hours (Graph 3.03). 

Glucose-6-phosphate dehydrogenase  (G6PDH) 

Control animals showed G6PDH activity of the kidney in the range of 

19.040 to 21.100 U/g wet wt. of tissue. Monocrotophos induced 

reductions of G6P DH activity from the end of 6 hours to the end of 240 

hours (Table 3.04). Maximum reduction of G6PDH activity was induced 

by 10.0ppm dose at the end of 240 hours (Graph 3.04). 

Mitochondrial isocitrate dehydrogenase  (m ICDH) 

Mitochondrial ICDH activity of the kidney of control mice was in the 

range of 29.500 to 30.650 U/ g of protein. All the doses of 

monocrotophos induced reductions of mICDH activity (Table 3.05). The 

maximum reduction of mICDH activity was induced by 10.0 ppm dose at 

the end of 240 hours (Graph 3.05). 

Mitochondrial malate dehydrogenase  (mMDH) 

Mitochondrial MDH activity of kidney of control mice was in the range 

of 24.000 to 24.600 U/ g of protein. All the doses induced dose- 

dependent reductions of mMDH activity (Table 3.06). Maximum 
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Graph 3.03: Effect of monocrotophos on non-specific esterase 
activity of Kidney 
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Table 3.03 : Effect of monocrotophos on non-specific esterase activity of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 8.048 8.135 7.415 9.389 7.905 13.857 12.574 13.934 
±0.240 ±0.275 ±0.481 ±0.121 ± 0.182 ±0.407 ± 0.418 ±0.427 

1ppm 159.992 169.845 178.613 202.789 217.640 274.382 261.222 257.481 
±81.482 ±99.423 ±97.432 ±83.360 ± 86.020 ± 90.073 ± 89.034 ± 85.914 

a -. 	a a a N a a a 
5ppm 178.404 211.562 249.043 263.939 274.548 307.898 298.314 273.300 

± 97.423 ± 99.423 ± 93.462 ± 95.747 ± 99.214 ± 114.111 ± 113.672 ± 97.966 
a a N a N N a a 

lOppm 245.530 268.309 290.076 306.273 352.229 373.174 372.259 363.554 
± 91.515 ± 99.983 ± 93.140 ±119.528 ± 116.043 ± 110.287 ± 106.121 ± 109.847 

N N N N N N N N 
p. moles of p - nitrophenol/g of protein 

n= 10 (per cell) 
Values are mean ± standard deviation 
a-0 <0.01 
b->1)  <0.05 
Ninon significant 



Table 3.04: Effect of monocrotophos on glucose-6-phosphate dehydrogenase 

Kidney 6 12 24 48 72 96 120 240 

Control 20.200 20.850 19.800 20.400 21.100 19.600 19.040 20.250 
± 1.200 ± 2.000 ± 2.500 ± 1.800 ± 3.000 ± 2.000 ± 1.200 ± 	1.400 

1ppm 15.400 15.400 14.800 14.050 14.160 15.200 16.000 17.800 
± 1.200 ± 1.600 ± 1.800 ± 1.350 ± 1.250 ± 1.600 ± 1.700 ± 1.500 

a a a a  a a a a 
5PPm 13.200 12.400 12.000 12.600 12.800 11.800 11.080 11.000 

± 1.400 ± 1.200 ± 1.600 ± 1.420 ± 1.200 ± 1.300 ± 1.070 ± 1.150 
a a a a a a a a 

lOppm 12.000 11.450 11.000 11.120 10.900 10.000 9.800 9.500 
± 1.000 ± 1.100 ± 1.600 ± 1.500 ± 1.000 ± 1.360 ± 1.250 ± 1.112 

a b a a a a a a 
U/g wet wt. of tissue 

n = 10 (per cell) 
Values are mean ± standard deviation 
a--)P <0.01 

Graph 3.31: Effect of DDVP on glucose-6-phosphate 
dehydrogenase 
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Table 3.05: Effect of monocrotophos on isocitrate dehydrogenase (mitochondrial) 

Urine 6 12 24 48 72 96 120 240 

Control 30.600 30.000 29.500 30.500 29.800 30.200 30.650 30.000 
• ± 4.800 ± 4.000 ± 3.200 ± 3.800 ± 2.800 ± 4.100 ± 2.850 ± 	2.000 

1ppm 26.800 26.200 25.880 25.600 25.000 24.500 24.000 23.600 
± 2.500 ± 1.800 ± 3.200 ± 2.600 ± 2.580 ± 1.560 ± 2.400 ± 3.400 

a a a a a a a a 
5PPm 24.420 24.060 23.870 23.000 23.200 22.900 22.000 20.650 

± 1.800 ± 2.100 ± 2.300 ± 2.100 ± 3.100 ± 2.600 ± 2.450 ± 3.200 
a a a a a a a a 

lOppm 20.240 20.000 18.280 18.000 16.000 15.250 14.900 13.800 
± 2.100 ± 1.640 ± 1.450 ± 2.000 ± 1.400 ± 2.300 ± 2.350 ± 1.600 

a a a a a a a a 
U/g of Protein 

n = 10 (per cell) 
Values are mean ± standard deviation 
a-A' <0.01 

Graph 3.05:Effect of monocrotophos on isocitrate dehydrogenace 
(mitochondrial) 
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Table 3.06: Effect of monocrotophos on malate dehydrogenase (mitochondria!) 

Kidney 6 12 24 48 72 96 120 240 

Control 24.600 24.500 24.000 24.150 24.000 24.400 24.200 24.000 
± 2.400 ± 2.600 ± 2.200 ± 2.400 ± 1.800 ± 2.500 ± 1.850 ± 	2.60 

0 
1ppm 20.680 20.250 20.000 19.600 19.750 18.650 18.000 18.250 

± 2.200 ± 1.800 ± 2.500 ± 2.000 ± 2.150 ± 2.150 ± 1.500 ± 1.750 
a a a a a a a a 

5ppm 18.520 18.700 18.500 18.000 18.200 17.600 17.100 15.080 
± 1.450 ± 2.100 ± 1.800 ± 2.150 ± 2.000 ± 2.300 ± 1.900 ± 2.000 

a a a a a a a a 
lOppm 14.500 14.200 13.600 13.000 12.700 12.000 11.560 10.060 

± 3.100 ± 2.200 ± 1.650 ± 2.400 ± 3.400 ± 1.580 ± 1.950 ± 1.300 
a a a a a a a a 

U/g of protein 

n = 10 (per cell) 
Values are mean ± standard deviation 
a->11  <0.01 

Graph 3.06:Effect of monocrotophos on malate dehydrogenace 
(mitochendrial) 
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decrease of mMDH activity was induced by 10.0 ppm dose at the end of 

240 hours (Graph 3.06). 

Total proteins  

Total protein concentrations of the kidney of control mice were in the 

range of 0.296 to 0.303 g / g wet wt. of tissue. Monocrotophos promoted 

decrease in the concentration however these decrements in protein levels 

though significant, were not exposure period or dose-dependent of total 

protein (Table 3.07). The maximum decrease in total protein 

concentrations was induced by 10.0-ppm dose at the end of 96 hours 

(Graph 3.07). All alterations in the total protein concentrations were 

statistically significant (Table 3.07). 

Creatinine  

Control mice showed creatinine level of kidney in a range of 0.013 to 

0.014 mg/g wet wt. of tissue. Only 10.0 ppm dose of monocrotophos 

induced high increments in creatinine level (Table 3.08). Maximum 

elevation of creatinine level was induced by 10.0ppm dose at the end of 

120 hours (Graph 3.08). The changes in the creatinine concentrations of 

the kidney under the influence of monocrotophos were in the range of 

0.030 to 0.104 mg /g wet wt. of tissue. 
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Table 3.07: Effect of monocrotophos on total protein contents of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 0.297 0.296 0.298 0.298 0.303 0.303 0.303 0.300 
± 0.101 ± 0.104 ± 0.105 ± 0.103 ± 0.103 ± 0.1011 ± 0.103 ± 0.106 

1ppm 0.085 0.084 0.085 0.079 0.079 0.077 0.080 0.080 
±0.055 ±0.051 ±0.051 ±0.051 ± 0.051 ± 0.050 ± 0.050 ± 0.050 

a a a a a a a a 
5ppm 0.0850 0.084 0.078 0.077 0.077 0.075 0.077 0.079 

± 0.051 ± 0.051 ± 0.052 ± 0.051 ± 0.051 ± 0.052 ± 0.050 ± 0.051 
a a a a a a a a 

lOppm 0.084 0.079 0.080 0.083 0.078 0.072 0.078 0.078 
± 0.051 ± 0.051 ± 0.053 ±0.053 ± 0.051 ± 0.058 ± 0.051 + 0.051 

a a a a a a a a 
g of protein /g wet wt. of kidney 

n=10 (per cell) 
Values are mean ± standard deviation 
a->13  <0.01 
b->P <0.05 

Graph 3.07: Effect of monocrotophos on total protein contents of 
Kidney 
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Table 3.08 : Effect of monocrotophos on creatinine level of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 1' 	0.013 0.013 0.014 0.013 0.013 0.013 0.014 0.014 
± 0.009 ± 0.008 ± 0.009 ± 0.009 ± 0.009 ± 0.008 ± 0.009 ± 0.009 

1ppm 0.030 0.034 0.034 0.036 0.069 0.041 0.031 0.045 
±0.011 ±0.014 ±0.015 ±0.015 ± 0.039 ± 0.021 ± 0.020 ± 0.022 

b a b a b b N a 
Sppm 0.034 0.035 0.035 0.038 0.039 0.039 0.043 0.043 

±0.018 ±0.015 ±0.014 ±0.016 ±0.018 ±0.018 ±0.021 ±0.024 
b a b a a a b b 

lOppm 0.078 0.082 0.086 0.089 0.092 0.089 0.104 0.096 
± 0.045 ± 0.058 ± 0.053 ± 0.056 ± 0.060 ± 0.060 ± 0.075 ± 0.065 

a b a a a b b b 
mg of creatinine /g wet wt. of kidney 

n=10 (per cell) 
Values are mean ± standard deviation 
a->1)  <0.01 
b-P <0.05 
N-+non significant 

Graph 3.08: Effect of monocrotophos on creatinine level of 
kidney 
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Urea 

Urea contents of the kidney of controls were in the range of 4.265 to 

5.906 mg/g wet wt. of tissue. Monocrotophos promoted significant 

elevations in urea contents at the end of almost all exposure periods. 

However, somewhat exposure period-dependent increase of urea content 

was noticed under the influence of 10.0ppm dose only (Table3.09). 

Maximum elevation of urea contents of kidney was induced by 10.0 ppm 

dose at 240 hours (Graph 3.09). The elevations in the urea contents of the 

kidney ranged between 7.547 to 45.351 mg/g wet wt. of kidney. 

Uric acid  

Control animals showed uric acid level of the kidney in the range of 

0.632 to 0.885 mg/ g wet wt. of tissue. Dose-dependent increase of uric 

acid level was promoted by all doses of monocrotophos. However, 1.0 

and 5.0 ppm doses promoted exposure period-dependent elevations of 

uric acid from the end of 96 hours to the end of 240 hours (Table 3.10). 

The highest elevation in uric acid level was induced by 10.0 ppm dose at 

240 hours (Graph 3.10). The elevations in the uric acid level ranged 

between 1.482 to 6.072 mg /g wet wt. of kidney. 
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Graph 3.09: Effect of monocrotophos on urea concentrations of 
kidney 
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Table 3.09 : Effect of monocrotophos on urea concentrations of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 4.265 4.457 5.408 5.906 5.691 5.220 5.314 5.398 
± 2.370 ± 2.651 ± 3.185 ± 2.107 ± 3.715 ± 2.697 ± 2.704 ± 2.372 

1PPm 7.776 8.193 7.547 9.484 9.538 9.579 13.964 14.381 
± 0.549 ± 0.549 ± 0.532 ± 2.592 ± 2.593 ± 1.590 ± 3.918 ± 3.916 

a a n b n a a a 
5PPm 9.700 9.767 1.605 11.301. 12.242 11.516 14.085 15.511 

± 2.000 ± 2.230 ± 0.999 ± 2.936 ± 2.127 ± 3.337 ± 3.220 ± 3.911 
a a a a a a a a 

lOppm 32.745 32.852 34.090 38.334 39.659 41.086 43.884 45.351 
± 15.431 ± 16.282 ± 10.343 ± 16.341 ± 16.308 ± 20.602 ± 21.369 ± 24.553 

a a a a a a a a 
mg of urea/g wet wt. of kidney 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
1}- 1P <0.05 
N-*non significant 



Graph 3.10: Effect of monocrotophos on uric acid contents of 
kidney 
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Table 3.10: Effect of monocrotophos on uric acid contents of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 0.885 0.681 0.838 0.657 0.632 0.795 0.747 0.765 
± 0.215 ±0.286 ±0.213 ±0.264 ± 0.286 ± 0.202 ± 0.259 ± 0.203 

1PPm 1.531 1.590 1.482 1.855 1.903 2.187 2.705 3.120 
± 1.402 ±0.471 ±0.466 ±0.579 ±0.531 ± 0.964 ± 0.996 ± 1.929 

a a b a N a a b 
5PPm 2.042 2.271 _ _2.488 2.470 2.994. 2.886 3.536 3.771 

± 0.996 ±0.995 ±0.999 ±1.001 ±1.002 ±1.035 ± 1.999 ± 2.000 
a a a a N N a a 

lOppm 2.458 2.687 2.759 3.722 4.633 4.379 5.590 6.072 
±1.006 ±1.001 ±1.004 ±1.950 ±2.881 ± 2.889 ± 3.115 ± 4.000 

a a a a a b a a 
mg of uric acid/g wet wt of kidney 

n=10 (per cell) 
Values are mean ± standard deviation 
a->11  <0.01 
b->I1  <0.05 



Calcium (Ca 2+) 

Calcium level of the kidney of control mice was in the range of 1.314 to 

1.560 mg/g wet wt. of tissue. All the doses of monocrotophos induced 

dose-dependent elevations of calcium levels at all exposure periods 

(Table 3.11). Maximum increase of Ca2+  level was induced by 10.0 ppm 

dose at the end of 240 hours (Graph 3.11). The elevations in the Ca 2+ 

 level of kidney ranged between 1.685 to 5.994 mg/g wet wt. of kidney. 

Chloride (CO 

Chloride levels in the kidney of controls ranged from 81.00 to 92.00 Eq/g 

wet wt. of tissue. Monocrotophos doses promoted dose-dependent 

elevations of chloride level at the end of all exposure periods. However, 

exposure period-dependent increments were not observed (Table 3.12). 

At the end of 120 hours, 10.0 ppm dose showed highest level of chloride 

(Graph 3.12). The increments in the chloride concentrations of the 

kidney ranged between 0.138 to 0.298 Eq/g wet wt. of kidney. 

Sodium (Na+) 

Sodium concentration of kidney of control mice was in the range of 

15:7 84' mEq/g wet wt. of tissue. All the doses of monocrotophos induced 

elevation in Na+  concentrations of kidney for all exposure periods. 

However, exposure period-dependent increments of Na +  concentrations 
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Table 3.11 : Effect of monocrotophos on Ca ++  concentration of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 1.560 1.426 1.318 1.314 1.456 1.425 1.392 1.350 
± 0.129 ±0.160 ±0.116 ±0.133 ± 0.196 ± 0.125 ± 0.127 ± 0.144 

1ppm 1.685 1.845 1.833 1.856 2.668 2.884 3.166 3.309 
± 0.250 ±0.280 ±0.280 ±0.226 ±0.629 ± 0.629 ± 1.222 ± 1.277 

N a a a a N a a 
5ppm 1.927 2.102 2.193 2.677 3.156 3.200 3.674 3.493 

± 0.274 ±0.637 ±0.630 ±0.691 ±1.264 ±1.083 ± 1.336 ± 1.384 
b b a b a a a a 

lOppm 5.353 5.371 5.503 5.631 5.714 5.947 5.923 5.994 
±3.074 ±3.051 ±3.042 ±3.068 ±3.053 ± 3.069 ± 3.064 ± 3.035 

b a b b b b b b 
mg of Ca-Hig of wet wt. of kidney 

n=10 (per cell) 
Values are mean ± standard deviation 
a-->P <0.01 
b--->P <0.05 
N-non significant 

Graph 3.11: Effect of monocrotophos on Ca++ concentration of 
kidney 
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Table 3.12 : Effect of monocrotophos on Cl-  concentration of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 0.090 0.087 0.087 0.087 0.087 0.092 0.084 0.081 
± 0.014 ±0.014 ±0.016 ±0.016 ± 0.015 ± 0.013 ± 0.015 ± 0.013 

1ppm 0.148 0.138 0.154 0.145 0.155 0.179 0.201 0.168 
± 0.048 ±0.041 ±0.044 ±0.044 ±0.044 ± 0.093 ± 0.099 ± 0.990 

b b a b a b b b 
5PPm 0.188 0.182 0.188 0.199 0.199 0.191 0.207 0.189 

± 0.111 ±0.104 ±0.105 ±0.114 ±0.116 ±0.117 ± 0.118 ± 0.111 
N b b b b N b b 

lOppm 0.231 0.241 0.239 0.236 0.256 0.256 0.298 0.292 
±0.194 ±0.193 ±0.199 ±0.199 ±0.199 ± 0.196 ± 0.192 ± 0.200 

N N N N N N b b 
Eq. of chloride/g of wet wt of kidney 

a-)P <0.01 
b-)•P <0.05 
Ninon significant 
n=10 (per cell) 
Values are mean ± standard deviation 

Graph 3.12: Effect of monocrotophos on chloride concentration 
of kidney 
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were not observed (Table 3.13). Maximum increment of Na + 

 concentration was induced by 10.0 ppm dose at the end of 120 hours 

(Graph 3.13). All the changes on Na +  concentrations were statistically 

significant (Table 3.13). Monocrotophos induced elevations in the sodium 

concentrations of the kidney were in the range of 188 33 c  to 21-2 00 

mEq/g wet wt. of kidney. 

Potassium  ( K+  ) 

Control mice showed K +  concentration of kidney equivalent to 0470 

mEq/g wet wt. of tissue. Increments in K +  concentrations were promoted 

by all doses of monocrotophos for all exposure periods (Table 3.14). The 

maximum elevation in K+  concentration was produced by 10.0 ppm dose 

at the end 120 hours (Graph 3.14). All alterations of K +  concentrations 

were statistically significant (Table 3.14). Monocrotophos induced 

elevations in potassium concentrations were in the range of 0.9 83 to 

12.20 mEq/g wet wt. Of tissue. 
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Table 3.13 : Effect of monocrotophos on Na+ concentration of kidney 

kidney 6 12 24 48 72 96 . 120 240 

Control 15.784 15.784 15.784 15.784 15.784 15.784 15.784 15.784 
± 0.993 ± 0.993 ± 0.993 ± 0.993 ± 0.993 ± 0.993 ± 0.993 ± 0.993 

1ppm 19.000 19.233 19.133 19.500 19.333 18.833 19.033 19.100 
± 2.816 ± 2.917 ± 2.972 ± 2.937 ± 2.900 ± 2.833 ± 2.805 ± 2.853 

b b b b b b b b 
51)pm 19.400 19.067 19.433 19.800 20.333 19.333 19.633 19.467 

± 2.841 ±2.866 ±2.816 ±2.833 ±2.800 ±2.800 ± 2.883 ± 2.822 
b b b a a b b b 

lOppm 20.600 20.400 21.100 20.700 20.733 20.933 21.200 20.767 
±4.506 ±4.511 ±4.561 ±4.699 ±4.592 ± 4.366 ± 4.372 ± 4.316 

b b b b b b b b 
m Eq./g wet wt. of tissue 

n=10 (per cell) 
Values are mean ± standard deviation 
a-+P <0.01 
b->P <0.05 

Graph 3.13: Effect of monocrotophos on Na+ concentration of 
Kidney 
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Graph 3.14: Effect of monocrotophos on K+ concentration of 
kidney 
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Table 3.14 : Effect of monocrotophos on K +  concentration of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 
± 0.248 ± 0.248 ± 0.248 ± 0.248 ± 0.248 ± 0.248 ± 0.248 ± 0.248 

1ppm 1.000 1.020 1.013 1.050 1.033 0.983 1.003 1.010 
± 0.242 ± 0.239 ± 0.217 ± 0.224 ± 0.200 ± 0.228 ± 0.211 ± 0.235 

a a a a a a a a 
5ppm 1.040 1.007 1.043 1.080 1.133 1.033 1.063 1.047 

± 0.214 ± 0.247 ± 0.232 ± 0.223 ± 0.200 ± 0.200 ± 0.248 ± 0.242 
a a a a a a a b 

l0ppm 1.160 1.140 1.210 1.190 1.173 1.193 1.220 1.177 
± 0.331 ± 0.321 ± 0.316 ± 0.332 ± 0.349 ± 0.347 ± 0.417 ± 0.432 

a a a a a a a a 
m Eq. Of IC+  /g wet wt. of tissue 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b-P <0.05 
N-3non significant 



d. OBSERVATIONS ON GLOMERULAR FILTRATION RATE AND 

URINE FLOW RATE UNDER THE INFLUENCE OF 

MONOCROTOPHOS. 

Glomerular Filtration rate  (GFR) 

GFR of control mice was equivalent to 7.284 1,t1 /kg/min. All the doses of 

monocrotophos promoted decrements in GFR. Maximum decrease in 

GFR was induced by 10.0ppm dose at the end of 48 hours (Graph 3.15). 

All the changes of GFR were statistically significant (Table 3.15). 

Monocrotophos induced reductions were in the range of 3.147 to 4.518 pi 

/kg/min. 

Urine Flow Rate  (UFR) 

Control animals showed UFR equal to 0.210 1,t1 /min. Maximum decrease 

in UFR was induced by 10.0 ppm dose at the end 48 hours (Graph 3.16). 

All alterations of UFR were statistically significant (Table 3.16). 

Monocrotophos induced reductions in UFR were in the range of 0.1001 to 

0.1410 ill /min. 
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Table 3.15 : Effect of monocrotophos on the glomerular filtration rate 

Exposure periods in hours 
24 48 72 96 120 240 

control 7.284 ± 3.000 

1 PPm 4.500 4.514 4.516 4.518 4.484 4.496 
± 1.901 ± 1.902 ± 1.926 ± 1.914 ± 1.914 ± 1.902 

a a a a a a 
5ppm 4.200 4.501 4.500 4.084 4.470 4.472 

± 1.000 ± 1.002 ± 1.011 ± 1.007 ± 1.002 ± 1.006 
a a a a a a 

10ppm 3.802 3.147 4.460 3.808 4.452 4.468 
± 1.018 ± 1.007 ± 1.017 ± 1.021 ± 1.018 ± 1.014 

a b a a a a 
unit 	pUkg/min 

n=10 (per cell) 
Values are mean ± standard deviation 
a-> P < 0.01 
b-> P < 0.05 
N-> insignificant 

Graph 3.15 :Effect of monocrotophos on glomerular filtration rate 
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Table 3.16 : Effect of monocrotophos on urine flow rate 

Exposure periods in hours 
24 48 	1 	72 96 120 240 

control 0.2100 ± 0.0700 

1 PPm 0.1404 0.1402 0.1404 0.1403 0.1404 0.1410 
± 0.0020 ± 0.0018 ± 0.0019 ± 0.0015 ± 0.0021 ± 0.0022 

a a a a a a 
5PPm 0.1404 0.1306 0.1204 0.1403 0.1384 0.1410 

± 0.0018 ± 0.0140 ± 0.0148 ± 0.0010 ± 0.0014 ± 0.0015 
a a a a a a 

10ppm 0.1401 0.1200 0.1001 0.1401 0.1205 0.1408 
± 0.0021 ± 0.0154 ± 0.0550 ± 0.0024 ± 0.0141 ± 0.0030 

a a b a a a 
unit 	pUmin 

n=10 (per cell) 
Values are mean ± standard deviation 
a-* P < 0.01 
b-* P < 0.05 
N-4 insignificant 

Graph 3.16: Effect of monocrotophos on urine flow rate 
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B. URINE BIOCHEMISTRY UNDER THE INFLUENCE 

OF MONOCROTOPHOS 

Acid phosphatase  (ACP) 

Urinary elimination of ACP of control mice was nil. Monocrotophos 

induced urinary elimination of ACP. However, 5.0 and 10.0 ppm doses 

promoted decrease in urinary elimination of ACP from the end of 12 

hours to the end of 120 hours when compared with that observed under 

the influence of 1.0 ppm dose (Table 3.17). The highest level of urinary 

elimination of ACP was observed under the influence of 1.0 ppm dose at 

the end of 12 hours (Graph 3.17). 

Alkaline phosphatase  (ALP) 

Control mice did not show urinary ALP activity. Administration of 

monocrotophos induced elimination of ALP through urine. Levels of 

ALP activity in urine decreased from the end of 6 hours to the end of 72 

hours under the influence of 5.0 and 10.0 ppm doses when compared with 

ALP activity observed under the influence of 1.0 ppm dose (Table 3.18). 

Maximum urinary elimination of ALP was induced by 1.0 ppm dose at 

the end of 24 hours (Graph 3.18). Urinary eliminations of ALP were 

statistically significant (Table 3.18). 
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Table 3.17 : Effect of monocrotophos on urinary acid phosphatase 

Urine 6 12 24 48 72 96 120 240 

Control 0 0 0 0 0 0 0 0 

1ppm 8.074 10.236 10.146 8.865 8.297 9.246 8.140 6.156 
± 4.101 ± 5.126 ± 5.146 ± 4.089 ± 4.090 ± 4.052 ± 	4.149 ± 3.053 

a a a a a N a a 
5PPm 8.49 6.743 6.808 7.657 6.934 - 6.889 6.164 5.439 

± 4.179 ± 3.042 ± 3.048 ± 3.041 ± 3.110 ± 3.046 ± 3.032 ± 3.230 
a N N N N N a a 

lOppm 6.416 4.348 4.845 5.536 5.823 6.434 5.923 5.883 
± 3.092 ± 2.039 ± 2.066 ±3.035 ± 3.059 ± 3.103 ± 3.058 ± 3.092 

N N N a a N a a 
m moles of p- nitrophenollg of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b-->P <0.05 
N-*non significant 

Graph 3.17: Effect of monocrotophos on urinary acid 
phosphatase 
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Table 3.18 : Effect of monocrotophos on urine alkaline phosphatase 

Urine 6 12 24 48 72 96 120 240 

Control 0 0 0 0 0 0 0 0 

1ppm 43.557 51.702 53.367 46.186 41.021 37.587 31.412 28.576 
±31.700 ±36.966 ±35.191 ±30.988 ± 30.054 ± 25.585 ± 25.324 ± 14.206 

a a a a a a b a 
5ppm 40.740- - 37.001 33.482 34.178 33.936 28.359 27.349 24.058 

± 29.058 ± 28.049 ± 28.147 ± 28.496 ± 25.107 ± 20.695 ± 20.797 ± 20.793 
a a b b a a a b 

lOppm 38.798 29.489 20.168 21.875 26.163 29.459 33.031 25.394 
± 25.888 ± 18.990 ± 15.786 ±15.721 ± 18.661 ± 18.991 ± 20.311 ± 18.296 

a a b a a a a a 
m moles of pf  nitrophenol/g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-)P <0.01 

<0.05 

Graph 3.18: Effect of monocrotophos on urine alkaline 
phosphatase 
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Non-specific esterase  (NSE) 

There was no elimination of NSE through urine of control mice. 

Monocrotophos doses promoted elimination of NSE through urine (Table 

3.19). The highest level of urinary elimination of NSE was noticed under 

the influence of 1.0ppm dose at the end of 48 hours (Graph 3.19). 

Total proteins  

Control mice did not exhibit excretion of proteins through urine. 

Monocrotophos caused renal protein excretion. All the doses induced 

elevations in protein excretion from the end of 6 hours to the end of 96 

hours (Table 3.20). Maximum renal elimination of proteins was induced 

by 10.0 ppm dose at 24 hours (Graph 3.20). The urinary protein 

eliminations were statistically significant (Table 3.20). The urinary 

elimination of protein ranged between 0.950 to 2.816 mg/100 ml of urine. 

Creatinine 

The control mice showed urinary creatinine concentrations in the range of 

0.413 to 0.474 mg/100 ml. Monocrotophos induced elevations in urine 

creatinine levels for all the exposure periods (Table 3.21). The maximum 

increase in urinary creatinine concentration was promoted by 10.0 ppm 
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Graph 3.19: Effect of monocrotophos on urine non-specific 
esterase 
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Table 3.19 : Effect of monocrotophos on urine non-specific esterase 

Urine 6 12 24 48 72 96 120 240 	- 

Control 0 0 0 0 0 0 0 0 

1ppm 1.076 1.140 1.217 1.278 1.020 1.243 0.503 0.457 
±0.983 ±0.980 ±0.920 ±0.970 ± 0.900 ± 0.927 ± 0.380 ± 0.280 

b b b b b b b b 
5PPm 0.698 0.697 0.563 0.977 0.921 0.821 0.668 0.426 

± 0.417 ± 0.471 ± 0.453 ± 0.800 ± 0.800 ± 0.614 ± 0.480 ± 0.306 
a a b b b a a a 

lOppm 0.980 0.711 0.586 0.741 0.900 0.889 1.018 0.799 
± 0.617 ± 0.485 ± 0.344 ±0.400 ± 0.622 ± 0.600 ± 0.925 ± 0.459 

a N a a a a b a 
g moles of p - nitrophenol/g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b-3P <0.05 
N-*non significant 
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Table 3.20 : Effect of monocrotophos on renal elimination of protein 

Urine 6 12 24 48 72 96 120 240 

Control 0 0 0 0 0 0 0 0 

1ppm 0.970 0.950 0.973 1.105 1.275 1.298 1.572 1.701 
±0.727 ±0.025 ±0.824 ±0.930 ± 1.001 ± 1.020 ± 1.000 ± 1.300 

a a b b b b a a 
5PPm 1.261 1.579 1.759 1.661 1.766 1.772 2.058 2.077 

± 1.108 ± 1.040 ± 1.041 ± 1.058 ± 1.020 ± 1.027 ± 1.038 ± 1.039 
b a a a a a a a 

l0ppm 1.609 2.215 2.816 2.291 2.058 1.890 2.014 2.012 
± 1.043 ± 2.032 ± 2.041 ±2.033 ± 1.801 ± 1.040 ± 1.934 ± 1.935 

a b a a b a b b 
g of protein /100m1 of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a-*P <0.01 
b-*P <0.05 

Graph 3.20: Effect of monocrotophos on renal elimination of 
protein 
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Graph 3.21 : Effect of monocrotophos on creatinine 
concentration of urine 

Exposure periods in hours 

Table 3.21: Effect of monocrotophos on creatinine concentration of Urine 

Urine 6 12 24 48 72 96 120 240 

Control 0.474 0.466 0.446 0.431 0.459 0.426 0.461 0.413 
±0.008 ±0.008 ±0.008 ±0.008 ± 0.008 ± 0.008 ± 0.008 ± 0.008 

1ppm 0.867 0.867 0.890 0.882 0.873 0.877 0.895 0.892 
±0.239 ±0.289 ±0.300 ±0.310 ± 0.311 ± 0.300 ± 0.315 ± 0.318 

a a a a a a a a 
5ppm 0.877 0.803 0.904 0.917 0.915 0.929 0.962 0.996 

± 0.248 ± 0.240 ± 0.355 ± 0.387 ± 0.395 ± 0.398 ± 0.395 ± 0.395 
a a a b b b b a 

lOppm 1.847 1.057 1.025 0.997 1.002 1.039 0.912 0.911 
± 0.887 ± 0.590 ± 0.595 ±0.596 ± 0.500 ± 0.501 ± 0.513 ± 0.511 

a b b b b b N b 
mg of creatinine /100m1 of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a-.P <0.01 
b-+P <0.05 
Ninon significant 



dose at the end of 6 hours (Graph 3.21). The urinary creatinine 

concentration ranged between 0.803 to 1.847 mg/100 ml of urine. 

Urea 

Control animals showed urea concentrations of urine in the range of 

251.141 to 285.419 mg/100m1. Monocrotophos induced dose-dependent 

increments in urinary urea concentration at the end of 6,12,24,120 and 

240 hours (Table 3.22). The 10.0 ppm dose promoted maximum 

elimination of urea at the end of 72 hours (Graph 3.22). All the changes 

were statistically significant (Table 3.22). The urinary urea concentration 

ranged between 402.595 to 540.399 mg/100 ml of urine. 

Uric acid 

Uric acid concentrations in the urine of control animals ranged from 

23.963 to 33.361 mg/100m1. The 5.0 and 10.0 ppm doses of 

monocrotophos induced elevations in the renal elimination of uric acid at 

all the exposure periods (Table 3.23). Maximum renal excretion of uric 

acid was induced by 5.0ppm dose at the end of 120 hours (Graph 3.23). 

The urinary excretion of uric acid under the influence of monocrotophos 

ranged between 15.684 to 56.698 mg/100 ml of urine. 

100 



Graph 3.22: Effect of monocrotophos on urea contents of urine 
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Table 3.22 : Effect of monocrotophos on urea contents of urine 

Urine 6 12 24 48 72 96 120 240 

Control 278.473 278.074 256.387 251.141 263.732 285.419 265.837 281.021 
±22.606 ±22.032 ±25.957 ±28.375 ±23.213 ±34.751 ± 32.142 ± 38.799 

1ppm 412.032 402.595 406.092 427.354 415:187 419.734 422.532 431.976 
±111.579 ±112.388 ±115.330 ±111.915 ±116.980 ±112.004 ± 116.637 ± 111.092 

b b b a b b a a 
5ppm 431.626 422.532 435.824 409.940 402.595 406.293 439.321 437.572 

±111.207 ±111.579 ±116.428 ±119.727 ±113.849 ±114.921 ± 114.424 ± 114.187 
a b a a b b a a 

lOppm 507.528 537.959 510.676 513.474 540.399 509.627 511.026 530.079 
±180.616 ±190.532 ±190.180 ±197.698 ±191.209 ± 191.781 ± 190.099 ± 190.77 

b a a a a b b a 
mg of urea/100m1 of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a-*P <0.01 
b--P <0.05 



Graph 3.23: Effects of monocrotophos on uric acid contents of 
urine 
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Table 3.23: Effect of monocrotophos on uric acid contents of urine 

Urine 6 12 24 48 72 96 120 240 

Control 23.963 25.373 31.481 32.421 31.325 33.361 30.071 28.036 
± 5.768 ±3.750 ±3.928 ±3.910 ± 5.115 ± 5.171 ±5.021 ± 4.696 

1ppm  26.939 36.494 31.012 26.156 36.650 31.012 15.684 36.180 
± 0.002 ±4.979 ±0.115 ±3.621 ±0.235 ± 0.238 ± 2.511 ± 2.501 

N a N b b N N a 
5ppm 32.578 36.963 38.530 37.903 48.710 56.228 56.698 48.554 

± 4.229 ±3.779 ±3.981 ±3.602 ±15.347 ±15.875 ± 15.618 ± 15.779 
b N b b b a a b 

lOppm 43.385 45.108 55.289 50.746 51.527 55.132 48.084 41.035 
±16.327 ±16.285 ±16.223 ±16.360 ±15.400 ± 16.427 ± 16.267 ± 16.124 

b b a b b b b N 
mg of unc acid/100ml of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
aaP <0.01 
baP <0.05 
N->non significant 



Calcium  (Ca2+) 

Calcium level in the urine of control animals was in the range of 14.260 

to 18.756 mg/100m1. Monocrotophos induced dose-dependent elevations 

in renal excretiowof calcium at all the exposure periods except 48 and 72 

hours (Table 3.24). The maximum renal elimination of Ca 2+  was induced 

by 10.0ppm dose at the end of 240 hours (Graph 3.24). The urinary 

elimination of Ca2+  was in the range of 84.873 to 126.759 mg/100 ml of 

urine. 

Chloride  (a) 

The urinary chloride level of control mice was in the range of 2.248 to 

2.518 Eq /100m1. Monocrotophos promoted significant elevations in renal 

excretions of Cl" at all exposure periods. However, exposure period-

dependent elevations were not noticed (Table 3.25). Maximum urinary 

excretion of chloride was induced by 10.0 ppm dose at the end of 12 

hours (Graph 3.25). All the alterations in urinary chloride concentrations 

were statistically significant (Table 3.25). The urinary chloride level 

ranged from 7.007 to 10.829 Eq/100m1. 

Sodium  (Na+) 

Control mice exhibited urinary Na+  concentration equivalent to 152.316 

mEq /L. All the doses of Monocrotophos induced increase in urinary Na +  
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Graph 3.24: Effect of monocrotophos on urine Ca++ 
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Table 3.24 : Effect of monoocrotophos on urine Ca ++  

Urine 6 12 24 48 72 96 120 240 

Control 16.572 15.603 14.260 18.756 17.728 17.985 16.016 15.844 
± 3.761 ±3.429 ±3.729 ±3.064 ± 3.861 ± 3.451 ± 3.500 ± 3.805 

1ppm 84.873 86.586 98.791 104.315 105.387 98.919 103.287 108.768 
± 40.371 ±40.291 ±40.406 ±56.458 ±53.594 ± 55.211 ± 55.204 ± 55.049 

a a a a a a a a 
5PPm 105.085 108.126 104.057 104.571 102.601 112.236 112.450 113.493 

± 68.371 ±69.931 ±69.049 ±68.921 ±68.070 ±68.730 ± 68.617 ± 68.842 
a a a b b a a a 

lOppm 123.884 126.753 120.073 120.630 120.287 121.015 121.144 126.759 
±78.230 ±78.652 ±75.232 ±78.212 ±78.517 ± 78.327 ± 75.150 ± 78.981 

a a a a a a N a 
mg of Ca/100m1 of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b-->P <0.05 
N-->non significant 
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Table 3.25 : Effect of monocrotophos on urine Ci 

Urine 6 12 24 48 72 96 120 240 

Control 2.444 2.518 2.248 2.273 2.490 2.498 2.377 2.327 
± 1.286 ±1.222 ±1.288 ±1.178 ± 1.236 ± 1.269 ± 1.271 ± 1.047 

1ppm 7.007 7.752 7.783 7.780 7.667 8.317 7.811 7.766 
± 3.118 ±3.079 ±3.066 ±3.082 ±3.082 ± 3.072 ± 3.070 ± 3.046 

a a a a a a a a 
5PPm 7.482 7.817 8.079 8.335 8.618 8.590 8.959 8.905 

± 3.042 ±3.034 ±4.055 ±4.070 ±4.086 ±4.055 ± 4.076 ± 4.085 
a a .a a a a a a 

lOppm 10.286 10.829 9.980 9.411 9.550 9.962 9.607 9.212 
±4.930 ±4.963 ±4.927 ±4.924 ±4.958 ± 4.921 ± 4.917 ± 4.915 

a a a a a a a a 
Eq. of chloride/100m1 of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 



concentrations (Table 3.26). The maximum urinary elimination of Na + 

 was promoted by 10.0ppm dose at the end of 48 hours (Graph 3.26). The 

urinary Na+  concentration ranged between 163.000 and 181.000 mEq/L. 

Potassium (K+) 

Potassium concentration in the urine of control mice was 6.231 mEq/L. 

Monocrotophos induced significant elevations in urinary concentration of 

K+  (Table 3.27). The maximum elevation in urinary K +  concentration was 

promoted by 10.0 ppm dose at the end of 48 hours (Graph 3.27). The 

urinary K+  concentration ranged between 7.294 and 9.200 mEq /L. 
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Table 3.26 : Effect of monocrotophos on urine Na+ 

Urine 6 12 24 48 72 96 120 240 

Control 152.316 152.316 152.316 152.316 152.316 152.316 152.316 152.316 
± 2.208 ± 2.208 ± 2.205 ± 2.206 ± 2.208 ± 2.208 ± 2.208 ± 2.208 

1ppm 166.000 168.000 166.667 163.000 165.334 169.667 167.333 167.334 
± 14.098 ± 14.721 ± 14.000 ± 14.545 ± 14.331 ± 14.054 ± 14.098 ± 14.405 

b b b b b b b b 
5ppm 165.334 168.667 167.334 170.000 173.667 170.667 175.667 175.333 

± 14.811 ±14.721 ±14.405 ±14.000 ±18.919 ±18.108 ± 17.610 ± 17.722 
N b b b b b b b 

lOppm 165.000 173.000 179.000 181.000 179.333 179.333 178.667 174.667 
±14.051 ±18.080 ±18.610 ±19.172 ±19.405 ±19.405 ± 19.721 ± 18.722 

N b a a a a a b 
m Eq. Of Na+  /L 

n=10 (per cell) 
Values are mean ± standard deviation 
a->I3  <0.01 
b-P <0.05 
N->non significant 

Graph 3.26: Effect of monocrotophos on urine Na+ 
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Table 3.27: Effect of monocrotophos on urine K +  

Urine 6 12 24 48 72 96 120 240 

Control 6.231 6.231 6.231 6.231 6.231 6.231 6.231 6.231 
± 0.221 ± 0.221 ± 0.221 ± 0.221 ± 0.221 ± 0.221 ± 0.221 ± 	0.221 

1ppm 7.600 7.800 7.667 7.294 7.534 8.000 7.733 7.734 
± 0.941 ± 0.972 ± 0.900 ± 0.938 ± 0.933 ± 0.900 ± 0.941 ± 0.940 

a a a b a a a a 
5ppm 7.534 7.867 7.734 8.000 8.367 8.061 8.567 8.533 

± 0.981 ± 0.972 ± 0.940 ± 1.000 ± 0.292 ± 1.224 ± 1.161 ± 1.172 
a a a a a a a a 

l0ppm 7.834 8.300 8.900 9.200 8.933 8.933 8.867 8.467 
± 0.979 ± 1.508 ± 1.161 ± 1.422 ± 1.143 ± 1.140 ± 1.172 ± 1.172 

a a N N N N N a 
mE .0fK+ /L 

n=10 (per cell) 
Values are mean ± standard deviation 
a-->P <0.01 
b-->P <0.05 
N.--> non significant 

Graph 3.27: Effect of monocrotophos on urine K+ 
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3C. HISTOPATHOLOGY AND BIOCHEMISTRY OF 

KIDNEY UNDER THE INFLUENCE OF DDVP 

a. HISTOPATHOLOGICAL ALTERATIONS UNDER THE INFLUENCE 

OF DDVP 

Following histological alterations were observed at different time 

intervals under the influence of DDVP. 

I. Alterations in Glomeruli 

i. General 

Sections of kidneys taken at the end of 6, 12, 24, 48, 72, 96, 120 and 240 

hours after exposure of mice to 1.0 ppm DDVP showed injury to about 

20 % of inner and outer corticular glomeruli. 5.0 ppm dose induced 

damage to 25 % glomeruli and subsequently, there was elevation in the 

number of affected glomeruli at the end of 72 hours but there was no 

further elevation in the percentage of damaged glomeruli till the end of 

240 hours. The 10.0 ppm dose promoted damage to 40 % of glomeruli at 

the end of 72 hours (Table 3.28). 
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ii. Early changes 

Exposure of mice to 1.0 ppm DDVP promoted loss of integrity with 

appearance of free blood cells in glomerular mesengium or glomerular 

surface disrupted Bowman's capsule and slight shrinking of glomerulus 

(Plate 8: Fig. 3 & 4; Plate 11: Fig. 1 & 2). These changes were observed 

at the end of 6 hours after injecting mice with 1.0, 5.0 and 10.0 ppm 

doses. The degree and percentage of glomerular necrosis depended on 

the concentration of DDVP administered. Early changes were also 

observed at the end of 12 hours after exposure to all the doses. 

ii. Late changes 

The main features of late changes consisted of breakdown of Bowman's 

capsule, exudation of cytoplasmic and nuclear matter in Bowman's space, 

high infusion of blood cells in glomerulus and shrunken glomeruli (Plate 

8: Fig.4; Plate 9: Fig.1 and 4; Plate 10: Fig.1 and 2; Plate 12: Fig. 1 and 

2;Plate 13: Fig.!, 2 and 4; Plate 14: Fig.1 and 2). These late changes 

were prominently observed with dose-dependent acuity at the end of 48, 

72, 96, 120 and 240 hours under the influence of 1.0, 5.0 and 10.0ppm 

doses of DDVP. In the case of 10.0ppm dose these changes were noticed 

even at the end of 12 and 24 hours. These late lesions found to be 

irreversible. 
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II. Alterations in Proximal Convoluted Tubule (PCT) 

i. General 

1.0ppm dose of DDVP produced necrosis of 10 % of PCTs at the end of 6 

hours and the percentage of-affected glomeruli continued to increase till 

the end of 72 hours. The 5.0 and 10.0ppm doses induced damage to 35 

% and 40-50 % PCTs respectively at the end of 72 hours (Table 3.28). 

ii. Early changes 

Dose-dependent increase in the degree of necrosis of PCTs was observed 

at all exposure periods. Whereas exposure period—dependent increase 

in necrosis was not clearly marked. The early changes observed in 

PCTs after DDVP administration were : Change in shape of PCTs, slight 

disruption of tubules ( Plate 8 : Fig. 1,3 and 4;Plate 9:Fig.2;Platell:Fig.1, 

2 and 3). These changes were noticed at the end of 6, 12 and 24 hours 

under the influence of all the doses of DDVP. Mice treated with 1.0 and 

5.0 ppm doses of DDVP showed some recovery in necrotic tubules at the 

end of 120 and 240 hours (Table 3.25). 

ii. Late changes 

The main features of late changes were : loss of luminal border , rupture 

of basement membrane , rupture of entire tubules , clogging of lumen 

with debris (Plate 9 : Fig.2,3 and 4;Plate 10 : Fig. 1 and 2; Plate 12 : Fig. 

1;Plate 13 : Fig.1,2 and 4;Platel4:Fig.1 and 2). Dose-dependent lesions 
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of PCTs were observed from the end of 48 hours till the end of 240 hours. 

The 5.0 and 10.0 ppm doses induced late changes along with early 

changes in PCTs at the end of 6, 12 and 24 hours. The PCTs exhibiting 

late changes did not recover. 

III. Alterations in Distal Convoluted Tubule (DCT) 

i. General 

1.0ppm dose promoted necrosis of as many as 3 % DCTs at the end of 6 

hours. Percentage of DCTs involved in necrosis elevated from the end of 

48 hours. 5.0ppm dose induced necrosis of 15 % DCTs at the end of 48 

hours, whereas 10.0ppm dose promoted necrosis of 45 % DCTs at the end 

of 120 hours. Subsequently there was no further increase in the number 

of necrotic tubules (Table 3.28). 

ii. Early changes 

Early necrotic alterations like change in shape of DCT and slight 

disruption of tubules (Plate 8 : Fig.1,3 & 4; Plate 11 : Fig.1,2 and 3 ; 

Plate 12 : Fig. 1,2 and 3). Dose-dependent increase in the number of 

necrotic DCTs with early changes was noticed at the end of 12 and 24 

hours . A few of necrotic tubules recovered at the end of 120 and 240 

hours. 
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iii. Late changes 

The main features of late changes were: nuclear and cytoplasmic exudent 

into lumina, shrinkage of tubules, rupture of basement membrane, rupture 

of entire tubule, loss of luminal border and clogging of lumina with 

debris (Plate 9: Fig. 2,3 and 4;Plate 10: Fig.1 and 2; Plate 12: Fig.1; Plate 

13: Fig.1, 2 and 4; Plate 14: Fig.2). Dose-dependent increase in the 

percentage of necrotic tubules was observed from the end of 48 hours to 

the end of 96 hours (Table 3.28). Above mentioned late necrotic changes 

were irreversible even after 120 and 240 hours. 

IV. Alterations in Collecting Tubule (CT) 

i. General 

Histological alterations in the collecting tubule were similar to those 

found in PCTs and DCT. The number of CTs exhibiting damage 

depended on the concentration of DDVP and to a lesser extent on 

exposure periods. 1.0ppm dose induced damage to 10% CTs at the end 

of 6 hours and the percentage of necrotic tubules elevated at the end of 72 

and 96 hours. 5.0ppm dose induced necrosis to a maximum of 30 % 

tubules at the end of 24 hours while 10.0ppm dose promoted necrosis of 

45 % tubules at the end of 240 hours (Table 3.28). 
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ii. Early changes 

All the doses of DDVP induced early necrotic changes in the tubules at 

the end of 6, 12 and 24 hours. The prominent features of early changes 

consisted of loss of integrity , change in shape ( Plate 8 : Fig.2; Plate 9 ; 

Fig.1;Plate 11: Fig.4; Plate 12 : Fig. 4). The mice treated with 5.0 and 

10.0 ppm doses did not show any recovery in the necrotic tubules till the 

end of 240 hours. 

ii. Late changes 

The late necrotic changes were observed at the end of 48, 72, 96, 120 

and 240 hours but they were also detected in the CTs along with early 

changes at the end of 6, 12 and 24 hours in animals treated with 10.0 

dose of DDVP. The major features of late changes were rupturing of 

tubules, disorganization of tubular structure, accumulation of debris in 

lumina ( Plate 11 : Fig.4; Plate 12 : Fig 4; Plate 13 : Fig.3 ). Degree of 

damage of CTs seemed to be dose-dependent at all exposure periods. Late 

necrotic changes were also found to be irreversible. 

V. Alterations in interstitium 

Like monocrotophos, DDVP doses also induced widening of interstitium 

in dose-dependent manner. Widened interstitium with presence of 

cytoplasmic and nuclear exudents, scattered blood cells were noticed 
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(Plate 8: Fig.1, 3 and 4;Plate 9: Fig.2, 3 and 4;Plate 10: Fig. 1,2,3 and 

4;Plate 11: Fig. 1,2 and 3; Plate 12: Fig.1, 2 and 3; Plate 13: Fig.1, 2 and 

4; Plate 14: Fig. 1 and 2). 

--- 
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Table 3.28 : Histopathological alterations under the influence of DDVP 

Dose 
in 

ppm 

Type of 
Histopathological 

Exposure periods in hours 

alterations 6 12 24 48 72 96 120 240 

Damaged Glomeruli 20% 20% 20% 20% 20% 20% 20% 20% 

1.0 
Necrosis of PCT 10% 15% 15% 20% 30% 35% 30% 25% 

Necrosis of DCT 3% 3% 3% 5% 7% 5% 5% 5% 

Necrosis of CT 10% 10% 10% 10% 12% 15% 10% 10% 

5.0 

Damaged Glomeruli 25% 25% 25% 25% 30% 30% 30% 30% 

Necrosis of PCT 10% 20% 20% 30% 35% 35% 30% 30% 

Necrosis of DCT 7% 10% 10% 15% 15% 15% 15% 15% 

Necrosis of CT 20% 25% 30% 30% 30% 30% 30% 30% 

Damaged Glomeruli 30% 30% 35% 40% 40% 40% 40% 40% 

Necrosis of PCT 35% 35% 40% 40% 40% 45% 50% 50% 
10.0 	  

Necrosis of DCT 30%  30% 30% 30% 35% 35% 45% 45% 

Necrosis of CT 30% 30% 30% 30% 35%  35% 40% 45% 



PLATE 8 

Fig. 1 : 10.0 ppm DDVP / 6 hours - 10 x 40. 

: Note change in shape of proximal (PCT) and distal (DCT) convoluted 

tubule (DCT). Note widened interstitium (I). 

Fig. 2 : 10.0 ppm DDVP / 6 hours - 10 x 40. 

: Note necrotic collecting tubules (CT) and collecting tubules with luminal 

debris (D). 

Fig. 3 : 10.0 ppm DDVP / 12 hours - 10 x 40. 

: Note glomerulus, with disrupted Bowman's capsule (BC), necrotic 

proximal (PCT) and distal (DCT) convoluted tubules. Note widened 

interstitium (I). 

Fig. 4 : 10.0 ppm DDVP / 24 hours - 10 x 40. 

: Note accumulation of blood (BD), distorted glomerulus (G), proximal 

(PCT) and distal (DCT) convoluted tubules and widened interstitium (I). 
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PLATE 9 

Fig. 1 : 1.0 ppm DDVP / 24 hours - 10 x 40. 

: Note distorted collecting tubule with debris in lumen (D). 

Fig. 2 : 1.0 ppm DDVP / 48 hours - 10 x 40 

: Note shrunken glomerulus (G), distorted proximal (PCT) and distal 

(DCT) convoluted tubules. Note widened interstitium with 

cytoplasmic and nuclear exudent (E). 

Fig. 3 : 1.0 ppm DDVP / 96 hours - 10 x 40 

: Note disrupted proximal (PCT) and distal (DCT) convoluted tubules as 

well as collecting tubules (CT) and widened interstitium (I) with debris 

(D). 

Fig. 4 : 1.0 ppm DDVP / 96 hours - 10 x 40 

: Note shrunken glomerulus (G), necrotic proximal (PCT) and distal 

(DCT) convoluted tubules and widened interstitium (I) with scattered 

blood cells (C). 
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PLATE 10 

Fig 1. : 1.0 ppm DDVP / 120 hours - 10 x 40 

: Note glomerulus showing disrupted Bowman's capsule, (BC) 

necrotic proximal (PCTs) and distal (DCT) convoluted tubules (DCT). 

Note widened interstitium (I). 

Fig 2 : 1.0 ppm DDVP / 240 hours - 10 x 40 

: Note dislodged glomerulus from Bowman's capsule (BC), Necrotic 

tubules (PCT, DCT) and widened interstitium (I). 

Fig 3 : 1.0 ppm DDVP / 240 hours - 10 x 10 

: Note widened interstitium (I) 

Fig 4 : 5.0 ppm DDVP / 6 hours - 10 x 10 

: Note widened interstitium (I) 
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PLATE 11 

Fig 1. : 5.0 ppm DDVP / 6 hours - 10 x 40 

: Note shrunken glomeruli (G), distorted proximal (PCT) and distal 

(DCT) convoluted tubules, widened interstitium (1). 

Fig 2 : 5.0 ppm DDVP / 12 hours - 10 x 40 

: Note distorted glomerulus (G), necrotic proximal (PCT) and distal 

(DCT) convoluted tubules, widened interstitium (I) with blood cells 

(C). 

Fig. 3 : 5.0 ppm DDVP / 24 hours - 10 x 40 

: Note necrotic proximal (PCT) and distal (DCT) convoluted tubules and 

widened interstitium (I). 

Fig. 4 : 5.0 ppm DDVP / 24 hours - 10 x 40 

: Note necrotic collecting tubules (CT) with luminal debris (D). 
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PLATE 12 

Fig. 1 : 5.0 ppm DDVP / 72 hours - 10 x 40 

: Note distorted proximal (PCT) and distal (DCT) convoluted tubules, 

glomerulus with blood cells (G). Note widened interstitium (I) with blood 

cells (C) and cellular debris (D). 

Fig. 2 : 10.0 ppm DDVP / 6 hours - 10 x 40 

: Note necrotic glomerulus (G), distal convoluted (DCT) tubule and 

widened interstitium (I). 

Fig. 3.: 10.0 ppm DDVP / 24 Hours - 10 x 40 

: Note necrotic proximal (PCT) and distal (DCT) convoluted tubules and 

widened interstitium (I). 

Fig. 4. : 10.0 ppm DDVP / 24 hours - 10 x 40 

: Note distorted collecting tubules (CT), tubules with luminal debris 

(D) and widened interstitium. 
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PLATE 13 

Fig. 1 : 10.0 ppm DDVP / 48 hours - 10 x 45 

: Note shrunken glomeruli (G), distorted proximal (PCT) and distal 

(DCT) convoluted tubules, widened interstitium (I) with cellular debris 

(D). 

Fig. 2 : 10.0 ppm DDVP / 72 hours - 10 x 45 

: Note glomerulus with blood cells (G), necrotic proximal (PCT) and distal 

(DCT) convoluted tubule and widened interstitium (I) with blood cells 

(C). 

Fig. 3. : 10.0 ppm DDVP / 96 hours - 10 x 45 

: Note acutely necrotic collecting tubules (CT) 

Fig. 4. : 10.0 ppm DDVP / 96 hours - 10 x 45 

: Note glomerulus with disrupted Bowman's capsule (BC), disrupted 

luminal borders of proximal (PCT) and distal (DCT) convoluted tubules. 

Note widened interstitium (I) . 
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PLATE 14 

Fig 1 : 10.0 ppm DDVP /.120 hours - 10 x 40 

: Note necrotic glomerulus (G), necrotic proximal convoluted tubule 

(PCT) and cellular debris (C) in widened interstitium (I). 

Fig 2 : 10.0 ppm DDVP / 240 hours - 10 x 40 

: Note distorted glomerulus (G), proximal convoluted tubule with clogged 

lumen (*).Note necrotic distal convoluted tubule (DCTs) and widened 

interstitium (I) with cellular debris (D). 





b. BIOCHEMICAL CHANGES IN KIDNEY UNDER THE INFLUENCE 

OF DDVP 

Acid phosphatase  (ACP) 

Acid phosphate activity of kidney of control mice was in the range of 

'.0.433 to 0.460 m moles/g of protein. DDVP induced elevations of ACP 

activity from the end of 12 hours to the end of 120 hours. However, 

exposure period-dependent elevations were induced by all the doses from 

the end of 6 hours to the end of 24 hours (Table 3.29). The highest level 

of ACP activity was induced by 10.0 ppm dose at the end of 120 hours 

(Graph 3.28). All the changes were statistically significant (Table 3.29). 

The elevations in ACP activity ranged between 1.026 and 4.184 m 

moles/g of protein. 

Alkaline phosphatase  (ALP) 

Control mice exhibited ALP activity of kidney in the range of 4.000 to 

4.462 m moles /g of protein. Dose-dependent increments of ALP activity 

were induced by all the doses of DDVP for all exposure periods except at 

the end of 12 and 120 hours (Table 3.30). Maximum elevation of ALP 

activity was induced by 10.0 ppm dose at the end of 240 hours (Graph 

3.29). All alterations of ALP activity were statistically significant. The 
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Graph 3.28: Effect of DDVP on kidney acid phosphatase activity 

12 	24 	48 	72 	96 	120 	240 

Exposure periods in hours 

-4- control 
-4- 1ppm 

5ppm 
--o- 10ppm 

Table 3.29: Effect of DDVP on kidney acid phosphatase activity 

Kidney 6 12 24 48 72 96 120 240 

Control 0.456 0.455 0.439 0.460 0.451 0.433 0.442 0.446 
±0.109 ±0.119 ±0.105 ±0.133 ±0.111 ±0.112 ±0.109 ±0.117 

1ppm 1.256 1.158 1.179 1.026 1.251 1.122 2.585 3.158 
± 0.573 ± 0.531 ± 0.534 ± 0.593 ± 0.564 ± 0.594 ± 1.522 ± 1.560 

a a a. a a a a a 
5PPm 1.378 1.487 1.605 1.533 1.356 1.382 2.903 3.170 

± 0.883 ± 0.860 ± 0.999 ± 0.951 ± 0.806 ± 0.846 ± 1.092 ± 1.099 
b b b b b b b b 

lOppm 1.365 2.035 2.211 2.004 2.097 2.432 4.184 3.166 
± 0.909 ± 0.944 ± 0.938 ± 0.999 ± 0.989 ± 1.216 ± 2.001 ± 1.583 

b b b b b b b b 
m moles of p-nitrophenol /g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-4' <0.01 
b-->lP <0.05 



12 	24 	48 	72 	96 	120 240 
Exposure periods in hours 

Graph 3.29: Effect of DDVP on kidney alkaline phosphatase 
activity 

-4-  control 

-40- 1 ppm 
5ppm 

-4-  1 OppM  

Table 3.30: Effect of DDVP on kidney alkaline phosphatase activity 

Kidney 6 12 24 48 72 96 120 240 

Control 4.091 4.000 4.264 4.393 4.150 4.322 4.368 4.462 
± 1.212 ± 1.265 ± 1.252 ± 1.173 ± 1.318 ±1.170 ± 1.160 ± 1.227 

1ppm 10.921 9.788 10.498 9.057 8.730 8.323 12.394 12.524 
± 4.472 ± 4.414 ± 4.409 ± 3.289 ± 3.212 ± 3.224 ± 5.489 ± 5.481 

a a a a a a a a 
5PPm 14.902 15.323 14.421 13.5211 13.946 12.200 23.972 26.788 

± 8.726 ± 8.504 ± 8.005 ± 8.289 ± 8.512 ± 8.430 ± 10.369 ± 10.900 
b b b b b b b b 

lOppm 20.220 10.578 19.650 19.200 17.850 17.354 10.777 38.188 
± 10.477 ± 10.555 ± 10.197 ± 10.263 ± 10.196 ± 10.196 ± 4.369 ± 14.977 

a a a a a a a a 
m moles of p-nitrophenol /g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-*P <0.01 
b-->P <0.05 
N-*non significant 



elevations in ALP activity ranged from 8.323 to 38.188 m moles /g of 

protein. 

Non-specific esterase  (NSE) 

Kidney NSE activity of control mice was in the range of 7.415 to 13.934 

moles/g of protein. Administration of 5.0 and 10.0 ppm doses of DDVP 

induced dose-dependent increase in NSE activity from the end of 

24hours to the end of 240hours. However, only 10.0 ppm dose could 

induce exposure period-dependent increase for all exposure periods 

except at the end of 120 hours (Table 3.31). The highest NSE activity was 

induced by 10.0 ppm dose at the end of 240 (Graph 3.30). The increase 

of NSE activity ranged from 9.311 to 111.112 IA moles / g of protein. 

Glucose-6-phosphate dehydrogenase  (G6PDH) 

G6PDH activity of the kidney of control mice was in the range of 19.040 

to 21.100 U/g wet wt. of tissue. DDVP induced reductions of .G6PDH 

activity (Table 3.32). Maximum reduction of G6PDH activity was 

induced by 10.0ppm dose at the end of 120 and 240 hours (Graph 3.31). 

Mitochondrial isocitrate dehydrogenase  (m ICDH) 

Control animals showed mICDH activity in the range of 29.500 to 30.650 

U/ g of protein. All the doses of DDVP induced reductions of mICDH 
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Table 3.31 : Effect of DDVP on kidney non-specific esterase activity 

Kidney 6 12 24 48 72 96 120 240 

Control 8.048 8.135 7.415 9.389 7.985 13.857 12.574 13.934 
± 0.240 ± 0.275 ± 0.481 ± 0.121 ± 0.182 ± 0.407 ± 0.418 ± 0.427 

1ppm 7.210 6.552 11.669 10.978 9.620 6.542 11.353 12.170 
± 0.462 ± 0.862 ± 2.010 ± 0.999 ± 0.963 ± 3.955 ± 0.985 ± 0.883 

a a a a a a b a 
5PPm 9.390 22.418 22.555 27.454 19.980 16.217 30.283 31.824 

± 0.863 ± 9.144 ± 9.999 ± 10.145 ± 8.440 ± 3.000 ±14.155 ± 15.000 
a a a a a N b b 

lOppm 9.311 12.292 31.853 51.542 67.074 74.688 47.926 111.112 
± 0.848 ± 1.966 ± 15.144 ± 20.255 ±26.000 ± 25.00 ± 28.000 ± 35.000 

a a a a N N b N 
g moles of p-nitrophenol /g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-*P <0.01 
b- >P <0.05 
N-+non significant 

Graph 3.30: Effect of DDVP on kidney non-specific esterase 
activity 

6 	12 	24 	48 	72 	96 120 240 
Exposure periods in hours 



Table 3.32: Effect of DDVP on glucose-6-phosphate dehydrogenase 

Urine 6 12 24 48 72 96 120 240 

Control 20.200 20.850 19.800 20.400 21.100 19.600 19.040 20.250 
± 1.200 ± 2.000 ± 2.500 ± 1.800 ± 3.000 ± 2.000 ± 1.200 ± 	1.400 

1ppm 16.484 16.086 14.374 13.728 13.422 13.416 13.960 16.658 
± 0.463 ± 0.267 ± 0.954 ± 0.545 ± 0.334 ± 0.288 ± 0.344 ± 0.416 

a a a a a a a a 
5PPm 13.462 12.462 12.044 11.806 11.538 11.776 11.060 9.760 

±0.270 ±0.388 ±0.158 ±0.335 ±0.380 ±0.607 ±0.351 ±0.518 
a a a a a a a a 

lOppm 12.136 11.090 10.600 9.800 9.920 9.820 9.346 9.346 
± 0.379 ± 0.246 ± 0.354 ± 0.402 ± 0.432 ± 0.377 ± 0.245 ± 0.245 

a a a a a a a a 
U/g of Protein 

n= 10 (per cell) 
Values are mean ± standard deviation 
a-*P <0.01 

Graph 3.31: Effect of DDVP on glucose-6-phosphate 
dehydrogenase 

 

-4-control 

-0-1 ppm 

-4-5 ppm 

10 ppm 

 

6 	12 	24 	48 	72 	96 	120 	240 

Exposure periods in hours 

 



activity (Table 3.33). The highest reduction of mICDH activity was 

induced by 10.0ppm dose at the end of 240 hours (Graph 3.32). 

Mitochondrial malate dehydrogenase  (mMDH) 

Mitochondrial MDH activity of kidney of control mice was in the range 

of 24.000 to 24.600 U/ g of protein. All the doses induced reductions of 

mMDH activity (Table 3.34). Maximum reduction of mMDH activity 

was induced by 10.0 ppm dose at the end of 240 hours (Graph 3.33). 

Total proteins 

Total protein contents of kidney of control mice ranged from 0.296 to 

0.303g/g wet wt. of tissue. Except for 10.0ppm dose there was dose-

dependent decrease in total proteins for all exposure periods. Whereas all 

the doses induced exposure period-dependent increase in total proteins 

from the end of 6 hours to the end of 96hours but all the these increments 

were below control level of total proteins indicating a slight recovery 

after necrosis (Table 3.35). The maximum reduction of total proteins was 

noticed under the influence of l Oppm dose at 240 hours (Graph 3.34). 

Creatinine 

Creatinine contents of kidney of control animals ranged from 0.013 to 

0.014 mg/g wet wt. kidney. There was dose-dependent increase in 
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-4-  control 
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- 5 ppm 
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Table 3.33: Effect of DDVP on isocitrate dehydrogenase (mitochondrial) 

Urine 6 12 24 48 72 96 120 240 

Control 30.600 30.000 29.500 30.500 29.800 30.200 30.650 30.000 
± 4.800 ± 4.000 ± 3.200 ± 3.800 ± 2.800 ± 4.100 ± 2.850 ± 	2.000 

1ppm 26.276 26.204 25.268 24.576 24.264 23.250 23.650 22.700 
± 0.299 ± 0.155 ± 0.244 ± 0.399 ± 0.440 ± 0.447 ± 0.461 ± 0.436 

a a a a a a a a 
5PPm 23.130 23.000 22.456 21.910 20.540 18.730 16.586 13.024 

± 1.128 ± 0.957 ± 0.408 ± 0.856 ± 0.630 ± 1.158 ± 1.160 ± 2.315 
a a a a a a a a 

lOppm 17.640 17.440 17.066 16.210 14.130 12.426 9.682 7.980 
± 1.641 ± 1.754 ± 1.587 ± 1.194 ± 1.560 ± 1.148 ± 0.938 ± 0.120 

a a a a a a a a 
U/g of protein 

n = 10 (per cell) 
Values are mean ± standard deviation 
a-+P <0.01 

Graph 3.32: Effect of DDVP on isocitrate dehydrogenace 
(mitochondrial) 
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Table 3.34: Effect of DDVP on malate dehydrogenase (mitochondrial) 

Kidney 6 12 24 48 72 96 120 240 

Control 24.600 24.500 24.000 20.150 24.000 24.400 24.200 24.000 
± 2.400 ± 2.600 ± 2.200 ± 2.400 ± 1.800 ± 2.500 ± 1.850 ± 	2.600 

1ppm 18.660 17.122 16.800 15.808 14.346 13.028 13.280 13.276 
± 0.630 ± 1.303 ± 0.886 ± 0.687 ± 0.441 ± 0.797 ± 1.551 ± 0.238 

a a a a a a a a 
5PPm 17.412 14.810 14.582 13.494 12.496 11.944 10.420 9.876 

± 0.512 ± 1.015 ± 0.609 ± 0.738 ± 11.058 ± 0.707 ± 1.230 ± 0.553 
a a a a a a a a 

lOppm 15.100 13.840 13.082 12.260 12.164 10.210 9.790 8.728 
± 0.240 ± 0.856 ± 1.030 ± 1.682 ± 1.125 ± 0.932 ± 0.705 ± 1.315 

a a a a a a a a 
U/g wet wt. of protein 

n= 10 (per cell) 
Values are mean ± standard deviation 
a-W <0.01 

Graph 3.33: Effect of DDVP on malate dehydrogenase 

(mitochondrial) 
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Table 3.35 : Effect of DDVP on the concentration of kidney total proteins 

Kidney 6 12 24 48 72 96 120 240 

Control 0.297 0.296 0.298 0.298 0.303 0.303 0.303 0.300 
± 0.101 ± 0.104 ± 0.105 ± 0.103 ± 0.103 ± 0.101 ± 0.103 ± 0.106 

1ppm 0.135 0.158 0.172 0.202 0.208 0.222 0.105 0.098 
± 0.089 ± 0.099 ± 0.086 ± 0.076 ± 0.099 ± 0.098 ± 0.101 ± 0.056 

b b b N N N a a 
5ppm 0.107 0.125 0.135 0.146 0.151 0.196 0.100 0.094 

± 0.095 ± 0.093 ± 0.101 ± 0.099 ± 0.098 ± 0.093 ± 0.065 ± 0.078 
a b b b b N a a 

lOppm 0.107 0.114 0.120 0.123 0.131 0.137 0.209 0.094 
± 0.093 ± 0.089 ± 0.095 . ± 0.093 ± 0.094 ± 0.096 ± 0.101 ± 0.056 

a a a a b b N a 
g of protein /g wet wt. of kidney 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b-*P <0.05 
N-> non significant 

Graph 3.34: Effect of DDVP on the concentration of kidney total 
proteins 
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creatinine contents for all exposure periods (Table 3.36). Maximum 

elevation creatinine content was induced by 10.0 ppm dose at the end of 

96 hours (Graph 3.35). The elevations in the creatinine contents varied 

between 0.027 and 0.075 mg/g wet wt.of kidney. 

Urea 

The kidney urea levels of control animals were in the range of 4.265 to 

5.906 mg/g wet wt. of tissue. All the doses of DDVP induced elevations 

in levels of urea at the end of all exposure periods, whereas exposure 

period-dependent increase was induced by all the doses except 1.0 ppm 

from the end of 6hours to the end of 96 hours (Table 3.37). The 

maximum elevation of urea of level was induced by10.0 ppm dose at the 

end of 96 hours (Graph 3.36). The elevations of urea concentrations 

ranged between 35.355 and 97.161 mg/g wet wt. of kidney 

Uric acid  

Control mice showed uric acid level ranging from 0.632 to 0.885 mg/g 

wet wt. of tissue. DDVP doses induced increase in uric acid 

concentrations from the end of 12 hours to the end of 240 hours. All the 

doses induced exposure period-dependent increase in uric acid contents 

from the end of 6 hours up to the end of 96 hours (Table 3.38). Uric acid 

content observed at the end of 96 hours under the influence of 10.0 ppm 
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Table 3.36: Effect of DDVP on the concentration kidney creatinine 

Kidney 6 12 24 48 72 96 120 240 

Control 0.013 0.013 0.014 0.013 0.013 0.013 0.014 0.014 
± 0.009 ± 0.008 ± 0.009 ± 0.009 ± 0.009 ± 0.009 ± 0.009 ±0.009 

1ppm 0.027 0.028 0.029 0.031 0.031 0.035 0.030 0.030 
± 0.007 ± 0.006 ± 0.007 ± 0.008 ± 0.008 ± 0.009 ± 0.009 ± 0.009 

b a a a a a b b 
5ppm 0.030 0.032 0.034 0.038 0.038 0.042 0.045 0.039 

±0.009 ±0.013 ±0.011 ±0.010 ±0.010 ±0.013 ±0.013 ±0.015 
a b a a a a a a 

lOppm 0.062 0.067 0.068 0.070 0.071 0.075 0.074 0.074 
± 0.035 ± 0.038 ± 0.039 ± 0.038 ± 0.033 ± 0.035 ± 0.045 ± 0.048 

b a a a a a a b 
mg of Creatinine /g of wet wt. of kidney 

n=10 (per cell) 
Values are mean ± standard deviation 
a--413  <0.01 
b--+P <0.05 

Graph 3.35: Effect of DDVP on the concentration of kidney 
creatinine 
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dose was maximum (Graph 3.37). Alterations in uric acid levels induced 

by all doses were statistically significant (Table 3.38). The increases in 

uric acid contents ranged from 17.066 to 37.301 mg/g wet wt. of tissue. 

Calcium (Ca2+) 

Calcium level of kidney of control mice was in the range of 1.314 to 

1.560 mg /g wet wt. of tissue. Administration of 10.0 ppm dose of DDVP 

induced exposure periods-dependent increase in Ca 2+  level at the end of 

all exposure periods except at the end of 120 and 240 hours (Table 3.39). 

The highest increase of Ca2+  contents was induced by 10.0 ppm dose at 

the end of 96 hours (Graph 3.38). Except for 1.0 ppm dose, all other 

alterations of Ca2+  levels were statistically significant (Table 3.39). The 

Ca2+  contents of kidney ranged from 1.272 to 3.539 mg/g wet wt. of 

kidney under the influence of DDVP. 

Chloride (Cl") 

Chloride levels in the kidney of controls ranged from 0.081 to 0.092 Eq/g 

wet wt. of tissue. Only 10.0 ppm dose induced increase in chloride levels 

at all exposure periods. At the end of 72 hours, 10.0 ppm dose induced 

maximum elevation of Cr (Graph 3.39). The 5.0 ppm dose induced 

elevation of chloride concentrations from the end of 96 hours to the end 

of 240 hours while '1.0 ppm dose reduced the chloride contents. The 
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Table 3.39: Effect of DDVP on the concentration Ca ++  of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 1.560 1.426 1.318 1.314 1.456 1.425 1.392 1.350 
± 0.129 ± 0.160 ± 0.116 ± 0.133 ± 0.196 ± 0.125 ± 1.127 ± 0.144 

1ppm 1.277 1.334 1.414 1.424 1.601 1.587 1.272 1.293 
±0.190 ±0.199 ±0.200 ±0.215 ±0.238 ±0.311 ±0.318 ±0.014 

b N N N N N N N 
5PPm 1.900 2.046 2.690 2.894 3.003 3.176 3.372 3.379 

± 0.250 ± 0.538 ± 0.750 ± 0.862 ± 1.263 ± 1.110 ± 1.101 ± 1.113 
b b a a b a a a 

lOppm 2.807 2.882 3.019 3.197 3.283 3.539 3.230 3.072 
± 0.946 ± 0.955 ±1.110 ± 1.156 ±1.186 ± 1.183 ± 1.189 ± 1.210 

a a a a a a a a 
mg of Ca++  /g of wet wt. of kidney 

n=10 (per cell) 
Values are mean ± standard deviation 
a->13  <0.01 
b-*P <0.05 
N-*non significant 

• 

Graph 3.38: Effect of DDVP on concentration of Ca++ of kidney 
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Table 3.40 : Effect of DDVP on kidney CC 

Kidney 6 12 24 48 72 96 120 240 

Control 0.090 0.087 0.087 0.087 0.087 0.092 0.084 0.081 
± 0.014 ± 0.014 ± 0.016 ± 0.016 ± 0.015 ± 0.013 ± 0.015 ± 0.013 

1ppm 0.043 0.045 0.061 0.058 0.069 0.071 0.063 0.057 
± 0.025 ± 0.008 ± 0.008 ± 0.008 ± 0.008 ± 0.008 ± 0.008 ± 0.008 

a b a a b a a a 
5PPm 0.051 0.064 0.064 0.074 0.083 0.101 0.105 0.106 

± 0.030 ± 0.012 ± 0.008 ± 0.008 ± 0.020 ± 0.039 ± 0.035 ± 0.036 
b b a N N N a N 

lOppm 0.208 0.215 0.221 0.236 0.316 0.246 0.226 0.220 
± 0.191 ± 0.093 ± 0.090 ± 0.094 ± 0.090 ± 0.090 ± 0.090 ± 0.090 

a a a a N a a a 
Eq. of Cl" /g of wet wt of kidney 

n=10 (per cell) 
Values are mean ± standard deviation 
a-*P <0.01 
b-+P <0.05 
N-*non significant 

Graph 3.39: Effect of DDVP on kidney chloride 
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elevation in chloride concentration ranged from 0.101 to 0.316 Eq /g wet 

wt. of kidney (Table 3.40). 

Sodium  (Nat) 

Sodium level of kidneys of control mice equivalent to 15:7 84 mEq/g wet 

wt. of tissue. DDVP doses did not induced dose dependent increase of 

Na+  concentration however, only 5.0 ppm dose could induce exposure-

period dependent increase from the end of 6 hours to the end of 240 hours 

(Table 3.41). The highest level of sodium was induced by 10.0 ppm dose 

at the end of 12 hours (Graph 3.40). The elevations of the Na +  contents 

ranged from 166 10 , to 313 67 m Eq/g wet wt. of tissue. 

Potassium (IC) 

Control animals kidney concentration equivalent to 0470mEq/ g wet wt. 

of tissue. DDVP doses could not induce dose-dependent or exposure 

period-dependent increase. Only 5.0 ppm dose induced exposure period 

dependent rise in K+  level from the end of 6 hours to the end of 240 hours 

(Table 3.42). The maximum elevation of K +  concentration was promoted 

by 10.0 ppm dose at the end of 12 hours (Graph 3.41). The elevation in 

the K+  contents of kidney ranged from0.585 to 2:2.3 7 mEq/g wet wt. of 

tissue. 
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Table 3.41 : Effect of DDVP on the concentrations of Na +  of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 15.784 15.784 15.784 15.784 15.784 15.784 15.784 15.784 
± 0. 993 ± 0. 993 ± 0. 993 ± 0. 993 ± 0. 993 ± 0. 993 ± 0. 993 ± 0. 993 

1ppm 14.580 16.610 10.469 17.027 17.234 24.833 17.137 17.193 
± 0.204 ± 0.099 ± 0.344 ± 0.297 ± 0.300. ± 5.673 ± 0.295 ± 0.386 

b N a b a a a a 
5ppm 18.333 18.367 19.033 19.367 19.733 20.533 21.867 22.433 

± 0.814 ± 0.932 ±1.600 ±1.689 ±2.444 ±4.826 ±4.800 ±3.865 
a a a a a b b a 

lOppm 25.067 31.367 17.506 17.257 19.143 18.800 18.843 19.243 
±4.529 ± 9.269 ± 0.512 ± 0.300 ± 2.878 ±2.271 ± 2.640 ± 2.991 

a a a a b b b b 
Eq. of Na+  kg wet wt. of tissue 

n=10 (per cell) 
Values are mean ± standard deviation a->P <0.01 
b-->P <0.05 
N-*non significant 

     

     

 

Graph 3.40: Effect of DDVP on Kidney Na+ 
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Graph 3.41 : Effect of DDVP on K+ contents of kidney 
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Table 3.42 : Effect of DDVP on the K +  contents of kidney 

Kidney 6 12 24 48 72 96 120 240 

Control 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 
± 0.248 ± 0.248 ± 0.248 ± 0.248 ± 0.248 ± 0.248 ± 0.248 ± 0.248 

1ppm 0.585 0.803 0.737 0.147 0.823 1.529 0.814 0.822 
± 0.200 ± 0.200 ± 0.151 ± 0.091 ± 0.212 ± 	0.845 ± 0.200 ± 0.200 

N b b b b a b b 
5ppm 0.940 0.947 1.003 1.037 1.073 1.153 1.287 1.337 

± 0.200 ± 0.200 ±0.311 ± 0.611 ± 0.600 ± 0.600 ± 0.715 ± 0.615 
a a a b b b b a 

lOppm 1.607 2.237 0. 927 0.826 1.023 0. 980 0.984 1.074 
± 0.853 ± 1.437 ± 0.436 ±0. 330 ± 0.414 ± 0.427 ± 0.464 ± 0.413 

a b b N b b b b 
m Eq. Of K+  / g wet wt of tissue 

n=10 (per cell) 
Values are mean ± standard deviation 
a- >P <0.01 
b-4P <0.05 
N-non significant 



c. OBSERVATION ON GLOMERULAR FILTRATION RATE AND 

URINE FLOW RATE UNDER THE INFLUENCE OF DDVP 

Glomerular Filtration Rate  (GFR) 

GFR of control mice was equivalent to7.284 111/1<g /min. All the doses of 

DDVP promoted dose-dependent decrease in GFR levels except at the 

end of 120 and 240 hours. Exposure period-dependent increments were 

observed for 10.0 ppm dose from the end of 24 hours exposure period to 

the end of 96 and 120 hours respectively but these increments were below 

control levels (Table 3.43). The lowest GFR level was observed for 10.0 

ppm dose at 48 hours (Graph 3.42). The reductions in GFRs ranged from 

2.723 to 7.044 µl/Kg /min. 

Urine Flow Rate  (UFR) 

Control mice showed UFR equivalent to 0.2,100 111/ min. DDVP doses 

induced dose-dependent decrement of GFR for all exposure periods 

except at the end of 72 hours (Table 3.44). Minimum UFR was observed 

for 10.0ppm dose at 96h. (Graph 3.43). The alterations in UFRs ranged 

between 0.0873 and 0.2103 ill/ min. 
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Table 3.43: Effect of DDVP on glomerular filtration rate 

Exposure periods in hours 
24 48 72 	I 	96 	I 	120 	I 	240 

control 7.284 ± 3.000 

1 PPm 4.460 4.656 3.906 4.648 7.044 6.712 
± 1.990 ± 1.976 ± 1.507 ± 1.717 ± 0.900 ± 0.912 

a a a a N N 
5ppm 3.864 3.518 3.216 4.418 5.575 6.714 

± 1.565 ± 1.500 ± 1.403 ± 1.613 ± 0.513 ± 0.900 
a a a a a N 

10ppm 2.723 2.727 2.796 5.448 5.448 6.724 
± 1.077 ± 1.014 ± 1.020 ± 0.992 ± 0.912 ± 0.910 

b b b a a N 
unit 	pL/kg/min 

n=10 (per cell) 
Values are mean ± standard deviation 
a-* P < 0.01 
b-* P < 0.05 
N-* insignificant 
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Graph 3.42: Effect of DDVP on glomerular flitration rates 
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Graph 3.43: Effect of DDVP on urine flow rates 
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Table 3.44: Effect of DDVP on urine flow rate 

Exposure periods in hours 
24 48 72 96 120 240 

control 0.21000 ± 0.0700 

1 PPm 0.1401 0.1403 0.1204 0.1402 0.2101 0.2103 
± 0.0020 ± 0.0021 ± 0.0150 ± 0.0020 ± 0.0500 ± 0.0510 

a a a a N N 
5ppm 0.1308 0.1208 0.1200 0.1280 0.1511 0.2100 

± 0.0140 ± 0.0160 ± 0.0013 ± 0.0011 ± 0.0110 ± 0.0201 
a a a a a N 

10ppm 0.0874 0.0873 0.0871 0.1704 0.1703 0.2102 
± 0.0551 ± 0.0550 ± 0.0550 ± 0.0450 ± 0.0550 ± 0.0551 

b b b a a N 
unit 	pL/min 

n=10 (per cell) 
Values are mean ± standard deviation 
a--> P < 0.01 
b--> P < 0.05 
N--> insignificant 



D. URINE BIOCHEMISTRY UNDER THE INFLUENCE 

OF DDVP 

Acid phosphatase  (ACP) 

Urinary elimination of ACP of control mice was nil. DDVP induced 

urinary elimination of ACP (Table 3.45). The highest level of urinary 

elimination of ACP was observed under the influence of 1.0ppm dose at 

the end of 96 hours (Graph 3.44). Urinary excretions of ACP were 

statistically significant (Table 3.45). The urinary ACP activity ranged 

from 0.152 to 0.578 m moles /g of protein eliminated. 

Alkaline phosphatase  (ALP) 

There was no renal excretion of ALP by controls. Administration of 

DDVP induced elimination of ALP through urine. All the doses showed 

dose-dependent increase in urinary elimination of ALP from the end of 6 

hours to the end of 24 hours (Table 3.46). Maximum urinary elimination 

was induced by 10.0 ppm dose at the end of 6 hours (Graph 3.45). 

Urinary elimination of ALP was statistically significant (Table 3.46). The 

urinary ALP activity ranged from 1.315 to 16.358 m moles /g of protein 

eliminated. 
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Table 3.45: Effect of DDVP on urine acid phosphatase 

Urine 6 12 24 48 72 96 120 240 

Control 0 0 0 0 0 0 0 0 

1ppm 0.230 0.261 0.219 0.341 0.481 0.578 0.523 0.478 
± 0.143 ± 0.189 ± 0.152 ± 0.200 ± 0.259 ± 0.338 ± 0.345 ± 0.330 

a a a a a a a a 
5ppm 0.336 0.356 0.391 0.440 0.466 0.493 0.394 0.396 

± 0.199 ± 0.201 ± 0.206 ± 0.248 ± 0.250 ± 0.294 ± 0.211 ± 0.215 
a a a a a a a a 

l0ppm 0.327 0.277 0.148 0.155 0.152 0.270 0.202 0.152 
± 0.186 ± 0.175 ± 0.099 ± 0.086 ± 0.083 ± 0.089 ± 0.109 ± 0.088 

a a a a a a a a 
m moles of p-nitrophenol /g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a- .P <0.01 

<0.05 
Ninon significant 

Graph 3:44: Effect of DDVP on urine acid phosphatase 
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Graph 3.45: Effect of DDVP on urine alkaline phosphatase 
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Table 3.46 : Effect of DDVP on urine alkaline phosphatase 

Urine 6 12 24 48 72 96 120 240 

Control 0 0 0 0 0 0 0 0 

1ppm 1.315 4.476 2.805 9.879 8.906 7.869 6.669 7.487 
± 0.800 ± 2.287 ± 2.401 ± 5.005 ± 4.806 ± 4.446 ± 3.200 ± 4.586 

a a a a a a a a 
5PPm 5.021 6.296 6.208 8.273 9.981 9.682 9.469 12.147 

± 3.946 ± 3.938 ± 3.155 ± 4.106 ± 4.116 ± 3.999 ± 5.433 ± 8.466 
a a a a a a a a 

l0ppm 16.358 13.848 7.563 7.027 8.312 12.144 8.687 10.555 
± 10.114 ± 8.446 ± 4.666 ± 4.354 ± 4.800 ± 9.111 ± 4.613 ± 5.999 

a a a a a a a a 
m moles of p-nitrophenol /g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-+P <0.01 
b-W <0.05 
N-+non significant 



Non-specific esterase  (NSE) 

There was no elimination of NSE through urine by control mice. DDVP 

dose promoted urinary elimination of NSE (Table 3.47). The highest level 

of urinary elimination of NSE was noticed for 1.0 ppm dose at the end of 

72 hours (Graph 3.46). The urinary NSE activity ranged from 0.807 to 

5.808 11 moles /g of excreted protein. 

Total proteins  

Control mice did not exhibit excretion of proteins through urine. DDVP 

caused renal protein excretion. All the doses induced urinary protein 

excretion (Table 3.48). Maximum renal elimination of total proteins was 

induced by 10.0 ppm dose at the end of 48 hours (Graph 3.47). The 

urinary protein elimination ranged from 1.217 to 5.717 g /100 ml of 

urine. 

Creatinine 

The control mice showed urinary creatinine concentrations in the range of 

0.413 to 0.474 mg /100m1. DDVP induced elevations in urine creatinine 

levels for all exposure periods (Table 3.49). The maximum increase in 

urinary creatinine concentration was promoted by 10.0ppm dose at the 

end of 72 hours (Graph 3.48). The increments in urine creatinine 

concentrations ranged from 1.241 to 1.595 mg /100 ml. 
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Table 3.47 : Effect of DDVP on urine non-specific esterase 

Urine 6 12 24 48 72 96 120 240 

Control 0 0 0 0 0 0 0 0 

1ppm 2.034 4.643 5.540 2.087 5.808 2.044 2.255 1.872 
± 1.001 ± 2.164 ± 2.586 ± 1.003 ± 2.861 ± 1.216 ± 1.200 ± 0.986 

a N N a. N a a a 
5ppm 2.136 1.852 3.287 5.065 4.830 4.762 4.815 4.811 

± 1.010 ± 0.999 ± 0.989 ± 2.001 ± 2.010 ± 2.111 ± 2.008 ± 2.850 
N a N N N N N a 

l0ppm 1.448 1.458 0.807 0.910 1.471 2.131 2.005 2.132 
± 1.010 ± 1.111 ' ± 0.599 ± 0.595 ± 0.986 ± 1.000 ± 1.010 ± 1.111 

a a a a a N N N 
itt moles of p-nitrophenol /g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-->P <0.01 
b->P <0.05 
N->non significant 

Graph 3.46: Effect of DDVP on urine non- specific esterase 
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Table 3.48 : Effect of DDVP on urine total proteins 

Urine 6 12 24 48 72 96 120 240 

Control 0 0 0 0 0 0 0 0 

1ppm 1.246 1.274 1.408 1.344 1.343 1.272 1.384 1.389 
± 0.945 ± 0.923 ± 0.982 ± 0.965 ± 0.963 ± 0.935 ± 0.943 ± 0.949 

a a a a a a a a 
5ppm 1.217 1.404 1.424 1.540 1.616 1.638 1.620 1.513 

± 0.985 ± 0.933 ± 0.936 ± 0.958 ± 0.921 ± 0.922 ± 0.948 ± 0.959 
b a a a a a a a 

lOppm 1.797 2.497 5.157 5.717 5.305 3.659 3.892 3.658 
± 0.968 ± 0.992 ± 3.082 ± 3.050 ± 3.119 ± 1.966 ± 1.939 ± 1.967 

a N a a a a a a 
g of protein / 100 ml of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a-->P <0.01 
b-P <0.05 
N->non significant 

Graph 3.47 Effect of DDVP on urine total protein 
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Table 3.49: Effect of DDVP on urine creatinine concentrations 

Urine 6 12 24 48 72 96 120 240 

Control 0.474 0.466 0.446 0.431 0.459 0.426 0.461 0.413 
± 0.008 ± 0.008 ± 0.008 ± 0.008 ± 0.008 ± 0.008 ± 0.008 ±0.008 

1ppm 1.305 1.338 1.381 1.524 1.499 1.427 1.314 1.241 
± 1.079 ± 1.086 ± 1.085 ± 1.084 ± 1.086 ± 1.088 ± 1.084 ± 1.088 

N N N b b N N N 
5PPm 1.346 1.369 1.406 1.425 1.383 1.444 1.397 1.449 

± 1.088 ± 1.086 ± 1.087 ± 1.088 ± 1.094 ± 1.096 ± 1.098 ± 1.096 
N N N b N b N b 

lOppm 1.420 1.443 1.494 1.549 1.595 1.533 1.496 1.494 
± 1.089 ± 1.088 ± 1.090 ± 1.090 ± 1.091 ± 1.091 ± 1.098 ± 1.098 

N N b b b b b b 
mg of creatinine /100m1 of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a->I1  <0.01 
b->P <0.05 
N->non significant 

Graph 3.48: Effect of DDVP on urine creatinine 

m
g  

o
f 

cr
ea

ti
n

in
e  

/1
00

 m
l u

ri
n

e  

 

control 

-+--1 ppm 

5PPm 
10ppm 

 

6 	12 	24 	48 	72 	96 
	

120 240 

Exposure periods in hours 



Urea 

Control animals showed urea contents of the urine in the range of 

251.141 to 285.419 mg /100m1. DDVP induced dose-dependent 

increments in urinary urea contents at the end of all exposure periods 

(Table 3.50). The 10.0ppm dose promoted maximum elimination of urea 

at the end of 96 hours (Graph 3.49). All the changes in renal elimination 

of urea were statistically significant (Table 3.50). The renal elimination 

of urea ranged from 825.170 to 994.761 mg /100 ml. 

Uric acid  

Uric acid concentration in the urine of control animals ranged from 

23.963 to 33.361 mg /100m1. All the doses of DDVP induced dose-

dependent elevations in the renal elimination of uric acid at the end of all 

exposure periods (Table 3.51). Maximum renal excretion of uric acid was 

induced by 10.0ppm dose at the end of 96 hours (Graph 3.50). The 

1.0ppm and 10.0ppm doses induced exposure period-dependent rise in 

renal elimination of uric acid from the end of 6 to 96 hours. The 

excretion of uric acid ranged from 39.157 to 115.964 mg /100 ml under 

the influence of DDVP. 

119 



m
g  

o
f 

u
re

a  
/1

0
0
  m

l u
r i

n
e  

-4- control 

-+-- l ppm 

5ppm 

-4- lOppm 

120 240 6 	12 	24 	48 	72 	96 

Exposure periods in hours 

Graph 3.49: Effect of DDVP on urine concentrations of urea 

Table 3.50: Effect of DDVP on urine concentrations of urea 

Urine 6 12 24 48 72 96 120 240 

Control 278.473 278.074 256.387 251.141 263.732 285.419 265.831 281.021 
± 22.606 ± 22.032 ± 25.957 ± 28.375 ± 23.213 ± 34.751 ± 32.142 ±38.799 

1ppm 825.170 825.470 854.850 847.156 854.850 856.250 850.654 831.766 
± 400.00 ± 401.00 ± 401.00 ± 501.00 ± 500.00 ± 510.00 ± 513.00 ± 511.00 

a a b a b b b b 
5ppm 859.048 850.654 885.282 923.407 888.080 886.681 922.358 892.977 

± 411.00 ± 408.00 ± 402.00 ±503.00 ± 518.00 ± 418.00 ± 486.00 ± 483.00 
a a a a b a a b 

lOppm 897.174 966.430 902.611 993.362 991.613 994.761 959.084 959.784 
± 408.00 ± 405.00 ±404.00 ± 499.00 ± 520.00 ± 526.00 ± 520.00 ± 521.00 

a a a a a a a a 
mg of urea /100m1 of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a-41)  <0.01 
b--->P <0.05 
N-*non significant 



Table 3.51 : Effect of DDVP on urine concentrations uric acid. 

Urine 6 12 24 48 72 96 120 240 

Control 23.963 25.373 31.481 32.421 31.325 33.361 30.071 28.036 
± 5.768 ± 3.750 ± 3.938 ± 3.910 ± 5.115 ± 5.171 ± 5.021 ±4.696 

1PPm 39.157 41.350 42.289 58.578 70.482 71.735 67.193 70.639 
± 14.491 ± 15.000 ± 16.111 ± 20.000 ± 33.333 ± 38.006 ± 35.001 ± 35.000 

b b N a b b b b 
5PPm 40.880 54.036 57.325 66.410 76.434 82.854 99.458 101.024 

± 18.114 ± 31.000 ± 32.000 ± 33.000 ± 33.000 ± 33.000 ± 36.000 ± 38.000 
N b N b a a a a 

lOppm 71.265 79.724 91.703 101.101 114.964 115.964 115.277 99.301 
± 25.000 ± 26.000 ±38.000 ± 39.000 ±36.000 ± 38.000 ± 35.111 ± 38.000 

a a a a N N N a 
mg of uric acid /100m1 urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a->I3  <0.01 
b-P <0.05 
N->non significant 

Graph 3.50: Effect of DDVP on urine concentrations of .uric acid 

m
g  

o
f u

ri
c  

ac
id

 /
 10

0m
1 u

ri
ne

  

 

--40- control 

-10-1 ppm 
5ppm 

10ppm 

 

6 	12 	24 	48 	72 	96 	120 240 

Exposure periods in hours 



Calcium (Ca2+) 

Calcium level in the urine of control animals was in the range 14.260 to 

18.756 mg /100m1. DDVP induced elevations in renal excretion of 

calcium at all -exposure periods (Table 3.52). The maximum renal 

elimination of Ca2+  was induced by 1.0 ppm dose at the end of 72 hours 

(Graph 3.51). All the renal eliminations of Ca2+  were statistically 

significant (Table 3.52). The renal excretion of Ca 2+  ranged from 

104.086 to 134.155 mg /100 ml of urine under the influence of DDVP. 

Chloride ( Cl 

The urinary chloride level of control mice was in the range of 2.248 to 

2.518 Eq /100m1. DDVP promoted significant elevations in renal 

excretion of chloride at all exposure periods (Table 3.53). However, 

exposure period-dependent elevations were observed only for 10.0ppm 

dose (Graph 3.52). The renal excretion of chloride ranged from 9.644 to 

17.501 Eq /100 ml of urine under the influence of DDVP. 

Sodium (Na 

Control mice exhibited urinary Na+  concentrations in the range of 

152.316 mEq/L. All the doses of DDVP induced dose-dependent increase 

in urinary elimination of Na+  concentration from the end of 6 hours to the 

end of 96 hours (Table 3.54). The maximum urinary elimination of Na +  

120 



Graph 3.51 : Effect of DDVP on urine levels of Ca++ 
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Table 3.52 : Effect of DDVP on urine levels of Ca++  

Urine 6 12 24 48 72 96 120 240 

Control 16.572 15.603 14.260 18.756 17.728 17.985 16.016 15.844 
± 3.761 ± 3.429 ± 3.729 ± 3.064 ± 3.861 ± 3.451 ± 3.500 ± 3.805 

1ppm 104.086 108.369 108.241 114.366 134.155 133.298 116.357 113.467 
± 61.000 ± 68.000 ± 68.000 ± 68.000 ± 71.000 ± 73.000 ± 73.000 ± 73.000 

a a a a a a a a 
5ppm 108.455 108.669 113.680 117.321 116.507 121.605 113.295 117.022 

± 65.000 ± 65.000 ± 65.000 ± 63.000 ± 65.000 ± 65.000 ± 63.000 ± 63.000 
a a a a a a a a 

lOppm 112.995 117.835 117.835 125.874 126.102 121.690 121.391 121.562 
± 66.000 ± 68.000 ±70.000 ± 78.000 ± 78.000 ± 75.000 ± 75.000 ± 75.000 

a a a a a a a a 
mg of Ca++  /100m1 of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b-41  <0.05 
N-+non significant 



Table 3.53 : Effect of DDVP on urine concentrations of CI - 

Urine 6 12 24 48 72 96 120 240 

Control 2.444 2.518 2.248 2.273 2.490 2.498 2.377 2.327 
± 1.286 ± 1.222 ± 1.288 ± 1.178 ± 1.236 ± 1.269 ± 1.271 ± 1.047 

1ppm 9.644 10.016 10.079 10.446 11.065 11.170 11.213 11.176 
± 4.118 ± 4.079 ± 4.098 ± 4.124 ± 4.149 ± 4.068 ± 4.129 ± 4,073 

a a a a a a a a 
5ppm 10.307 10.647 11.181 11.176 11.713 11.602 11.355 11.866 

± 4.070 ± 4.116 ± 4.085 ± 4.086 ± 4.148 ± 4.115 ± 4.139 ± 4.092 
a a a a N N a N 

lOppm 12.497 12.704 12.906 13.784 16.550 16.609 16.847 17.501 
± 6.150 ± 6.068 ± 5.095 ± 6.112 ± 10.057 ± 10.084 ± 10.083 ± 10.210 

a a a a a a a a 
Eq. of a /100m1 of urine 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b->P <0.05 
N--anon significant 

Graph 3.52: Effect of DDVP on urine concentration of chloride 
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Graph 3.53: Effect of DDVP on urine contents of Na+ 
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Table 3.54 : Effect of DDVP on urine contents of Na +  

Urine 6 12 24 48 72 96 120 240 

Control 152.316 152.316 152.316 152.316 152.316 152.316 152.316 152.316 
± 2.208 ± 2.208 ± 2.205 ± 2.206 ± 2.208 ± 2.208 ± 2.208 ± 2.208 

1ppm 171.264 170.632 173.476 175.846 177.737 184.526 183.736 184.842 
± 18.666 ± 18.105 ± 18.632 ± 18.763 ± 18.566 ± 18.666 ± 18.763 ± 18.105 

a b b b a a a a 
5ppm 175.053 178.685 181.843 181.527 185.474 188.631 191.473 199.211 

± 18.451 ± 18.832 ± 18.832 ± 19.066 ± 19.451 ± 19.631 ± 19.525 ± 19.605 
b a a a a a a N 

l0ppm 190.520 189.262 190.212 190.520 190.879 189.266 183.262 185.740 
± 23.000 ± 22.957 ± 24.000 ± 25.000 ± 24.000 ± 24.000 ± 24.000 ± 24.000 

a a a a a a a a 
m Eq. of Na+  /L 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b->P <0.05 
N-non significant 



was promoted by 5.0 ppm dose at the end of 240 hours (Graph 3.53). The 

renal elimination of Na+  ranged from 170.632 to 199.211 mEq /L of urine 

under the influence of DDVP. 

Potassium  (K) 

Potassium concentration in the urine of control mice was 6.231 mEq /L. 

DDVP induced significant elevations in urinary concentrations of K + 

 (Table 3.55). The maximum elevation in urinary K+  concentration was 

promoted by 5.0ppm dose at the end of 240 hours (Graph 3.54). The 

elevations in the K+  concentration ranged from 8.126 to 10.921 mEq /L. 

1.21 



Table 3.55 : Effect of DDVP on urine le 

Urine 6 12 24 48 72 96 120 240 

Control 6.231 6.231 6.231 6.231 6.231 6.231 6.231 6.231 
± 0.221 ± 0.221 ± 0.221 ± 0.221 ± 0.221 ± 0.221 ± 0.221 ± 0.221 

1ppm 8.126 8.663 8.316 8.585 8.774 9.453 9.374 9.468 
± 2.067 ± 2.110 ± 2.149 ± 2.076 ± 2.057 ± 2.067 ± 2.076 ± 2.071 

b N b b b a a a 
5PPm 8.506 8.868 9.200 9.152 9.547 9.863 10.148 10.921 

± 2.145 ± 2.083 ± 2.082 ± 2.107 ± 2.118 ± 2.163 ± 3.000 ± 3.000 
b b a a a a a a 

lOppm 10.053 9.927 9.890 10.053 10.069 9.927 9.326 9.578 
± 3.000 ± 2.145 ± 2.973 ±3.947 ± 3.000 ± 2.810 ± 2.114 ± 2.116 

a a b b b a a a 
m Eq. Of ICF  /L 

n=10 (per cell) 
Values are mean ± standard deviation 
a-+P <0.01 
b->fi <0.05 
N-,non significant 

Graph 3.54: Effect of DDVP on urine K+ 
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4 A. SERUM BIOCHEMISTRY UNDER THE INFLUENCE 

OF MONOCROTOPHOS 

Acid Phosphatase  (ACP) 

Acid phosphatase activity of the serum of control mice was in the range 

of 0.366 to 0.417 m moles/ g of protein. All the doses of monocrotophos 

induced elevations of ACP activity except for 1.0ppm dose at the end of 

120 and 240 hours (Table 4.01). The highest level of ACP activity was 

induced by 10.0 ppm dose at the end of 48 hours (Graph 4.01). 

Alkaline phosphatase  (ALP) 

Alkaline phosphatase activity of the serum of control mice was in the 

range of 0.567 to 1.210 m moles/g of protein. All the doses of 

monocrotophos induced elevations of ALP activity at all the exposure 

periods (Table 4.02). Maximum increase of ALP activity was induced by 

5.0ppm dose at the end of 120 hours (Graph 4.02). 

Non-specific esterase  (NSE) 

Control animals showed NSE activity of the serum in the range of 0.035 

to 0,093 µ moles/g of protein. Monocrotophos promoted significant 

elevations of NSE activity at all exposure periods (Table 4.03). Maximum 

122. 
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Table 4.01 : Effect of monocrotophos on serum acid phosphatase activity 

Serum 6 12 24 48 72 96 120 240 

Control 0.370 0.366 0.382 0.411 0.410 0.417 0.412 0.406 
±0.111 ±0.112 ±0.125 ±0.105 ± 0.119 ±0.126 ± 0.110 ±0.109 

1ppm 0.509 0.504 0.514 5.11 0.509 0.505 0.393 0.383 
±0.019 ±0.015 ±0.018 ±0.009 ± 0.011 ± 0.010 ± 0.002 ± 0.009 

b a b b N N N N 
5PPm 0.695 0.700 0.712 0.730 0.796 0.753 0.792 0.797 

± 0.230 ± 0.235 ± 0.236 ± 0.238 ± 0.238 ± 0.240 ± 0.241 ± 0.245 
b b b a a b a a 

lOppm 0.965 0.828 0.647 1.202 0.451 1.055 0.476 0.526 
± 0.453 ± 0.450 ± 0.038 ±0.800 ± 0.001 ± 0.811 ± 0.001 ± 0.002 

b b a b N N N b 
m moles of p- nitrophenoUg of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-*P <0.01 
b-+P <0.05 
N->non significant 

Graph 4.01 : Effect of Monocrotophos on serum acid phosphatase 
activity 
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Table 4.02 : Effect of monocrotophos on serum alkaline phosphatase activity 

Serum 6 12 24 48 72 96 120 240 

Control 0.567 0.880 0.912 1.210 0.940 0.997 1.114 0.893 
±0.274 ±0.360 ±0.395 ±0.510 ± 0.500 ±0.512 ± 0.511 ±0.453 

1ppm 10.769 13.185 13.494 13.424 14.031 15.236 16.377 15.058 
±6.000 ±8.000 ±8.273 ±8.206 ± 8.173 ± 8.245 ± 8.000 ± 8.287 

a a a a a a a a 
5PPm 13.640 13.784 15.605 16.130 15.190 15.128 16.406 14.214 

± 8.345 ± 8.261 ± 8.270 ± 8.209 ± 8.154 ± 8.153 ± 8.213 ± 8.262 
N a a a a a a a 

lOppm 12.214 14.184 15.190 14.961 14.651 14.260 14.352 14.087 
± 5.988 ± 6.301 ± 8.276 ±8.242 ± 8.238 ± 8.286 ± 8.317 ± 8.191 

a N a a a a a a 
m moles of p - nitrophenoUg of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a->1) <0.01 
b-P <0.05 
Ninon significant 

Graph 4.02: Effect of monocrotophos on serum alkaline 
phosphatase activity 

Exposure periods in hours 



Table 4.03 : Effect of monocrotophos on serum non-specific esterase activity 

Serum 6 12 24 48 72 96 120 240 

Control 0.071 0.092 0.058 0.093 0.035 0.079 0.079 0.079 
±0.037 10.030 ±0.035 ±0.030 ± 0.003 ±0.037 ± 0.037 ±0.037 

1ppm 0.209 0.249 0.293 0.329 0.210 0.239 0.220 0.214 
±0.097 ±0.094 ±0.090 ±0.085 ± 0.091 ± 0.093 ± 0.090 ± 0.096 

a - a N N a a a a 
5ppm 0.297 0.339 0.347 0.334 0.326 0.308 0.343 0.297 

± 0.094 ± 0.095 ± 0.089 ± 0.097 ± 0.095 ± 0.085 ± 0.082 ± 0.092 
N N N N N N N N 

l0ppm 0.296 0.336 0.327 0.384 0.314 0.344 0.412 0.443 
± 0.092 ± 0.088 ± 0.097 ±0.099 ± 0.098 ± 0.093 ± 0.087 ± 0.084 

N N N N N N N N 
g moles of p- nitrophenol/g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-+P <0.01 
b-->P <0.05 
N--anon significant 

Graph 4.03: Effect of monocrotophos on serum non-specific 
esterase activity 
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increase of NSE activity was induced by 10.0ppm dose at the end of 240 

hours (Graph 4.03). 

Total proteins  

Total proteins of the serum of control mice were in the range of 7.121 to 

7.395 g/100m1. Monocrotophos did not promote significant alterations in 

total protein (Table 4.04). The maximum elevation in total protein content 

was induced by 10.0 ppm dose at the end of 72 hours (Graph 4.04). 

Creatinine  

Control mice showed creatinine level of serum in the range of 0.335 to 

0.398 mg/100m1. Monocrotophos doses induced significant increments of 

creatinine at all exposure periods except for 1.0ppm dose (Table 4.05). 

Maximum elevation of creatinine level was induced by 10.0ppm dose at 

the end of 72 hours (Graph 4.05). 

Urea 

Urea contents of serum of control mice were in the range of 116.126 to 

144.108mg/100m1. Monocrotophos promoted significant elevations in 

urea level at the end of almost all exposure periods (Table 4.06) 

Maximum elevation of urea was induced by 10.0ppm dose at the end of 

72 hours (Graph 4.06). All the changes of urea contents were statistically 

significant (Table 4.06). 
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Table 4.04 : Effect of monocrotophos on serum total protein 

Serum 6 12 24 48 72 96 120 240 

Control 7.292 7.395 7.121 7.280 7.346 7.277 7.229 7.300 
± 2.200 ± 2.065 ± 2.031 ± 2.116 ± 2.104 ± 2.109 ± 2.040 ± 2.075 

1ppm 7.363 7.397 7.394 7.537 7.678 7.683 7.695 7.706 
±0.039 ±0.025 ±0.030 ±0.031 ± 0.021 ± 0.024 ± 0.028 ± 0.020 

N N N N N N N N 
5PPm 7.712 7.723 7.689 8.019 8.054 7.865 7.744 7.708 

± 0.099 ± 0.037 ± 0.034 ± 0.037 ± 0.036 ± 0.025 ± 0.035 ± 0.064 
N N N N N N N N 

lOppm 7.859 7.899 8.010 8.443 8.649 8.317 8.618 8.627 
± 0.031 ± 0.062 ± 0.041 ±0.018 ± 0.090 ± 0.049 ± 0.023 ± 0.036 

N N N N N N N N 
g of protein /100m1 of serum 

n=10 (per cell) 
Values are mean ± standard deviation 
a-*P <0.01 
b-*P <0.05 
N-*non significant 

Graph 4.04: Effect of monocrotophos on serum total proteins 
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Table 4.05 : Effect of monocrotophos on serum creatinine 

Serum 6 12 24 48 72 96 120 240 

Control 0.335 0.346 0.341 0.349 0.348 0.384 0.378 0.398 
± 0.135 ± 0.128 ± 0.118 ± 0.127 ± 0.130 ± 0.133 ± 0.132 ± 0.120 

1ppm 0.385 0.334 0.391 0.377 0.395 0.530 0.492 0.567 
±0.005 ±0.001 ±0.006 ±0.007 ± 0.008 ± 0.014 ± 0.009 ± 0.015 

N N N N N b N a 
5PPm 0.463 0.476 0.564 0.500 0.530 0.589 0.504 0.494 

± 0.008 ± 0.009 ± 0.012 ± 0.010 ± 0.011 ± 0.018 ± 0.010 ± 0.008 
b b a b a a N N 

lOppm 0.608 0.653 0.653 0.683 0.691 0.589 0.683 0.683 
± 0.027 ± 0.028 ± 0.028 ±0.024 ± 0.028 ± 0.029 ± 0.022 ± 0.025 

a N N N N a N N 
mg of creatinine /100m1 of serum 

n=10 (per cell) 
Values are mean ± standard deviation 
a-÷P <0.01 
b-+P <0.05 
N-+ non significant 

Graph 4.05: Effect of monocrotophos on serum creatinine 
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Graph 4.06: Effect of monocrotophos on serum urea 
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Table 4.06 : Effect of monocrotophos on serum urea 

Serum 6 12 24 48 72 96 120 240 

Control 123.472 116.126 116.476 118.225 134.665 127.669 144.108 123.822 
± 11.228 ±11.710 ±11.665 ±11.636 ±11.721 ±11.427 ±11.004 ±16.636 

1ppm 401.895 408.890 404.693 445.267 507.882 459.258 469.052 469.402 
±200.001 ±200.00 ±200.000 ±200.000 ±208.000 ±209.000 ±210.000 ±211.000 

a a a a a a a a 
5ppm 432.676 473.599 827.116 504.380 573.287 559.995 606.515 643.832 

±200.000 ±200.000 ±250.011 ±256.002 ±258.114 ±250.000 ±361.000 ±363.000 
a a a a b b a a 

lOppm 398.330 420.783 463.016 512.075 644.641 604.766 572.237 599.170 
±198.000 ±200.00 ±208.002 ±258.003 ±356.115 ±358.114 ±259.112 ±300.00 

b a a a a a a a 
mg of urea/100ml of serum 

n=10 (per cell) 
Values are mean ± standard deviation 
a-4P <0.01 
b-P <0.05 
N-non significant 



Uric acid  

Control animals showed uric acid level of serum in the range of 13.000 to 

20.674 mg/100m1. All the doses of monocrotophos induced increments of 

uric acid (Table 4.07). The highest elevation in uric acid level was 

promoted by 10.0ppm dose at the end of 96 hours (Graph 4.07). All 

increments of uric acid levels were statistically significant (Table 4.07). 

Calcium  (Ca2+) 

Calcium level of the serum of control mice was in the range of 36.527 to 

40.983 mg/ 100m1. Monocrotophos doses promoted significant elevations 

of calcium at all exposure periods (Table 4.08). Maximum increase of 

Ca2+  level was induced by 10.0ppm dose at the end of 72 hours (Graph 

4.08). All the changes in the Ca2+  concentrations were statistically 

significant (Table 4.08). 

Chloride  (cr) 

Chloride levels in the serum of controls ranged from 1.785 to 2.051 Eq of 

100m1. Monocrotophos doses promoted dose-dependent elevations 

of Cl at the end of all exposure periods except 6 and 24 hours (Table 

4.09).At the end of 120 hours, 10.0ppm dose induced elevations in the 

level of CY (Graph 4.09). Alteration in CF levels observed for all doses 

were statistically significant (Table 4.09). 
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Table 4.07: Effect of monocrotophos on serum uric acid 

Serum 6 12 24 48 72 96 120 240 

Control 16.915 20.674 14.096 15.506 13.783 13.000 17.076 16.919 
± 5.602 ±7.737 ±5.384 ±5.928 ± 4.716 ±4.555 ± 5.503 ± 7.116 

1ppm 48.710 65.625 49.650 61.309 51.059 52.469 61.553 53.095 
± 24.000 ±35.000 ±26.000 ±25.000 ±25.000 ± 26.000 ± 30.000 ± 24.000 

a b a a a a a a 
5ppm 53.565 58.107 64.843 55.132 65.939 50.433 52.312 54.505 

± 23.000 ... .±26.000 ±26.000 ±24.000. ±30.000 ±30.000 ± 30.000 ± 31.000 
a a a a a b b b 

lOppm 55.758 54.192 51.999 65.782 66.095 71.734 68.915 56.228 
±25.000 ±25.000 ±23.000 ±35.000 ±30.000 ±35.000 ± 33.000 ± 30.000 

a a a a a a a a 
mg of uric acid/100m1 of serum 

n=10 (per cell) 
Values are mean ± standard deviation 
a--+P <0.01 
b- ,' <0.05 
N-÷ non significant 

Garph 4.07: Effect of monocrotophos on serum uric acid 
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Graph 4.08: Effect of monocrotophos on serum ca++ 

control 

-4- 1 ppm 
-4- 5pprn 

10ppm 

Table 4.08 : Effect of monocrotophos on serum Ca ++  

Serum 6 12 24 48 72 96 120 240 

Control 38.840 40.087 40.983 39.825 37.983 39.097 36.527 36.613 
± 13.836 ±13.260 ±14.228 ±14.903 ± 13.725 ± 13.355 ± 13.107 ± 13.739 

1ppm 110.267 116.048 117.375 119.816 122.000 125.211 117.761 117.846 
± 51.605 ±51.277 ±51.530 ±51.650 ±51.645 ± 52.993 ± 51.009 ± 51.966 

a_ a a a a a a a 
5ppm 117.803 116.433 120.929 120.458 117.118 121.743 120.844 122.856 

± 51.018 ±51.332 ±55.342 ±55.146 ±52.789 ±55.229 ± 55.381 ± 55.288 
a a a a a a a a 

lOppm 120.030 123.670 125.468 128.466 135.018 128.038 124.826 122.642 
±53.968 ±54.535 ±55.029 ±53.088 ±58.212 ± 55.904 ± 55.777 ± 55.231 

b a a a a a a a 
mg of Ca++/100m1 of serum 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b->11  <0.05 
N-non significant 



Table 4.09: Effect of monocrotophos on serum CI- 

Serum 6 12 24 48 72 96 120 240 

Control 1.785 1.838 1.787 1.807 1.873 1.884 1.958 2.051 
± 0.997 ±0.914 ±0.938 ±0.975 ± 0.937 ± 0.965 ± 0.951 ± 0.974 

1ppm 6.251 6.618 6.715 6.939 6.953 7.266 7.541 7.905 
± 4.210 ±4.321 ±4.333 ±4.300 ±4.300 ± 4.301 ± 4.033 ± 4.303 

b b b b b b a a 
5ppm 9.570 9.584 9.761 9.525 9.758 9.755 10.358 10.096 

± 6.001 ±6.002 ±6.003 ±6.004 ±6.010 ±6.011 ± 6.115 ± 6.600 
b b a b a a a b 

lOppm 9.553 9.761 9.758 10.000 9.798 10.639 12.313 11.500 
±6.001 ±6.001 ±6.001 ±6.001 ±6.001 ± 6.000 ± 6.020 ± 6.200 

a a a a a a a a 
Eq. of chloride/100m1 of serum 

n=10 (per cell) 
Values are mean ± standard deviation 
a-41' <0.01 
b-411  <0.05 
N-*non significant 

Graph 4.09: Effect of monocrotophos on serum chloride 
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Sodium  (Nat) 

Sodium concentration of the serum of control mice was in the range of 

162.235 mEq/L. All the doses of monocrotophos induced elevations of 

Na+  concentration for all periods except 96 & 120 hours (Table 4.10). 

Maximum increment in Na+  concentration was induced by 10.0ppm dose 

at the end of 240 hours (Graph 4.10). All the changes in sodium 

concentrations were statistically significant (Table 4.10). 

Potassium  (K+) 

Control mice showed K +  concentrations of serum in the range of 7.294 

mEq/L. Progressive increment in K +  concentrations were promoted by all 

the doses of monocrotophos for all exposure periods except 96 and 120 

hours (Table 4.11). The maximum elevations in K +  concentration was 

produced by 10.0ppm dose at the end of 240 hours (Graph 4.11). All the 

alterations in K +  concentrations were statistically significant (Table 

4.11). 
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Graph 4.10: Effect of monocrotophos on serum Na+ 
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Table 4.10: Effect of monocrotophos on serum Na+ 

Serum 6 12 24 48 72 96 120 240 

Control 162.235 162.235 162.235 162.235 162.235 162.235 162.235 162.235 
± 3.136 ± 3.136 ± 3.134 ± 3.136 ± 3.135 ± 	3.136 ± 3.136 ± 3.136 

1ppm 204.000 206.000 205.667 209.667 212.333 218.333 219.333 213.000 
± 38.389 ± 38.406 ± 38.610 ± 38.892 ± 38.610 ± 39.600 ± 39.108 ± 38.054 

b b b b a a a a 
5ppm 212.333 218.666 217.333 217.334 220.333 216.000 217.334 219.667 

± 38.610 ±38.766 ±38.443 ±38.108 ±39.054 ±38.389 ± 38.405 ± 38.054 
a a a a a a a a 

lOppm 223.000 225.667 231.667 234.667 236.333 236.667 236.000 241.333 
±40.054 ±40.617 ±40.357 ±40.722 ±40.830 ± 40.665 ± 40.443 ± 40.421 

a a a a a a a a 
m Eq. Of Na+  /L  

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b->P <0.05 
Ninon significant 



Table 4.11 : Effect of monocrotophos on serum K+  

Serum 6 12 24 48 72 96 120 240 

Control 7.294 7.294 7.294 7.294 7.294 7.294 7.294 7.294 
± 0.288 ± 0.288 ± 0.288 ± 0.288 ± 0.288 ± 0.288 ± 0.288 ± 	0.288 

1ppm 11.500 11.600 11.567 11.967 12.233 12.833 12.933 12.300 
± 2.753 ± 2.741 ± 2.761 ± 2.789 ± 2.861 ± 2.836 ± 2.821 ± 2.815 

a a a a a a a a 
5ppm 12.233 12.667 12.734 13.083 13.033 12.400 12.734 12.967 

± 3.816 ± 3.861 ± 3.835 ± 3.972 ± 3.983 ± 3.849 ± 3.844 ± 3.872 
a a a a a a a b 

lOppm 13.300 13.567 14.167 14.467 14.633 14.533 14.600 15.133 
±4.905 ±4.961 ±4.003 ±4.116 ±4.114 ±4.113 ±4.114 ± 4.113 

b b a a a a a a 
m Eq. Of IC /L 

n=10 (per cell) 
Values are mean ± standard deviation 
a-*P <0.01 
b--+P <0.05 
N-anon significant 

Graph 4.11: Effect of monocrotophos on serum K+ 
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B. SERUM BIOCHEMISTRY UNDER THE INFLUENCE 

OF DDVP 

Acid phosphatase (ACP) 

Acid phosphate activity of serum of control mice was in the range of 

0.366 to 0.417 in moles /g of protein. All the doses of DDVP promoted, 

significant elevations of ACP activity (Table 4.12). The highest level of 

ACP activity was induced by 5.0 ppm dose at the end of 240 hours 

(Graph 4.12). Alterations of ACP activity were statistically significant 

(Table 4.12). 

Alkaline phosphatase (ALP) 

Alkaline phosphate activity of the serum of control mice was in the range 

of 0.567 to 1.210 in moles/g of protein. Exposure period dependent 

elevations of ALP activity were observed under the influence of 10.0 and 

5.0 ppm dose (Table 4.13). Maximum increase of ALP activity was 

induced by 5.0 ppm dose at the end of 240 hours (Graph 4.13). All the 

changes of ALP activity were statistically significant. 

Non-specific esterase (NSE) 

Control animals showed NSE activity of the serum in the range of 0.035 

to 0.092 11 moles/g of protein. DDVP induced significant elevations of 
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Graph 4.12 : Effect of DDVP on serum acid phosphatase activity 
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Table 4.12 : Effect of DDVP on serum acid phosphatase activity 

Serum 6 12 24 48 72 96 120 240 

Control 0.370 0.366 0.382 0.411 0.410 0.417 0.412 0.406 
±0.111 ±0.112 ±0.125 ±0.105 ±0.119 ±0.126 ±0.110 ±0.109 

1ppm 1.616 1.554 1.645 1.864 2.345 2.431 2.427 2.430 
± 0.934 ± 0.930 ± 0.945 ± 0.924 ± 0.937 ± 0.937 ± 0.948 ± 0.937 

a a a a a a a a 
5PPm 1.582 1.618 1.663 2.066 2.232 2.275 2.372 2.464 

± 0.905 ± 0.942 ± 0.955 ± 0.904 ± 0.942 ± 0.935 ± 0.939 ± 0.936 
a a a a a a a a 

l0ppm 1.675 1.712 1.538 1.673 1.728 1.209 1.234 1.251 
± 0.932 ± 0.933 ± 0.916 ± 0.939 ± 0.918 ± 0.912 ± 0.923 ± 0.914 

a a a a a a a a 
m moles of p-nitrophenol /g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a->13  <0.01 
b->13  <0.05 
Ninon significant 
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Table 4.13: Effect of DDVP on serum alkaline phosphatase activity 

Serum 6 12 24 48 72 96 120 240 

Control 0.567 0.880 0.912 1.210 0.940 0.997 1.114 0.893 
± 0.274 ± 0.360 ± 0.395 ± 0.510 ± 0.500 ± 0.512 ± 0.511 ± 0.453 

1ppm 3.133 3.809 4.615 5.135 6.669 6.688 6.967 7.164 
± 0.935 ± 0.902 ± 0.990 ± 0.991 ± 0.821 ± 0.912 ± 0.945 ± 0.998 

a a a a a a a a 
5ppm 3.080 3.985 4.337 6.615 6.912 6.944 7.681 8.238 

± 0.900 ± 0.916 ± 0.995 ± 0.993 ± 0.913 ± 0.945 ± 0.840 ± 0.999 
a a a a a a a a 

lOppm 3.049 3.744 4.002 4.544 4.708 4.196 4.500 4.941 
± 0.914 ± 0.935 ± 0.918 ± 1.002 ± 0.500 ± 0.514 ± 0.500 ± 0.502 

a a a a a a a a 
m moles of p-nitrophenol /g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-÷P <0.01 
b--).P <0.05 
N-+non significant 

Graph 4.13: Effect of DDVP on serum alkaline phosphatase 
activity 
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NSE activity at all the exposure periods (Table 4.14). Maximum increase 

of NSE activity was induced by 5.0ppm dose at the end of 240 hours 

(Graph 4.14). 

Total proteins  

Total proteins in the serum of control mice were in the range of 7.121 to 

7.395 g/100m1. All the DDVP doses promoted significant decrease in 

serum total proteins except 10.0 ppm dose (Table 4.15). The Maximum 

decrease in total proteins was observed under the influence of 1.0 ppm 

dose at the end of 6 hours (Graph 4.15). 

Creatinine 

Control mice showed creatinine level of serum in the range of 0.335 to 

0.398 mg/100m1.DDVP doses promoted increase in creatinine levels at 

all the exposure periods (Table 4.16). Maximum increase in creatinine 

level was induced by 10.0 ppm dose at the end of 96 hours (Graph 4.16). 

Urea 

Urea contents of the serum of control mice were in the range of 116.126 

to 144.108 mg/100m1. Only 10.0 ppm dose promoted progressive 

elevationsin urea contents of serum till the end of 96 hours (Table 4.17). 

The maximum elevation of urea concentration was induced by 10.0 ppm 

dose at the end of 96 hours (Graph 4.17). 
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Table 4.14: Effect of DDVP on serum non-specific esterase activity 

Serum 6 12 24 48 72 96 120 240 

Control 0.071 0.092 0.058 0.093 0.035 0.079 0.079 0.079 
± 0.037 ± 0.030 ± 0.035 ± 0.030 ± 0.003 ± 0.037 ± 0.037 ± 0.037 

1ppm 3.725 3.731 4.350 4.682 3.813 3.757 4.301 3.914 
± 1.818 ± 1.491 ± 1.950 ± 2.500 ± 1.101 ± 1.624 ± 1.531 ± 1.416 

a N N a a N N N 
5ppm 3.349 4.384 4.774 5.385 4.587 4.730 5.460 5.462 

± 1.961 ± 1.916 ± 2.650 ± 2.560 ± 2.624 ± 2.579 ± 2.465 ± 2.442 
a N a a a a N N 

lOppm 3.612 3.004 3.311 3.494 3.285 2.942 2.942 2.930 
± 1.485 ± 0.985 ± 0.981 ± 0.983 ± 0.999 ± 1.114 ± 1.061 ± 1.046 

N N N N N N N N 
lus moles of p-nitrophenol /g of protein 

n=10 (per cell) 
Values are mean ± standard deviation 
a-3P <0.01 
b-3P <0.05 

Graph 4.14: Effect of DDVP on serum non-specific esterase 
activity 
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Table 4.15 : Effect of DDVP on serum total proteins 

Serum 6 12 24 48 72 96 120 240 

Control 7.292 7.395 7.121 7.280 7.346 7.277 7.229 7.300 
± 2.200 ± 2.065 ± 0.031 ± 2.116 ± 2.104 ± 2.109 ± 2.040 ±2.075 

1ppm 3.079 3.354 3.439 3.441 3.417 3.461 3.656 3.737 
± 1.058 ± 1.057 ± 1.027 ± 1.036 ± 1.038 ± 1.026 ± 1.031 ± 1.076 

a a a a a a a a 
5PPm 3.377 3.588 3.867 3.912 4.025 4.339 4.333 4.261 

± 1.078 ± 1.045 ± 1.031 ± 1.046 ± 1.036 ± 2.045 ± 1.940 ± 1.985 
a a a a a b b b 

lOppm 5.574 5.974 7.221 7.547 8.015 9.009 8.928 8.928 
± 2.313 ± 2.073 ± 3.325 ± 3.030 ± 3.296 ± 3.971 ± 2.586 ± 3.061 

a a N N N N N N 
g of protein / 100m1 of serum 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b->P <0.05 
N-> non significant 

Graph 4.15: Effect of DDVP on serum total proteins 
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Graph 4.16: Effect of DDVP on serum creatinine 
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Table 4.16: Effect of DDVP on serum creatinine 

Serum 6 12 24 48 72 96 120 240 

Control 0.335 0.346 0.341 0.349 0.348 0.384 0.378 0.398 
± 0.135 ± 0.128 ± 0.118 ± 0.127 ± 0.130 ± 0.133 ± 0.132 ±0.120 

1ppm 0.443 0.492 0.800 0.964 0.922 0.899 0.903 0.841 
± 0.001 ± 0.003 ± 0.325 ± 0.400 ± 0.401 ± 0.386 ± 0.450 ± 0.400 

N b a a a b N b 
5ppm 0.595 0.746 0.829 0.845 1.069 1.188 1.277 1.217 

± 0.008 ± 0.403 ± 0.408 ± 0.410 ± 0.930 ± 0.951 ± 0.999 ± 0.989 
a b b b N N N N 

lOppm 0.983 1.121 1.229 1.337 1.497 1.531 1.506 1.449 
± 0.458 ± 0.925 ± 0.926 ± 0.933 ± 0.989 ± 0.956 ± 0.986 ± 0.988 

a N b b b b b b 
mg of creatinine /100m1 of serum 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b->P <0.05 



Table 4.17: Effect of DDVP on serum Urea 

Serum 6 12 24 48 72 96 120 240 

Control 123.472 116.126 116.476 118.225 134.665 127.669 144.108 123.822 
± 11.228 ± 11.710 ± 11.665 ± 11.636 ± 11.721 ± 11.427 ± 11.004 ±16.636 

1ppm 78.506 99.194 116.975 122.792 120.834 125.587 113.508 95.615 
± . 0.811 ± 0.813 ± 0.819 ± 0.113 ± 12.121 ± 16.121 ± 16.616 ± 18.624 

N N N N N N a b 
5PPm 93.088 112.670 131.681 159.360 143.144 142.585 138.950 136.993 

± 1.999 ± 10.113 ± 20.800 ± 28.114 ± 12.696 ± 26.040 ± 10.644 ± 13.728 
a N N a N N N N 

lOppm 197.727 209.518 237.845 284.648 309.901 316.968 311.908 296.968 
± 15.241 ± 35.579 ± 36.497 ± 32.468 ± 39.256 ± 36.583 ± 34.589 ± 50.091 

N a N N N N N N 
mg of urea /100ml of serum 

n=10 (per cell) 
Values are mean ± standard deviation 
a->P <0.01 
b->P <0.05 
N-* non significant 

Graph 4.17: Effect of DDVP on serum urea 
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Uric acid  

Control animals showed uric acid level of serum in the range of 13.000 to 

20.674 mg/1004 .DDVP induced dose-dependent increments in the 

concentration of uric acid at all exposure periods and also promoted 

exposure period dependent elevation in uric acid level till the end of 96 

hours (Table 4.18). The highest elevation in uric acid level was promoted 

by 10.0 ppm dose at the end of 96 hours (Graph 4.18). 

Calcium (Ca2+ ) 

Calcium level of the serum of control mice was in the range of 36.527 to 

40.983 mg/100m1. DDVP doses promoted dose-dependent elevations of 

calcium at all the exposure periods except 96 hours (Table 4.19). 

Maximum increase in calcium level was induced by 10.0 ppm dose at the 

end of 96 hours (Graph 4.19). All the changes of Ca 2+  level were 

statistically significant (Table 4.19). 

Chloride (Cl ) 

Chloride levels in the serum of controls ranged from 1.785 to 2.051 Eq of 

C17100m1.A11 the DDVP doses promoted elevations in cr concentrations 

at all the exposure periods except for 1.0ppm dose (Table 4.20). The 
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Graph 4.20: Effect of DDVP on serum chloride 
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Table 4.20: Effect of DDVP on serum Cr 

Serum 6 12 24 48 72 96 120 240 

Control 1.785 1.838 1.787 1.807 1.875 1.884 1.958 2.051 
± 0.997 ± 0.914 ± 0.938 ± 0.975 ± 0.937 ± 0.965 ± 0.951 ± 0.974 

1ppm 1.305 2.741 2.030 2.131 1.861 2.575 	2.463 2.293 
± 0,050 ± 0.054 ± 0.028 ± 0,044 ± 0.014 ± 0,044 	± 0.043 ± 0.040 

N b b N N N 	N N 
5ppm 1.867 2.598 2.596 2.201 2.617 2.706 	2.613 2.617 

±0:054 ±0:023 ±0.028 ±0.016 ±0.018 ±0:016. ±0.012 ±0.018 
N N N N N N 	N N 

lOppm 1.734 4.588 5.019 3.736 2.262 3.668 	3.515 3.597 
± 0.050 ± 1.049 ± 1.048 ± 1.044 ± 0.010 ± 1.057 	± 0.061 ± 0.068 

N a N a N b 	a a 
Eq. of Cl-  /100m1 of serum 

11=10 (per cell) 
Values are mean ± standard deviation 
a- >P <0.01 
13->13  <0.05 
N-non significant 



10.0 ppm dose induced highest elevation in Cl -  concentration at the end 

of 24 hours (Graph 4.20). 

Sodium (Nat) 

Sodium concentration in the serum of control mice was in the range of 

162.235 mEq /L. All the doses of DDVP induced significant elevations of 

Na+  concentration for all the exposure periods (Table 4.21). The 

maximum increase in Na+  concentration was induced by 10.0 ppm dose at 

the end of 12 hours (Graph 4.21). 

Potassium (Kt) 

Control mice showed K +  concentration of serum in the range of 7.294 

mEq/L. Progressive increase in K +  concentration was promoted by 1.0 

and 5.0 ppm doses of DDVP (Table 4.22) . The maximum elevation in K + 

 concentration was produced by 10.0 ppm dose at the end of 96 hours 

(Graph 4.22). All alterations in K +  concentrations were statistically 

significant (Table 4.22). 
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Ch A1" 

DISCUSSION 



The review of pesticide literature and their actions showed that 

monocrotophos and DDVP primarily affect the nervous system by 

inhibiting cholinesterase, an enzyme needed for normal nerve impulse 

transmission (EXTONET, 1998) and they have a potential to induce 

divergent physiological, morphological, pharmacological and 

pathological changes in nearly all the organisms. Most of the researchers 

have studied monocrotophos and DDVP toxicity to fishes while their 

actions on higher vertebrates have not been thoroughly investigated 

especially with respect to renal physio-pathology. However, a few reports 

on higher vertebrates reveal the effect of oral and dermal exposure of 

these pesticides. Now, it is well understood that efficacy of drug action 

depends upon the mode of its administration (Rouiller and Muller, 1969; 

WHO, 1991). Curiously, there is hardly any report on the effect of 

intraperitoneally administered monocrotophos and DDVP on any organ 

of higher vertebrates. 

Cavagna et al., (1969) reported decrease in plasma acetylcholinesterase in 

the sick adults, children and healthy pregnant women admitted to 

hospital-wards disinsected with DDVP. Inhibition of plasma 

cholinesterase in humans after exposure to DDVP have been reported by 

Hunter (1971) whereas Gillet', et al., (1972) evaluated human health 

hazards on the use of DDVP. DDVP — induced neurologic lesions and 
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Graph 4.21 : Effect of DDVP on serum Na+ 
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Table 4.21 : Effect of DDVP on serum Na +  

Serum 6 12 24 48 72 96 120 240 

Control 162.235 162.235 162.235 162.235 162.235 162.235 162.235 162.235 
± 1.136 ± 	1.136 ± 1.134 ± 1.136 ± 1.135 ± 1.136 ± 1.136 ± 1.136 

1ppm 171.937 172.822 172.976 172.997 174.762 175.100 179.300 178.997 
± 5.560 ± 5.914 ± 5.894 ± 5.855 ± 5.850 ± 15.449 ± 8.983 ± 8.064 

a a a a a a a a 
5ppm 188.600 191.900. 205.400. 207.800 214.700 220.400 222.200 233.300 

± 18.753 ± 18.012 ± 28.366 ± 28.530 ± 28.627 ± 28.757 ± 28.757 ± 31.114 
a a a a a a N N 

lOppm 177.500 329.60 302.900 300.200 307.700 297.800 180.800 180.400 
± 16.121 ± 80.142 ± 80.116 ± 83.000 ± 88.000 ± 83.00 ± 18.000 ± 18.000 

b N a a a a b b 
m Eq. of Na+  /L 

n=10 (per cell) 
Values are mean ± standard deviation 
a-->P <0.01 
b---o.P <0.05 
N->non significant 



Graph 4.22: Effect of DDVP on serum K+ 
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Table 4.22 : Effect of DDVP on serum IC +  

Serum 6 12 24 48 72 96 120 240 

Control 7.294 7.294 7.294 7.294 7.294 7.294 7.294 7.294 
± 0.288 ± 0.288 ± 0.288 _ ± 0.288 ± 0.288 ± 0.288 ± 0.288 ± 0.288 _ 

1ppm 8.194 8.282 8.314 8.300 8.476 8.510 8.930 8.900 
± 0.567 ± 0.910 ± 0.949 ± 0.976 ± 0.957 ± 0.945 ± 0.998 ± 0.906 

a b b b b b a a 
5PPm 9.860 10.250 11.510 11.780 12.470 13.040 13.220 14.330 

± 1.675 ± 1.643 ± 2.620 ± 2.653 ± 3.663 ± 4.776 ± 4.753 ± 4.759 
a a a a a b b a 

lOppm 8.750 23.960 19.940 21.020 21.770 20.750 9.089 9.073 
± 1.512 ± 11.590 ± 9.110 ±12.023 ± 12.024 ± 12.000 ± 0.991 ± 0.911 

b a a b b b a a 
m Eq. Of K+  /L 

n=10 (per cell) 
Values are mean ± standard deviation 
a---->P <0.01 
b-+P <0.05 
N-4 non significant 



increase in the rate of lipid peroxidation in the different regions of rat 

brain have been reported by Hasan and Ali (1980). Rath and Misra (1981) 

reported decrease in acetylcholinesterase activity of brain and liver of 

fish. Kumar and Pant (1985) reported pathological changes in the kidney 

as a result of exposure of teleost (Puntius conchonius) to acutely lethal 

and sublethal concentration of monocrotophos. Ellinger (1985) reported 

not only cholinesterase but also alkaline phosphatase, lactate 

dehydrogenase and glutamate dehydrogenase competitive inhibition but 

also, reported increased activity of glutamic-pyruvic transaminase in liver 

after DDVP application. Janardhan and Sisodia (1989) reported 

monocrotophos — induced harmful effects on vital organs like the 

haemopoetic system, liver and kidneys of rats after prolonged exposure of 

ninety days. monocrotophos induced changes in tissue enzyme activities 

and disturbances in brain protein metabolism (Swamy et al., 1992). 

Ramesh et at, (1996) reported inhibition of acetylcholinesterase in brain, 

blood, liver and kidney of rat after treating with monocrotophos. Shimizu 

and his colleagues (1996) observed remarkable autopsy findings with 

congestion of lungs and kidneys and bleeding ulcers extending from the 

dorsum of the tongue to the upper pharynx and DDVP was found in 

spleen, heart, brain, lungs, kidneys, liver, blood and urine after fatal 

ingestion of DDVP. 
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The present results show that the intraperitoneal administration of 

monocrotophos or DDVP in a single dose can produce necrotic lesions in 

the mice, an effect not reported earlier. 

Histopathological alterations in kidney 

The haemotoxylene and eosin-stained sections of kidneys of mice at the 

end of 6,12,24,48,72,96,120, and 240 hours after monocrotophos/DDVP 

injections in doses 1.0,5.0 and 10.0 ppm show early and late necrotic 

changes in glomerurli, proximal and distal convoluted tubules as well as 

collecting tubules. The production of early and late changes is dose-

dependent whereas exposure period-dependent changes were not clearly 

demarked as transition from early to late changes was very swift and 

hence cannot be attributed to a specific period. 

Both the cortex and medulla exhibited necrosis and this suggests that 

monocrotophos and DDVP can induce cortico-medullary necrosis in the 

mouse kidney. From the observations it can be seen that single dose of 

monocrotophos and DDVP is quite sufficient to induce necrotic changes 

in the mouse kidney. Glomeruli exhibit early changes under the influence 

of all the doses of monocrotophos and DDVP. These alterations involved 

change in shape, increased infusion of blood cells in glomeruli, and 

intermittent rupture of Bowman's capsule. Such changes are induced at 
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the end of all exposure periods which clearly indicate that early changes 

are not time dependent. The aciilbness of late changes such as severe 

distortion/disruption of swollen glomeruli and Bowman's capsule, 

accumulation of nuclear and cytoplasmic exudents in capsular space 

increased in dose-dependent manner. The glomeruli did not exhibit any 

recovery till the end of 240 hours and this suggests that early as well as 

late changes induced by monocrotophos and DDVP are not reversible. 

DDVP at lower concentration was more toxic to glomeruli than 

monocrotophos. 

Proximal and distal convoluted tubules as well as collecting tubules 

become necrotic in a pesticide dose-dependant manner at all the exposure 

periods. The early necrotic changes such as change in shape, slight 

disruption of tubules exhibited recovery by 120 to 240 hours whereas late 

necrotic lesions such as loss of luminal border, rupture of basement 

membrane, rupture of entire tubules, clogging of lumen with debris, 

shrinkage of tubules, nuclear and cytoplasmic exudents in lumina did not 

show any recovery. Also early as well as late necrotic lesions of 

collectiong tubules did not show recovery. The present work shows that 

DDVP in large doses was less toxic to PCTs than monocrotophos but was 

more toxic to DCTs. Besides this, DDVP was less toxic to collecting 

tubules, especially for large doses while monocrotophos was more toxic. 
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Thus it appears that monocrotophos can promote more necrosis of PCTs 

and CTs in comparison to DDVP whereas DDVP is selectively very toxic 

to DCTs. 

Both monocrotophos and DDVP can promote dose—dependent as well as 

exposure period-dependent changes in the interstitium which include 

widening of interstitium, accumulation of blood cells, nuclear and 

cytoplasmic exudents. 

The process of destruction is a function of dose and exposure period and 

the renal tubules of kidney could be the first casulty of pesticide stress 

(Dubale and Shah, 1981) 

Kumar and Pant (1985) reported contraction of glomeruli with prominent 

gap between capsular walls and glomeruli, presence of distinct masses of 

blood in between the renal tubules and within the lymphoidal tissue, 

severe vacuolation and disintegration in the cells of the renal tubules 

leading to necrosis in teleost exposed to lethal and sublethal 

concentrations of monocrotophos. Dutta and Marcellino (1990) reported 

shrunken glomeruli with wide Bowman's space in kidneys of bluegill fish 

Lepomis macrochirus on exposure to malathion. Srivastava et al., (1990) 

reported shrunken glomeruli and vacuolated blood cells in glomerular 
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tuft, dilated lumina of renal tubules and necrosis of kidney of freshwater 

catfish, Heteropneustes fosillis exposed to chlorpyrifos. Mohapatra and 

Noble (1992) reported enlargement of renal tubules of mullet after acute 

exposures to DDVP for 48 and 96 hours and vacuolation of epithelial 

cells of renal tubules, extensive desquamation and flattening of tubular 

epithelial cells after subacute exposure of 45 days. Similar observations 

were reported by Konar (1977) in Heterpneustes fosillis and Labeo rohita 

chronically exposed to DDVP. 

The present work clearly shows that monocrotophos and DDVP induce 

nephrotoxicity in mice. Monocrotophos and DDVP induce necrosis of the 

cortex as well as medulla involving glomeruli, proximal, distal and 

collecting tubules especially proximal tubules appear to be more affected 

along with glomeruli. 

The present work also shows that a single dose of monocrotophos or 

DDVP is quite sufficient for inducing necrotic changes in the kidney of 

mouse which indicates that the mouse kidney is highly sensitive to 

monocrotophos and DDVP. 

It has been reported earlier that monocrotophos exerts its action on the 

renal blood vessels of fishes and due to its vasodilative action the kidney 
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lesions are produced and degree of vasodilation depends upon the 

concentration of the monocrotophos and exposure period (Kumar and 

Pant, 1985). 

From the present study it is evident that monocrotophos and DDVP 

induce necrosis at the end of 6 hours but at the end of 48 hours their 

effects seem to be more pronounced and severe, indicating progressive 

nature of necrosis. 

Besides, the present work shows the potent glomerular toxicity of 

monocrotophos and DDVP. Glomerular lesions may be caused by the 

direct toxicity of monocrotophos and DDVP or could be either due to 

immunologically induced injury Or systematic result of fibrin deposition 

due to local or systematic activation of the coagulation system. Similar 

observations are reported for glomerular toxicity in general or under renal 

diseases including toxic or immunotoxic disorders (Bach et al., 1989). 

The injury/necrosis of renal tubules could be due to interaction with non-

specific esterases, proteases or acid phosphatases liberated during 

labilization of lysosomal membranes. 

Similar observations are reported for malathion poisoning in mammals 

(Ntiforo and Stein, 1967). The elevations of non-specific esterases and 
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acid phosphatases activities in the kidney and serum indicate the 

involvement of lysosomes. Proximal renal tubular cells are particularly 

vulnerable to the toxic actions of chemicals owing to their high energy 

demand for reabsorptive and secretory functions particularly when they 

cause glutathione depletion, oxidation of cellular enzymes, depletion of 

cellular ATP and loss of mitochon%drial function (Bach et al., 1989; 

Trump et al., 1989). The reduced mitochondrial enzyme activities 

observed in the present investigation suggest this possibility. The 

depletion of energy might be responsible for activation of lysosmes. The 

present work shows that glomeruli are affected more than the renal 

tubules under the influence of low doses of monocrotophos while among 

renal tubules PCTs are more sensitive to both the pesticides. 

Biochemical alterations in kidney 

Acid phosphatase (ACP) 

All the doses of monocrotophos induce increase in ACP activity from the 

end of 6 hours till the end of 24 hours and this increase is dose-

dependent. After 48 hours only 1.0 and 5.0 ppm doses induced dose-

dependent increase of ACP activity till the end of 240 hours while 10.0 

ppm dose induced a little reduction in ACP activity in comparison to that 

induced by 5.0 ppm dose. 
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DDVP doses also increase in ACP activity at all the exposure periods in 

comparison to that observed in controls. However at the end of 120 and 

240 hours the ACP activity elevates significantly and does not show 

does-dependency as such. 

The increase of ACP activity under the influence of monocrotophos and 

DDVP are associated with increase in the degree of necrosis. This 

indicates a relationship of progressive necrosis with the increase of ACP 

activity. The present study also reveals that monocrotophos promotes 

more activation of ACP than DDVP. Goldstone and Koenig (1969) 

opined that chemical toxicants such as pesticides are absorbed in tubular 

cells by pinocytosis, they activate lysosomal system and stimulate the 

format-ion of ostensibly non-autophagic type of lysosomes which are the 

source of hydrolytic acid phosphatase enzyme. 

Abou-donia (1978) reported increase in acid phosphates activity 

promoting delayed neurotoxicity in hens under the influence of leptophos. 

Shibko andTappel (1964) is of opinion that lysosomal enzymes disturb 

membrane integrity leading to degenerative changes. Dianzani (1963) has 

also reported an increase in ACP activity subsequent to the liver injury. 

The relation between enhancement in ACP and necrosis is also reported 

by Dingle and Dean (1969,1973,75,76). 
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The elevations of ACP activity during renal nephritis is believed to be for 

the destruction of necrotic cell constituents (Sztriha et al., 1975). The rise 

in ACP runs parallel to the rise in the necrotic condition of the kidney. 

Any reduction of ACP activity of kidney could be due to its urinary 

elimination as urine shows presence of ACP and at times the urine shows 

a corresponding increase in urinary ACP activity. The decrease in ACP 

activity under the influence of some of the doses of monocrotophos and 

DDVP can be explained on the basis of clinical observations of Merill et 

al., (1956). According to Merill's hypothesis after cell death/cell injury 

the enzymes pass down the concentration gradient into the extracellular 

spaces and blood. In the present case, the serum shows an increase in the 

ACP activity and this increase can be correlated to the decrease in the 

kidney acid phosphates upto certain extent, /  but this correlation is by no 

means constant as it depends upon the degree of necrosis and the 

probable passing of the enzyme down the concentration gradient into the 

extracellular space and blood as well as on the involvement of other 

tissues in necrotic states. The intermittent fluctuations in the enzyme 

activity can be attributed to the lysosomes, which become very active 

after the cytoplasmic exudation, which takes with them some of the 

cytoplasmic exudation to the debris for subsequent elimination. 
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Alkaline phosphatase (ALP) 

Almost all the doses of monocrotophos promote steady dose-dependent 

increase in ALP activity till the end of 96 hours and later on ALP activity 

decreases. DDVP induces increase in ALP activity at the end of 6 hours 

followed by fluctuations till the end of 96 hours and subsequently ALP 

activity increases steadily till the end of 240 hours. Monocrotophos-

induced elevations of ALP activity correlate with the progressive necrosis 

of kidney. Similarly DDVP-promoted elevations of ALP activity 

correlate with the initial progress of necrosis of PCTs but subsequently 

the activity fluctuates. 

Increase in ALP activity in kidney primarily focuses the damage caused 

to the brush border of PCTs which is the renal homesite of this enzyme 

(WHO,1991). 

Therefore it appears that elevations of ALP activity are the result of 

necrosis of renal tubules. Though the presence of alkaline phosphatase 

was reported from various mammalian tissues, its exact physiological role 

is not yet fully elucidated. As ALP is located in the plasma membranes of 

cells of kidney tubules its possible role in the active transport is suggested 

(Danielli, 1952). Thomas and Murthy (1976) reported increase in the 
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ALP activity of the fish Heteropneustes fosillis on chronic exposure to 

monocrotophos. 

The fluctuations -observed in the ALP activity of kidney under the 

influence of monocrotophos and DDVP could be due to the renal 

clearance/elimination of this enzyme through urine and partly due to its 

passing down to the serum and extracellular spaces (Merill et al., 1956). 

This possibility is supported by the increase in ALP activity in serum and 

this increase can be correlated to the decrease in the kidney ALP upto 

certain extent, but this correlation is by no means constant as it depends 

on degree of necrosis and possible passing of enzyme down the 

concentation gradient into the extracellular space and blood. 

Non-specific esterase (NSE) 

Monocrotophos induces steady elevations of the NSE activity from the 

end of 6 hours till the end of 96 hours later on it promotes decrease in 

NSE activity. All the elevation of NSE are dose-dependent. All the doses 

of DDVP except 1.0ppm, induce elevation of NSE activity. The 5.0 and 

10.0ppm dose promote maximum elevations of NSE activity at the end of 

240 hours. 
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Organosphosphorus poisoning in mammals is recognised to be due to 

cholinesterase inhibition and Kao et a/.,(1985) reported non-specific 

esterase-mediated hydrolysis of malathion and paraoxon in mouse 

microsome preparation. Shibko and Tappel (1964) have suggested that 

under the normal physiological conditions products of intracellular 

hydrolysis of some of the naturally occurring esters example: cholesterol 

esters and vitamin A esters might be involved in control of permeability 

of lysosomal membrane and hydrolysis of toxic esters could also affect 

the integrity of the lysosomal membrane. Ntiforo and Stein (1967) 

reported the possibility of anticholinesteases (organophosphate 

pesticides) mediated changes in the structural component of lysosomal 

membrane leading to the alteration of permeability and this may lead to 

the release of non-specific esterase. Therefore, elevations of NSE activity 

indicate labilization of lysosomes due to monocrotophos and DDVP 

which promote necrosis of kidney. 

The fluctuations and reductions of NSE activities depend upon the degree 

and state of necrosis of the tubules involved in necrosis. The early stages 

of necrosis do not promote activation of NSE but as the necrosis 

progresses, the labialization of lysosomes/activation of lysosomes would 

enhance leading to the release of NSE. Besides this, NSE activity could 

fluctuate in accordance with its release into extracellular space and blood 
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as suggested by Merill et al., (1956) and also partly due to the renal 

clearance/elimination of NSE through urine. The elevation of NSE in 

serum and its appearance in urine support this possibility. The elevations 

of NSE activity of kidney in proportion to the increase in necrosis can be 

considered as in agreement with the observations of some researches for 

ACP, a lysosomal enzyme in necrotic kidney and other tissues (Holtzman 

and Novikoff, 1965; Dingle and Fell, 1969, Kobayashi and Hayslettj, 

1971; Sztriha et al., 1975) as NSE is also a lysosomal enzyme. 

Metabolic enzymes 

All the doses of monocrotophos and DDVP induce reduction in glucose-

6-phosphate dehydrogenase (G6PDH), mitochondrial isocitrate 

dehydrogenase (mICDH) and mitochondrial malate dehydrogenase 

(MDH) activities in dose-dependent manner. Maximum reductions are 

induced under the influence of 10.0ppm dose. 

Reduction in kidney G6PDH, the first enzyme in pentose phosphate 

pathway indicate the metabolic stress experienced under the influence of 

monocrotophos and DDVP, thus making the kidney tubules especially 

proximal tubule cells more susceptible to toxic actions of these pesticides 

or their metabolites (WHO,1991). It has been reported that drugs and 

other chemicals may be transported across proximal tubules cells i.e from 

renal capillaries across tubular cells to be excreted in the tubular lumen or 
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vice versa. This implies an active carrier-mediated transport process 

which requires energy obtained from oxidative metabolism located in 

mitochondria and such active process has certain implications concerning 

the susceptibility of tubular cells to effect of toxins (Bernadt, 1989). 

Under such metabolic stress there occurs oxidation of cellular enzymes, 

depletion of cellular ATP and loss of mitochondrial function (Trump et 

al., 1989) and due to production of reactive electrophilic metabolites 

which are known to bind covalently to tissue proteins leading to the cell 

injury/death (WHO,1991). Isocitrate dehydrogenase and malate 

dehydrogenase assays undertaken for present study being a component of 

the Krebs tricarboxylic acid cycle, are particularly sensitive to episodes of 

necrosis occuring as a reaction to chemical toxicants (Bergmeyer, 1983). 

Therefore, reduction in G6PDH, ICDH and MDH and its correlation to 

the progress of necrosis observed in present study are in favour of above 

hypothesis, but it needs ultrastructural investigation to find out the 

severity of the damage caused to mitochondria. 

Increase in acid phosphatase and non-specific esterase observed in 

present study suggest the possible activation of lysosomes due to 

depletion of energy/metabolic stress. 
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Total proteins 

From the observation it appears that monocrotophos and DDVP can alter 

the total protein contents from the kidney quantitatively. Monocrotophos 

induced decrements in total protein contents are neither exposure period - 

nor dose-dependent. Whereas DDVP induce decrements in total protein 

contents but the protein levels elevate from the end of 6 hours to the end 

of 96 hours but all these elevations remain below the level of total protein 

observed in controls indicating a slight recovery after necrosis and 

histopathological examinations support this. 

Organophosphate mediated changes in protein metabolism are reported 

by Sandhu and Malik (1988a) and Sandhu et al., (1991). Besides, 

mononocrotophos- induced reductions in brain proteins of fish and rats 

are known (Richardson 1981 ; Joshi and Desai, 1983 ; Swamy et al., 

1992). The decrements in the total protein contents of kidney indicate 

their metabolic utilization as the proteins that have passed from 

Bowman's capsule are reabsorbed by the proximal convoluted tubules 

through pinocytosis and these pinocytotic vacuoles fuse with the 

lysosomes(Marzella et al., 1981 and WHO, 1991). The products of 

lysosome mediated protein digestion are rapidly involved in the 

metabolic process stepped up by pesticide intoxication (Ellinger, 1985). 

Therefore, monocrotophos and DDVP mediated decrements in total 
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protein contents of the kidney could be due to the necrosis of glomeruli 

and renal tubules leading to their lysosomal mediated digestion by the 

intact tubules, with the subsequent transport of their products to the 

blood. Besides the decrease in protein contents also depend upon the 

number of renal tubules undergoing necrosis or the degree of necrosis 

(Berger et al., 1983). Besides, the decreases in the total protein contents 

of the kidney could also be partly due to their passing down the 

concentration gradient into extracellular spaces and blood (Merill et al., 

1956) and partly due to their excretion through urine. The increase in 

serum protein levels at some instances and the appearance of the protein 

(proteinuria) in the urine under the influence of monocrotophos and 

DDVP substantiate this possibility. The slight elevations in protein 

contents could be considered as an indication of a little recovery of 

necrotic tubules and may partly be due to the increase in protein 

metabolism during the process of recovery. However, this needs further 

investigation to throw more light on this aspect. 

Creatinine 

The present study shows that monocrotophos and DDVP induce increase 

in kidney creatinine level. Only DDVP doses induce dose-dependent 

increase in creatinine contents of kidney at all the exposure periods. 
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Creatinine represents the waste products of creatine metabolism and it 

arises in the body from the spontaneous breakdown of creatine phosphate. 

It serves practically no apparent function in the body. The creatinine level 

increases due to excessive tissue destruction releasing creatinine or due to 

failure of creatine being properly phosphorylated (Chatterjee, 1972). 

In present studies the elevation of creatinine in the renal tissue may be 

due to tissue destruction promoted by monocrotophos & DDVP. Besides 

the destruction of renal tissue, these pesticides may be promoting 

destruction of other tissues in the body as well as may be interfering in 

the process of phosphorylation of creatine in muscles which may step up 

the conversion of creatine to creatinine and this excess of creatinine may 

be passed on to the kidney for elimination. Similar observations are 

reported by Bandiwdekar (1996) for renal necrotic tissues of ducks. 

Fluctuations in the kidney creatinine may be related to the degree of 

necrosis of renal tissue as well as other tissues promoted by 

monocrotophos and DDVP and their elimination through urine as well as 

partly due to their entry into blood (Merill et al., 1956). The elevation of 

kidney tissue creatinine in proportion to the renal necrosis substantiates 

Chatterjee's (1972) view of relations between the tissue damage and 

creatinine level. 
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Urea 

Monocrotophos induces elevations in urea contents of the kidney at all 

the exposure periods and exposure period-dependent increase of urea is 

promoted by 10.0ppm dose of monocrotophos. DDVP also induces 

elevation in levels of urea at all the exposure periods, however exposure 

period-dependent increase is induced by 5.0 and 10.0 ppm doses. 

These observations suggest that monocrotophos and DDVP promote 

enhancement of urea synthesis. Under the influence of these pesticides 

the kidney undergoes necrosis and the lysosomal enzymes may be 

promoting degradation of proteins. These excess of protein or their 

degraded products vis-a-vis the amino acids enter the circulation as 

evidenced by the rise in serum protein level at few instances and these 

may be taken to liver for deamination and transamination. During such 

process, more ammonia may be getting produced which eventually gets 

converted into urea and then passed on to the kidney for elimination. This 

hypothesis is supported by the observations of urea elevations in the 

serum, kidney and urine, but it needs further investigation to throw more 

light on it. The slight decline in urea level of kidney at few instances may 

be considered due to the passing of urea into the urine and blood. 
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Uric acid 

From the observations of present study it is noticed that monocrotophos 

and DDVP bring about alterations of kidney uric acid level. 

Monocrotophos induce dose-dependent increase whereas DDVP induce 

only exposure period-dependent increase in uric acid contents from the 

end of 6 hours to the end of 96 hours. 

According to Jerry (1975) and WHO (1991), the organic acid transport 

system of the proximal tubule serve to excrete certain molecular species. 

Toxicants that are involved in these systems might induce renal injury 

directly because of high cellular concentration or by acting as competitive 

inhibitors to block the elimination of endogenously produced toxic 

metabolite. There could be an attempt to eliminate monocrotophos and 

DDVP or their metabolic products through urine (i.e. kidney) and this 

could interfere in the organic acid transport system of proximal tubules 

which are either intact or partially damaged, leading to the accumulation 

of toxic metabolite, such as uric acid. The necrosis of the several cells of 

renal tubules may release nucleoproteins of cellular origin and the end 

product of nucleoprotein especially purine metabolism is uric acid 

(Chatterjee, 1972) thus, the necrosis of renal tubules could be considered 

as a source of uric acid in the kidney and uric acid level of kidney could 

depend upon the degree of necrosis and a concomitant stepping up of 
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purine metabolism. However, it needs further investigation to see if 

ik" monocrotophos and DDVP induce alteration in the purine metabolism. 

Especially, the study of activities of enzymes involved in uric acid 

synthesis would throw adequate light on this aspect. 

Calcium (Ca2+) 

From the observations it is seen that monocrotophos and DDVP induce 

elevations in kidney Ca2+  level. Monocrotophos induce dose-dependent 

elevations of Ca2+  level at all exposure periods while DDVP induce 

exposure period-dependent increase in Ca 2+  level at the end of all 

exposure periods except 120 and 240 hours. 

Increase in serum Ca 2+  level of fish exposed to pesticide is reported 

(Sastry and Sharma, 1978; Bansal et al., 1979; Dalela et al., 1981; 

Sharma et al., 1982). In contrast, other investigators have observed 

decreased Ca2+  levels of fish treated with pesticides (Srivastava et al., 

1997, Srivastava et al., 1995, Bano, 1982; Singh et al., 1996). 

With respect to renal architecture, proximal renal tubule cells are 

particularly vulnerable to the toxic actions owing to their high energy 

demands due to their reabsorptive and secretory functions (WHO, 1991) 

therefore any increase in kidney Ca 2+  level could be accounted for the cell 
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injury caused by toxicant to many other tissues and organs causing the 

release of calcium from the necrotic cells into the blood stream and the 

elevation of serum calcium level in the present work suggests this 

possibility. The increase in serum calcium concentration could cause its 

entry into renal apparatus, especially through intact and damaged 

glomeruli. This extra calcium coming to kidney for elimination would 

increase the calcium contents from the kidney depending upon the 

amount of calcium eliminated by the kidney through urine. The 

occurrence of calcium in urine observed in the present study also suggests 

this possibility. Besides, parathyroid hormone (PTH) controls the calcium 

concentration in extracellular fluid of kidney. Monocrotophos and DDVP 

might have promoted release of PTH which could stimulate the rate of 

reabsorption of Ca2+  from the glomerular filtarte, enhance the 

mobilisation/reabsorption of Ca 2+  from bones influence the rate of 

absorption of calcium from gastrointestinal tract secondarily through its 

influence on the renal formation of active vitamin D metabolites 

(Howard, 1989) Therefore, the elevations in the kidney Ca 2+ 

 concentrations may also be due to change in membrane Ca2+  fluxes, PTH 

influence as well as due to calcitonin. It is difficult to mention which of 

the mechanism is contributed more to the elevation of Ca 2+. However, It 

needs further investigation to throw more light on it. 
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Chloride (CI) 

Monocrotophos induce dose-dependent elevations in kidney chloride 

levels at all exposure periods where as only 10.0ppm dose of DDVP 

could induce elevations in kidney chloride levels at all exposure periods. 

The renal chloride contents undergo some fluctuations as the exposure 

periods increase but perfect correlation between pesticides exposure and 

alteration of chloride levels are not seen. 

Ericsson and Spring, (1982) and Frizzell et al., (1979) suggested that Na + 

 and CF are co-transported across the luminal membrane by a carrier. The 

coupled carriers are capable of producing uphill transport of one partner 

and the other partner moves down hill through a large enough gradient 

(i.e. secondary active transport). The coupled carrier scheme suggests that 

Cl" can be transported uphill into the cell. In the present study these 

pesticides may be promoting the enhancement of these coupled carriers 

which may then elevate the renal CF contents. Probably under the 

influence of pesticides this coupled carriers system is activated which 

may lead to more transport of chloride ions. Now it is known that the 

second messengers in the sequence of regulatory events within the cell 

include cAMP and calcium ions. Cyclic AMP may activate a protein 

kinase that phosphorylates and opens closed Cr channels, thereby 

increasing the chloride transport. Therefore monocrotophos and DDVP 
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may be activating cAMP synthesis and activating protein kinases to 

promote phosphorylation and opening of Cl" channels. 

A rise in intracellular calcium has been shown to open Cl" and K + 

 channels (Sterling_ 1989). In the present study, increased kidney Ca2+ 

 levels are observed and this elevated calcium may open the Cl" channels 

as suggested by Sterling (1989) leading to elevation of chloride contents 

of the kidney. But it needs further investigation to throw more light on 

this aspect. The reduction, in kidney CI contents may be due to its 

passing down the concentration gradient into blood and its passing down 

to the urine. 

Na+  & K+  

From the observations it was seen monocrotophos and DDVP induce 

elevations in Na+  concentrations of kidney. The 10.0ppm dose of 

monocrotophos and DDVP induce highest elevations of kidney Nat 

Monocrotophos and DDVP also induce elevations of kidney K + 

 concentrations. As the necrosis progressed, Na+  and K+  concentrations of 

kidney increased specially with respect to the necrosis of tubules and 

under such conditions the secretion or reabsorption of Na +  and K+  may 

fail leading to their passage to the urine. However, the intact nephrons 

could take up the responsibility of reabsorption resulting into retention of 
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Na+  and K. The elevations of serum concentrations of Na +  and K+  may 

promote the drive of electrolytes to kidney for its elimination and this 

could partly promote the elevation of electrolyte concentration of kidney. 

Therefore injury to PCT lining cells and extension of lesion to distal 

portions of the tubules manifest such increased electrolyte concentration 

accompanied by loss of the ability to maintain electrolyte balance (WHO, 

1991) which is also supported by increased serum Na and K + 

 concentration and elevated Na+  and K+  excretion through urine. 

Glomerular filtration rate (GFR) and urine flow rates 

(UFR) 

All the doses of monocrotophos promote decrements in GFR and DDVP 

promotes dose-dependent decrease in GFRs at all the exposure periods 

except 120 and 240 hours. UFR also reduces under the influence of 

monocrotophos and DDVP. 

Decrease in GFRs and UFRs indicate impaired glomerular filtration. 

Pesticides and their metabolites are generally eliminated through urine 

(Sharp et al., 1972, Hughes et al., 1973) and they can induce damage to 

the nephrons, especially to the glomeruli depending upon the amount of 

pesticides passed on to the kidney for elimination and degree of damage 
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to glomeruli could decide the urine flow rates and urinary elimination of 

pesticides (Ecker et al., 1975). The decrease of GFR observed in the 

present study could • be due to the damaged glomeruli (Webb 1983) and 

dose-dependent necrosis of glomeruli observed in kidneys of 

monocrotophos and DDVP-treated mice substantiate the view of Webb 

(1983). The decrease in UFR may be accounted to an increased tubular 

reabsorption of water and/or to a reduction in rate of glomerular filtration 

as low urine volumes may be partly due to the reduction of GFR (Prashad 

et al., 1981) and low urine formation result in low UFR. 

There is also a histochemical evidence for the presence of cholinesterase 

in mammalian kidney tissue (Marx and Carter, 1963) and also in rat 

kidney tissue (Ramesh et al., 1996). Since these organophosphate 

insecticides inhibit actylcholinesterase thereby declining enzymatic 

hydrolysis of acetylcholine, which could promote accumulation of 

acetylcholine in kidney. Thus decrease of GFRs in present studies could 

also be partly due to accumulation of acetylcholine which remains 

unhydrolysed (Stein et al., 1971). The accumulated acetylcholine causes 

alterations of renal blood supply to a certain extent (Jerry,1975). Besides 

this, the decrease of GFRs are known to be dependent on prostanoids 

(Bernheim et al., 1988) and improvements in GFR are promoted by 

increased PGE2  synthesis. It is difficult to relate the reductions in GFR to 
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protanoids but recoveries in GFR and UFR could possibly be due to 

improved synthesis of PGE 2  as well as partly due to the intrinsic 

regeneration capacity of kidney to compensate for the loss of kidney 

function (Jerry, 1975 and WHO, 1991) 

Biochemical alterations in urine 

Acid phosphatase (ACP) 

It is a well-established fact that urine shows enzymes activities after 

manipulations of the urinary tract or after severe injury to kidney. Besides 

this many enzymes get excreted through urine in many urological 

diseases. From the observations it is clear that urinary excretion of ACP 

is promoted under the influence of monocrotophos and DDVP while the 

controls do not show ACP activity in urine. Normaly urine does not show 

presence of ACP. Only in pathological urines the lysosomal enzymes are 

known to occur. The variations in the excretion of ACP is somewhat 

necrosis dependent but perfect correlation is not seen. The lysosomes 

from the cytoplasm may come into the lumen along with the exuded 

cytoplasm and then may pass into the urine. Thus, the acid phosphatase 

may be coming from the damaged tubules of the kidney but it is not the 

only source. The rise or fall of ACP activity of urine may have its origin 

in other organs affected by monocrotophos and DDVP as well as serum 

levels of ACP. Therefore, urinary excretion of ACP may be due to 
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glomerular necrosis/leakages or due to enzyme present in serum or 

release of enzymes usually contained in tubular cells due to toxic damage 

to kidney as suggested by Diezi and Biollaz (1979). According to 

Chahwala and Harpur (1980), acid phosphatase appear to be a sensitive 

index of PCT damage in particular. Whereas Koenig (1968) are of 

opinion that urinary enzyme excretion may possibly be due to the 

formation of myeloid bodies in the apical cytoplasm of proximal tubule 

cells which eventually are exocytosed into the lumen. But to find out this 

possibility ultramicroscopic investigation is required. Thus the presence 

of ACP along with urea indicate a pathological state of enzymuria 

indicating impairment of kidney promoted by monocrotophos and DDVP. 

Alkaline phosphatase (ALP) 

From the observations it is clear that monocrotophos and DDVP induce 

elimination of ALP through urine. Only DDVP doses promote dose—

dependent excretion of ALP from the end of 6 hours to the end of 24 

hours. 

Increase in ALP excretion focus on the damage caused to the brush 

border of PCT (WHO, 1991). The variations in excretion of ALP is also 

dependent on necrosis of kidney as well as on rise or fall of ALP in serum 

and necrosis/injuries of tissues other than renal. 
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Thus rise of urinary ALP activity may be due to leaky glomerulai and 

PCTS enzyme present in serum or release of ALP usually contained in 

tubular cells due to toxic damage (Diezi and Biollaz, 1979). The presence 

of ALP in urine indicate impairment of PCTs vis-a-viz impairment of 

renal/tubular transport as the enzyme is known to be associated with 

membrane transport, especially across the brush border of PCTs. 

Non—specific esterase (NSE) 

Under normal conditions NSE is not seen in urine. From the observations 

of the present study it is noticed that monocrotophos and DDVP induce 

elimination of NSE through urine. The urine shows variations in enzyme 

activities at different time intervals, which may be due to necrosis or/and 

due to leaky glomeruli and enzyme present in serum as suggested by 

Diezi and Biollaz (1979). Therefore enzyme excretion/enzymuria appears 

to be an indicator of renal injury or malfunctioning. The fluctuations in 

the renal elimination of esterase may therefore depend upon the necrotic 

states of the organs, the elevations of serum esterases and on passing 

down of the esterase against the concentration gradient into the 

extracellular space (Merill et al., 1956). It is also known that the release 

of enzymes into the blood and extracellular space correlated with the 

degree of necrosis or the size of area of infarction (Metkiewski et al., 

1968, Zelman et al., 1959). Therefore, the rise or fall in the urine esterase 
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is likely to depend upon the area of renal infarction, the level of serum 

esterase and the amount of esterase being passed to the extracellular 

space. 

Total proteins. 

Normally proteins do not come into the urine but sometimes pathological 

proteinuria is exhibited. As far as mammals are concerned they do not 

excrete proteins through urine under normal and healthy conditions. The 

present work shows that monocrotophos and DDVP promote excretion of 

protein and high doses induce maximum excretion of proteins indicating 

severe renal necrosis/impairment. Many workers have shown that 

proteinuria is a sign of renal impairment (WHO 1991). Palmela et al., 

(1966) have shown that the kidney is highly unselective in the excretion 

of protein in acute ischemic renal failure. Kariwilhelm et al., (1977) have 

shown that proteinuria exists in nephrotoxic nephritis. Skjorten and 

Fedrik (1964) have reported fibrin precipitation in glomeruli in cases of 

bilateral renal necrosis. Murray (1965,1979) reported that urine shows 

oligourea with very high protein excretion. Mendel and Popper (1951) 

reported proteinuria in ischemic necrosis. Kashgurian et al., (1977) have 

mentioned about tubular disorders that induce proteinuria. 
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Therefore in the light of observation of the present study it can be 

inferred that injury to renal tubules & glomeruli is manifested by 

increased excretion of total proteins which are normally reabsorbed by 

the tubule cells. Therefore, proteinuria can occur as a consequence of 

primary glomerular lesion, or tubular damage resulting in decreased 

reabsorption of normally filtered proteins and hence an increase of 

urinary protein excretion is a sensitive indicator of renal damage induced 

by toxic agents such as pesticides (Diezy and Biollaz 1979). This findings 

are also in agreement with a report of Carone et al., (1979). They 

observed that mammalian kidney tubules play an important role in the 

metabolism of proteins and peptides. Only proximal tubules possess the 

mechanism of degradation or transport of these substances and 

reabsorption of metabolic products. Since the tubules undergo necrotic 

changes under the influence of monocrotophos and DDVP, such protein 

metabolism may be getting disturbed resulting in excretion of proteins 

through urine. 

Creatinine 

The present study shows that monocrotophos and DDVP induce increase 

in excretion of creatinine through urine. 10.0ppm dose of monocrotophos 

as well as DDVP induce maximum excretion of creatinine through urine. 

Both the pesticides induce varing renal creatinine elimination. The 
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excessive occurance of creatinine in urine along with urea indicates the 

development of a pathological condition called creatinine-urea. The 

monocrotophos and DDVP- induced creatinine-urea indicates excess 

metabolism of creatine as creatinine is waste product of creatine 

breakdown. Creatinine is largely endogenous in origin so that amount 

excreted in the urine is little influenced by diet and both the controls and 

treated mice had the same diet. The controls do not show high renal 

clearance. of creatinine. Therefore hikes in creatitinine excretion through 

urine could be due to the increased creatinine metabolism coupled with 

renal insufficiency as serum creatinine levels are also elevated which 

generally promote renal excretion of creatinine (Varley, 1976). 

Rennick (1967) has shown that the creatinine is secreted by the renal 

tubules and some of it is absorbed by the tubules therefore the loss of 

luminal border of the tubules or necrosis of tubules may be partly 

responsible for the urinary excretion of creatinine. The induction of 

creatinine-urea is a pathological symptom, indicating that animals are 

under stress. 

Urea 

The present study shows that monocrotophos and DDVP promote dose-

dependent inccrease in urinary excretion of urea with few exceptions. 
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About 40% of the filtered urea is absorbed in the proximal convoluted 

tubules and when ADH levels are high, water is absorbed from the 

collecting tubules resulting in the rise in urea concentation. Under the 

influence of monocrotophos and DDVP, PCTs are seen to get injured. 

Therefore, the necrotic PCTs may not be able to perform the absorption 

of urea, thereby increasing urea concentrations in tubular fluid which may 

be passed on to the collecting tubules. The collecting tubules may be 

attempting the absorption of water and electrolytes under the influence of 

ADH which may further increase the urea concentration leading to 

excessive release of urea in urine. The fluctuations/drops in the renal 

clearances of urea may be partly due to the improved absorption of urea 

by the intact PCTs and partly due to the passing into extracellular space 

and blood.(Merill et al., 1956) Bruller et al., (1969) have reported that 

increase in GFR increases urea clearence. Park et al., (1969) have shown 

the reduction in urea excretion in relation to fall in GFR. Niesel et al., 

(1970) have shown the inter dependence of urea, NaC1 and KC1 

excretion. In the present study the renal urea is high though the rate of 

urine flow and GFR are reduced under the influence of monocrotophos 

and DDVP. This is in contrast to the observations of Bruller et al., (1969) 

and Park et al., (1969). Therefore, the increase of urea concentration in 

the urine could be due to the breakdown of proteins released from the 

necrotic tissues(Varley, 1976). The renal necrosis induced by 

162 



monocrotophos and DDVP results in the release of cytoplasmic 

debris/tissue proteins which are broken down by lysosomal enzymes and 

the release of tissue proteins in the blood as observed by the rise in 

protein levels of serum at some instances along with urea substantiate 

Varley's (1976) observation. Therefore, rise in urinary urea could be 

considered as an indicator of elevated protein metabolism. Even the 

elevations of urea concentration in serum could lead to its urinary 

excretion. 

Uric acid 

From the observations of the present study it is obvious that 

monocrotophos and DDVP promote increase in urinary uric acid 

eliminition. Only DDVP induces dose-dependent elevations in the renal 

elimination of uric acid. 

Increase in uric acid excretion observed in the present study may be due 

to stepped up purine metabolism. Necrosis of renal tissue observed in the 

present study correlates with the dose-dependent elevations in uric acid 

elimination which indicates that high uric acid level may be derived from 

the breakdown of cellular nucleoproteins which leads to its presence in 

urine in abnormal quantity as suggested by Chatterjee (1972)and Jerry 
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(1975). The elevations of serum uric acid concentrations could also be 

accounted for the renal elimination of uric acid. 

Calcium Ca2+  

Monocrotophos induces dose-dependent elevations in renal excretion of 

calcium at all exposure periods except 48 and 72 hours. DDVP also 

induces dose-dependent elevations in excretion of ca 2+  at all exposure 

periods except 72,96 and 120 hours. 

The increase in urine ca2+  may be due to renal necrosis. During necrosis 

tissue is damaged, the cytoplasmic debris is exuded in the tubule lumina 

along with lysosomes and the breakdown products of lysosomal action, 

along with the Ca2+  may be swept into the distal portions of tubules from 

where it may be passed down to the urine thereby increasing the renal 

excretion of Ca2+. The fluctuations in urinary excretion of Ca 2+  may be 

due to fluctuations in the serum calcium levels and changes in the degree 

of necrosis as well as due to the variations in the calcium absorption by 

the intact renal tubules which have escaped damaged. 

Chloride (Cr) 

Monocrotophos and DDVP promote significant elevations in urinary 

chloride levels. 10.0ppm dose of manocrotophos and DDVP produce the 

highest urinary excretion of Cr. 
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This elevated excretion of Cl -  may be due to elevated renal chloride 

concentration and partly due to elevations in serum. Besides this, the 

variations in the degree of necrosis would also contribute to the 

elevations and fluctuation in the urinary chloride levels. During necrosis 

the cytoplasmic debris is swept into the lumina and the chloride contents 

of the debris may get passed on to the urine thereby increasing the urinary 

chloride levels. Besides, the intact renal tubules especially collecting 

tubules may try to reabsorb some of the chlorides and these reabsorptions 

of chlorides may partly contribute to the fluctuations in urinary chloride 

levels. But largely the changes in the renal excretion of chlorides would 

depend upon the degree of necrosis, accumulation of calcium ions which 

are known to induce chloride accumulations in renal tissues and 

elevations or depletions of serum chloride levels. Even the elevations of 

Na+  excretion through urine could also influence renal chloride 

elimination. 

Na+  and IC 

From the observations it is seen that the doses of monocrotophos and 

DDVP induce increased urinary excretion of Na +  and K+  through urine. 

Carone and his colleagues (1979) have observed that in renal diseases in 

animals and in man or in renal disorders with comparable or greater 
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reductions in GFR, Na+  retension does not occur and fractional excretion 

of Na+  in urine is increased in proportion to the reduction of GFR as 

observed in present study. Besides this , the damage of the proximal and 

distal tubules may decrease the absorption of Na +,which may lead to an 

increase in Na+  excretion. Thus the tubular necrosis may be responsible 

for high Na+  excretion (Kashgurian et al., 1977; WHO 1991)and party the 

elevated levels of Na+  in serum contribute its excretion. Increase in 

urinary Na+  excretion in dogs exposed to parathion is reported (Gauna et 

al., 1982). 

Increased K+  excretion observed in the present study could be attributed 

to the lesions of distal portions of the tubules which is accompanied by 

loss of the ability to maintain water and electrolyte balance 

(WHO,1991). Giebisch and Gerhead (1965) reported that K +  secretion of 

the distal tubules is influenced by four factors: the extracellular K + 

 concentration, the electrical gradient across the luminal tubular 

membrane, the strength of the active transport process reabsorbing the K + 

 and the K+  permeability of the luminal cell membrane. The renal distal 

tubules undergo necrosis under the influence of monocrotophos and 

DDVP and the necrotic tubules lose the luminal border which them may 

fail to reabsorb the 
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Therefore urinary excretion of K +  may be enhanced. The fluctuations in 

the renal K +  excretion may be due to variations in the degree of necrosis 

and number of tubules involved in necrosis. Besides this high serum K + 

 levels may also promote urinary excretion of K. Besides this, the 

decrease in active transport as a result of ATP depletion due to necrosis 

and damaged mitochondria, would result in excessive renal clearance of 

K. 

Biochemical alterations in serum 

Enzymes 

The serum gets profoundly affected by monocrotophos and DDVP. The 

effect of these pesticides on the serum may not be direct but an indirect 

one. 

Acid phosphatase, alkaline phosphatese and non-specific esterase 

activities of serum of mice show increase in their activities following 

monocrotophos and DDVP exposures. 

Janardhan and Sisodia (1989) reported monocrotophos induced rise in 

serum alkaline phosphatase and also stated that organophosphorous 

compounds may produce adaptive mechanism expressed by the tendency 

towards an increased synthesis of various serum enzymes. These 
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enzymatic changes corroborate with dose-related degeneative changes of 

the organs of the body. Barlas (1996) reported malathion- induced 

increase in serum alkaline phosphatase activity in mice. Swamy et al., 

(1992) reported increased serum acid phosphatase activity in rat brain on 

exposure to monocrotophos. 

The rise in serum ACP, ALP and NSE activities may be explained on the 

basis of Merill's hypothesis (1956). Increased serum enzyme activities 

indicate passing of enzymes to blood due to renal and non-renal damage 

(Merill et aL,1956) and activation of these enzymes in blood cells (WHO, 

1991). The fluctuations in serum AP, ALP & NSE could be due to the 

variations in the degree of necrosis of kidney and partly due to the renal 

clearance of these enzymes as well as its passing down the concentration 

gradient in to extra cellular spaces. 

Total proteins 

Monocrotophos did not promote significant alterations in total proteins 

whereas DDVP doses promoted significant decrease in serum total 

protein except for 10.0ppm dose. This decrease in protein level may be 

due to the renal clearence of proteins and proteinuria observed in the 

present study indicate this possibility. Besides, the serum protein 

concentration would depend upon the protein metabolism. Activation of 

168 



proteolytic enzymes, especially of lysosomal types could reduce the 

serum protein concentration and due to necrosis of kidney lysosomal 

enzymes are released in the blood. The proteolytic action of lysosomal 

enzymes could release more amino acids in blood and monocrotophos 

and DDVP may be activating the process of deamination of these amino 

acids and thereby releasing more ammonia which gets converted to urea. 

The increase in serum urea concentration suggest this possibility. 

Creatinine 

The serum shows rise in creatinine level under the influence of doses of 

monocrotophos and DDVP. 10.0ppm dose induces maximum elevations 

in creatinine level of serum. 

Barlas (1996) reported alterations in serum creatinine on exposure to 

malathion in mice. The plasma/serum creatinine concentrations are 

known to elevate in renal diseases (Varley, 1976). Therefore, the rise in 

serum creatinine concentration could be considered as a result of 

development of renal insufficiency. Besides monocrotophos and DDVP 

may have promoted breakdown of creatine phosphate from muscles 

leading to the release of creatinine in blood. But it requires further 

investigation. 

169 



Urea 

The serum urea increases on exposure to monocrotophos and DDVP. The 

rise in serum urea may be due to pesticide induced renal necrosis which 

causes the release of proteins or lysosome-degraded proteins products in 

to the blood where the deamination of serum proteins or products of 

protein breakdown like amino acid, get deaminated producing more 

ammonia which gets converted to urea. Therefore, elevations in serum 

urea level are co-related to the decrease in serum protein concentrations. 

Rise in blood urea level is reported by Janardhan and Sisodia (1989) on 

exposure of rats to monocrotophos. Then the present observations of rise 

in serum urea level are in agreement with the reports of elevation of 

blood urea levels under the influence of pesticides (Janardhan and 

Sisodia, 1989) 

Uric acid 

The serum uric acid level increases following monocrotophos and DDVP 

exposure. 10.0ppm doses of monocrotophos and DDVP produce highest 

increment of serum uric acid concentrations. Increased serum uric acid 

level may be due to the activation of organic acid transport system in 

blood cells especially in monocytes (Jerry 1975). This transport system 

serves to excrete certain moleculas species and toxicants because of their 
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high cellular concentration or by acting as a competitive inhibitors to 

block the elimination of endogenously produced toxic metabolite (WHO, 

1991) and one such toxic metabolite is uric acid thus increasing its 

accumulation in blood. Besides, during renal necrosis many of the 

nucleoproteins/purines may be released into the blood where in they 

could get converted to uric acid. Uric acid is an end product of purine 

metabolism. The rise of uric acid concentrations in the kidney as observed 

in the present study and possibly in the necrotic tissues may contribute to 

the elevation of serum uric acid levels. The changes in the uric acid 

concentrations of serum could be due to the variation in the degree of 

necrosis of renal tubules viz-a-viz due to the changes in the production of 

uric acid, as well as due to the renal elimination of uric acid or its 

retention. 

Electrolytes 

Monocrotophos and DDVP induce increase in serum Ca +2, Cl-,Na+  and 

K+  levels. The elevations in serum Ca 2+,Cr, Na+  & K+  may be due to the 

necrosis of the renal tubules as well as probably of other organs. In the 

present investigation the kidney tissue debris have been detected in tubule 

lumina. As a result of this cytotoplamic Ca 2+  bound to the proteins, so 

also tissue chlorides/cytoplasmic chlorides, Na +  & K+  from necrotic tissue 

may be getting released into the circulation (Merill et al., 1956) thereby 
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elevating serum Ca2+, Cl-  , Na+  & K+  levels. The fluctuation in the serum 

Ca2+  , Cl- , Na+  & K+  levels could be due to the renal excretion of these 

electrolytes accompanied by passing down of Ca 2+  ,CI- ,Na+  & K+  into 

extracellular spaces as suggested by Merill et al., (1956) and partly due to 

variations in the degree of necrosis. The Na +  homeostasis is maintained 

primarily by the balance of intake and the urinary excretion of Na +. The 

regulation of rate of Na +  excretion is dependent upon complex control 

systems which involve several levels of functional organisation, which 

include the interaction of the kidney with other organ systems such as 

liver, central nervous system and endocrine system (Desai, 1983). 

Therefore, alterations in Na +  homeostasis brought about by these 

pesticides needs to be investigated in this directions to find out whether 

these pesticides are influencing electrolyte homeostasis through its 

influence or interference in the liver, CNS and endocrine system. 
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The review of pesticide literature and their actions showed that 

monocrotophos and DDVP primarily affect the nervous system by 

inhibiting cholinesterase, an enzyme needed for normal nerve impulse 

transmission (EXTONET, 1998) and they have a potential to induce 

divergent physiological, morphological, pharmacological and 

pathological changes in nearly all the organisms. Most of the researchers 

have studied monocrotophos and DDVP toxicity to fishes while their 

actions on higher vertebrates have not been thoroughly investigated 

especially with respect to renal physio-pathology. Curiously, there is 

hardly any report on the effect of intraperitoneally administered 

monocrotophos and DDVP on any organ of higher vertebrates. 

The present results show that the intraperitoneal administration of 

monocrotophos or DDVP in a single acute dose is capable of producing 

necrotic lesions in the mice. 

The haemotoxylene and eosin-stained sections of kidneys of mice at the 

end of 6,12,24,48,72,96,120, and 240 hours after monocrotophos/DDVP 

injections in doses 1.0,5.0 and 10.0 ppm show early and late necrotic 

changes in glomerurli, proximal and distal convoluted tubules as well as 

collecting tubules. The production of early and late changes is dose- 
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dependent whereas exposure period-dependent changes were not clearly 

demarked as transition from early to late changes was very swift and 

hence cannot be attributed to a specific period. Both the cortex and 

medulla exhibited necrosis and this suggests that monocrotophos and 

DDVP can induce cortico-medullary necrosis in the mouse kidney. From 

the observations it can be seen that single dose of monocrotophos and 

DDVP is quite sufficient to induce necrotic changes in the mouse kidney. 

The acuetness of late changes such as severe distortion/disruption of 

swollen glomeruli and Bowman's capsule, accumulation of nuclear and 

cytoplasmic exudents in capsular space increased in dose-dependent 

manner. The glomeruli did not exhibit any recovery till the end of 240 

hours and this suggests that early as well as late changes induced by 

monocrotophos and DDVP are not reversible. DDVP at lower 

concentration was more toxic to glomeruli than monocrotophos. Proximal 

and distal convoluted tubules as well as collecting tubules become 

necrotic in a pesticide dose-dependant manner at all the exposure periods. 

The early necrotic changes such as change in shape, slight disruption of 

tubules exhibited recovery by 120 to 240 hours whereas late necrotic 

lesions such as loss of luminal border, rupture of basement membrane, 

rupture of entire tubules, clogging of lumen with debris, shrinkage of 

tubules, nuclear and cytoplasmic exudents in lumina did not show any 

recovery. Also early as well as late necrotic lesions of collectiong tubules 
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did not show recovery. The present work shows that DDVP in large doses 

was less toxic to PCTs than monocrotophos but was more toxic to DCTs. 

Besides this, DDVP was less toxic to collecting tubules, especially for 

large doses while monocrotophos was more toxic. Thus it appears that 

monocrotophos can promote more necrosis of PCTs and CTs in 

comparison to DDVP whereas DDVP is selectively very toxic to DCTs. 

Both monocrotophos and DDVP can promote dose—dependent as well as 

exposure period-dependent changes in the interstitium which include 

widening of interstitium, accumulation of blood cells, nuclear and 

cytoplasmic exudents. 

The present work also shows that a single dose of monocrotophos or 

DDVP is quite sufficient for inducing necrotic changes in the kidney of 

mouse which indicates that the mouse kidney is highly sensitive to 

monocrotophos and DDVP. 

From the present study it is evident that monocrotophos and DDVP 

induce necrosis at the end of 6 hours but at the end of 48 hours their 

effects seem to be more pronounced and severe, indicating progressive 

nature of necrosis. Besides, the present work shows the potent glomerular 

toxicity of monocrotophos and DDVP. 
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All the doses of monocrotophos induce increase in ACP activity. •DDVP 

doses also increase in ACP activity at all the exposure periods in 

comparison to that observed in controls. The increase of ACP activity 

under the influence of monocrotophos and DDVP are associated with 

increase in the degree of necrosis. This indicates a relationship of 

progressive necrosis with the increase of ACP activity. The present study 

also reveals that monocrotophos promotes more activation of ACP than 

DDVP. 

Any reduction of ACP activity of kidney could be due to its urinary 

elimination as urine shows presence of ACP and at times the urine shows 

a corresponding increase in urinary ACP activity. In the present case, the 

serum shows an increase in the ACP activity and this increase can be 

correlated to the decrease in the kidney acid phosphates upto certain 

extent, but this correlation is by no means constant as it depends upon the 

degree of necrosis and the probable passing of the enzyme down the 

concentration gradient into the extracellular space and blood as well as on 

the involvement of other tissues in necrotic states. The intermittent 

fluctuations in the enzyme activity can be attributed to the lysosomes, 

which become very active after the cytoplasmic exudation, which takes 

with them some of the cytoplasmic exudation to the debris for subsequent 

elimination. 
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Almost all the doses of monocrotophos promote steady dose-dependent 

increase in ALP activity till the end of 96 hours and later on ALP activity 

decreases. DDVP induces increase in ALP activity at the end of 6 hours 

followed by fluctuations till the end of 96 hours and subsequently ALP 

activity increases steadily till the end of 240 hours. Monocrotophos-

induced elevations of ALP activity correlate with the progressive necrosis 

of kidney. Similarly DDVP-promoted elevations of ALP activity 

correlate with the initial progress of necrosis of PCTs but subsequently 

the activity fluctuates. Increase in ALP activity in kidney primarily 

focuses the damage caused to the brush border of PCTs which is the renal 

homesite of this enzyme (WHO,1991). The fluctuations observed in the 

ALP activity of kidney under the influence of monocrotophos and DDVP 

could be due to the renal clearance/elimination of this enzyme through 

urine and partly due to its passing down to the serum and extracellular 

spaces (Merill et al., 1956). This possibility is supported by the increase 

in ALP activity in serum and this increase can be correlated to the 

decrease in the kidney ALP upto certain extent. 

Monocrotophos induces steady elevations of the NSE activity from the 

end of 6 hours till the end of 96 hours later on it promotes decrease in 

NSE activity. All the elevation of NSE are dose-dependent. All the doses 

of DDVP except 1.0ppm, induce elevation of NSE activity. Elevations of 
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NSE activity indicate labilization of lysosomes due to monocrotophos 

and DDVP which promote necrosis of kidney. The fluctuations and 

reductions of NSE activities depend upon the degree and state of necrosis 

of the tubules involved in necrosis. The early stages of necrosis do not 

promote activation of NSE but as the necrosis porogresses, the 

lab ilization of lysosomes/activation of lysosomes would enhance leading 

to the release of NSE. Besides this, NSE activity could fluctuate in 

accordance with its release into extracellular space and blood as 

suggested by Merill et al., (1956) and also partly due to the renal 

clearance/elimination of NSE through urine. 

All the doses of monocrotophos and DDVP induce reduction in glucose-

6-phosphate dehydrogenase (G6PDH), mitochondrial isocitrate 

dehydrogenase (mICDH) and mitochondrial malate dehydrogenase 

(MDH) activities in dose-dependent manner. Maximum reductions are 

induced under the influence of 10.0ppm dose. Reduction in G6PDH, 

ICDH and MDH and its co-relation to the progress of necrosis observed 

in present study indicate the metabolic stress experienced under the 

influence of monocrotophos and DDVP, thus making the kidney tubules 

especially proximal tubule cells more susceptible to toxic actions of these 

pesticides or their metabolites (WH0,1991 
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Monocrotophos and DDVP can alter the total protein contents from the 

kidney quantitatively. Monocrotophos induced decrements in total protein 

contents are neither exposure period - nor dose-dependent. Whereas 

DDVP induce decrements in total protein contents but the protein levels 

elevate from the end of 6 hours to the end of 96 hours but all these 

elevations remain below the level of total protein observed in controls 

indicating a slight recovery after necrosis and histopathological 

examinations support this. Monocrotophos and DDVP mediated 

decrements in total protein contents of the kidney could be due to the 

necrosis of glomeruli and renal tubules leading to their lysosomal 

mediated digestion by the intact tubules, with the subsequent transport of 

there products to the blood. Besides the decrease in protein contents also 

depend upon the number of renal tubules undergoing necrosis or the 

degree of necrosis (Berger et al., 1983). Besides, the decreases in the total 

protein contents of the kidney could also be partly due to their passing 

down the concentration gradient into extracellular spaces and blood 

(Merill et a/., 1956) and partly due to their excretion through urine. The 

increase in serum protein levels at some instances and the appearance of 

the protein (proteinuria) in the urine under the influence of 

monocrotophos and DDVP substantiate this possibility. The slight 

elevations in protein contents could be considered as an indication of a 
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little recovery of necrotic tubules and may partly be due to the increase in 

e ► \ 	protein synthesis during the process of recovery. 

The present study shows that monocrotophos and DDVP induce increase 

in kidney creatinine level. Only DDVP doses induce dose-dependent 

increase in creatinine contents of kidney at all the exposure periods. In 

present studies the elevation of creatinine in the renal tissue may be due 

to tissue destruction promoted by monocrotophos & DDVP. Besides the 

destruction of renal tissue, these pesticides may be promoting destruction 

of other tissues in the body as well as may be interfering in the process of 

phosphorylation of creatine in muscles which may step up the conversion 

of creatine to creatinine and this excess of creatinine may be passed on to 

the kidney for elimination. Fluctuations in the kidney creatinine may be 

related to the degree of necrosis of renal tissue as well as other tissues 

promoted by monocrotophos and DDVP and their elimination through 

urine as well as partly due to their entry into blood (Merill et al., 1956). 

Monocrotophos induces elevations in urea contents of the kidney at all 

the exposure periods and exposure period-dependent increase of urea is 

promoted by 10.0ppm dose of monocrotophos. DDVP also induces 

elevation in levels of urea at all the exposure periods, however exposure 

period-dependent increase is induced by 5.0 and 10.0 ppm doses. These 
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observations suggest that monocrotophos and DDVP promote 

enhancement of urea synthesis which may be due to degradation of 

protein after necrosis. Thus during deamination and transamination 

excess ammonia from liver is passed on to the kidney for elimination. 

This hypothesis and other fluctuation in urea contents are supported by 

observations of urea elevations in the serum, kidney and urine. 

Monocrotophos and DDVP bring about alterations of kidney uric acid 

level. Monocrotophos induce dose-dependent increase whereas DDVP 

induce only exposure period-dependent increase in uric acid contents 

from the end of 6 hours to the end of 96 hours. There could be an attempt 

to eliminate monocrotophos and DDVP or their metabolic products 

through urine (i.e. kidney) and this could interfere in the organic acid 

transport system of proximal tubules which are either intact or partially 

damaged, leading to the accumulation of toxic metabolite, such as uric 

acid. Thus, the necrosis of renal tubules could be considered as a source 

of uric acid in the kidney and uric acid level of kidney could depend upon 

the degree of necrosis and a concomitant stepping up of purine 

metabolism. 

Monocrotophos and DDVP induce elevations in kidney Ca 2+ level. 

Monocrotophos induce dose-dependent elevations of Ca 2+  level at all 
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exposure periods while DDVP induce exposure period-dependent 

increase in Ca2+  level at the end of all exposure periods except 120 and 

240 hours. With respect to renal architecture, proximal renal tubule cells 

are particularly vulnerable to the toxic actions owing to their high energy 

demands due to their reabsorptive and secretory functions (WHO, 1991) 

therefore any increase in kidney Ca 2+  level could be accounted for the cell 

injury caused by toxicant to many other tissues and organs causing the 

release of calcium from the necrotic cells into the blood stream and the 

elevation of serum calcium level in the present work suggests this 

possibility. The increase in serum calcium concentration could cause its 

entry into renal apparatus, especially through intact and damaged 

glomeruli. This extra calcium coming to kidney for elimination would 

increase the calcium contents from the kidney depending upon the 

amount of calcium eliminated by the kidney through urine. The 

elevations in the kidney Ca 2+  concentrations may also be due to change in 

membrane Ca 2+  fluxes, PTH influence as well as due to calcitonin. 

Monocrotophos induce dose-dependent elevations in kidney chloride 

levels at all exposure periods where as only 10.0ppm dose of DDVP 

could induce elevations in kidney chloride levels at all exposure periods. 

The renal chloride contents undergo some fluctuations as the exposure 

periods increase but perfect correlation between pesticides exposure and 

182 



alteration of chloride levels are not seen. In the present study, increased 

kidney Ca2+  levels are observed and this elevated calcium may open the 

CF channels as suggested by Sterling (1989) leading to elevation of 

chloride contents of the kidney. 

Monocrotophos and DDVP induce elevations in Na +  concentrations of 

kidney. The 10.0ppm dose of monocrotophos and DDVP induce highest 

elevations of kidney Na+ . 

Monocrotophos and DDVP also induce elevations of kidney Na +  and K+ 

 concentrations of kidney with respect to the progress of necrosis. 

Therefore, injury to PCT lining cells and extension of lesion to distal 

portions of the tubules manifest such increased Na +  and K+  concentration 

accompanied by loss of the ability to maintain electrolyte balance (WHO, 

1991) which is also supported by increased serum Na +  and K+ 

 concentration and elevated Na+  and K+  excretion through urine. 

All the doses of monocrotophos promote decrements in GFR and DDVP 

promotes dose-dependent decrease in GFRs at all the exposure periods. 

UFR also reduces under the influence of monocrotophos and DDVP. 

Decrease in GFRs and UFRs indicate impaired glomerular filtration. The 

decrease of GFR observed in the present study could be due to the 

damaged glomeruli (Webb 1983) and dose-dependent necrosis of 
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glorneruli observed in kidneys of monocrotophos and DDVP-treated mice 

substantiate the view of Webb (1983). The decrease in UFR may be 

accounted to an increased tubular reabsorption of water and/or to a 

reduction in rate of glomerular filtration as low urine volumes may be 

partly due to the reduction of GFR (Prashad et al., 1981) and low urine 

formation result in low UFR. The decrease in GFRs and UFRs may be 

also due to altered renal blood supply to the certain extent due to 

accumulated of acetylcholine. (Stein et al., 1971). Besides this recoveries 

in GFR and UFR observed at some instances could be possibly be due to 

improved synthesis of PGE 2  as well as partly due to the intrinsic 

regeneration capacity of kidney to compensate for the loss of kidney 

function (Jerry, 1975 and WHO, 1991). 

It is a well-established fact that urine shows enzymes activities after 

manipulations of the urinary tract or after severe injury to kidney. Besides 

this many enzymes get excreted through urine in many urological 

diseases. From the observations it is clear that urinary excretion of ACP 

is promoted under the influence of monocrotophos and DDVP while the 

controls do not show ACP activity in urine. The variations in the 

excretion of ACP is somewhat necrosis dependent but perfect correlation 

is not seen. The rise or fall of ACP activity of urine may have its origin in 

other organs affected by monocrotophos and DDVP as well as serum 
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levels of ACP. The presence of ACP along with urea indicate a 

pathological state of enzymuria indicating impairment of kidney 

promoted by monocrotophos and DDVP. 

Monocrotophos and DDVP induce elimination of ALP through urine. 

Only DDVP doses promote dose—dependent excretion of ALP from the 

end of 6 hours to the end of 24 hours. 

The presence of ALP in urine indicate impairment of PCTs vis-a-viz 

impairment of renal/tubular transport as the enzyme is known to be 

associated with membrane transport, especially across the brush border of 

PCTs. The variations in excretion of ALP is also dependent on necrosis 

of kidney as well as on rise or fall of ALP in serum and necrosis/injuries 

of tissues other than renal. 

Monocrotophos and DDVP induce elimination of NSE through urine. 

Enzyme activities at different time intervals, which may be due to 

necrosis or/and due to leaky glomeruli and enzyme present in serum as 

suggested by Diezi and Biollaz (1979). Therefore enzyme 

cxcretion/enzymuria appears to be an indicator of renal injury or 

malfunctioning. The fluctuations in the renal elimination of esterase may 

therefore depend upon the necrotic states of the organs, the elevations of 
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serum esterases and on passing down of the esterase against the 

concentration gradient into the extracellular space (Merill et al., 1956). 

The present work shows that monocrotophos and DDVP promote 

excretion of protein and high doses induce maximum excretion of 

proteins indicating severe renal necrosis/impairment. Many workers have 

shown that proteinuria is a sign of renal impairment (WHO 1991). It can 

be inferred that injury to renal tubules & glomeruli is manifested by 

increased excretion of total proteins which are normally reabsorbed by 

the tubule cells. 

Monocrotophos and DDVP induce increase in excretion of creatinine 

through urine. The excessive occurance of creatinine in urine along with 

urea indicates the development of a pathological condition called 

creatinine-urea. The monocrotophos and DDVP- induced creatinine-urea 

indicates excess metabolism of creatine as creatinine is waste product of 

creatine breakdown. Therefore hikes in creatitive excretion through urine 

could be due to the increased creatinine metabolism coupled with renal 

insufficiency as serum creatinine levels are also elevated which generally 

promote renal excretion of creatinine (Varley, 1976). 
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Monocrotophos and DDVP promote dose-dependent *crease in urinary 

excretion of urea with few exceptions. The fluctuations/drops in the renal 

clearances of urea may be partly due to the improved absorption of urea 

by the intact PCTs and partly due to the passing into extracellular space 

and blood.(Merill et al., 1956). Rise in urinary urea could be considered 

as an indicator of elevated protein metabolism. Even the elevations of 

urea concentration in serum could lead to its urinary excretion. The 

increase of urea concentration in the urine could be due to the breakdown 

of proteins released from the necrotic tissues(Varley, 1976). 

Monocrotophos and DDVP promote increase in urinary uric acid 

eliminition. Only DDVP induces dose-dependent elevations in the renal 

elimination of uric acid. Uric acid elimination indicates that high uric acid 

level may be derived from the breakdown of cellular nucleoproteins 

which leads to its presence in urine in abnormal quantity as suggested by 

Chatterjee (1972) and Jerry (1975). The elevations of serum uric acid 

concentrations could also be accounted for the renal elimination of uric 

acid. 

Monocrotophos induces dose-dependent elevations in renal excretion of 

calcium at all exposure periods except 48 and 72 hours. DDVP also 
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induces dose-dependent elevations in excretion of ca 2+  at all exposure 

periods except 72,96 and 120 hours. The increase in urine ca 2+  may be 

due to renal necrosis. The fluctuations in urinary excretion of Ca 2+  may 

be due to fluctuations in the serum calcium levels and changes in the 

degree of necrosis as well as due to the variations in the calcium 

absorption by the intact renal tubules. 

Monocrotophos and DDVP promote significant elevations in urinary 

chloride levels. Renal excretion of chlorides would depend upon the 

degree of necrosis, accumulation of calcium ions which are known to 

induce chloride accumulations in renal tissues and elevations or 

depletions of serum chloride levels. Even the elevations of Na +  excretion 

through urine could also influence renal chloride elimination. 

The doses of monocrotophos and DDVP induce increased urinary 

excretion of Na+  and K+  through urine. The tubular necrosis may be 

responsible for high Na+  excretion (Kashgurian et al., 1977; WHO 

1991)and party the elevated levels of Na +  in serum contribute its 

excretion. Increase in urinary Na +  excretion in dogs exposed to parathion 

is reported (Gauna et al., 1982). Increased K +  excretion observed in the 

present study could be attributed to the lesions of distal portions of the 

tubules which is accompanied by loss of the ability to maintain water and 

electrolyte balance (WHO,1991). The fluctuations in the renal Na +  and 
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K+  excretion may be due to variations in the degree of necrosis and 

number of tubules involved in necrosis. Besides this high serum K +  levels 

may also promote urinary excretion of K. Besides this, the decrease in 

active transport as a result of ATP depletion due to necrosis and damaged 

mitochondria, would result in excessive renal clearance of K. 

The serum gets profoundly affected by monocrotophos and DDVP. The 

effect of these pesticides on the serum may not be direct but an indirect 

one. 

Acid phosphatase, alkaline phosphatese and non-specific esterase 

activities of serum of mice show increase in their activities following 

monocrotophos and DDVP exposures. The rise in serum ACP, ALP and 

NSE activities may be explained on the basis of Merill's hypothesis 

(1956). Increased serum enzyme activities indicate passing of enzymes to 

blood due to renal and non-renal damage (Merill, 1956) and activation of 

these enzymes in blood cells (WHO, 1991). The fluctuations in serum 

AP, ALP & NSE could be due to the variations in the degree of necrosis 

of kidney and partly due to the renal clearance of these enzymes as well 

111 	
as its passing down the concentration gradient in to extra cellular spaces. 
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Monocrotophos did not promote significant alterations in total proteins 

whereas DDVP doses promoted significant decrease in serum total 

protein except for 10.0ppm dose. This decrease in protein level may be 

due to the renal clearence of proteins and proteinuria The proteolytic 

action of lysosomal enzymes could release more amino acids in blood 

and monocrotophos and DDVP may be activating the process of 

deamination of these amino acids and thereby releasing more ammonia 

which gets converted to urea. The increase in serum urea concentration 

suggest this possibility. 

The serum shows rise in creatinine level under the influence of doses of 

monocrotophos and DDVP. The rise in serum creatinine concentration 

could be considered as a result of development of renal insufficiency. 

Besides monocrotophos and DDVP may have promoted breakdown of 

creatine phosphate from muscles leading to the release of creatinine in 

blood. 

The serum urea increases on exposure to monocrotophos and DDVP. The 

rise in serum urea may be due to pesticide induced renal necrosis which 

causes the release of proteins or lysosome-degraded proteins products in 

to the blood where the deamination of serum proteins or products of 

protein breakdown like amino acid, get deaminated producing more 
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ammonia which gets converted to urea. Therefore, elevations in serum 

urea level are corclated to the decrease in serum protein concentrations. 

The serum uric acid level increases following monocrotophos and DDVP 

exposure. 10.0ppm doses of monocrotophos and DDVP produce highest 

increment of serum uric acid concentrations. Increased serum uric acid 

level may be due to the activation of organic acid transport system in 

blood cells especially in monocytes (Jerry 1975). The rise of uric acid 

concentrations in the kidney as observed in the present study and possibly 

in the necrotic tissues may contribute to the elevation of serum uric acid 

levels. The changes in the uric acid concentrations of serum could be due 

to the variation in the degree of necrosis of renal tubules viz-a-viz due to 

the changes in the production of uric acid, as well as due to the renal 

elimination of uric acid or its retention. 

Monocrotophos and DDVP induce increase in serum Ca +2, Cl-,Na+  and 

K+  levels. The elevations in serum Ca 2+,C1-, Na+  and K+  may be due to the 

necrosis of the renal tubules as well as probably of other organs. The 

fluctuation in the serum Ca 2+  Na+  & K+  levels could be due to the 

renal excretion of these electrolytes accompanied by passing down of 

Ca2+  ,CF,Na+  and K+  into extracellular spaces as suggested by Merill et 

al., (1956) and partly due to variations in the degree of necrosis. 
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Recommendations for future work 

Monocrotophos and DDVP have shown to induce necrosis. It would be 

of interest to study the necrotic changes at ultrastructural level to find out 

how pesticides promote mitochondrial damage. It is proposed to study the 

mechanism of induction of necrosis by the pesticides ,especially 

investigating the role of cAMP and protein kinases could be of immense 

value. In present study there is increase in urea and uric acid in kidney ,so 

it is suggested to study the enzymes involved in purine metabolism and 

uric acid synthesis. Monocrotophos and DDVP appears to influence the 

calcium release and calcium as well as chloride levels. Therefore, it will 

be interesting to find how these pesticides influence calcium and chloride 

regulation and to study whether the endocrine glands are influenced by 

monocrotophos and DDVP. Thus ,the present investigation has raised 

some questions which needs to be addressed to know the action of 

monocrotophos and DDVP. 
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