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Benomyl is a protective and eradicant carbamate
fungicide with systemic activity. It is found to Dbe
effective against a wide range of fungi affecting field
crops, fruits, nuts, etc. It is also used against the
mites, primarily as an ovicide (The pesticide manual
1983). In the preliminary studies, no effect level
(NEL) was found to be more than 250 mg per kg body
weight in rats, when no histological change was
observed after two years exposure with Dbenomyl (The
pesticide manual 1983). Benomyl has been considered as
one of the high priority chemicals required to be
tested for its tumorigenic potential by the working
group of International Agency for Research on Cancer,
Lyon (IARC) a subsidiary of world health organisation
(WHO) (IARC Working Group Report 1984). 1In view of the
above and its increasing pattern of demand in India as
a fungicide, benomyl technical grade (minimum purity
92%) was tested at low (1000 ppm) and high (4000 ppm)
dose levels. After feeding of this fungicide for 15
days, the status of the enzyme Y -glutamyl
transpeptidase (GGT, E.C.2.3.3.2) which catalyzes the
transfer of glutamyl groups of peptides to other
peptides and amino acids and has been proposed as a
marker for assessment of tumorigenic activity of test
substances (Kalengayi et al 1975, Young et al 1978) has
been estimated.

MATERIALS AND METHODS

Benomyl (technical grade) was obtained from Bharat
Pulverizing Mills, Bombay, India. Y -glutamyl-p-
nitroanilide hydrochloride, p-nitro aniline and Tris
buf fer were obtained from Sigma Chemical Co., St. Louis,

Send reprint request to Dr. Yogeshwer Shukla at the
above address.
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USA. Glycylglycine was obtained from BDH, England and
all other chemicals of analytical grade were procured
from BDH, India and Sisco Research Laboratories, India.

Adult female albino rats (150-200 gm body weight) were
randomly divided into three groups of eight animals
each. The control group rats were provided synthetic
pellet diet and water ad libitum. The other two groups
were fed Dbenomyl mixed with the crushed synthetic
pellet diet in low (1000 ppm) and high (4000 ppm) doses
respectively. Both, the pesticide mixed diet and
water were provided ad libitum. Adult female swiss
albino wice (20-25 gm body weight) were also taken and
randomly divided into 3 groups each having 8 animals.
The control mice were fed synthetic pellet diet and
water and those in the experimental groups were kept on
low dose (1000 ppm) and high dose (4000 ppm) of benomyl
mixed in the diet respectively. As in case of rats,
here also the diet and water were supplied ad 1libitum
for the total experimental period which lasted for 15
days.

At the end of the study period, all the animals were
killed by stunning and their blood was collected
through cardiac puncture into clean and dry centrifuge
tubes. The liver was immediately taken out and weighed
on mettler balance (PE 160). Freshly collected blood

was allowed to clot and stand in refrigerator at 8 - 10
C for 8 hr and <c¢lear serum was obtained after
centrifugation at 2000 rpm for 15 min. The liver was

homogenized (10% w/v) in 0.05 M tris buffer pH 7.0 with
a Potter Elvehijem type homogenizer fitted with a
teflon Pestle.

GGT activity was assayed in liver homogenates using the
modified method of Roomi and Goldberg (1981). The
enzyme activity in sera was estimated according to the
method of Naftalin et al (1969). Protein content of
the samples was estimated by the method of Lowry et al
(1951) using Bovine serum albumin as the reference
standard. The data were statistically analysed by the
test described by Fischer (1950).

RESULTS AND DISCUSSION

Throughout the experimental period none of the animals
from control or experimental groups showed any sign/s
of overt toxicity or increased rate of mortality.

The data summarized in table 1 shows the effect of

benomyl on absolute and relative liver weight of both
rats and mice at low and high doses. A significant
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Table 1. Effect of benomyl on the liver weights

Absolute wt. Relative wt.
(g9) (g/100 g)
Rat
Control 6.29 + 0.41 4.03 + 0.33
Benomyl (1000 ppm) 7.69 + 0.26% 4.59 + 0.30
Benomyl (4000 ppm) 9.63 + 0.61** 5.68 + 0.43*%*
Mice
Control 1.02 + 0.21 3.92 + 0.27
Benomyl (1000 ppm) 1.83 + 0.29 6.81 + 0.45*%
Benomyl (4000 ppm) 1.93 + 0.27 7.37 + 0.72%*

AT1 the values represent the mean + SE of 8 animals.
*P < 0.05; **P < 0.01,when compared with controls.

Table 2. Effect of benomyl on the activity of GGT® in
liver and serum

Liver Serum
Rat
Control 5.23 + 0.81 56.39 + 2.1
Benomyl (1000 ppm) 12.17 + 1.37* 71.43 + 2.9%*
Benomyl (4000 ppm) 36.04 + 3.72%% 83.26 + 3.2%*
Mice
Control 6.48 + 0.63 63.81 + 3.2
Benomyl (1000 ppm) 12.53 + 1.36** 79.63 + 2.8*

Benomyl (4000 ppm) 32.80 + 2.92%% 94.47 + 3.4%%*

Al the values represent the mean + SE of 8 animals.
© nmoles p-nitroaniline liberated/min/mg protein.
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increase 1in absolute liver weight was observed in both
rats and mice after exposure with benomyl at 1low and
high Jdoses. However, when the data was expressed in
relation to the body weight of animals, a significant
increase in the liver weight was also observed in rats
and mice at both the doses. This increase in absolute
and relative liver weights was found to Dbe dose
dependent (table 1).

The effect of Dbenomyl on the activity of 1liver and
serum GGT in rats and mice is presented in +table 2.
Results show that the benomyl exposure to significantly
induced the activity of GGT in both liver and serum of
the exposed animals. This increase in the activity of
GGT shows a dose dependent increase in both rats and
mice.

In this study a significant liver enlargement after
benomyl exposure through oral route was observed which
indicates the increase in functional load of the organ
(Conney 1967).

GGT, which catalyzes the transfer of y-glutamyl group

of compounds containing this group to a wide variety of
amino acid acceptors (Meister 1973), is localized in
the focal areas of hepatocytes (Luke et al 1975). GGT
is widely used as a marker enzyme which is found to be
raised in the preneoplastic lesions of the liver during
chemical carcinogenesis (Perinio et al 1983).
Abnormally high levels of GGT were observed in tumors
of a variety of tissues including hepatocellular
carcinomas (Boelsterli 1979,Hanigan and Pitot 1985),
and malignant squamous cell carcinoma of the skin
(Rosalki 1975), in experimental animals. Human
hepatocellular carcinomas also showed increased levels
of GGT (Gerber and Thung 1980, Tsuji et al 1980).
Eight of the ten human hepatocellular carcinomas
studied by Gerber and Thung (1980) were GGT-positive.
In this study GGT was reported to be released from the
cell membrane and the same could be detected in the
serum. High serum activity has been also found in
cases of cholestasis, excessive alcohol intake and
acute viral hepatitis (Boelsterli 1979).

In the present investigation, the increase in serum and
liver GGT 1levels is indicative of a toxic or
preneoplastic response of the liver to benomyl, and
could probably occur due to cellular lesions or as an
adaptive response.
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