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ABSTRACT
Objective:	To	study	the	hazardous	effects	of	pesticide	residue-laden	fruits	and	vegetables	on	the	permeability	
of	renal	basement	membrane	at	proximal	and	distal	convoluted	tubules	in	rats.
Study	Design:	 .Observational	study
Place	and	Duration	of	Study:	The	study	was	conducted	at	 the	animal	house	at	 the	Postgraduate	Medical	

th thInstitute	(PGMI),	Lahore	for	21	consecutive	days	from	15 	Nov	2018	to	6 	Dec	2018.	
Materials	and	Methods:	The	study	design	was	comparative	comprising	of	twelve	Wistar	male	rats.	The	subjects	
were	divided	into	two	equal	groups,	control	(group	A)	and	experimental	(group	B).	Body	weight	of	subjects	
were	noted	before	and	after	the	experiment.	Triazophos	was	given	to	the	group	B	in	a	dose	of	8.2	mg/kg	body	

thweight-sub	chronic	dose	(1/10 	of	LD50)	as	1:100	dilution	solution	by	oral	gavage	for	21	consecutive	days.	
Blood	for	serum	creatinine	and	24-hour	urine	for	proteinuria	were	collected	on	day	1,	7,	14	and	21.	On	day	22,	
the	subjects	were	sacrificed,	kidneys	dissected	out	and	preserved	in	10%	neutral	buffered	formalin	(NBF)	for	
histological	 examination.	 Pre	 and	 post	 experiment	 body	 weight	 of	 control	 group	 was	 compared	 with	
experimental	group.
Results:	The	histopathology	of	the	renal	basement	membrane	of	group	A	showed	continuity	while	group	B	
showed	 interruption,	 vacuolization,	 inflammatory	 cell	 infiltration	 and	 blood	 vessel	 congestion	 in	 tissues.	
Biochemical	analysis	confirmed	raised	serum	creatinine	and	proteinuria	levels.
Conclusion:	 The	 pesticide	 residue-laden	 fruits	 and	 vegetables	 adversely	 affect	 the	 histology	 of	 basement	
membranes	in	proximal	and	distal	convoluted	tubules	leading	to	disturbed	renal	functions.	The	presence	of	
residual	pesticides	in	the	food	chain	is	hazardous	to	human	health.		
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Introduction
The	harmful	effect	of	pesticides	extends	beyond	the	
target	of	controlling	pests.	It	involves	the	non-target	

1spectrum	as	well. 	This	has	been	proven	by	a	number	
2

of	investigations. 	In	spite	of	the	scientists'	claim	that	
organophosphorus	pesticides	do	not	tend	to	persist	
or	 bio	 accumulate	 in	 the	 environment,	 pesticide	
residue	is	regularly	detected	in	food	at	low	levels,	in	a	

3	
range	 of	 food	 items. High	 levels	 have	 also	 been	

4detected	in	human	blood. 	Crops	grown	in	pesticide-
contaminated	 soil,	 were	 detected	 to	 contain	
dangerous	 levels	 of	 pesticide	 residue,	 even	 years	

5
after	 cessation	 of	 pesticide	 application. 	 Many	
attempts	 for	 restoration	 of	 agricultural	 soil	 have	

6
been	tried	in	vain. 	Several	methods	have	been	used	
for	the	detection	of	triazophos	residue	in		fruits	and	
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7 8vegetables, 	 including	 immunoassay	techniques. 	 It	
is	 hard	 to	 render	 fruits	 and	 vegetables	 free	 of	
pesticide	 residue	 even	 after	 washing	 them	

9
vigorously. 	A	study	was	conducted	to	see	the	effects	
of	household	processing	of	vegetables	and	rice,	like	
washing	 with	 tap	 water,	 salt	 water	 washing,	
lukewarm	 water	 washing,	 open	 pan	 cooking	 and	
microwave	 cooking.	 It	 was	 observed	 that	 these	
methods	reduced	some	amount	of	pesticide	residue	
in	 the	 vegetables	 but	 did	 not	 completely	 remove	

10them.
In	chronic	exposure	to	triazophos,	there	is	release	of	
hazardous	 free	 radicals	 or	 reactive	oxygen	 species	

11	
(ROS) leading	 to	 oxidative	 stress	 and	 lipid	
peroxidation	of	the	renal	basement	membranes.	As	a	
result,	there	are	permeability	changes	and	disturbed	

12renal	functions.
The	 objective	 of	 the	 study	 is	 to	 observe	 the	
hazardous	 effects	 of	 pesticide	 residue-laden	 fruits	
and	 vegetables	 on	 the	 permeability	 of	 renal	
basement	 membrane	 at	 proximal	 and	 distal	
convoluted	tubules	in	rats.

Materials	and	Methods
Sampling	 and	 procurement	 of	 experimental	
animals:	The	study	was	a	comparative	design.	Simple	
random	sampling	was	adopted	for	a	sample	size	of	
twelve.	A	table	of	random	numbers	were	produced	
by	Stat	Trek's	Random	Number	Generator	with	the	
maximum	and	minimum	values	of	random	numbers.	
Twelve,	healthy,	male,	Wistar	rats,	aged	6-8	weeks,	
weighing	175-200g	were	purchased.		The	permission	
for	 the	 study	 was	 obtained	 from	 the	 ethical	
committee,	 PGMI,	 Lahore.	 The	 animals	 were	
acclimatized	for	a	week.	Food	and	water	were	made	
available	 ad libitum	 along	 with	 maintenance	 of	
12/12-hours	 light	and	dark	cycle,	50-55%	humidity	
and	25-30°C	temperature.	The	animals	were	divided	
into	two	groups	and	weighed	before	and	after	the	
experiment.	Group	A	was	kept	as	control	and	group	B	
as	experimental.	Group	B	was	given	triazophos	in	a	
subchronic	 dose	 of	 8.2	 mg/kg	 body	 weight-

th 13
(equivalent	 to	 1/10 	 of	 LD50) 	 as	 1:100	 dilution	
solution	 by	oral	 gavage	while	 group	A	was	 fed	 on	
distilled	 water	 by	 oral	 gavage	 for	 21	 consecutive	

14days. 	
Collection	 of	 blood	 samples:	Blood	 samples	were	

15collected	from	the	tails	of	rats	(lateral	tail	veins) 	for	
16	

serum	creatinine on	day	1,	7,	14	and	21;	 the	 last	

blood	sample	was	drawn	through	cardiac	puncture	
on	 day	 22	 after	 anesthesia	 and	 before	 their	

17	sacrifice. The	blood	drawn	was	immediately	shifted	
to	the	vacutainer	tubes,	kept	in	the	test	tube	stand	
for	about	an	hour	before	centrifuging	it	for	obtaining	
clear	serum	which	was	then	transferred	to	sterilized	
disposable	 Eppendorf	 tubes	 to	 be	 analyzed	 for	
serum	creatinine	later.	
Collection	of	24-hr	urine	samples:	Each	animal,	was	
kept	in	individual	metabolic	cages	on	day	1,	day	7,	
day	14	and	day	21	for	the	collection	of	24	hours-urine	

18	 	
samples	to	measure	the	proteinuria/24	hours. The	
metabolic	cages	were	set	up	such	that	there	was	free	
access	to	water	and	rat	 feed	and	below	each	cage	
was	arrangement	for	collection	of	24-hour	urine	in	
graduated	beakers	each	covered	with	 cling	 film	 to	
avoid	 mixing	 of	 feces	 or	 dirt	 particles.	 The	 urine	
collected	 from	 the	 beakers,	was	 shifted	 into	 clear	
sterilized	 test	 tubes	 and	 their	 exact	 quantity	
measured	in	milliliters.	Proteins/ml	in	the	urine	were	
measured	with	the	help	of	commercially	available	kit	
and	result	multiplied	by	total	quantity	of	urine	in	24	

	hours.
On	day	22,	24-hours	after	administration	of	last	dose,	
the	rats	were	sacrificed	and	their	kidneys	preserved	

19
for	 histological	 examination. 	 Periodic	 acid-Schiff	

20(PAS)	 staining	 was	 used 	 as	 renal	 tissue	 have	
glycoproteins	and	are	strongly	PAS	positive.
For	statistical	analysis,	Fisher's	exact	test	was	applied	
for	qualitative	analysis	and	 independent	 sample	 t-
test	for	comparison	of	means	of	the	two	groups.

Results
Body	 weight	 of	 animals	 before	 and	 after	 the	
experiment:	 Body	 weight	 of	 animals	 in	 group	 B	
before	and	after	the	experiment	was	compared	with	
the	before	and	after	body	weight	of	animals	in	the	
control	group	A.	No	difference	in	normal	weight	gain	
was	seen	in	triazophos-treated	group.
Basement	 membrane	 interruption	 at	 proximal	
convoluted	 tubules	 (PCT):	 	 There	was	 statistically	
significant	difference	between	basement	membrane	

Fisher's	exact	test
*p value	≤	0.05	is	considered	significant
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interruption	at	PCT	between	the	groups	(p=0.015).	
Basement	membrane	PCT	of	all	rats	in	group	A	was	
intact	 (Fig.	 1).	 In	 group	 B,	 5	 (83.3%)	 rats	 had	
interrupted	basement	membrane	(Table.	1;	Fig.	2,	3,	
4).
Basement	 membrane	 interruption	 at	 distal	
convoluted	 tubules	 (DCT):	 There	 was	 statistically	
significant	 difference	 between	 interruption	 of	
basement	 membrane	 at	 DCT	 between	 the	 two	
groups	(p=0.002).	Basement	membrane	of	DCT	in	all	
rats	of	group	A	was	intact	(Table.2;	Fig.	1).	In	group	B,	
all	rats	had	interrupted	basement	membrane	(Table.	
2;	Fig.	2,	3,	4).

Fisher's	exact	test
*p value	≤	0.05	is	considered	statistically	significant

Serum	 creatinine	 (mg/dl):	 The	 mean	 serum	
creatinine	mg/dl	 among	 groups	 was	 compared	 at	
day	1,	7,	14	and	21.	There	was	no	difference	among	
the	groups	at	day	1	(p-value	=	0.601)	but	there	was	a	
statistically	 significant	 difference	 between	 mean	
serum	creatinine	mg/dl	 levels	 (p=0.003,	0.001	and	
0.001)	 between	 groups	 on	 days	 7,	 14	 and	 21	
respectively	(Table	3).

Independent	sample	t-test
*p value	≤	0.05	is	considered	statistically	significant

24-hour	 Proteinuria	 (mg/dl):	 The	 mean	 24-hour	
proteinuria	mg/dl	was	compared	among	groups	at	
day	1,	7,	14	and	21.	There	was	statistically	significant	
difference	 between	 the	mean	 24-hour	 proteinuria	
mg/dl	levels	(p=0.002,	0.001	and	0.001)	between	the	
groups	on	days	7,	14	and	21	respectively	(Table	4).

Discussion
In	 our	 study,	 there	 was	 statistically	 significant	

Independent	sample	t-test
*p value	≤	0.05	is	considered	statistically	significant

Fig	1:	Photomicrograph	of	group	A	kidney	cortex	on	day

22	showing	glomerulus	(red),	parietal	(blue)	and	visceral

layer	(dark-green)	of	Bowman's	capsule;	distal	tubules	

(yellow);	intact	basement	membranes	(pink);	proximal	

tubule	(light-green)	with	intact	brush	border	(orange).	

PAS	stain	X400

Fig	2:	Photomicrograph	of	group	B	kidney	cortex	on	day	

22	showing	glomerulus	(red)	and	apparently	widened	

Bowman's	space	(black),	tubular	basement	membranes	

disruption	(yellow).	PAS	stain	X400
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interruption	 of	 basement	 membranes	 at	 PCT	 and	
DCT	 in	 the	 group	 B	 (p	 value<	 0.015	 and	 0.002	
respectively),	 where	 five	 rats	 (83.3%)	 had	
interrupted	basement	membranes	(Table	1;	Fig.	2,	3,	
4).	High	concentration	of	ROS	released	causes	lipid	
peroxidation,	 thus	 increasing	 oxidative	 stress	 and	
disruption	of	basement	membranes.	This	was	also	
observed	by	Khan	et	al.	in	a	study	on	lead-induced	

21	nephrotoxicity. In	group	B,	degenerated	microvilli,	
loss	of	brush	borders	of	PCT	was	seen	(Fig.	3).	This	

22was	 reported	 by	 Rahman	 and	 Sattar	 study. 	 The	
differences	 in	mean	serum	creatinine	mg/dl	 levels	
were	 statistically	 significant	 among	 the	 groups	 on	
days	 7,	 14	 and	 21	 (Table	 3).	 The	 imbalance	 and	

deterioration	 in	 the	 renal	 function	 leads	 to	 raised	
serum	 creatinine	 levels	 suggesting	 tubular	

22insufficiency	and	impaired	glomerular	function.
The	 differences	 in	 mean	 proteinuria	 mg/dl	 levels	
were	 statistically	 significant	 among	 the	 groups	 on	
days	 7,	 14	 and	 21	 (Table	 4).	 The	 same	 was	

23	demonstrated	 by	 Ghaffar	 et	 al. Male	Wistar	 rats	
demonstrate	 a	 strikingly	 physiological	 proteinuria	
during	their	sexual	maturation	(6-10	weeks	of	age)	
because	 of	 the	 elevated	 hydraulic	 glomerular	
membrane	permeability	exclusively	 for	 sex-related	
proteins	 without	 significant	 change	 in	 the	
permeability	for	other	determinants,	as	compared	to	
the	female	rats	as	was	observed	and	proved	by	Alt	et	

24al	 in	 1980. 	 These	 low-molecular	 weight	 urinary	
proteins	are	synthesized	in	liver,	concentrated	in	the	
kidneys	and	excreted	with	 the	urine.	They	are	 sex	
dependent	 and	 are	 absent	 in	 female	 urine	 This	
urinary	protein	excretion	pattern	 in	 the	male	 rats,	
disappears	 after	 castration	 and	 during	 senility.	
Triazophos	has	no	interaction	with	the	secretion	of	
sex	hormones.	The	subjects	of	this	study	were	male	
rats	because	of	this	physiological	phenomenon.	An	
experimental	pathological	proteinuria	can	easily	be	
demonstrated	 in	 the	 male	 rats,	 and	 the	 level	 of	
proteins	 excreted	 being	 above	 the	 value	 of	
physiological	proteinuria	in	24-hours.	The	limitation	
of	this	study	is	small	sample	size.	

Conclusion
The	 pesticide	 residue-	 on	 fruits	 and	 vegetables	
adversely	 affect	 the	 histology	 of	 renal	 basement	
membranes	at	PCT	and	DCT	and	 lead	to	disturbed	
renal	 functions	 of	 raised	 serum	 creatinine	 and	
proteinuria	in	rats	The	results	of	the	study	indicates	
that	 the	 persistence	 of	 pesticides	 residue	 in	 the	
environment	 and	 food	 chain	 are	 most	 likely	
hazardous	to	human	health.
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