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ABSTRACT
Background: Methyl 2-benzimidazole carbamate (carbendazim) is a synthetic fungicide
used against organisms that cause different types of plant diseases. It is widely used as
a preservative in leather, paint, textile, fruit, and paper industry. It is also used as an
anticancer drug in clinical medicine.
Methods: To evaluate the low dose toxicity of this compound in mammalian tissues,
carbendazim was administered to male albino rats at 5, 10, 25, and 50 mM doses
intradermally. At 6, 12 and 24 hours, blood samples were collected from the animals for
analysis of biochemical and haematological parameters including serum enzyme
activities.
Results: The findings indicated that carbendazim caused a decrease in serum total
protein , ALT, AST, ALP and amylase activities. GGT activity decreased by 6hr and
increased by 12hr in a dose-related manner. Carbendazim caused an increase in serum
cholesterol, uric acid, glucose, and creatinine content while serum phosphorous content
decreased. Mean hemoglobin, WBC, E, and platelet counts increased and total RBC, N
and L counts decreased. Tissues (brain, heart, liver, kidney, and testis) taken from 50mM
dose administered rat for histopathological examination revealed liquefactive necrosis of
blood vessels, fibrosis, dialated parenchyma, hemorrhage, and edema in the brain tissue.
In heart, necrosis and loss of nuclei in cardiac muscle cells were noted.
Conclusion: Low dose level of carbendazim causes toxicological effects in the rat
tissues.
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INTRODUCTION
Pollutants in the environment cause
various hazards directly in living species.
Most environmental pollutants are chemical
pesticides. Carbendazim, a broad spectrum
benzimidazole carbamate fungicide with
systemic activity, is used against various
degrees of fungal diseases in field crops,
fruits, ornamental plants, and vegetables. On
the other hand, carbendazim at higher doses
(50mM) has been noted to have toxic effects
on a variety of experimental animals. The
fungicidal properties of carbendazim have
been identified to be due to the binding of
carbendazim to tubulins, an effect that disrupts
microtubule formation and mitosis (1).

Carbendazim has been reported to have an
antimitotic effect on human granulosa cells by
interfering with microtubule and centrosome
organization during mitosis (2). Dietary
administration of carbendazim for up to 90
days produced minimal effects on the liver
weight in female rats exposed to 360 mg/kg
per
day
(3).
Carbendazim
induced
hematological,
biochemical,
and
histopathological changes to liver and kidneys
of male rats when administered orally at 0,
150, 300, and 600 mg/kg/day for 15 weeks (4).
Yet, carbendazim is widely used to prevent
and control plant diseases caused by fungi.
The present study was, therefore, designed to
investigate the low dose toxicological profile
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of carbendazim in the brain, heart, liver,
kidney, and testicular tissues of male rats.

MATERIALS AND METHODS
Animals
Male albino Wistar rats (180-200mg
weighing) were obtained from the animal
house JIPMER, Puducherry. The rats were
divided into five groups of six each. One
group was taken as the control study and the
other four as treatment groups. All animals
were kept under controlled conditions of
temperature (22±10°C) and humidity (60±5°).
They were given pellet food and drinking
water ad libitum. A 12 hour day and night
cycle was maintained in the animal house.
Test substance
Carbendazim (>96% pure) technical
grade was obtained from Gharda Chemicals
Ltd, Mumbai, India.
Experimental design
This study was performed according to
good laboratory practices. Carbendazim
dissolved in ethanol was administered (5, 10,
25, and 50mM) intradermally to different
groups of male rats for tissues, blood, and
serum quantitative determination at 6, 12, and
24hr durations. All rats were given diethyl
ether as an anesthetic. Approximately 3 ml of
blood was collected from the heart of male
albino rats for hematological and clinical and
biochemical evaluation. An additional 1ml of
blood was collected into EDTA coated tubes
for determining hemoglobin (HB) content,
erythrocyte (RBC), total leucocyte (WBC),
differential leucocytes (N, E, L), and platelet
counts. Two milliliters of the collected blood
was processed to obtain serum, by
immediately keeping the sample on dry ice
and centrifuging it at 5000 rpm for 10 minutes,
and used subsequently for the quantitative
determination of total protein (TP) by Lowry
(5), enzyme activities of alanine and aspartate
aminotransferases (ALT and AST) by Reitman
and Frankel (6), alkaline phosphatase (ALP)
by Bessey (7), gamma glutamyltranspeptidase
(GGT) by Volohonsky (7) and amylase by
Bernfeld (8) methods. Likewise, quantitative
determination of cholesterol (CHOL) by Zaks
(9), urea (UR) by Natelson (10), uric acid
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(UA) by Caraway (11), glucose (GLU) by
Asatoorand King (12), albumin (AL) by
Reinhold (13), creatinine (CREAT) by Owen
(14), calcium (CA) by Gitelman (15) and
phosphorous (PHOS) by Goldenberg’s (16)
methods was conducted. The organs (brain,
heart, liver, kidneys, and testis) selected for
the study were maintained in neutral buffered
formalin (10%). Tissues for histological
examination were processed, embedded in
paraffin, sectioned at 5µm thickness, and
stained with hematoxylin/eosin. Histological
examination was performed on the tissues
from control and 50mM dose groups.
Statistical analysis
The analysis of variance test (ANOVA)
was used to evaluate the hematological and
biochemical data for each measurement taken,
and statistical significance (P<0.05 and
p<0.01) was followed by a comparison of the
group using Dunnett’s test.

RESULTS
Enzyme specific activities
The results for serum enzyme specific
activities of control male rats and carbendazim
(5, 10, 25, and 50mM/kg bwt) treated rats
determined after 6, 12 and 24 durations are
shown in Table1. ALT specific activity
significantly decreased ( P<0.01) at all doses
of carbendazim and durations except for the 5
and 50mM doses for which the ALT specific
activity increased at 24hr time point. Tissue
AST specific activity significantly increased
for 5 and 50mM doses at 6hr and also for the
25mM dose at 12hr, whereas at other doses
and durations, it (P<0.01) decreased
significantly. ALP specific activity increased
significantly at 6hr for the 5, 25 and 50mM
doses and at 24hr duration for the 10, 25, and
50mM (P<0.01) doses. At 12hr, ALP specific
activity in response to all the doses
significantly (P<0.01) decreased in the serum
of rats. Serum GGT specific activity increased
at 6hr for 5, 10 and 25mM doses, while it
decreased significantly for the 50mM dose in
rat serum. Similarly, at 24hr, the 25mM dose
level only augmented the GGT specific
activity, whereas other doses significantly
reduced (P<0.01) the GGT specific activity. At
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12hr, the effect of various doses of
carbendazim increased significantly (P<0.01)
GGT specific activity as noted. Amylase
specific activity decreased significantly
(P<0.01) at 6 and 12hr, and at 24hr, amylase
specific activity in response to 5 and 50mM
carbendazim decreased significantly (P<0.01)
in rat serum.
Biochemical studies
Serum (Table-2) total protein content
decreased significantly (P<0.01) at 6, 12 and
24hr for all doses of carbendazim, while for
the 25mM dose at 6hr, it increased and no
significant changes in protein was noted for
the 25mM and 50mM doses. Cholesterol level
increased significantly (P<0.01) in a doserelated manner at 24hr duration. Urea level
decreased significantly by 10mM dose at 12hr
and by 10mM and 50mM doses at 24hr. The
level of uric acid increased significantly
(P<0.01) at 6, 12 and 24hr in a dose- related
manner. Serum glucose level increased
significantly (P<0.01) by the low dose of
5mM and the high dose of 50mM at 6hr, by
50mM at 12hr and by all doses at 24hr. The
doses of 10mM and 25mM at 6hr, and 5, 10,
and 25mM at 12hr significantly decreased the
serum glucose level in the rats. Albumin
content was significantly reduced by the low
dose of 5mM but increased for 10mM dose at
6hr. The 25mM dose significantly decreased
albumin at 12hr. Similarly, at 24hr, 10, 25, and
50mM doses decreased significantly, whereas
the 5mM dose significantly (P<0.01) increased
the serum albumin. Creatinine level in rat
serum generally increased significantly for all
doses and at all durations, except for the high
dose at 6hr and 25mM dose at 12hr. Calcium
level in rat serum at 6hr showed increases at
all doses of carbendazim. Although significant
decreases were seen for 5, 10, and 50mM
doses at 12 and 24hr, the 25mM dose at 24hr
showed a significant increase. Phosphorous
level increased significantly at the low dose of
5mM at 12 and at 24hr and at the high dose of
50mM at 6 and 24hr.
Hematology
The results of the hematological studies
are shown in Table 3. The mean concentration
of hemoglobin significantly increased at 6, 12,
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and 24hr time points. For all doses and at all
durations, RBC mean values and mean WBC
count increased significantly (P<0.01). At
24hr, Neutrophil count changed. Mean
eosinophil count increased (P<0.01) at 6 and
12hr, whereas at 24hr it decreased (P<0.05)
for the low (5mM) and high doses (50mM).
Lymphocyte count decreased (P<0.01) at 6
and 24hr, whereas it increased significantly for
the low dose (5mM) at 24hr, but it did not
show a significant change at 12hr. Platelet
count changed at all durations such as at 6hr
for 10mM dose, 12hr for 10, 25, and 50mM,
and for all doses at 24hr. However, platelet
count in rat blood decreased at 6hr for 25 and
50mM doses and at 12hr for the 5mM dose.
Histopathology
Carbendazim caused histopathological
changes in the brain, heart, liver, kidneys, and
testis of male rats in the 50mM dose group at
6, 12, and 24hr post intradermal
administrations of the compound. In rat brain
(Figure1), liquefactive necrosis of blood
vessels at 6hr, fibrosis and dialated
parenchyma and hemorrhage at 12hr, and
dialated blood vessels and necrosis with
hemorrhage and edema at 24hr were observed.
In rats heart (Figure 2), necrosis with edema
and hemorrhage at 6hr, necrosis and loss of
nuclei at striations at 12hr, and waviness of
fibres and coagulation necrosis at 24hr were
noted post treatment. In rats liver (Figure 3),
the central vein dialated with increased
sinusoids at 6hr, congested blood vessels and
central vein, and proliferation of macrophages
near central vein at 12hr, and mild fatty liver
changes with sinusoid dialation at 24hr were
noted compared to control liver tissue. In
kidneys (Figure 4), congestion of convoluted
tubules with thickened bowman’s capsule at
6hr, hypercellular glomeruli with polymorph
infiltration and mild necrotic changes at 12hr,
and abortive changes of tubules and glomeruli
with thickening of bowman’s capsule at 24hr
were noted. In testis (Figure 5), mild
hypertrophy of the cells of seminiferous
tubules (sclerosis) at 12 and at 24hr was noted
compared to the control tissue.
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DISCUSSION
Individuals get exposed to carbendazim
through their occupation and/or through food
consumption. Primary exposure for the general
human population will be from residues of
benomyl and carbendazim used in food crops.
Very limited research related to the effects of
carbendazim on tissues (such as brain, heart,
liver, kidney and testis) had been done earlier
on mammals. The present study, therefore,
investigated the acute effect of carbendazim
on male rat tissues from biochemical,
hematological, and histopathological points of
view. In this study, significant changes in
serum enzymes activities were noted that
suggested liver toxicity. Both induction and
inhibition of enzyme activities were observed
in the present study. ALT and AST enzyme
activities decreased significantly in rats treated
with carbendazim. Since benomyl was
metabolized to carbendazim, it was reported
that benomyl administration orally or
intraperitonially (500mg) reduced the enzyme
activity of hepatic microsomal mixed function
oxidases in the rats (17). Serum ALP level in
contrast increased at short and long durations
(18) following carbendazim treatment of rats.
GGT catalyzed the transfer of gammaglutamyl group to a wide variety of amino acid
acceptors (19). GGT was localized to the focal
areas of hepatocytes (20). GGT was found to
increase in preneoplastic lesions of the liver
during
chemical
carcinogenesis
(21).
Abnormally high levels of GGT were also
observed in tumors of a variety of tissues,
including hepatocellular carcinomas (22, 23).
Shukla reported that increases in the serum
and liver GGT levels of rats were indicative of
a toxic or preneoplastic response of the liver to
benomyl(24). In the present study, a
significant change in the serum GGT level of
male rats treated with carbendazim was noted
that may ,therefore, be indicative of a
carbendazim induced carcinogenic potential
developing in rats. The inhibition of amylase
activity, on the other hand, reflected decreased
carbohydrate metabolism in the tissues as a
result of carbendazim toxicity. Significant
decreases in serum total protein and albumin
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were noted in the male rats. The decrease in
protein content could be due to a decrease in
the rate of protein synthesis. Rats fed with 50,
150, 450 and 1350ppm carbendazim in the diet
for 13 weeks yielded urine and blood
chemistry within the normal range. Female
rats that received 1350ppm carbendazim,
however, exhibited a reduction in total protein
content (WHO / IPCS 1993). In a different
study, carbendazim administered daily to rats
at 0, 150, 300 and 600mg/kg/day by gavage
for 15 weeks decreased the serum total protein
content at lower dose levels (4). Increases in
the amount of albumin were noted at 6 and
24hr durations. Increase in the amount of
albumin may, therefore, be explained by the
carbendazim treatment of rats. Albumin
content synthesized by the liver most often
transports or binds drugs or chemicals (4). On
the contrary, cholesterol level increased in the
serum due to liver and kidney damage. An
elevated amount of serum cholesterol was
observed in dogs fed with 500mg
carbendazim/kg for 1 year or longer (25).
Similarly, carbendazim administered orally to
male rats (Rattus rattus) for 15 weeks caused
an increase in albumin, glucose, creatinine,
and cholesterol levels (4). Serum glucose
levels increased significantly at 50mM dose of
carbendazim administered to rats and for all
durations. The increase in glucose level may
be attributed to the disruption of glucose
intake and use by cells (3). The decrease in
urea content may be due to decreased amino
acid metabolism as a result of carbendazim
toxicity (4). The amount of uric acid, however,
was noted to be higher along with increased
serum creatinine level in rats fed with
carbendazim. It is reported that increase in
creatinine content generally occurs with renal
failure (26). Serum calcium content increased
at 6hr and decreased at 12 and 24hr, while the
phosphorous level remained elevated in the
serum. As for the hematological analysis,
carbendazim
caused
an increase in
hemoglobin content, white blood cells,
eosinophil count, and platelet count in a dose
related manner, but it decreased red blood cell,
lymphocyte, and neutrophil counts. The
decrease in red blood cells may indicate a
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disruption of erythropoiesis or an increase in
destruction of red blood cells (27). The latter
is more probable since increase in hemoglobin
content is noted alongside the decrease in
RBC counts. Similarly, it was reported that
carbendazim caused a dose dependent
decrease in RBC and lymphocyte numbers in
rats (4). The increase in the WBC count
indicated enhanced immune capacity and
increase in eosinophil numbers suggested
eosinophilia.
Histopathological
findings
observed through microscopic investigations
were related to the high dose of carbendazim
affecting the brain, heart, liver, kidneys, and
testis of male rats. We observed the necrosis
of blood vessels in the brain, heart, and liver.
Enlargement of sinusoid, vacuolation of
hepatocyte cytoplasm, and congestion of blood
vessels and central vein in the liver were noted
in the treated rats. In the treated kidneys,
changes in thickening of Bowman’s capsule
and tubules were observed. Similarly in testis,
hypertrophy and sclerosis of seminiferous
tubules were observed. In previous studies,
similar results had been observed during oral
treatment with benomyl (28) or its metabolite,
carbendazim (18, 27). The current data
suggests that at low doses, carbendazim
elicited toxic effects in the various organs of
rat through affecting biochemical and
hematological
parameters
resulting in
histopathological changes. The use of this
pesticide in countries where pesticides are
widely used without regulation may cause
health hazards to non target organisms at
various levels, including those to human
beings.
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