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ABSTRACT 
Carbendazim [methyl-2-benzimidazole carbamate, MBC (CBZ)], a metabolite of benomyl, is one of the most widespread 

environmental contaminants of major concern to human and animal health. The protective effect of resveratrol (RSV), vitamin 

E (E) and a combination of both on carbendazim-induced toxicity was investigated using haematology, serum biochemistry and 

histopathology in male Wistar rats. Exposure to Carbendazim (CBZ) caused a significant reduction in the values of PCV and 

significantly increased WBC as well as platelets counts when compared to the control and other groups while treatment with 

each of and a combination of RSV and E ameliorated the condition. Also, exposure to CBZ resulted in a significant increase in 

the values of Urea, Creat, AST, ALT, GGT, Total Cholesterol, Triglycerides and Low Density Lipoproteins while it decreased 

HDL across the groups. However, RSV and or E ameliorated the condition. Histopathology revealed that CBZ exposure resulted 

in inflammation of the glomerular apparatus as well as focal areas of granulation and hepatic lesions including fatty degeneration, 

peri-portal inflammation, cytoplasmic vacuolation and karyorrhexis of hepatocytes in the kidney and liver, respectively. Co-

treated with E, RSV or their combination improved the conditions in the kidney and liver. The study demonstrates the 

ameliorating effects of RSV, E as well as their combination on CBZ-induced toxicities 
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INTRODUCTION 

 

Carbendazim [methyl-2-benzimidazole carbamate, MBC 

(CBZ)], a metabolite of benomyl, is one of the most 

widespread environmental contaminants of major concern to 

human and animal reproductive health (Aire, 2005). CBZ, a 

systemic broad-spectrum fungicide exerts its antifungal action 

inhibiting microtubule polymerization and, consequently, cell 

division in fungi. Microtubules are formed by heterodimers, 

the α and β-tubulin, which interact by non-covalent bindings 

and have a key role in cell division, being responsible for 

chromosome segregation in mitosis and meiosis (Winder et al. 

2001). Furthermore, they are responsible for organizing, 

transporting and placement of organelles. The CBZ-induced 

inhibition of microtubule polymerization has been attributed 

to its interaction with b-tubulin at the tyrosine residue 167, 

Tyr-167 in Saccharomyces cerevisiae (Li et al. 1996) and to 

the inhibition of the binding of guanosine triphosphate (GTP) 

to β -tubulin in rats (Winder et al. 2001).  A number of reports 

on the endocrine actions of CBZ have been documented 

(Barlas et al. 2002; Goldman et al. 1989; Lu et al. 2004; 

Morinaga et al. 2004; Rehnberg et al. 1989; Yu et al. 2009). 

Resveratrol (RSV; 3,5,4′-trihydroxystilbene), a naturally 

occurring phytoalexin found in juice and red wines, has been 

reported to exert a variety of pharmacological effects (Hung, 

et al. 2004). It has been shown to possess anti-cancer (Jang, et 

al. 1997), anti-inflammation (Jang, et al. 1999), and anti-

platelet properties (Chung, et al. 1992). In purified or synthetic 

form, RSV reduces the synthesis of lipids in rat liver (Arichi, 

et al. 1982), inhibits the synthesis of eicosanoids in rat 

leukocytes (Kimura, et al. 1985), as well as interfering with 

arachidonate metabolism (Ragazzi, et al. 1988). Furthermore, 

it inhibits platelet activation and aggregation (Bertelli, et al. 

1995) and has been linked to the inhibitory activity of some 

protein kinases (Jayatilake, et al. 1993). Also, RSV exerts a 

strong inhibitory effect on reactive oxygen species produced 

by human polymorphonuclear leukocytes (Rotondo et al. 

1998) and has been demonstrated to possess cardio-protective 
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effects against ischemia-reperfusion injuries in rat hearts 

(Hung, et al. 2004).  

 Traditionally, Vitamin E was used as a common term for 

four tocopherols (alpha-, beta-, 16 gamma-, delta-tocopherol) 

and four tocotrienols (alpha-, beta-, gamma-, delta-

tocotrienol) having been shown to have varying levels of 

biological activity in experimental animal studies (Traber, 

2006). Sources of vitamin E include egg yolk, nuts and seeds, 

vegetable oil, oil-based spreads as well as sunflower oil. The 

uptake, transport and tissue delivery of vitamin E has been 

demonstrated to involve molecular, biochemical and cellular 

processes closely related with overall lipid and lipoprotein 

metabolism (Rigotti, 2007). 

 There is paucity of research information on the protective 

effects of RSV and vitamin E in CBZ-induced toxicity. This 

study was therefore designed to investigate the protective role 

of RSV and vitamin E in CBZ-induced toxicity in adult male 

Wistar rats.                                     

 

 

MATERIALS AND METHODS 

 

Experimental Animals: Forty adult male Wistar rats were 

used for the study. They were kept in the Animal House, 

Faculty of Veterinary Medicine, University of Ibadan. 

Commercial rat feed pellets and water was given ad libitum. 

The rats were stabilized for five weeks before the 

commencement of the treatment protocol. 

 

Treatment protocol: The rats were randomly distributed into 

eight groups: 

I: 15 mg/ kg body weight Resveratrol alone (R). 

II: Vitamin E (100 mg/ kg body weight) plus 15 mg/ kg body 

weight Resveratrol (V+R). 

III: Vitamin E (100 mg/ kg body weight) alone (V). 

IV: Vitamin E (100 mg/ kg body weight) plus 400 mg/ kg body 

weight Carbendazim (V+C) 

V: Control (0.1 ml corn oil + 0.1ml Carboxymethyl cellulose 

= vehicle) CT 

VI: 400 mg/ kg body weight Carbendazim alone (C). 

VII: Vitamin E (100 mg/ kg body weight), 15 mg/kg body 

weight Resveratrol and 400 mg   

        Carbendazim (E+R+C) 

VIII: 15 mg Resveratrol plus 400 mg/kg body weight 

Carbendazim (R+C) 

All treatments were by oral route and lasted for 7 days. 

Carboxymethyl cellulose was used as the solvent for 

resveratrol while corn oil was the solvent for both vitamin E 

and Carbendazim. 

 

Blood sampling : Blood samples were collected on Day 8 

after deeply anaesthetizing each rat with a combination of 

xylazine and ketamine. Blood sampling was carried out as 

reported by Guyton and Hall (2006); Ola-Davies et al. (2014). 

Briefly, blood samples were collected from the orbital sinus of 

the rats into clean lithium heparinized tubes. Drops of whole 

blood were used to fill some heparinised microhematocrit 

capillary tubes to determine packed cell volume (PCV), and 

hemoglobin (Hb). Whole blood was also used to make three 

air dried blood smears. The smears were stained with Wright’s 

stain and examined for red blood cell (RBC), white blood cell 

(WBC), differential WBCs (lymphocytes, neutrophils, 

basophils, eosinophils, monocytes) and platelet estimate. 

Blood samples were also collected for biochemical analysis, 

centrifuged at 3000 rpm for ten minutes to isolate the serum. 

Na+, K+, Cl-, HCO-
3 were determined by use of automated 

analysers as described by Meyer and Harvey (1998). 

Commercially available kits were used according to the 

respective manufacturer’s protocol for the measurement of 

serum liver enzyme activity. Serum alkaline phosphatase 

(ALP) activity was determined by a kit from BioSystems SA., 

Spain. Serum aspartate aminotransferase (AST), gamma‐
glutamyl transferase (GGT), alanine transaminase (ALT), acid 

phosphatase and prostatic acid phosphatase activities, Urea, 

Creatinine, Bilirubin (total and conjugated bilirubin), Proteins, 

high density lipoprotein (HDL), low density lipoprotein 

(LDL), were measured using RANDOX® laboratory reagent 

kits obtained from RANDOX Laboratories Ltd., Ardmore, 

United Kingdom. Serum Cholesterol and Triglyceride levels 

were determined by Ecoline CHOD‐PAP and Ecoline 25 

GPO‐PAP assay kits (1.14856.0001, Merck KGaA, 

Darmstadt, Germany), respectively. 

 

Histological study: Liver and kidney samples were collected 

in 10% formalin for histopathological analysis. Tissues were 

processed and embedded in parafin wax and sections were 

made of about 4–6 μm. After staining with hematoxylin and 

eosin, slides were examined under the microscope (Olympus, 

Japan) for histopathological changes and photographed. 

 

Statistical analysis 

Data generated from the treatments were analysed using 

mean-standard deviation and was subjected to two-way 

ANOVA with Dunnett’s multiple comparisons test (GraphPad 

Prism 6).  

 

 

RESULTS 
 

The mean and standard deviation of haematological 

parameters of the rats are given in Table 1. Exposure to 

carbendazim caused a significant reduction in the values of 

PCV when compared to the control and other groups while 

treatment with each of and a combination of resveratrol and 

vitamin E ameliorated the condition (Table 1). However, 

carbendazim exposure significantly increased WBC and 

platelets counts while treatment with each of and a 

combination of resveratrol and vitamin E improved the 

condition (Table 1). Values for RBC, Hb, NEU, LYM, MON 

and Ba had no significant difference across the different 

groups. It is however, important to note that carbendazim 

caused a reduction in the values of NEU when compared to 

the other groups.  

 Also, no significant differences were observed for the 

values of Na+, K+, Cl-, HCO-
3, TP, ALB, GLO and CB across 

the groups. Carbendazim induced a decrease in the value of 

TB while treatment with either resveratrol or vitamin E 

ameliorated the condition (Table 2). Exposure to CBZ resulted 

in a significant increase in the values of UREA, CREAT, AST, 

ALT and GGT across the groups.  
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Table 1.  

Effect of Resveratrol and Vitamin E on carbendazim-induced changes in the haematological parameters of rats 

 R V+R V V+C CT C E+R+C R+C 

PCV 44.00 

±3.61b 

45.67 

±4.93 b 

45.00 

±3.61 b 

47.33 

±3.22 b 

45.33 

±3.22 b 

40.33 

±1.53 a 

47.33 

±2.08 b 

44.00 

±2.65 b 

RBC 7120 

±1307 a 

6796 

±395 a 

7853 

±607 a 

7090 

±64 a 

7770 

±1139 a 

7060 

±196 a 

7526 

±1211 a 

7358 

±1618 a 

WBC 9763 

±3065 b 

11936 

±2479 b 

9700 

±953 b 

10253 

±2426 b 

10466 

±4895 a 

12030 

±1462 a 

9963 

±1978 b 

9672 

±520 b 

PLAT 466333 

±5089 b 

482333 

±6882b 

452000 

±6009b 

493333 

±1258 b 

425666 

±7356 b 

526000 

±8685 a 

432666 

±6007 b 

471666 

±1197 b 

NEU 44.00 

±8.54 a 

44.00 

±6.08 a 

43.00 

±6.00 a 

46.70 

±7.00 a 

44.33 

±17.19 a 

37.67 

±7.64 a 

48.00 

±6.25 b 

47.33 

±7.02 b 

LYM 59.00 

±8.54 a 

54.67 

±6.80 a 

63.00 

±11.79 a 

63.67 

±6.43 a 

57.33 

±17.90 a 

60.33 

±7.64 a 

58.33 

±7.10 a 

54.00 

±6.56 a 

MON 0.00 

±0.00 

0.67 

±1.16 

0.67 

±0.58 

0.33 

±0.58 

1.00 

±0.00 

0.00 

±0.00 

0.67 

±1.16 

1.33 

±0.58 

EOS 0.42 

±0.00 

0.67 

±1.16 

0.67 

±0.58 

0.53 

±0.00 

0.46 

±0.00 

0.89 

±0.00 

0.56 

±0.00 

0.47 

±0.00 

BA 0.00 

±0.00 

0.00 

±0.00 

0.00 

±0.00 

0.33 

±0.58 

0.33 

±0.58 

0.00 

±0.00 

0.00 

±0.00 

0.33 

±0.58 

Hb 14.20 

±1.31 

14.07 

±2.72 

14.57 

±0.75 

14.53 

±0.46 

14.00 

±0.00 

14.17 

±1.04 

15.67 

±0.58 

15.23 

±1.17 

Means with different superscripts within rows are significantly significant (P<0.05) 

 

 

Table 2  
Effect of Resveratrol and Vitamin E on carbendazim-induced changes in serum biochemistry and electrolytes parameters of rats 

 R V+R V V+C CT C E+R+C R+C 

Na+ 139.67±0.58 138.33±2.31 139.00±3.61 139.67±1.53 139.67±2.31 138.00±3.61 138.67±2.31 136.33±3.06 

K+ 3.87±0.21 4.67±0.48 3.73±0.15 3.93±0.25 3.83±0.15 3.40±0.27 3.80±0.20 3.70±0.17 

Cl- 106.67±5.77 105.00±0.00 109.67±2.89 116.67±2.89 105.00±5.00 101.00±5.00 103.67±2.89 107.00±0.00 

HCO3
- 22.67±2.08 23.33±1.16 22.68±1.53 21.63±1.53 22.33±2.08 20.17±3.06 23.67±1.53 25.00±1.00 

TP 7.13±0.15 7.07±0.25 6.97±0.51 6.43±0.25 7.17±0.25 5.77±0.06 6.87±0.15 6.73±0.25 

ALB 4.00±0.27 4.00±0.17 3.93±0.29 3.97±0.06 4.10±0.27 3.27±0.12 3.87±0.21 3.73±0.35 

GLO 3.13±0.12 3.07±0.06 3.03±0.25 3.00±0.27 3.07±0.06 2.57±0.51 3.00±0.20 3.00±0.10 

TB 0.53±0.06b 0.47±0.15 b 0.50±0.17 b 0.60±0.00 b 0.63±0.21 b 0.38±0.12 a 0.60±0.17 b 0.63±0.15 b 

CB 0.30±0.10 0.36±0.00 0.39±0.06 0.26±0.10 0.23±0.06 0.20±0.06 0.27±0.06 0.25±0.12 

Means with different superscripts within rows are significantly significant (P<0.05) 

 

 

Table 3.  

Effect of Resveratrol and Vitamin E on carbendazim-induced changes in the liver, kidney and lipid profile parameters of rats 

 R V+R V V+C CT C E+R+C R+C 

UREA 27.00±1.73b 29.67±3.51b 25.67±5.03b 27.33±0.58b 28.00±3.61b 39.33±1.53a 28.33±1.16b 30.33±0.58b 

CREAT 0.60±0.10b 0.57±0.15a 0.57±0.21a 0.53±0.06a 0.47±0.15a 0.70±0.12b 0.57±0.06a 0.53±0.06a 

AST 11.33±1.16a 12.33±0.58 a 13.67±4.04 a 13.33±2.08 a 12.33±1.53 a 18.33±1.53 b 11.67±3.79 a 12.33±1.16a 

ALT 8.27±4.84 a 9.67±0.58 a 10.00±2.00 a 8.00±2.65 a 9.67±1.16 a 15.00±0.00 b 9.33±3.22 a 9.83±2.52a 

GGT 7.00±1.73 a 7.00±2.00 a 7.67±1.53 a 6.90±4.53 a 7.33±1.53 a 11.33±1.16 b 6.67±2.89 a 6.67±3.06a 

ALP 55.33±9.07 a 51.33±3.06 a 51.67±3.51 a 53.33±8.93 a 56.33±0.58 a 62.33±7.57 b 55.00±6.08 a 59.67±6.66a 

TC 115.00±5.00a 118.67±7.57a 115.67±25.03a 113.00±9.85a 120.67±6.81a 138.33±12.58b 113.33±15.28a 119.67±5.03a 

TG 63.00±5.57 a 61.33±5.51 a 62.00±9.54 a 68.00±5.29 a 63.00±19.47a 81.67±11.72 b 67.00±9.54 a 62.67±4.93a 

HDL 44.33±7.57b 35.33±3.79 a 42.00±7.81b 33.67±5.0 a 37.33±3.79b 30.33±6.03 a 34.33±6.66 a 32.67±3.79a 

LDL 75.67±10.69b 75.00±1.00b 75.00±18.52b 75.33±6.35b 73.33±9.02b 99.33±17.24a 73.33±15.04b 77.00±7.81b 

Means with different superscripts within rows are significantly significant (P<0.05) 
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Figure 1.  

Cross section of the kidney of rats (H&E). A. Resveratrol alone group showing normal tissue with normal glomerulus (asterisk). B. 

Vitamin E + resveratrol group showing normal tissue with normal glomerulus (asterisk).  C. Vitamin E alone group showing normal 

tissue with normal glomerulus (asterisk). D. Vitamin E + carbendazim group showing mild peritubular inflammation (arrows). E. 

Control group showing normal tissue with normal glomerulus (asterisk). F.  Carbendazim alone group showing inflamed glomerular 

tissue (asterisk). G. Carbendazim alone group showing focal area of granulation tissue (arrows). H. Resveratrol + vitamin E + 

carbendazim group showing normal tissue with normal glomerulus (asterisk). I. Resveratrol + carbendazim group showing normal 

tissue with normal glomerulus (asterisk). 

 

 
Figure 2.  

Cross section of the liver of rats (H&E). A. Resveratrol alone group showing normal hepatic tissue (asterisk). B. Vitamin E + resveratrol 

group showing normal hepatic tissue (asterisk).  C. Vitamin E alone group showing normal hepatic tissue (asterisk). D. Vitamin E + 

carbendazim group showing mild peri-portal inflammation (asterisk). E. Control group showing normal hepatic tissue (asterisk). F. 

Carbendazim alone group showing fatty degeneration (arrows). G. Carbendazim alone group showing fatty degeneration (arrow) and 

cytoplasmic vacuolation (asterisk).  H. Resveratrol + vitamin E + carbendazim group showing normal hepatic (asterisk). I. Resveratrol 

+ carbendazim group showing karyorrhexis of hepatocytes (arrows). 
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However, RSV and or Vitamin E improved the condition 

(Table 3). Contrarily, no significant difference was observed 

in the values of ALP across the groups. Also, CBZ exposure 

significantly increased the values for TC, TG and LDL while 

it decreased HDL. 

 Histopathology revealed that exposure to carbendazim 

resulted in inflammation of the glomerular apparatus as well 

as focal areas of granulation in the kidney (Figure1F & G). 

However, co-treatment with vitamin E (Figure 1D), 

resveratrol (Figure 1I) or their combination (Figure 1H) 

improved the condition. All treatments with either resveratrol 

(Figure 1A) or vitamin E alone (Figure 1C) or both (Figure 

1B) as well as the control group (Figure 1E) revealed no lesion 

in the kidney. Also, carbendazim exposure resulted in hepatic 

lesions including fatty degeneration, peri-portal inflammation, 

cytoplasmic vacuolation and karyorrhexis of hepatocytes 

(Figure 2F &G). As observed in the kidney, co-treated with 

vitamin E, resveratrol or their combination improved the 

condition (Figure 2A, B, C, D, E, H &I). 

 

DISCUSSION 
 

Exposure to carbendazim has been demonstrated to be mainly 

through occupational or food consumption with primary 

exposure in humans being residues of benomyl and 

carbendazim used in food crops (Veerappan et al. 2011).  This 

study was designed to determine the ameliorating effects of 

resveratrol and vitamin E on carbendazim-induced toxicities 

in male Wistar rats. The carbendazim-induced reduction in 

PCV values in the rats used for this study is indicative of its 

negative effect on erythropoiesis in animals. Also, the 

significant increase in WBC as well as platelet counts caused 

by carbendazim further shows it as a toxicant and further 

indicates an enhanced immune capacity. These anomalies 

were however ameliorated by the concomitant treatment with 

resveratrol or vitamin E.  

 Our observation on RBC and lymphocyte counts is 

contrary to the report by Muthuviveganandavel et al. (2008), 

that carbendazim caused reduction in the red blood cell counts 

and increase in the lymphocyte counts with carbendazim 

administration. This disparity may be due to difference in 

concentration as well as routes of exposure and duration of 

administration. However, findings from the present study are 

similar to reports on the toxic effects of carbendazim in 

animals (Cummings et al. 1990; Dalvi, 1992; Veerappan et al. 

2011). Specifically, the observed carbendazim-induced 

decreased in neutrophil concentration in the rats might have 

resulted from the suppression of leucopoiesis in the bone 

marrow which may have consequential effects on the immune 

and phagocytic activity of the blood cells of the rats (Afolayan 

and Yakubu, 2009, Ola-Davies et al. 2014). Findings from the 

work therefore suggest that resveratrol or vitamin E can be 

used to enhance leucopoiesis in the bone marrow. 

The observed upward regulation of UREA, CREAT, AST, 

ALT and GGT by carbendazim across the groups, compared 

to the control is consistent with previous findings (Selmanoglu 

et al. 2001; Seda and Aktac, 2005; Veerappan et al. 2011). The 

ability of resveratrol and vitamin E to significantly reduce 

elevated serum biochemical parameters caused by endocrine 

disrupting substances has also been reported by different 

authors (Brian et al. 2001; Park et al. 2004; Hung, et al. 2004; 

Traber, 2006; Rigotti, 2007; Zhu et al. 2008). Serum 

biochemistry is of clinical relevance in identifying the target 

organs of toxic effects as well as the general health status of 

animals, and it is advocated to provide early warning of 

potentially deleterious changes in stressed or diseased animals 

(Sacher and Mcpherson, 2000). 

In the present study, each of resveratrol and vitamin as well as 

their combination were able to significantly reduce 

carbendazim-induced elevated TC, TG and LDL. This finding 

is similar to those of previous authors (Hidiroglou et al. 2004; 

Zhu et al. 2008; Castrol et al. 2009).  Also, resveratrol and 

vitamin E as well as their combination significantly increased 

carbendazim-induced reduced TB as reported by some authors 

(Hung, et al. 2004; Traber, 2006; Rigotti, 2007). Reports have 

shown that resveratrol has strong antioxidant activity in vitro 

(Fauconneau et al. 1997) with great anti-inflammatory 

activities (Kawada et al. 1998; Rotondo et al. 1998; Jang et al. 

1997; Zhu et al. 2008). Also, resveratrol exhibits cancer 

chemo-preventive activity (Jang et al. 1997) and is able to 

modulate low-density lipoprotein oxidation (Frankel et al. 

1993). In rats, dietary resveratrol has been demonstrated to 

dose-dependently suppresses both serum triglyceride and 

very-low-density as well as low-density lipoprotein- 

cholesterol levels in hepatoma-bearing rats (Daiki et al. 2003; 

Zhu et al. 2008). 

Histopathological findings in the present study have further 

supported that carbendazim exposure is injurious to the kidney 

and liver of rats. The observed carbendazim-induced lesions 

are in consonant with those of previous authors (Igbediogh 

and Akinyele, 1992; Balkan and Aktac, 2005). However, 

resveratrol and vitamin E as well as their combination were 

able to ameliorate carbendazim-induced lesions of the kidney 

and liver. The protective effects of both resveratrol and 

vitamin E can be attributed to their antioxidant, anti-

inflammatory and anti-proliferative activities. The 

cytoplasmic vacuolation of hepatocyte observed in the 

carbendazim treated groups is a non-specific response of rats 

due to toxic conditions (Zhu et al. 2008). Such vacuolizations 

might indicate an imbalance between the rate of synthesis of 

substances in the parenchyma cells and the rate of their release 

into the circulation (Gingerich, 1982; Zhu et al. 2008). In 

portal circulation, the flow of blood is from hepatic portal vein 

and hepatic artery into the central vein, hence, any congestion 

or stenosis in the central vein would result in reduced flow of 

blood (Faheem et al. 2016). The inflammation of the 

glomerulus and focal area granulation of the kidney tissue 

observed in the carbendazim-treated rats are capable of 

inducing decreased glomerular filtration rate and as such 

predispose to haemodialysis. Findings from the study suggest 

that carbendazim has direct nephrotoxic action. Hence its 

effects are expected to be excreted principally on the proximal 

convoluted tubules and thereby modify the structure and 

function of the kidney (Rahimi et al. 2015). 

 In conclusion, findings from the present study have shown 

that carbendazim elicits toxic effects in the kidney and liver of 

rats affecting biochemical and hematological parameters 

thereby causing histopathological changes in tissues. The 

study has also demonstrated the ameliorating effects of 
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resveratrol, vitamin E as well as their combination on 

carbendazim-induced toxicities. It is therefore recommended 

that resveratrol and vitamin E be administered as a protection 

to carbendazim-induced toxicity while the use of carbendazim 

as pesticide should be regulated due to its adverse effects in 

animals and by extension, humans. 
 

REFERENCES 
 

Afolayan AJ and Yakubu MT. 2009. Effect of Bulbine 

natalensis Baker stem extract on the functional indices and 

histology of the liver and kidney of male Wistar rats. J Med 

Food, 12: 814-820.  

Aire TA. 2005. Short-term effects of carbendazim on the 

gross andmicroscopic features of the testes of Japanese quails 

(Coturnix coturnix japonica). Anat Embryol (Berl) 210:43–49 

Alberts B, Johnson A, Lewis J, Raff M, Roberts K and 

Walter P. 2002. The cytoskeleton. In: Molecular Biology of 

the Cell, fourth ed. Garland Science, New York, pp. 907–982. 

Ali D, Nagpure NS, Kumar S, Kumar R, Kushwaha B and 

Lakra WS. 2009. Assessment of genotoxic and mutagenic 

effects of chlorpyrifos in freshwater fish Channa punctatus 

(Bloch) using micronucleus assay and alkaline single-cell gel 

electrophoresis. Food Chem Toxicol 47:650–656 

Arichi Y, Kimura Y, Okuda H, Bana K, Kozawa M and 

Arichi S. 1982. Effects of stilbene components of the roots of 

polygonum on lipid metabolism. Chem Pharm Bull (Tokyo) 

30: 1766–1770. 

Barlas N, Selmanoglu G, Koçkaya A and Songür S. 2002. 
Effects of carbendazim on rat thyroid, parathyroid, pituitary 

and adrenal glands and their hormones. Hum. Exp. Toxicol. 

21: 217–221. 

Bertelli AA, Giovannini L, Giannessi D, Migliori M, 

Bernini W and Fregoni M. 1995. Antiplatelet activity of 

synthetic and natural resveratrol in red wine. Int J Tissue React 

17: 1–3. 

Brian P, Laden T D and Porter L. 2001. Resveratrol inhibits 

human squalene monooxygenase. Nutr. Res. 21:747-753. 

Cal/EPA 1999. Risk Characterization Document Benomyl. 

California Environmental Protection Agency (Cal/EPA), 

Medical Toxicology, and Worker Health and Safety Branches, 

Department of Pesticide Regulation. 

<http://www.cdpr.ca.gov/docs/risk/rcd/benomyl.pdf>. 

Castrol M, Veiga APM, Pacheco MR. 2009. Plasma lipid 

profile of experimentally induced hyperlipidemic New 

Sealand White rabbits is not affected by resveratrol. The 

Journal of Applied Research, 9(1&2):18-22. 

Chung MI, Teng CM, Cheng KL, Ko FN and Lin CN 1992. 
An antiplatelet principle of Veratrum formosarum. Planta 

Med 58: 274–276. 

Constant J. 1997. Alcohol, ischemic heart disease, and the 

French paradox. Coron Artery Dis 8: 645–649. 

Cummings AM, Harris ST and Rehnberg GL. 1990. 
Effects of methyl benzimidazolecarbamate during early 

pregnancy in the rat. Fundam Appl Toxicol 1990; 15: 528-35. 

Dalvi RR. 1992. Effect of the fungicide benomyl on 

xenobiotic metabolism in rats. Toxicology 1992; 71: 63-68. 

Faheem M, Jahan N, Lone KP. 2016. Histopathological 

effects of bisphenol-a on liver, kidneys and gills of Indian 

major carp, Catla catla (Hamilton, 1822). The Journal of 

Animal & Plant Sciences, 26(2):514-522. 

Ferreira ALG, Loureiro S and Soares AMVM. 2008. 
Toxicity predictionof binary combinations of cadmium, 

carbendazim and low dissolved oxygen on Daphnia magna. 

Aquat Toxicol 89:28–39. 

Frankel EN, Kanner J, German JB, Parks E and Kinsella 

JE. 1993. Inhibition of oxidation of human low density 

lipoprotein by phenolic substances in red wine. Lancet 341: 

454–457. 

Frankel EN, Waterhouse AL and Kinsella JE. 1993. 
Inhibition of human LDL oxidation by resveratrol. Lancet 

341: 1103–1104. 

Goldman JM, Rehnberg GL, Cooper RL, Gray, LE, Hein 

JF and McElroy WK. 1989. Effects of the benomyl 

metabolite, carbendazim, on the hypothalamic–pituitary 

reproductive axis in the male rat. Toxicology 57: 173–182. 

Gray LE, Ostby JJ, Linder R, Goldman J, Rehnberg G 

and Cooper R. 1990. Carbendazim-induced alterations of 

reproductive development and function in the rat and hamster. 

Fundam Appl Toxicol 1990; 15: 281-97. 

Gurr F. 1972. Biological staining methods. Tonbridge, Kent: 

Tonbridge Printers, 1972; 143. 

Hidiroglou N, Gilani GS, Long L, et al,. 2004. The influence 

of dietary vitamin E, fat and methionine in blood cholesterol 

profile, homocysteine levels, and oxidizability of low density 

lipoprotein in the gerbil. Joournal of Nutritional Biochemistry 

15: 730-740. 

Guyton AC and Hall JE. 2006. Hemostasis and Blood 

Coagulation. In: Textbook of Medical Physiology, 11th 

Edition, Elsevier Inc. pp, 457- 468. 

Hung LM, Su MJ and Chen JK. 2004. Resveratrol protects 

myocardial ischemia-reperfusion injury through both NO-

dependent and NO-independent mechanisms. Free Radic Biol 

Med 36: 774–781. 

Igbediogh SO, Akinyele IO. 1992. Effect of benomyl toxicity 

on some liver constituents of Albino rats. Arch. Environ. 

Health, (47):314-7. 

Jang DS, Kang BS, Ryu SY, Chang IM, Min KR and Kim 

Y. 1999. Inhibitory effects of resveratrol analogs on 

unopsonized zymosan-induced oxygen radical production. 

Biochem Pharmacol 57: 705–712. 

Jang M, Cai L, Udeani GO, Slowing KV, Thomas CF, 

Beecher CW, Fong HH, Farnsworth NR, Kinghorn AD, 

Methta RG, Moon RC and Pezzuto JM. 1997. Cancer 

chemoprotective activity of resveratrol, a natural product 

derived from grapes. Science 275: 218–220, 1997. 

Jayatilake, G.S., Jayasuriya, H., Lee, E.S., Koonchanok, 

N.M., Geahlen, R.L., Ashendel, C.L., McLaughlin, J.L. 

and Chang, C.J. (1993): Kinase inhibitors from Polygonum 

cuspidatum. J Nat Prod 56: 1805–1810. 

JMPR. 2005. Pesticide residues in food – 2005, JMPR 

evaluations 2005, Part II, Carbendazim, 87–106, 

http://www.inchem.org/documents/jmpr/jmpmono/v2005pr0

5.pdf 

Kimura Y, Okuda, H and Arichi S. 1985. Effects of stilbene 

derivatives on arachidonate metabolism in leukocytes. 

Biochim Biophys Acta 837: 209–212. 

Li J, Katiyar SK and Edlind TD. 1996. Site-directed 

mutagenesis of Saccharomyces cerevisiae beta-tubulin: 

interaction between residue 167 and benzimidazole 

compounds. FEBS Lett. 385: 7–10. 



Resveratrol and vitamin E in carbendazim toxicity 

217 Afr. J. Biomed. Res. Vol. 21, No.2 (May) 2018 Ola-Davies, Olukole &Ozegbe 

Lu SY, Liao JW, Kuo ML, Wang SC, Hwang JS and Ueng 

TH. 2004. Endocrine disrupting activity in carbendazim-

induced reproductive and developmental toxicity in rats. J 

Toxicol. Environ. Health A 67: 1501–1515. 

Markelewicz RJ, Hall SJ and Boekelheide K. 2004. 2,5-

Hexanedione and carbendazim coexposure synergistically 

disrupts rat spermatogenesis despite opposing molecular 

effects on microtubules. Toxicol. Sci. 80: 92–100. 

Meyer D and Harvey J. 1998. Veterinary Laboratory 

Medicine: Interpretation and Diagnosis, 2nd edition. 

Philadelphia: WB Saunders Co. 

Morinaga H, Yanase T, Nomura M, Okabe T, Goto K, 

Harada N and Nawata H. 2004. A benzimidazole fungicide, 

benomyl, and its metabolite, carbendazim, induce aromatase 

activity in a human ovarian granulose-like tumor cell line 

(KGN). Endocrinology 145, 1860–1869. 

Muthuviveganandavel V, Muthuraman P, Muthu S and 

Sikumar K. 2008. Toxic Effects of Carbendazim at Low Dose 

Levels in Male Rats. The Journal of Toxicological Sciences 

33(1): 25-30. 

Norppa H and Falck GCM. 2003. What do human 

micronuclei contain? Mutagenesis 18:221–233 

Ola-Davies OE, Olukole SG and Amoo OA 2014. 
Haematological and Serum Biochemical Variables in rats 

Treated with Ethanol Extract of the Root of Moringa oleifera. 

African Journal of Biomedical Research 17: 31-35. 

Park CS, Lee YC, Kim JD, Kim HM and Kim CH. 2004.  

Inhibitory effects of Polygonum cuspidatum water extract 

(PCWE) and its component rasveratrol on acyl-coenzyme 

Acholesterol acyltransferase activity for cholesteryl ester 

synthesis in HepG2 cells. Vascular Pharmacol. 40:279-284.  

Ragazzi E, Froldi G and Fassina G. 1988. Resveratrol 

activity on guinea pig isolated trachea from normal and 

albumin-sensitized animal. Pharmacol Res Commun 20: 79–

82. 

Rahimi O, Farokhi F, Khojasteh SMB, Ozi SA. 2015. The 

effect of Bisphenol A on serum parameters and morphology 

of kidney's tissue. Biological Forum – An International 

Journal 7(2): 79-90 

Rehnberg GL, Cooper RL, Goldman JM, Gray LE, Hein 

JF and McElroy WK. 1989. Serum and testicular 

testosterone and androgen binding protein profiles following 

subchronic treatment with carbendazim. Toxicol. Appl. 

Pharmacol. 101: 55–61. 

Rigotti A. Absorption, transport, and tissue delivery of 

vitamin E. Mol Aspects Med 2007; 28: 423-36. 

Rotondo S, Rajtar G, Manarinis S, Celardo A, Rotillio D, 

de Gaetano G, Evangelista V and Cerletti C. 1998. Effect 

of trans-resveratrol, a natural polyphenolic compound, on 

human polymorphonuclear leukocyte function. Br J 

Pharmacol 123:1691–1699. 

Sacher RA and McPherson RA. 2000. Widmann’s clinical 

interpretation of laboratory tests. FA Davis Company. 

Washington, D. C. 1090p. 

Seda Balkan and Tulin Aktac. 2005. Study on the liver 

functions in rats exposed to benomyl. J Biol Sciences 

5(5):666-9. 

Selmanoglu G, Barlas N, Songur S, KocSkaya EA. 2001. 
Carbendazim induced haematological, biochemical and 

histopathological changes to the liver and kidney of male rats, 

Hum Exp Toxicol  20:625-30. 

Traber M. 2006. Vitamin E. In: Shils ME, Shike M, Ross AC, 

Caballero B, Cousins RJ, editors. Modern nutrition in health 

and disease, 10th ed. Philadelphia: Lippincott Williams & 

Wilkins  

Veerappan M, Pandurangan M, Suriyamurthy M, 

Srikumar K. 2011. Acute Toxicological Evaluation of Low 

Dose Methyl 2-benzimidazole Carbamate Fungicide on Male 

Albino Rats. Iranian Journal of Toxicology, 4 (4): 382-389. 

Winder BS, Strandgaard CS and Miller MG 2001. The role 

of GTP Binding and microtubule-associated proteins in the 

inhibition of microtubule assembly by carbendazim. Toxicol. 

Sci. 59: 138–146. 

Yu G, Guo Q, Xie L, Liu Y and Wang X. 2009.  Effects of 

subchronic exposure to carbendazim on spermatogenesis and 

fertility in male rats. Toxicol. Ind. Health 25: 41–47. 

Zhu L, Luo X and Jin Z. 2008. Effect of Resveratrol on 

Serum and Liver Lipid Profile and Antioxidant Activity in 

Hyperlipidemia Rats. Aust. J. Anim. Asian- Sci. 21(6): 890 – 

895

 


