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SUMMARY

Mancozeb is a manganese/zinc ethylene-bis-dithiocarbamate fungicide that is widely used in agriculture
to control a broad variety of fungal infections of both vegetables and ornamental plants. The present
study has been carried out to investigate the possible effect of mancozeb on animal the oxidative stress
and some of the biochemical markers in male wistar rats. In this experiment, adult male rats weighing
between 200 and 250 g were treated per os for 4 weeks with two different doses of 800 and 1200 mg/kg
per day. Reduced glutathione (GSH) levels were decreased in all treated groups compared to control ones.
It has been observed a significant increase in the fresh weight of liver in individuals of both doses. More-
over, mancozeb exposure caused a significant (p<0.05) fall in aspartic aminotransferase (AST) and alanine
aminotransferase (ALT) in group treated with 1200 and 800 mg/kg/day. Similarly, alkaline phosphatase
(ALP) activity underwent a significant (p<0.05) increase in both groups. The obtained observations clearly
reveal hepatotoxic effects of mancozeb in rats and constitute, therefore, an environmental health risks to
living organisms.
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INTRODUCTION

The widespread use of pesticides over the last decades has become a real health concern in
our modern society. Their development has not only improved agricultural products, to meet
the increasing world populations, but also represents a major health threats The World Health
Organization (WHO) has estimated that there are approximately 3 million cases of pesticide
poisoning each year, with 220,000 deaths worldwide (Jaga and Dharmani, 2003 ; who, 1988)
the majority of poisonings occur in developing countries (Mbakaya et al., 1994; Smith, 2001).
The study of the impact of pesticides in the carbamate family on public health are of a great
importance in toxicological studies. Carbamates are selected on the basis of their biodegrada-
ble property and to their supposed low toxicity to mammals. Mancozeb (manganese/zinc eth-
ylene-bis-dithiocarbamate) belongs to the carbamate class of fungicides used against a variety
of fungal diseases of field crops (O'Neil and Marshal, 1984) Exposure to mancozeb has been
tested on animals, inducing, histopathological changes in the adrenal gland, thyroid and kid-
ney (Belpoggi et al., 2002 ; Sakr, 2007).

MATERIALS AND METHODS
Experimental design

Adult male Wistar rats weighing between 200 and 250 g were divided into 3 groups. The ani-
mals were housed in appropriate and specific cages under laboratory conditions (food and
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water were available ad libitum) during the four weeks experimental period. The treated in-
dividuals of both 2 groups received the fungicide (800 and 1200 mg/kg body weight) by ga-
vage, while the last one served as control.

Biochemical assays

At the end of the experimental period, blood samples were collected into dry tubes containing
heparin solution by decapitation, the serum was obtained by centrifugation at 3000 xg for
15min. The transaminases (alanine transaminase—ALT and aspartate transaminase—AST)
and alkaline phosphatase (ALP) activities were assayed using commercial kits from (Spinreact,
Spain, refs: GOT-1001165, GPT-1001175 and ALP-1001131).

Reduced glutathione level

Reduced glutathione concentrations were evaluated following the method described by
Ellman, (1959) as modified by Jollow et al. (1974) and based on the development of a yellow
color when DTNB is added to compounds containing sulfhydryl groups. In brief, 0.2 ml of liver
supernatant was added to 3 ml of 4% sulphosalycylic acid and tubes were centrifuged at 2500
g for 15 min. Supernatant (0.2 ml) was mixed with 0.4 ml of 10mM DTNB and 1 ml phosphate
buffer (0.1M, pH 7.4). Finally, absorbance at 412nm was recorded. Total GSH content was
expressed as nmol GSH/mg protein.

Protein assay

Total protein contents were estimated according to the method of Bradford, (1976) using bo-
vine serum albumin as standard.

Statistical analysis

All the results were expressed as mean values £ SEM. Comparison between mean values were
made using the Student’s t-test. Differences were considered significant at p<0.05.

RESULTS
Effect of mancozeb on Liver weight
The obtained results are shown in Figure 1. They reveal a very significant increase in liver

weight. The rate of increase was 45 and 62 % in the Mancozeb treated groups at 800, 1200
mg/kg/day, respectively compared to controls.
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Figure 1. Variation of absolute liver weight of rats treated with Mancozeb at : 800 and 1200 mg/kg/day
(mean + SEM, n = 8)

Effect of mancozeb on oxidative stress index
The results that are summarized in Figure 2 show that the treatment of rats with mancozeb

decreases significantly hepatic glutathione content rate (GSH) in animals of both treated
groups compared to those of the control one.
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Figure 2. Reduced glutathione (nmol/mg protein) level in liver of control and rats treated with mancozeb
(mean = SEM, n = 8)
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Effect of mancozeb on Biochemical parameters

The enzymatic activity of alkaline phosphatase ALP are illustrated in figure 3. They reveal a
significant increase only in animals that had received the highest dose of mancozeb.
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Figure 3. Effect of increasing concentrations of mancozeb on serum alkaline phosphatase in male rats
(mean +SED, n = 8)

Moreover, the mean values of inflammatory markers of liver function, figures 4, 5, such as
serum transaminases alanine aminotransferase and aspartate aminotransferase (ALT/ AST)
were remarkably increased in treated groups with 800 1200 mg/kg/day compared to controls.
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Figure 4. Changes in ALT activity after treatment with mancozeb in male rats (mean + SEM, n = 8)
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Figure 5. Changes in AST activity after treatment with mancozeb in male rats (mean = SEM, n =8)

DISCUSSION

The current investigations were carried out to study the possible toxic effects of mancozeb, a
commonly used pesticide in agriculture, on liver function in male rats.

The collected data reveal that exposure of rats to such a pesticide provokes an increase in liver
weights compared to that of controls. These observations are similar to those of Mallem et al.
(2007), where a remarkable increase in liver weight of rabbits treated with maneb were rec-
orded . This may be explained by the accumulation of the toxic molecule in hepatocytes for
detoxification or effect of enzyme induction (Wayland and Edward, 1991). In contrast, other
investigations have demonstrated that repeated exposure to mancozeb reduced liver mass
(Raghavendra et al., 2003) and causes hepatocellular morphological changes (kackar,1997)
Liver is the target organ involved in detoxifying processes (Guha Mazumder, 2005) and the
leakage of hepatic enzymes such as ALT,AST and ALP are commonly used as an indirect bio-
chemical index of hepatocellular damage (Klaassen and Watkin, 1984). Hepatic dysfunction
followed by high levels of serum enzymes, indicating the cell leakage. Observations arising
from our present investigation are in total agreement of those mentioned above , where in-
creased activities of "AST, ALT and ALP in the serum of treated rats with mancozeb were reg-
istered. Similar findings have also been made in other previous studies carried out on pesti-
cides toxicity (Bhatti et al., 2011; Singh et al., 2011; Choudhary., 2003). Lavric et al. (1990)
reported that the fungicide bithionol sulfoxide when applied at high doses caused hepatotox-
icity including an increase in serum AST. Elevations in the serum levels of these enzymes were
mostly attributed to acute hepatocellular damage, extra hepatic obstruction, or both (Takaori,
1993). A study on the transaminases (AST / ALT) and the alkaline phosphatase(ALP) suggests
that this increase can be due to a mutation of genes responsible for the synthesis of these
enzymes (Azmi, 2006). Moreover, the increase in ALP concentrations might be due to the in-
crease in macrophages activity including Kupffer cells. In contrast, other studies report a fall
in theses enzymes activities While other research conducted by Oruc and Uner. (1999);
Basanta and Mukherjee. (2003).
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Finally, GSH is a tri peptide that is known to play a major role in oxidative stress (Masella et al,
2005). GSH can act directly with activated-oxygenated species but it is mainly used as a sub-
strate for glutathione peroxidase which ensures the elimination lipid peroxides (Satsangi and
Dua, 2000). It, thus, forms the first line of defence by acting as a non-enzymatic antioxidant
(Giles, 2006). Data arising from our current study show that treatment with mancozeb expo-
sure increased oxidative stress and altered antioxidant status in the treated groups. Liver GSH
contents in the mancozeb treated rats were significantly decreased, compared to control
ones. Changes in glutathione levels may be an important indicator of the capacity of the de-
toxification ability of the organism (Cheung, 2001). Its depletion can result in cell degeneration
due to oxidative stress caused by pollutants (Zhang et al., 2008). Similar observations were
made by Chiali et al., (2013) where chronic exposure to low doses of metribuzin were founded
to decrease GSH content in liver.

In summary, our results demonstrate that chronic exposure to two doses of mancozeb may
have adverse effects on liver functions leading to physiological impairments. In addition, man-
cozeb exposure resulted in increased oxidative stress and altered antioxidant status in liver.
In the light of these observations, it is recommended that mancozeb should be used with cau-
tion.

LITERATURE

Azmi M.A., Naqgvi S.N.H., Azmi M.A & Aslam M. 2006. Effect of pesticide residues on health and different
enzyme levels in the blood of farm workers from Gadap (rural area) Karach-Pakistan. Chemosphere,
64 :1739-1744.

Basanta K.D & Mukherjee S.C. 2003. Toxicity of cypermethrin in labio rohita Fingerlings : biochemical,
enzymatic and hematological consequences. Comparative Biochemistry and Physiology Part C,
134:109 - 121.

Belpoggi F., Soffritti M., Guarino M., Lambertini L., Cevolani D & Maltoni C. 2002. Results of long-term
experimental studies on the carcinogenicity of ethylene-bis-dithiocarbamate (Mancozeb) in rats. Ann.
N.Y. Acad. Sci, 982:123-136.

Bhatti J.S., Sidhu I.P.S & Bhatti G.K. 2011.Ameliorative action of melatonin on oxidative damage induced
by atrazine toxicity in rat erythrocytes. Mol. Cell. Biochem, : 139-149.

Bradford M. 1976. A rapid and sensitive method for the quantities of microgram quantities of protein
utilizing the principle of protein binding. Anal. Biochem, 72: 248-254.

Cheung C.C.C., Zheng G.J., Li A.M.Y., Richardson B.J & Lam P.K.S. (2001). Relationships between tissue
concentrations of polycyclic aromatic hydrocarbons and antioxidative responses of marine mussels,
Perna viridis. Aquat. Toxicol, 52 :189-203.

Chiali F.Z., Merzouk H., Merzouk S.A., Medjdoub A & Narce M. 2013. Chronic low level metribuzin expo-
sure induces metabolic alterations in rats. Pesticide Biochemistry and Physiology, 106 ;38—44

Choudhary N., Sharma M., Verma P & Joshi S.C. 2003. Hepato and nephrotoxicity in rat exposed to en-
dosulfan. J. Environ. Biol, 24 : 305-308.

Ellman G.L. 1959. Tissue sulfhydryl groups. Arch Biochem. Biophys, 82: 70-77.

Giles G.1. 2006. The redox regulation of thiol dependent signaling pathways in cancer. Curr.pharma. Des,
12 :4427 - 4443

Guha Mazumder D.N. 2005. Effect of chronic intake of arsenic contaminated water on liver. Toxicol Appl
Pharmacol, 206: 169-75.

Jaga K & Dharmani C. 2003. Sources of exposure to and public health implications of organophosphate
pesticides, Pan Am. J. Public Health, 14 : 171-185.

Jollow D.J., Mitchell J.R., Zamppaglione Z & Gillette J.R.1974. Bromobenzene induced liver necrosis. Pro-
tective role of glutathione and evidence for 3,4- bromobenzene oxide as the hepatotoxic metabolites.
Pharmacology, 11: 51-157.

Kackar R., Mithilsh K., Rivastava S & Rajendra B.R. 1997. Studies on rat thyroid after oral administration
of mancozebe evaluations. J. Applied toxicol, 17: 369-375



Comm. Appl. Biol. Sci, Ghent University, 79/3, 2014 559

Klaassen C.D & Watkin J.B. 1984. Mechanism of formation, hepatic uptake and biliary excretion. Pharma-
col Rev, 36:1-67.

Lavric A., Skubic V., Senk L., Lukance G & Kaci E. 1990. Oral toxicity of bithionol sulfoxide in mice and rats.
Zbornik. Veterinarske. Fakultete. Univerza. Lyublzana, 27(1): 33-39.

Mallem L., Keck G., Franck M., Boulakoud M.S. 2007. Effets du Manébe sur la thyroide et la fertilité du
lapin. Revue Méd. Vét,158, 8-9, 452-457

Masella R., Di Benedetto R., Vari R., Filesi C & Giovannini C.2005. Novel mechanisms of natural antioxidant
copounds in biological systems : involvement of glutathione and glutathione — related enzymes.Na-
tur. Biochem, 16 : 577 — 586

Mbakaya C.F.L., Ohayo-Mitoko G.J.A., Ngowi A.V.F., Mbabazi R., Simwa J.M., Maeda D.N., Stephens J &
Hakuza H.1994. The status of pesticide usage in East Africa. Afr. J. Health Sci, 1: 37-41.

O’Neil W.M & Marshal W.D. 1984. Goitrogenic effect of the ethylene thiourea on rat thyroid. Pestic. Bio-
chem. Physiol, 21: 92-101.

Oruc E.O & Uner N.1999.Effect of 2,4 Diamin on some parameters of protein and carbohydrate metabo-
lisms in the serum, muscle and liver of Cyprinus carpio. Environ. Pollut, 105 ; 267-272

Raghavendra L., Ksheerasagar., Basappa B., Kaliwal. 2003. Temporal effects of mancozeb on testes, acces-
sory reproductive organs and biochemical constituents in albino mice. Environmental Toxicology and
Pharmacology, 15: 9-17

Sakr S.A. 2007. Ameliorative effect of ginger (Zingiber officinale) on Mancozeb fungicide induced liver
injury in Albino rats. Australian J. Bas. Appl. Sci, 1: 650-656.

Satsangi K & Dua KK. 2000. Preventive effects of few dietary nutriments against aluminium toxicity in
mice. In International conference on probing in biological systems, Mumbai, India, Abstr. N71, P.186

Singh M., Sandhir R & Kiran R. 2011. Effects on antioxidant status of liver following atrazine exposure and
its attenuation by vitamin E. Exp. Toxicol. Pathol, 63: 269-276.

Smith C. 2001. Pesticide exports from U.S. ports, 1997-2000. Int. J. Occup. Environ Health, 74: 266-274.

Takaori H. 1993.Thiophanate-methyl combined chronic toxicity/oncogenicity study in rats. Unpublished
report No. RD-9327 from Nisso Institute for Life Sciences, Kanagawa, Japan. Submitted to WHO by
Nippon Soda Co. Ltd, Tokyo, Japan, 1993.

Wayland J & Edward R. 1991. Hand book of pesticide Toxicology. Vol lll, Classes of pesticide. Academic
Press, Inc., San Diego, California, USA, 1436- 1451.

WHO. 1988. Dithiocarbamates Pesticides Ethylene-thiourea, and Propylenenthiourea: A General Intro-
duction. Environ Health Criteria 78 Geneva. World Health Organization. 17-02.

Zhang X., Yang F., Zhang X., Xu Y., Liao Y., Song S & Wang H. 2008. Induction of hepatic enzymes and
oxidative stress in Chinese rare minnow (Gobiocypris rarus) exposed to waterborne hexabromocy-
clododecane (HBCDD). Aquat. Toxicol, 86 :4-11.



