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ABSTRACT 

 

The pesticides are substances that can cause significant modulations of systems in man and in animals. The carbamate compounds are a 

class of cholinesterase inhibiting pesticides, and bendiocarb is the most widely used carbamate insecticide and it is the one of 12 
insecticides recommended by the World Health Organization for use in malaria control in Africa as well as against a variety of insects. 

Bendiocarb is degraded in the liver, which has a major role in the biotransformation and excretion of carbamate pesticides from the body. 
The liver has many important functions (production of the bile, certain proteins for blood plasma, cholesterol and special proteins to help 

carry fats through the body, store and release of glucose, iron, regulating blood clotting, clearance of bilirubin and detoxication of drugs 

and other harmful substances). The liver has an important role in process of detoxication and excretion. The aim of our study was to 
observe the morphometric alterations of the rabbit liver tissue treated with bendiocarb, mostly in the area of the central vein and portal 

tract. In our experiment were used 56 adult rabbits which received bendiocarb (5 mg/kg b.w. per day) for 10, 20 and 30 days compared to 
control group which does not receive a pesticide. After the short-term bendiocarb treatment (10 days) we observed binucleated 

hepatocytes, the higher number of liver cells and their decreased size. But long-term treatment causes alterations of the liver parenchyma 

(vacuolization and dilatation of hepatocytes, dilatation of sinusoids between hepatocytes, focal infiltration of inflammatory cells). The 
number of hepatocytes in the rest of treatment groups was unchanged to control group. The diameter of central veins ranged from 58.3 to 

160.5 µm, and the mean diameter was lower at 10 day, but not significantly compared with control. The case with the poisoned animals in 
this study, human beings would not develop any systematic poisoning observable at the level of the whole organism. 
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INTRODUCTION 

 

 The pesticides are substances that can cause 

significant modulations of systems in man and in 

animals. The carbamate compounds are a class of 

cholinesterase inhibiting pesticides, and bendiocarb 

(Fig.2; Tab. 1; Tab, 2) is the most widely used 

carbamate insecticide. Bendiocarb is degraded in the 

liver, which has a major role in the 

biotransformation and excretion of carbamate 

pesticides from the body. The morphology of the 

rabbit liver is typical for laboratory animals it 

consists of six lobes, which are: left medial, lateral 

and right medial, lateral lobe, caudate and quadrate 

lobe, diaphragmatic and visceral surfaces and 

margins. The visceral surface is important, because 

here is entrance into the liver, porta hepatis. Through 

porta hepatis continues into the liver portal vein, 

which drains the blood from unpaired organs of the 

abdominal cavity and it is divided in the liver hilum 

into left and right branch. These main branches are 

divided between the lobes into interlobular veins and 
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inside in lobes are intralobular veins. These 

interlobular veins form with branches of hepatic 

artery vasa sinusoida, which build central vein, v. 

centralis (Fig. 1). Reactions of detoxication take 

place in hepatocytes by the enzymatic system 

situated in the endoplasmic reticulum [10], and 

bendiocarb is excreted as a sulphate and β-

glucuronide conjugates of the phenol derivatives. In 

a study with rats, 90% of an oral bendiocarb dose 

was excreted in the urine, 1-3% in expired air, and 3-

8% in the feces. Excretion was complete within 24 

hours [2]. In order to increase using bendiocarb 

against vectors of malaria, thus it is important to 

examine every potential aspect of its toxicology. The 

lack of information at all levels may be one of the 

most important causative factors of chemical 

intoxication in developing countries [4]. At present, 

several studies of bendiocarb effect with rabbit as an 

animal model have been published [8]. And we can 

continue with results, particularly to organs which 

have a key role to biotransformation and excretion of 

bendiocarb. The aim of our study was to observe the 

morphometric alterations of the rabbit liver tissue 

treated with bendiocarb, mostly in the area of the 

central vein and portal tract. 

 

 
 

Fig. 1: Cross section of liver parenchyma [7].  

A. central vein, B. liver tissue, C. interlobular vein, 

D. portobiliar space 

 

Material and Methods 

 

 In our experiment were used 56 adult rabbits 

(age = 84 days) of breed HY+, 28 males and 28 

females, and with average weight 2500 g from 

accredited animal farm (Nitra, Slovakia). Animals 

were kept in cages at standard conditions 

(temperature 15-21°C, 12 hour light period and 

relative humidity of 45 %) and fed with granular 

feed mixture. Animals were divided into groups 

(control, days 10, 20, 30 of administration), and each 

group comprised 14 animals. Rabbits in all 

experimental groups received bendiocarb (96 % 

Bendiocarb, Bayer, Germany) per os in a dose 5 

mg/kg per day and after day 11 in a same dose per 

48 hours, with respect to the acute oral toxicity of 

bendiocarb to rabbit, 35-40 mg/kg of the body 

weight. Animals in control group were not treated 

and they were killed at 30 day from the beginning of 

the experimental work. Experimental animals were 

killed by thiopental (Thiopental Valeant 1g, Czech 

Republic; 100 mg/kg of body weight) intravenous 

administration at days 10, 20 and 30 after bendiocarb 

treatment [8]. Liver samples from all animals were 

dissected immediately after the animals were killed 

and fixed in 10% neutral formalin. Paraffin sections 

(7 µm thick) were stained for routine histological 

study using haematoxylin and eosin for 

morphometric evaluation under light microscope 

(FL-800). 

 

Morphometric analysis: 

 The morphometric model for liver 

characterization consisted of many stereological 

variables. All morphometric variables were obtained 

using a light microscope with two objectives 20 x 

and 40 x, and photo-equipment (Olympus Provis 

AX) to prepare images for morphometric analysis. 

More than 300 microscopic fields randomly selected 

were examined. A 16-points square lattice was used 

to quantitative evaluation of hepatocytes (the total 

number of hepatocytes; Petrovova et al., [8]). The 

grid was overlaid onto each microscopic field 

(87 296 µm
2
) displayed on the monitor [12]. The 

sampling procedure began with a random selection 

of 5-6 fields of the liver parenchyma from each 

animal of the control and experimental groups. 

Subsequently, morphometry was used to assess the 

diameter of the central vein and size of the liver cell 

in H&E stained sections of the liver tissue. 

Structures of interest were analyzed under 40× 

magnification, and the results of each sample were 

averaged and evaluated. The morphometric analysis 

of the vessel along the selected analysis path, is 

based on the quantification of the cross-sectional 

areas and diameters for each cross-sectional section. 

For each in-plane direction, the maximum, distance 

between two boundary points parallel to that 

direction is determined. The minimum, average, and 

maximum vessel diameters are then computed as the 

minimum, average, and maximum values, 

respectively, of all of these distances [1]. For the 

evaluation of the liver cell size were used of 120 

measurements as well as 165 measurements for the 

diameter of the central vein. We used to display of 

the microscopic fields the software (Adobe 

Photoshop 7.0), and for the measurement the Image 

Acquisition Software getIT (Olympus Soft Imaging 

Solution GmbH, Germany). The data were analyzed 

and expressed as means ± SD (standard deviation of 
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the mean), the minimum, average, and maximum 

values. Statistical analyses were performed using the 

statistics guide (GraphPad Prism 5.0; Petrovova et 

al., [8]). Student´s t-Test was used to compare 

between the data of the control and those of 

treatments. Level of statistical significance was p-

value; p ≤ 0.05. 

 
Table 1: Physical and chemical properties of Bendiocarb. 

Property Characteristic 

Molecular weight 223,23 

Color and form White solid 

Odor Odorless 

Water solubility at 20ºC 40mg/L 

Carcinogenicity classification  

ACGIH Not available 

EPA Not available 

IARC Not available 

 

 
 

Fig. 2: Bendiocarb, chemical formula. 

 
Table 2: Chemical classification of Bendiocarb. 

Characteristic Information 

Chemical class Carbamate 

Chemical name 2,2,dimethyl-1,3-benzodioxol-4-yl methylcarbamate; 2,3-

isopropylidenedioxyphenyl methylcarbamate 

Chemical formula C11H13NO4 

CAS Registry number 22781-23-3 

 

Results: 

 Dilatation of blood sinusoids between the 

hepatocytes was observed in each treated group, but 

dilatation of hepatocytes was observed at 20 and 30 

days. Mostly at 10 days the binucleated cells were 

observed as well as the number of hepatocytes was 

increased in comparison with the other treated 

groups (Fig. 3; Tab.3). Significantly higher number 

of the liver cells was observed at 10 day of 

bendiocarb treatment (26 ± 6.5/ 100 µm
3
) in 

comparison with the control group (19.5 ± 2/ 100 

µm
3
). The number of hepatocytes in the rest of 

treatment groups was unchanged to control group 

(Tab.3). Changes of the size of hepatocytes were 

observed at 10 and 20 day of the pesticide treatment 

(Fig. 4and 5). The size of hepatocytes was 

significantly decreased at 10 day (14.2 ±2.6 µm). 

But the hepatocyte size was increased at 20 day 

(16.5 ± 2.3 µm) against the size of hepatocytes in the 

control group (15.5 ± 2.1µm; Tab.3). The diameter 

of central veins ranged from 58.3 to 160.5 µm, and 

the mean diameter was lower at 10 day (113.9 ± 25.2 

µm), but not significantly compared with control 

(118.2 ± 22.3 µm; Tab. 1) 

 
Table 3: Morphometric values of hepatocytes and vena centralis in the rabbit liver [8].  

 Day x SD a Minimum Maximum 

Number of liver cells 
(100 µm3) 

control 19.55 1.95 17.35 24.22 

10 26.34 b 6.46 16.69 43.69 

20 20.67 2.61 14.57 24.55 

30 20.94 b 2.14 17.18 25.20 

Size of liver cells 
(µm) 

control 15.50 2.12 11.50 20.30 

10 14.20 b 2.59 9.00 19.33 

20 16.50 b 2.29 10.66 20.33 

30 15.50 3.50 9.83 23.50 

Diameter of   v. 

centralis (µm) 

control 118.23 22.36 58.34 158.78 

10 113.90 25.17 62.15 147.95 

20 118.71 33.21 63.19 155.87 

30 121.08 35.74 67.93 160.46 
aStandard deviation; b Statistical differences compared to control; p ≤ 0.05 

 



16                                             Eva Petrovova et al, 2015 /Journal Of Applied Sciences Research 11(17), Special, Pages: 13-18 

 

 
 

Fig. 3: Moderately dilatation of the blood sinusoids (arrow) between the hepatocytes was observed in each 

treated group. Mostly at 10 days the binucleated cells (headarrows) were observed as well as the 

number of hepatocytes was increased in comparison with the other treated groups. Stained H&E, 

magnification 40 x, Scale bars: 50 µm [8].  

 

 
 

Fig. 4: Dilatation of hepatocytes was observed at 20 and 30 days. Stained H&E, magnification 40 x, Scale bars: 

50 µm [8]. 

 

Discussion: 

 It should be noted that many pesticides are 

transformed in the environment through physical, 

chemical and biological processes which are 

intended to detoxify them, but often the 

transformation process forms products that are more 

toxic than the parent compound [11]. Histology is 

long known to be an important tool for determining 

the nature and extent of tissue damage [9]. 

Histological examination of the liver of pregnant rat 

females exposed to 400 ppm ditiocarbamate – 

propineb showed a dilatation of the wall of the 

central vein, as well as irregularity and degeneration 

in hepatocytes around the vein [5]. Changes in 

heterochromatin caused by imazalil were similar as 

in the carbendazim treated group, and a sporadic cell 

death could be seen in areas close to central vein [3]. 

The rabbit liver appeared the most pronounced 

change on day 3 after bendiocarb administration (5 

mg/kg of body weight per day) with massive 

accumulation of inflammatory cells within the portal 

spaces, and regenerative features, such as 

binucleated hepatocytes, were common [6]. In 

relation to morphometric analysis, we can conclude 

that bendiocarb has moderately toxic effect on the 

rabbit liver tissue, regardless of gender. After the 

short-term bendiocarb treatment the regeneration 

behavior of the liver was observed (binucleated 
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hepatocytes, the higher number of liver cells and 

their decreased size), but long-term treatment causes 

alterations of the liver parenchyma (vacuolization 

and dilatation of hepatocytes, dilatation of sinusoids 

between hepatocytes, focal infiltration of 

inflammatory cells; Petrovova et al., [8]). 

 

 
 

Fig. 5: Affected lobules of the treated groups contained the focal infiltration of inflammatory cells (arrow), and 

the number of vacuoles (headarrows) in hepatocytes was observed at 10 and 30 days of bendiocarb 

administration, except at 20 day. Stained H&E, magnification 40 x, Scale bars: 50 µm [8].  

 

Conclusion: 

 In relation to data of the present study, it can be 

concluded that bendiocarb has moderately toxic 

effect on the rabbit liver tissue, regardless of gender. 

After the short-term bendiocarb treatment the 

regeneration behavior of the liver was observed 

(binucleated hepatocytes, the higher number of liver 

cells and their decreased size), but long-term 

treatment causes alterations of the liver parenchyma 

(vacuolization and dilatation of hepatocytes, 

dilatation of sinusoids between hepatocytes, focal 

infiltration of inflammatory cells). The diameter of 

central veins ranged from 58.3 to 160.5 µm, and the 

mean diameter was lower at 10 day, but not 

significantly compared with control. 
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