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Short Communication

DNA Damage in Wistar Rats Exposed to Dithiocarbamate 
Pesticide Mancozeb
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Abstract. Pesticides are used in large amounts in ag-
riculture and the evaluation of their toxic effects is of 
major concern to public and environmental health. 
The aim of the present study was to investigate the 
genotoxic potential of a commercial formulation of 
the fungicide mancozeb by the micronucleus test in 
bone marrow and the comet assay in total blood of 
Wistar rats. Adult male Wistar rats were treated 
with a solution of mancozeb at a concentration of 
40 mg/kg/day, administered intraperitoneally for 18 
consecutive days, and compared to a control group. 
The results indicate that mancozeb induced signifi-
cantly higher DNA damage as detected by the comet 
assay and increased the frequency of micronuclei. 
The results show that mancozeb is genotoxic and 
may adversely affect the DNA integrity of exposed 
organisms.

Introduction
Pesticides represent a heterogeneous category of 

chemicals	specifically	designed	to	control	pests,	weeds,	
and plant diseases. Their application is the most effec
tive means of protecting plants, contributing to enhan
ced agricultural productivity and crop yields throughout 
the	world	 (Bolognesi,	2003).	However,	many	of	 these	
compounds are environmentally persistent and may not 
be	entirely	specific	for	their	target	organisms,	endanger
ing other living species, including humans (Aprea et al., 
2002).

Pesticides are characterized by varying degrees of 
toxicity.	The	genotoxic	potential	is	a	primary	risk	factor	
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for longterm effects, such as carcinogenic and repro
ductive	toxicology	and	degenerative	diseases	(Bolognesi	
et	al.,	2011).	Among	the	methods	currently	available	for	
the	detection	of	dNA	damage,	the	micronucleus	(MN)	
test and the comet assay have been widely employed 
due to their simplicity, sensitivity and relatively low 
cost. The MN test detects acentric chromosome frag
ments, acentric chromatid fragments, or whole chromo
somes that fail to be included in the daughter nuclei dur
ing	cell	division	(Fenech	et	al.,	2011),	while	the	comet	
assay is able to detect singlestrand breaks or other le
sions, such as alkalilabile sites and DNA crosslinks 
(Jha,	2008).

Mancozeb is a broadspectrum fungicide of the ethyl
ene-bis-dithiocarbamate	 (EBdC)	 family,	 commonly	
used for foliar application and seed treatment in agricul
ture	(Marrs	and	Ballantyne,	2004).	Mancozeb	has	low	
acute	toxicity	with	an	oral	Ld50	value	of	8	g/kg/day	in	
Wistar	rats	(Edwards	et	al.,	1997).	However,	mancozeb	
is suspected to be carcinogenic for mammals (Belpoggi 
et	al.,	2002)	and	has	induced	dNA	damage	in	cells	ex
posed in vitro	through	oxidative	mechanisms	(Calviello	
et	al.,	2006;	Srivastava	et	al.,	2012).	The	genotoxic	po
tential of mancozeb has been previously studied using in 
vivo	 assays,	but	conflicting	 results	have	been	 reported	
(Georgian	 et	 al.,	 1983;	 Gautam	 and	 Kapoor,	 1991;	
Vasudev	and	Krishnamurthy,	1994).	Therefore,	the	aim	
of	 this	 study	was	 to	 evaluate	 the	 genotoxic	 effects	 in	
Wistar	 rats	 exposed	 to	 a	mancozeb-based	 commercial	
formulation using the comet assay and the MN test. 

Material and Methods
A commercial formulation of mancozeb was obtained 

from a local supplier as a wettable powder containing 
80	%	(w/w)	mancozeb	as	the	active	ingredient.
Healthy	adult	male	Wistar	rats,	weighing	250–350	g,	

were	used	 in	 the	experiment.	Animals	were	purchased	
from the animal house of the Feevale University, Novo 
Hamburgo,	Brazil.	They	were	housed	in	groups	of	five	
in	plexiglass	cages	and	provided	with	food	and	water	ad 
libitum.	All	 animals	 were	maintained	 in	 a	 12-h	 light/
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dark	cycle	at	a	temperature	of	22	°C	±	1	°C.	The	study	
protocol was approved by the Research Ethics Com
mittee	of	Universidade	Feevale,	Brazil.	All	experiments	
and procedures were carried out in accordance with the 
ethical	principles	involving	animals	in	research	defined	
by	 the	 Brazilian	 College	 for	Animal	 Expe	ri	mentation	
(COBEA).

The animals were divided into two groups of 10 indi
viduals	each,	as	follows:	Group	1:	rats	received	a	single	
dose	 of	mancozeb	 (40	mg/kg	 body	weight	 [bw])	 dis
solved	 in	 saline	 solution	 (0.9%	NaCl)	 at	 a	 volume	 of	
1	ml/kg,	 administered	 intraperitoneally	once	 a	day	 for	
18	consecutive	days;	Group	2	(control):	control	rats	re
ceived	injections	of	saline	solution	(0.9%	NaCl)	during	
the	same	period.	At	the	end	of	the	exposure	period,	all	
rats	were	sacrificed	by	decapitation.	Femurs	were	dis
sected from each animal for the MN test, and blood 
samples were collected for the comet assay.

For the MN test, bone marrow cells from one femur 
were	prepared	as	described	by	Schmid	(1975).	After	dis
section,	 the	proximal	and	distal	 ends	of	 the	 femurs	of	
each animal were cut off and bone marrow cells were 
flushed	out	with	foetal	calf	serum.	The	suspension	was	
centrifuged and the supernatant was discarded. The pel
let	 was	 resuspended	 in	 ethanol-acetic	 acid	 (3 : 1)	 and	
dropped onto a clean slide. The slides were air dried for 
12	 h	 and	 stained	 with	 Giemsa	 (Newprov,	 Pinhais,	
Paraná).	All	slides	were	coded	and	the	cells	were	scored	
blindly	by	light	microscopy	at	×1000	magnification.	A	
total	of	2000	polychromatic	erythrocytes	 (PCEs)	were	
scored per animal for the presence of micronuclei. All 
slides were scored by the same observer.

The alkaline comet assay was performed according to 
Tice	et	al.	(2000).	After	the	animals	were	killed,	a	5-μl	
blood	sample	was	collected	and	mixed	with	95	μl	of	low	
melting	point	agarose.	After	homogenization,	the	mix
ture was layered onto slides precoated with normal 
melting point agarose, covered with a coverslip, and 
then	allowed	to	solidify	for	7	min	in	the	refrigerator.	The	
coverslips were gently removed and the slides were im
mersed	 in	cold	 lysing	solution	 (2.5	M	NaCl,	100	mM	
EdTA,	10	mM	Tris,	1%	Triton	X-100,	and	10%	dMSO)	
for	at	least	6	h.	After	lysis,	the	slides	were	placed	in	a	
horizontal	 electrophoresis	 box	 filled	with	 freshly	 pre
pared	 electrophoresis	 buffer	 (300	 mM	 NaOH,	 1	 mM	
EdTA,	pH	>	13)	for	20	min.	Electrophoresis	was	per
formed	at	25	V	and	300	mA	for	20	min.	The	slides	were	
then	neutralized	with	0.4	M	Tris	buffer	at	pH	7.5,	stained	
with	 silver	 nitrate	 (Nadin	 et	 al.,	 2001),	 and	 examined	
under	a	 light	microscope	Nikon	Eclipse	E200	(Nikon,	
Tokyo,	 Japan).	 From	 each	 individual,	 100	 cells	 were	
scored	at	×400	magnification.	dNA	damage	was	quanti
fied	by	visual	classification	of	cells	into	five	categories	
corresponding	 to	 the	 tail	 length:	 0	 –	 undamaged;	 I	 –	
low-level	 damage;	 II	 –	 medium-level	 damage;	 III	 –	
high-level	damage;	IV	–	complete	damage	(Anderson	et	
al.,	1994).	Based	on	the	arbitrary	levels	assigned	to	the	
different	categories,	a	genetic	damage	index	was	calcu
lated	 for	 each	 rat	 (Pitarque	 et	 al.,	 1999),	 as	 follows:	

[(No.	of	Type	0	cells	×	0)	+	(No.	of	Type	I	cells	×	1)	+	
(No.	of	Type	II	cells	×	2)	+	(No.	of	Type	III	cells	×	3)	+	
(No.	of	Type	IV	cells	×	4)].	Therefore,	the	total	score	per	
individual	 ranged	 from	 0	 (all	 undamaged)	 to	 400	 (all	
maximally	damaged).	

Differences between treated and control groups were 
compared using the MannWhitney test. All analyses 
were performed using the Statistical Package for the 
Social	Sciences	(SPSS),	version	15.0	for	Windows,	at	a	
significance	level	of	P	≤	0.05.

Results and Discussion
The present study was undertaken to evaluate the 

genotoxic	 potential	 of	mancozeb	 in	Wistar	 rats	 as	 as
sessed by the comet assay and MN test. The results of 
MN test in rat bone marrow are shown in Table 1. The 
mean	number	of	micronucleated	cells/per	1000	cells	in	
rats	treated	with	mancozeb	(7.2	±	1.1)	was	significantly	
higher	 than	 that	 in	 the	 control	 group	 (3.2	±	 0.7)	 (P	=	
0.0004).	 The	 results	 obtained	 by	 the	 comet	 assay	 in	
blood lymphocytes of rats are also shown in Table 1. 
The	damage	index	showed	a	statistically	significant	dif
ference	between	treated	and	control	groups	(P	=	0.001),	
with increased DNA damage in mancozebtreated rats. 
Accordingly, the results obtained by both methods for 
the detection of DNA damage indicate that mancozeb is 
genotoxic	at	the	dose	tested	(40	mg/kg	bw/day).	
Genotoxicity	 studies	with	mancozeb	have	produced	

controversial results in rodent bone marrow cells. 
Vasudev	and	Krishnamurthy	(1994)	found	no	genotoxic	
effects	 for	 mancozeb	 at	 doses	 of	 1687.5,	 3375,	 and	
5962.5	mg/kg	 bw	 using	 the	MN	 test	 in	 Swiss	 albino	
male	mice.	 Gautam	 and	Kapoor	 (1991),	 however,	 re
ported induction of chromosomal aberrations in the 
bone marrow cells of male mice injected intraperito
neally	with	mancozeb	at	doses	of	30,	40,	and	300	mg/kg	
bw.	In	another	study	with	mice,	mancozeb	significantly	
induced micronuclei in bone marrow cells only at the 
dose	 of	 1000	 mg/kg	 bw	 (Hemavathi	 and	 Rahiman,	
1996).	In	the	study	by	Georgian	et	al.	(1983),	Wistar	rats	
received	mancozeb	at	doses	of	2.5,	5,	and	10	mg/kg	bw	
as a single injection for each dose, and chromosomal 
aberration frequency in bone marrow cells was then 
evaluated.	Almost	 all	 rats	 died	within	 2–4	 h	 after	 the	
highest dose, and doserelated clastogenic effects were 
found	for	the	2.5	and	5	mg/kg	bw	doses	of	mancozeb.

dNA	damage	in	Mancozeb-Exposed	Wistar	Rats

Table 1. Number of micronucleated erythrocytes (per 1000 
cells) as assessed by the micronucleus (MN) test in bone 
marrow and damage index in lymphocytes as estimated by 
the comet assay (mean ± standard deviation) in mancozeb-
treated and control male Wistar rats

Treatment N MN (‰) Damage index
Mancozeb 8* 7.2	±	1.1 23.8	±	4.4
Control 10 3.2	±	0.7 7.8	±	2.3
P 0.0004 0.001

* Two rats died during the treatment with mancozeb.
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Although the dose of mancozeb used in the present 
study	(40	mg/kg	bw/day)	was	higher	than	that	used	by	
Georgian	et	al.	(1983),	we	were	not	able	to	confirm	the	
results reported by the authors with respect to the high 
lethality of mancozeb observed in Wistar rats at a dose 
of	10	mg/kg	bw.	Toxicity	 studies	with	mancozeb,	and	
with pesticides in general, have yielded controversial 
results, depending on the compound or assay used. 
Moreover,	 in	order	to	explain	inconsistent	results	with	
respect	 to	 the	 induction	of	 toxic	 effects	 by	pesticides,	
additional factors, such as different sources, purity lev
els, strains and substrains of animals, doses and treat
ment schedules, and manufacturing processes, should 
be	taken	into	consideration	(Surrallés	et	al.,	1995).

Several studies have shown the involvement of reac
tive	oxygen	species	(ROS)	and	oxidative	stress	in	pesti
cide	toxicity,	and	it	is	generally	accepted	that	ROS	even
tually	 cause	dNA	damage	 (Bertram	 and	Hass,	 2008).	
Tissue culture studies have shown that mancozeb may 
induce	oxidative	stress	and	that	ROS	may	play	a	critical	
role	 in	 mancozeb-induced	 genotoxicity	 in vitro (Cal
viello	et	al.,	2006;	Srivastava	et	al.,	2012).	

The data reported here demonstrate that mancozeb 
exerts	toxic	effects	on	rat	cells,	inducing	dNA	damage.	
Moreover, the results indicate that mancozeb may ad
versely	affect	the	dNA	integrity	of	exposed	organisms,	
including humans.
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