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Abstract

Background: Use of biomarkers particularly under in vivo condition is of importance in risk assessment. This study is
proposed to identify the in vivo antigenotoxic potential using dominant lethal mutation test in B(a)P exposed, turmeric fed
animals and evaluate the role of turmeric in counteracting the germ cell mutations.

Methods: Twenty four male mice were taken and divided into 4 groups each group containing 6 mice/group. The first and
second group received stock diet (control) while the third and fourth groups received 5% turmeric diet for a period of one
month. At the end of feeding period, second and fourth group received a single dose of benzo(a)pyrene 1mg/mouse
intraperitoneally. After 1 week each male mouse was mated to 3 female mice at 1,4, 8 and 12 week intervals. On 13% day from
mid point of mating, the females were sacrificed and live and dead embryos were counted to study the pre and post
implantation loss of embryos. The differences in the frequencies of pre and post implant deaths were done by comparing
treated with control group at 4-time periods by analysis of variance (ANOVA) and chi-square test which is used to compare
treatment group and positive control with negative control.

Results: Feeding of 5% turmeric and treatment with a single dose of B(a)P did not show any significant effect on the mutagenic
index or the frequency of pregnancy in treated groups compared with control. There was no apparent induction of dominant
lethal mutations in B(a)P or B(a)P+Turmeric treated groups. No post implantation dominant lethal effects produced by B(a)P
could be detected in this study. The induction of B(a)P and treatment with turmeric did not influence the dominant lethal test.

Conclusion: B(a)P did not produce a significant increase in the dominant lethal mutations. Turmeric also did not give any
positive response and may be considered as non-mutagenic. The negative result suggests that under the conditions of the test
the test substance may not be genotoxic in the germ cell of the treated sex of the test species.
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Introduction

DNA damage is a common feature of human spermatozoa with
purported links to poor rates of conception, impaired embryonic
development and increased incidence of miscarriage and the
appearance of various kinds of morbidity in the offspring. Reactive
oxygen species from various chemical carcinogens are known to play
an important role in cell damage and in the development of cancer.
Many free radical scavengers which are naturally occurring
antioxidants have been found to be effective in inhibiting the induction
of carcinogenesis by a wide variety of chemical carcinogens like
benzo(a)pyrene (B(a)P) which is a polycyclic aromatic hydrocarbon
(PAH) and these hydrocarbons are mutagenic in somatic cells [1].
B(a)P is metabolized into BP diol epoxide that is able to bind to DNA
and form bulky DNA adducts. Many studies have indicated that
various spice principles are rich in anti oxidants. Turmeric belonging
to the family zingiberaceae is used in Indian culinary and is an
important spice crop having many medicinal properties. It is known
that dietary substances like turmeric may also inhibit the genotoxic
potential of some chemical carcinogens [2]. In addition a careful
evaluation of possible toxicological and gentoxicological
consequences for human health transplacental and transgeneration
effects is necessary as humans will be largely exposed to potent
inhibitors of carcinogenesis [3]. In particular it may be of much
interest to evaluate the effect of turmeric towards B(a)P toxicity. This
study is proposed to identify the in vivo antigenotoxic potential using
dominant lethal mutation test in B(a)P exposed, turmeric fed animals
and evaluate the role of turmeric in counteracting the germ cell
mutations.
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Materials and methods

Male and female Albino Swiss mice were obtained from the National
Centre for Laboratory Animal Science (NCLAS) located in National
Institute of Nutrition, Hyderabad and housed in the animal facility where
the temperature was maintained at 24- 25°C with 12h dark/light cycle. The
experimental protocol was approved by the Institutional Animal Ethics
Committee (IAEC) under the Committee for Purpose of Control and
Supervision on Experiments on Animals (CPCSEA), Ministry of
Environment and Forests, Government of India. Turmeric powder was
obtained from commercially available standard grade (AGMARK).
Study design

Twenty four male mice were taken and divided into 4 groups each group
containing 6 mice/group. The first and second group received stock diet
(control) while the third and fourth groups received 5% turmeric diet for a
period of one month. At the end of feeding period, second and fourth
group received a single dose of benzo(a)pyrene 1mg/mouse
intraperitoneally . After 1 week each male mouse was mated to 3 female
mice at 1, 4, 8 and 12e week intervals. On 13" day from mid point of
mating, the females were sacrificed and live and dead embryos were
counted to study the pre and post implantation loss of embryos. These
studies were conducted in 6males and 18 females. The same males were
used for mating throughout experiment.

Dominant lethal assay

Male mice were exposed to B (a)P and were mated to untreated virgin
female mice. The various germ cell stages were tested by the use of
sequential mating intervals.The females were sacrificed after an
appropriate period of time, and the contents of uteri were examined to
determine the number of implants and live and dead embryos.
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The calculation of dominant lethal effect was based on comparison of
the live implants per female in the treated group to the live implants
per female in the control group. The increase of dead implants per
female in the treated group over the dead implants per female in the
control group reflected the post implantation loss. The post
implantation loss was calculated by determining the ratio of dead to
total implants from the treated group compared to the ratio of dead to
total implants from the control group. Pre implantation loss was
estimated on the basis of comparing the total implants per female in
treated and control groups.

Statistical analysis

The differences in the frequencies of pre and post implant deaths were
done by comparing treated with control group at 4-time period by
analysis of variance (ANOVA) and chi-square test which is used to
compare treatment group and positive control with negative control.
The total number of implantations is evaluated by the Student's t-test
to determine whether the average number of implantations per
pregnant female for each treatment group and the positive control
group differs significantly from the negative control group. Mutagenic
effects were expressed conventionally as the mutagenic index (fetal
deaths/total implants) X100.

Results

The statistical evaluations were based on the control values for each
mating period. The results were tested to ascertain whether there was
any dominant lethal effect. The dominant lethal effect in the
experimental groups was calculated from the average number of live
embryos obtained from the pregnant females as percentage of control.
The numbers of living and dead implants were analyzed by chi-square
test and to verify these results t-test was performed in which the rates
of living implants in the control and treated groups were compared
with one another. Frequency of pregnancy is represented in (Table
1and 2), and was found to be not significant. No post-implantation
dominant lethal effects produced by B(a)P could be detected in this
study. The fraction of dead embryos was not significantly different
from control groups (Table 3). No significant pre-implantation losses
were noted in either B(a) P or B(a)P+5%turmeric treated groups
compared to control . The mutagenic index compared between control
versus turmeric and other B(a)P treated groups was not significant as
analyzed by t-test.

Discussion

The dominant lethal test in male is intended to detect mutagenic
effects in the spermatogenic process that are lethal to embryos or fetus
[5]. B(a)P has been shown to cause genotoxic effects in a broad range
of prokaryotic and mammalian cell systems [6]. This study was taken
up to evaluate dominant lethal mutation effects of turmeric in mice
treated with a single dose of B(a)P 1mg/mouse. Extensive research has
been carried out in NIN on turmeric, ginger, garlic etc. and has been
demonstrated their antimutagenic effect using in vivo rat model [7,8].
Earlier reports showed that turmeric did not induce sex-chromosome
loss and dominant lethal mutation did not occur when hot water
extracts were administered to male drosophila [9]. A multigenerational
study was conducted according to OECD testing guidelines using
curcumin comprising 80%. The authors reported that there were no
treatment related clinical signs of toxicity or mortality during the
premating period and there were no differences in gestational or post
partum body weights in either generation. Curcumin was reportedly
non-carcinogenic over three generations [10]. Govindarajan [11]
reported that administration of curcumin into rats and rabbits at doses
of 600 or 1600 mg/kg body weight did not show any effect on total
implants, resorption, live and dead embryos and rats fed diet
containing 0.5% turmeric or 0.015% curcumin for 12 weeks did not
have any adverse effect on pregnancy rate, mean number of live and
dead embryos. In another study incorporation of 0.5% turmeric or
0.015% curcumin in diets of mice did not show significant differences
on the incidence of micronucleated PCE's, pregnancy rates and
number of live and dead embryos, total implants and mutagenic index
[12].
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Other studies conducted on antimutagenicity of turmeric for a period of
three months on 1, 3 and 5% turmeric in the diet and which received B(a)P
on three occasions did not show any significant changes in any of the
organs [13]. In one study multigenerational reproductive toxicity indicated
that turmeric consumed at 500mg/kg body weight or an alcoholic extract
at 60mg/Kg body weight per day did not affect the fertility index,
gestational and lactation index and no abnormal histological changes were
recorded [14].

In this study feeding of 5% turmeric and treatment with a single dose of
B(a)P did not show any significant effect on the mutagenic index or the
frequency of pregnancy in treated groups compared to control. There was
no apparent induction of dominant lethal mutations in B(a)P or B(a)P+
Turmeric treated groups. No post implantation dominant lethal effects
produced by B(a)P could be detected in this study. The induction of B(a)P
and treatment with turmeric did not influence the dominant lethal test.

Conclusion

B(a)P did not produce a significant increase in the dominant lethal
mutations. Turmeric also did not give any positive response and may be
considered as non-mutagenic. The negative result suggests that under the
conditions of the test the test substance may not be genotoxic in the germ
cell of the treated sex of the test species.
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