
The anti-genotoxic effect of Ocimum sanctum L. extract was studied against the genotoxic effect induced
by a synthetic progestin cyproterone acetate, on human lymphocytes using chromosomal aberrations,
mitotic index, sister chromatid exchanges and replication index as a parameters. About 30 μM of cypro-
terone acetate was treated with O. sanctum L. infusion, at dosages of 1.075 × 10–4, 2.125 × 10–4 and
3.15 × 10–4 g/ml of culture medium. A clear dose-dependent decrease in the genotoxic damage of cypro-
terone acetate was observed, suggesting a possible modulating role of the plant infusion. The results of
the present study suggest that the plant infusion per se does not have genotoxic potential, but can mod-
ulate the genotoxicity of cyproterone acetate on human lymphocytes in vitro.
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INTRODUCTION

Ocimum sanctum L. belongs to family Lamiaceae (Labiatae) and is found through-
out India and in many parts of the old world tropics and also occurs in the warmer
parts of Australia [43]. Aqueous extract of Ocimum sanctum leaves has been used for
the treatment of variety of conditions since from ancient times [6]. Pharmacological
evidences show that sacred basil possesses anticancer [3], antioxidant [11, 20, 29, 46]
and antimutagenic properties [9, 10, 42]. Synthetic progestins are used in the treat-
ment of sexual and metabolic disorders, and also in oral contraceptives either singly
or in combination with estrogens [14]. Prolonged use of oral contraceptives has been
shown to develop various types of malignancies in human and experimental animals
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[14]. Earlier studies reveal that synthetic progestins have DNA damaging potential
[17, 30, 31]. The use of progestins cannot be ignored completely, but their genotox-
ic effects can be reduced by the use of antioxidants [2, 34] and natural plant products
[33, 34]. Cyproterone acetate (CPA) is a tumor inducing agent in the liver of female
rats [7, 23]. CPA is a steroid antiandrogen which has affinity to progesterone and to
glucocorticoid receptors. It centrally inhibits the release of luteinizing hormone,
blocking in this way the secretion of testosterone of testicular origin. CPA through a
competitive direct interaction with the cellular receptors inhibits the action of the
androgens, and for this property it is used in the treatment of prostatic carcinoma
[40]. It induces micronucleus in rat liver cells [23], chromosomal aberrations in V79
cells [19], and human peripheral blood lymphocytes [28, 32], and also sister chro-
matid exchanges in human peripheral blood lymphocytes in vitro [28]. It was found
positive for unscheduled DNA synthesis test in rat hepatocytes [19, 26, 39] and
human hepatocytes in vitro [25] and also formed DNA adducts in rat and human
hepatocytes in vitro [38, 39, 44]. The objective of the present investigation was to
evaluate the effect of Ocimum sanctum L. infusion against the genotoxic dose of CPA
on human lymphocytes in vitro.

MATERIAL AND METHODS

Chemicals

Cyproterone acetate (CAS No: 427-51-0, Sigma); RPMI 1640, Fetal Calf Serum,
Phytohaemagglutinin-M, Antibiotic-antimycotic mixture (Gibco); Dimethyl-
sulphoxide, 5-Bromo-2-deoxyuridine, Colchicine (SRL, India); Giemsa stain
(Merk).

Infusion preparation

The infusion was prepared from in natura leaves chopped with scissors into small
pieces using the medicinal plant Ocimum sanctum L. One gram of minced plant
leaves was added to 100 ml of boiling distilled water and then covered for 5 min
without heating. The material was then shaken for 5 min and filtered for sterilization
and placed in a refrigerator. The infusion concentration of 1.075 × 10–4, 2.125 × 10–4

and 3.15 × 10–4 g/ml of culture medium was used.

Human lymphocyte culture

Duplicate peripheral blood cultures were prepared according to Carballo et al. [5].
Briefly, heparinized blood samples (0.5 ml), were obtained from a healthy female
donor and were placed in sterile flasks containing 7 ml of RPMI-1640 medium sup-



plemented with fetal calf serum (1.5 ml), antibiotic-antimycotic mixture (1.0 ml)
and phytohaemagglutinin (0.1 ml). The flasks were kept in an incubator at 37 °C for
24 h.

Chromosomal aberration analysis

After 24 h, 30 μM of cyproterone acetate treatment (dissolved in dimethylsulphox-
ide, 5 μl/ml) was given with 1.075 × 10–4, 2.127 × 10–4 and 3.15 × 10–4 g/ml of plant
infusion, separately, and kept for another 48 h, in an incubator at 37 °C. After 47 h,
0.2 ml of colchicine (0.2 μg/ml) was added to the culture flask. Cells were cen-
trifuged at 1000 rpm for 10 min. The supernatant was removed and 5 ml of pre-
warmed (37 °C) KCl hypotonic solution (0.075 M) was added. Cells were resus-
pended and incubated at 37 °C for 15 min. The supernatant was removed by cen-
trifugation at 1000 rpm for 10 min, and 5 ml of chilled fixative (methanol : glacial
acetic acid; 3 : 1) was added. The fixative was removed by centrifugation and the pro-
cedure was repeated twice. The slides were stained in 3% Giemsa solution in phos-
phate buffer (pH 6.8) for 15 min. Three hundred metaphases were examined for the
occurrence of different types of abnormality. Criteria to classify the different types of
aberrations were in accordance with recommendation of EHC 46 for Environmental
monitoring of human population [16].

Mitotic index

The mitotic index was calculated as the number of metaphases per 1000 cells ana-
lyzed per culture for each treatment.

Sister chromatid exchange analysis

For sister chromatid exchange analysis, bromodeoxyuridine (10 μg/ml) was added at
the beginning of the culture. After 24 h, 30 μM of cyproterone acetate treatment (dis-
solved in dimethylsulphoxide, 5 μl/ml) was given with 1.075 × 10–4, 2.127 × 10–4 and
3.15 × 10–4 g/ml of plant infusion and kept for another 48 h in an incubator. Mitotic
arrest was performed by adding 0.2 ml of colchicine (0.2 μg/ml). Hypotonic treat-
ment and fixation were performed in the same way as for the chromosomal aberra-
tion analysis. The slides were processed according to Perry and Wolff [27]. The sis-
ter chromatid exchange average was taken from an analysis of the metaphase during
second cycle of division.

Anti-genotoxic effect of Ocimum sanctum L. extract 399

Acta Biologica Hungarica 58, 2007



400 Y. H. SIDDIQUE et al.

Acta Biologica Hungarica 58, 2007

Replication index

At least 200 metaphases for each treatment were scored to calculate the replication
index (RI) by the formula:

where M1, M2 and M3 represent the proportion of the first, second and third
metaphases, respectively [22].

Statistical analysis

Student t-test was used for analysis of CAs, MI and SCEs while chi-square test (χ2)
test was used for the analysis of RI. Regression analysis was also performed for the
infusion dose effect on the cyproterone acetate genotoxic dose using statistica soft-
ware (Statsoft, Inc.).

RESULTS

Cyproterone acetate (CPA) induced a significant increase of abnormal metaphases
without gaps compared with the untreated. A significant dose-dependent decrease in
number of abnormal metaphases was observed when 30 μM of CPA was treated sep-

100
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=

Fig. 1. Chromosomal aberrations after O. sanctum L. infusion treatments. CPA = Cyproterone acetate;
OSi1 = Ocimum sanctum L. infusion 1.075 × 10–4 g/ml; OSi2 = Ocimum sanctum L. infusion

2.125 × 10–4 g/ml; OSi3 = Ocimum sanctum L. infusion 3.15 × 10–4 g/ml; U = untreated
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Fig. 2. Mitotic index after O. Sanctum infusion treatments. CPA = Cyproterone acetate; OSi1 = Ocimum
sanctum L. infusion 1.075 × 10–4 g/ml; OSi2 = Ocimum sanctum L. infusion 2.125 × 10–4 g/ml;

OSi3 = Ocimum sanctum L. infusion 3.15 × 10–4 g/ml; U = untreated

Fig. 3. Sister chromatid exhanges after O. Sanctum infusion treatments. CPA = Cyproterone acetate;
OSi1 = Ocimum sanctum L. infusion 1.075 × 10–4 g/ml; OSi2 = Ocimum sanctum L. infusion

2.125 × 10–4 g/ml; OSi3 = Ocimum sanctum L. infusion 3.15 × 10–4 g/ml; U = untreated
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arately with different dosages of Ocimum sanctum L. infusion, i.e. 1.075 × 10–4,
2.125 × 10–4 and 3.15 × 10–4 g/ml (Table 1; Fig. 1). The induction of SCE by 30 μM
of CPA was also decreased at every dose given with CPA (Table 2; Fig. 3). The
results also indicate a significant decrease in MI and RI by 30 μM of CPA in lym-

Table 1
Chromosomal aberrations after Ocimum sanctum L. infusion treatment

Abnormal metaphases without
Chromosomal aberrationsgapsTreatments MI % ±SE

Number Mean% ± SE Gaps CTB CSB

CPA (μM)
30 18 6.00 ± 1.37a 7 10 8 1.7 ± 0.28a

CPA (μM) + OSi (g/ml)
30 + 1.075 × 10–4 9 3.00 ± 0.98b 4 6 3 1.9 ± 0.30b

30 + 2.125 × 10–4 7 2.33 ± 0.87b 3 5 2 2.1 ± 0.32b

30 + 3.15 × 10–4 6 2.00 ± 0.80b 3 5 1 2.4 ± 0.34b

Untreated 2 0.66 ± 0.46 1 2 – 2.6 ± 0.35
OSi (g/ml)

1.075 × 10–4 2 0.66 ± 0.46 1 2 – 2.6 ± 0.35
2.125 × 10–4 3 1.00 ± 0.57 2 2 1 2.5 ± 0.34
3.15 × 10–4 3 1.00 ± 0.57 2 2 1 2.5 ± 0.34

CTB: Chromatid break; CSB: Chromosome break; S.E.: Standard error; CPA: Cyproterone acetate;
OSi: Ocimum sanctum infusion.

aSignificant with respect to untreated (P < 0.01).
bSignificant with respect to CPA (P < 0.01).

Fig. 4. Replication index after O. Sanctum infusion treatments. CPA = Cyproterone acetate;
OSi1 = Ocimum sanctum L. infusion 1.075 × 10–4 g/ml; OSi2 = Ocimum sanctum L. infusion

2.125 × 10–4 g/ml; OSi3 = Ocimum sanctum L. infusion 3.15 × 10–4 g/ml; U = untreated
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Table 2
Sister chromatid exchanges after Ocimum sanctum L. infusion

Treatments Cells scored
SCEs/metaphase

Range(Mean ± SE)

CPA (μM)
30 50 8.20 ± 0.59a 2–9

CPA (μM) + OSi (g/ml)
30 + 1.075 × 10–4 50 4.34 ± 0.48b 1–5
30 + 2.125 × 10–4 50 3.84 ± 0.31b 1–5
30 + 3.12 × 10–4 50 3.02 ± 0.33b 1–5

Untreated 50 1.22 ± 0.11 0–5
OSi (g/ml)

1.075 × 10–4 50 1.72 ± 0.16 0–5
2.125 × 10–4 50 2.44 ± 0.19 0–5
3.15 × 10–4 50 2.74 ± 0.22 0–5

CPA: Cyproterone acetate; OSi: Ocimum sanctum infusion; S.E.: Standard error.
aSignificant with respect to untreated (P < 0.01).
bSignificant with respect to CPA (P < 0.05).

Table 3
Replication index after O. sanctum L. infusion treatments

Percent cells in
Treatments Cells scored

Replication

M1 M2 M3
index

CPA (μM)
30 200 45 51 4 1.59a

CPA (μM) + OSi (g/ml)
30 + 1.075×10–4 200 35 57 8 1.73b

30 + 2.125×10–4 200 32 59 9 1.77b

30 + 3.15×10–4 200 31 60 9 1.78b

Untreated 200 20 66 14 1.94
OSi (g/ml)
1.075×10–4 200 23 63 14 1.94
2.125×10–4 200 27 61 12 1.85
3.15×10–4 200 30 60 10 1.80

CPA: Cyproterone acetate; OSi: Ocimum sanctum infusion.
aSignificant with respect to untreated (P < 0.05).
bSignificant with respect CPA (P < 0.05).
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Fig. 5. Regression analysis for the dose effect of O. Sanctum infusion on abnormal metaphases induced 
by cyproterone acetate (30 μM). Concentration of infusion is in (×10–4 g/ml)

Fig. 6. Regression analysis for the dose effect of O. Sanctum infusion on mitotic index induced by cypro-
terone acetate (30 μM). Concentration of infusion is in (×10–4 g/ml)
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Fig. 7. Regression analysis for the dose effect of O. Sanctum infusion on sister chromatid exchanges
induced by cyproterone acetate (30 μM). Concentration of infusion is in (×10–4 g/ml)

Fig. 8. Regression analysis for the dose effect of O. Sanctum infusion on replication index induced
by cyproterone acetate (30 μM). Concentration of infusion is in (×10–4 g/ml)
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phocytes cultures (Tables 1 and 3; Figs 2 and 4). However, a significant dose-depen-
dent increase was observed in both MI and RI, when treated with different dosages
of plant infusion (Tables 1 and 3; Figs 2 and 4). Regression analysis was also per-
formed to determine the dose effect of O. sanctum L. infusion on 30 μM of CPA for
number of abnormal metaphases, mitotic index, sister chromatid exchange and repli-
cation index. For abnormal metaphases (F = 29.14; P < 0.037; Fig. 5) and SCE
(F = 46.23; P < 0.026; Fig. 7) decrease in slope of linear regression lines was observed
as the dose of the infusion was increased in each treatment. For MI (F = 66.61;
P < 0.026; Fig. 6) and RI (F = 8.720; P < 0.006; Fig. 8), the elevation of linear regres-
sion lines was observed as the dose of infusion was increased in each treatment with
CPA.

DISCUSSION

The results of the study reveal that the selected dosages of the plant infusion were not
genotoxic per se but reduced the genotoxic damage of cyproterone acetate (CPA) on
human lymphocytes in vitro. In our earlier study, four doses of CPA (5, 10, 20 and
30 μM) were studied [32]. CPA was found genotoxic at 20 and 30 μM. In the present
study only 30 μM of CPA was taken to study the anti-genotoxic effect of Ocimum
sanctum L. infusion at different dosages. The International Agency on Cancer, main-
ly on the basis of epidemiological studies classifies estrogens and estrogen-progestin
combinations among agents carcinogenic to humans (Group 1), progestins as possi-
bly carcinogenic (Group 2), and androgenic anabolic steroids as probably carcino-
genic (Group 2A) [24]. Carcinogenicity sex steroids to humans of has been evaluat-
ed, and it was reported that high dose of estrogen-progestin combinations can cause
liver cancer to humans [15]. In a very recent “Multicentre Study” on oral contracep-
tives and liver cancer the “Project Team” came to the conclusion that oral contra-
ceptives may enhance the risk of liver carcinomas [24]. The genotoxic effect of CPA
in liver cells has been attributed to the bio-activation of CPA by hydroxy steroid sul-
fotransferase (HST) to reactive metabolites [18]. CPA is not only a tumor-promoting
agent but also a genotoxic chemical [17]. Concerning our study on CPA, it was found
to be genotoxic by generating free radicals in the test system [32]. Sister chomatid
exchanges (SCE) have been commonly used to evaluate cytogenetic responses to
chemical exposure, and an excellent dose response relationship has been established
for hundred of chemicals in a wide variety of in vivo and in vitro short-term experi-
ments [41]. Chomosomal aberrations are changes in chromosome structure resulting
from a break or an exchange of chromosomal material. Most of the chromosomal
aberrations observed are lethal to the cell, but there are many corresponding aberra-
tions that are not and can cause genetic effects, either somatic or inherited [36].
These events lead to the loss of chromosomal material at mitosis or to the inhibition
of accurate chromosome segregation at anaphase. SCE is generally a more sensitive
indicator of genotoxic effects than structural aberrations [41]. There is a correlation
between the carcinogenicity and SCE inducing ability of large number of chemicals



[12]. In our present study the treatment of the infusion reduced the frequency of SCE
and chromosomal aberrations in the test system, thereby indicating the possibility of
reducing the chances of carcinogenesis during the CPA therapy in patients. CPA is
also an endocrine disruptor [45]. Endocrine disruptors induce a characteristic set of
toxicological effects in animals which can be used as end points in an organism for
the identification of endocrine mimetic test compounds [37]. In one study on proso-
branch snails CPA induced virilization of females by imposex development and also
decreased fecundity [37]. These teratogenic effects are due to the endocrine disrup-
tor function of various androgens [13]. The mechanism of action for the teratogenic
effects and the genotoxic effects are entirely different. As the plant infusions are used
as an alternative medicine it becomes necessary to detect one or more active princi-
ples present in the infusion that are potentially useful for human purposes. Sacred
basil contains a volatile oil consisting of about 70% eugenol, as well as
methyleugenol and caryophyllene [1]. Other constitutes with similar pharmacologi-
cal activity include the triterpenoid ursolic acid, rosmarinic acid, alkaloids, saponins,
flavonoids, phenylpropane glucosides and tannins [1, 2, 6, 8]. Phenolic compounds
like eugenol, rosmarinic acid and apigenin are excellent antioxidants [9–11]. In liver
microsomes ursolic acid prevents the lipid peroxidation in vitro [4]. The leaf extract
of O. sanctum reduces the radiation induced damage in mouse bone marrow cells by
scavenging free radicals. Two water soluble flavonoids isolated from the holy basil,
i.e. orientin and vicenin showed a protection against radiation-induced genotoxic
damage in cultured human lymphocytes by scavenging free radicals in the system
[9–10]. The genotoxic damage caused by the synthetic progestins can be reduced by
the use of antioxidants [2, 33, 34] and natural plant products [32]. CPA shows geno-
toxic effect by generating free radicals [32] and in the infusion of O. sanctum two
water soluble flavonoids, i.e. orientin and vicenin, are present that have potential to
scavenge free radicals. The presence of these flavonoids in the infusion may possi-
bly result in the reduction of the genotoxic damage by CPA. Therefore, the traditional
methods of using the plant extracts should be employed taking utmost care with
regard to concentrations and duration treatments so that the infusions have the
desired pharmacological effects without causing any toxicity.
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