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Acute Toxicity, M utagenicity and Antimutagenicity
of Ethanol Ocimum sanctum L eaf Extract Using
Rat Bone Marrow Micronucleus Assay

Ekachai K humphant! and Darunee Buripakdi L awson?

ABSTRACT

Holy basil (Ocimumsanctum) isan herbal plant that iscommonly used asan ingredient for cooking
and asamedicinal plant. Thisplantiswidely used in al Thailand regionsfor many food recipes. Previous
studies have shown that Ocimum sanctum leaf extract (OE) possesses chemopreventive property against
carcinogenesis and induction of the hepatic biotransformation enzyme profiles that are involved in
detoxification of chemical mutagens. Thisstudy attemptsto investigate the effect of an oral administration
of OE on induction of toxicity, mutagenicity, and anti-mutagenicity using rat bone marrow micronucleus
test. Cyclophosphamidewasused to el uci date the possi ble mechani sm of anti-mutagenicity property of this
extract. OE wasgivendaily viaoral administration to Sprague-Dawley ratsto determine; (1) acutetoxicity,
(2) mutagenicity, and (3) anti-mutagenicity against cyclophosphamide. The results shown that OE was not
toxic up to the dose of 15 g/kg bw in 5-week-old rats. The mutagenicity, represented as micronucleus
induction, wasassessed by bonemarrow usingi.p. 80 mg/kg bw of cyclophosphamide 30 hoursprior tobone
marrow collection. Administration of OE at adose 5 g/kg bw did not cause mutagenicity intherats. Onthe
other hand OE possessestheanti-mutagenicity activity resulting onthesignificant inhibition of micronucleus
formation against cyclophosphamide after 7 and 21-day repeat oral administration of 5 g/kg bw of OE. The
anti-mutagenicity of OE suggested an enhancement of detoxification enzymes against cyclophosphamide
as shown in areduction of micronucleusformation. It ispossible that some compoundsin OE may play an
important rolein such enhancement of detoxification mechanism. This study, therefore, confirmed health
benefits of holy basil (Ocimum sanctum), especially grown in Thailand as an ingredient of food and as a
medicinal plant to reduce mutagenicity.
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INTRODUCTION

Constituents of the human diet that inhibit
mutagenesis and carcinogenesis are of particular
importance because they may be useful in the
prevention of human cancer. Ocimum sanctum L.
(Labiatae) popularly known as “Kaprao” in

Thailand, “Tulsi” in Hindi and “Holy basil” in
England hasbeen extensively used asaningredient
for cooking and asamedicinal plant. Thisplantwas
widely used in al Thailand regions for many food
recipes and claimed to be valuable against a wide
variety of diseases. Preliminary evaluation of this
plant was first reported by Aruna and
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Sivaramakrishnan (1992) demonstrated the effect
of Ocimum sanctum leaf extract (OE) against
chromosomal aberrations, neoplasia of stomach
and hepatomas. The plant is aso documented to
have chemopreventive property against skin
papillomagenesis (Prashar and Kumar, 1995). The
mechanism of influence of Ocimumsanctumonthe
incidence of papillomas and carcinomas are yet to
be known and the possible mechanism may be due
to enhancement of the detoxifying enzyme system
in animals (Karthikeyan et al., 1999).

Previous study has reported the modulatory
influence of alcoholic extract of the leaves of
Ocimum sanctum on the activities of cytochrome
P450, cytochrome b5 and aryl hydrocarbon
hydroxylasein liver. It is also reported the extract
enhanced glutathione—S—transferase (GST) and a
reduced glutathione level in the liver, lung and
stomach of mice. All of theseenzymesand cofactors
play an important role in the detoxification of
carcinogens and mutagens (Banerjee et al., 1996).

Though leaf and ethanol extracts have been
reported for itschemopreventive activity, however
theeffect of ethanol | eaf extract of Ocimumsanctum
have not been studied so far in mutagenicity and
antimutagenicity. Thus, the present study attempts
toinvestigate the effect of an oral administration of
Ocimum sanctum leaf extract on induction of
toxicity, mutagenicity, and antimutagenicity using
rat bone marrow micronucleus test.

MATERIALSAND METHODS

Animals

Female Sprague-Dawley rats weighing
120+10 g were obtained from breeding colony of
National Laboratory Animal Center which kept in
Strict Hygienic Conventional system. Eachrat was
housed in stainless steel cage with dimensions of
7.5-in width, 11.5-in length and 5.0-in height,
containing 2-cm wood shavings. Rats were
maintained in standard conditions including
relative humidity of 60+15%, 12 hour light / 12

hour dark cycle, adequate ventilation and ambient
temperature of 25+2°C. Animals received
commercial laboratory animal feed pellets
(Chalernpokkapun Co., Ltd. No.082), and acidified
filtered water pH intherange of 2.3-2.5 ad libitum.

Chemicals
All chemicals used throughout this study were
analytical grade. Giemsa stain and

cyclophosphamide(CP) werepurchasedfrom Sigma
Chemical Company, St. Louis, Missouri, U.SA.
through TheeraTrading Co., Ltd. Thesterilenormal
saline solution was purchased from Thai Otsuka
Pharmaceutical Co., Ltd.

Preparation of Ocimum sanctum leaf extract
(OE) from fresh basil leaves

I nsecticidefreeOcimumsanctumplantswere
grown for 60 days. Botanist of Sirerukkachart herb
garden of pharmacology division Mahidol
University confirmed the plant classification. The
fresh leaves (40kg) were cut and washed with tap
water and shed dried at room temperature (28°C)
overnight. The air-dried leaves were kept in 60°C
oven for 5 h when constant dry weight was
achieved. Thedriedleavesweregroundinto powder
form using the grinding machine. Total amount of
5.721kg of the basil leaf powder was soaked in 4 |
of 70% ethanol for 24 h at room temperature. The
extract wasfiltered through filter paper no.3. After
filtrationthesolid part wassoaked againandfiltered
24 hlater. The amount of 13.5 | extract from three
repetition of extraction using 70% ethanol as
previously mentioned were pooled and evaporated
with the evaporator (EYELA model NE) at 60°C
until the extract was turned into dark brown of
paste. The paste wasdried in desicator for 2 weeks.
Theyield was 978.15 g.

Preparation of OE for oral gavage

Before used, the extract was dissolved in
0.9% of sterile normal saline in the amount of 500
mg/ml for dose 2500 mg/kg bw and kept in cold
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room at temperature 8°C. This method was carried
out according to Chattopadhyay (1999). The
dissolved extract would be gavage to Sprague-
Dawley ratswith ball tip needleno.16 connected to
five-ml syringe.

Acutetoxicity test

Male and female Sprague-Dawley rats
weighing 120+10gweredividedinto 4 groups(two
control and two treatment groups). Each group
consisted of 10animals. Onday 3, 15g/kgbw of OE
dissolved in NSS was given orally to the animals.
All rats were checked for theirs general behavior
and the occurrence of abnormal signwererecorded
after 12, 24, 36, 48, 72, and 96 hours after 15 g/kg
bw of OE administration. Throughout the
experiment, all animalswererecorded for the body
weight and food consumption. Finally, at theend of
experiment (day 17), the animals were killed and
autopsied to determine the toxicity effect. The
toxicity of OE would be shown in number of
animals died, body weight, food consumption,
abnormal behavior and organs observation.

Micronucleus assay

Thepreparation and staining of bonemarrow
cellswere carried out according to Schmid (1975).
The experimental animals were sacrificed 30 h
post-treatment, and bonemarrow cellsfromafemur
was flushed with 0.5 ml phosphate buffer saline.
The bone marrow extract from each rat was
centrifuged at 1000 rpm for 5 min, resuspended,
and spread on to 3 coded slides, which were then
stained with May-Grunwald and Giemsa as
described by Schmid (1975). For each experimental
point, eight ratswereused and 1,000 polychromatic
erythrocytes (PCEs) were score per animal from a
single slide to determine the frequency of
micronucleated polychromatic erythrocytes
(MNPCES). The ratio of PCE: NCE was aso
determined by counting thenumber of PCEsamong
300 erythrocytes. The normal PCE: NCE ratio of
bone marrow isapproximately 0.4-1.0. If thisratio

is = 0.1, it indicates that the test substance has
cytotoxic effect. For control of bias, al slideswere
coded prior scoring and scored blind (Heddleet al.,
1983).

Mutagenicity of OE using rat bone marrow
micronucleus assay

Thirty-two female of Sprague-Dawley rats
at age 5-wk. old weighing 120+10 g were divided
into 4 groups (8 rats per group). OE was dissolved
in 0.9% normal saline (NSS) to a concentration of
5 g/kg bw. Treated animals were given orally with
OE at adose5 g/kg bw for 7 days. Negative control
was treated with solvent only (NSS). For positive
control, rats were intraperitonealy (i.p.) injected
with 80 mg/kg bw of cyclophosphamide (dissolve
in 0.9 % NSS). Untreated animal was also used to
compare with the treated animals on the induction
of micronucleus. All animals were killed at 30
hours post-treatment for bone marrow collection.
Contentsof bonemarrow fromafemur weresmeared
on the dides and then stained with May-Grunwald
and Giemsa staining as previously mentioned. The
frequency of MNPCEs in 1,000 PCESs per animal
andtheratio of PCE: NCEin 300 erythrocyteswere
counted under light microscope.

Antimutagenicity of OE usingrat micronucleus
assay

Forty- eight Sprague-Dawley rats were
divided into 3 groups. Group | was 7 or 21-day
given orally with 5g/kg bw of OE and followed by
intraperitoneal ingection with 80 mg/kg bw of
cyclophosphamide (dissolve in 0.9 % NSS), 30-h
prior to bone marrow harvesting. Group Il was
orally administrated of 0.5 ml/kg bw normal saline
and Group |11 was intraperitoneally injected with
80 mg/kg bw of cyclophosphamide, which is the
positivecontrol. Themicronucleusassay wascarried
out according to the method as previously
mentioned.
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Statistical evaluation

Thedifferencesof MNPCEsand PCE: NCE
ratio between the control and treatment group was
compared by Mann-Whitney u-test. For acute
toxicity test, thebody weight and food consumption
among control and treatment were compared
according to Student t-test. Statistical significant of
difference between groups were taken at val ues of
lessthan 0.01 (p<0.01).

RESULTSAND DISCUSSION

Acutetoxicity of ethanol Ocimum sanctum leaf
extract

This study the dose at a concentration of 15
g/kg bw of OE was given orally to the male and
female Sprague-Dawley rats. The result
demonstrated, thereisno toxicity effect of the dose
of 15g/kgbw of OE. Observationsweredetermined
by survival of animals, body weight change,
general behavior and autopsy investigated reports.
The number of dead animalswas not shown inthis
study and no significant differences in body
weight were observed in OE-treated rats in both
sexes compared to the control groups (Figure 1).
Furthermore, the food consumption between OE-
treated ratsand control wasnot significantly different
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in this study (Figure 2). The general behavior
observation showed no specific sign of toxicity in
the animal similar to result derived from an
autopsy technique that demonstrated no abnormal
sign occurring in observation organs.

These results suggested that 15 g/kg bw of
OE was not toxic to both sexes of Sprague-Dawley
rats, supporting no toxicity of this well known
flavoring plant exposureto humaninfood recipeor
medical uses. The previous study of toxicity
assessment reported that 70% al coholic extract of
4500 mg/kg bw by oral administrationisthe LD50
of miceandthedoseof 3.24 g/kg bw intraperitoneal
causingin50% animal death. (Bhargavaand Singh,
1981). However, there isno toxicity effect of 50%
alcohol extract of Ocimum sanctum given
intraperitoneally to mice at a dose of 1g/kg bw
(Dhar et al., 1968) or 10 g/kg bw by subcutaneous
injection (Mokkhasmitetal., 1971). Thedoseof 15
g/kg bw of OE used in this study is higher than
LD50 determined in mice (4850 mg/kg bw of OE
given by oral administration) and also higher than
the LD50 of micefed 6200 mg/kg bw aqueous | eaf
extract of Ocimum sanctum.

However, theresults suggested that the oral
administration of 15 g/kg bw of OE did not produce
any toxicity evaluated by thisstudy using maleand
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Figure1l Body weight of maleand female Sprague- Dawley rat after receiving onetime of 15 g/kg bw of
OE compared with control groups.Thereis not significantly different among OE-treated group

and control in both sexes of rat.
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Figure2 Food consumption of male and female Sprague- Dawley rat after receiving one timeof 15 g/kg
bw of OE compared with control groups.Thereisnot significantly different anong OE-treated

group and control in both sexes of rat

female Sprague-Dawley rats. These findings
therefore, further research of theethanol | eaf extract
of thisplant ontheacutetoxicity or LD50in rat was
suggested in order to evaluatethetoxicity applying
to human exposure.

Mutagenicity of Ocimum sanctum leaf extract
using rat bone marrow micronucleus assay
Inthisstudy, OE wastested for its potential
toinduced micronuclei formationinrat bonemarrow
cells. It showed that OE at aconcentration of 5g/kg
bw did not significantly increase the frequency of
micronuclei formation in rat bone marrow PCEs
after 7 days of oral administration to Sprauge-
Dawley rat (Table 1). The ethanol extract of this
plant was also reported to protect mouse bone
marrow chromosome against radiation
clastogenicity and did not cause mutagenicity or
toxicity tothebonemarrow cells(Devi et al ., 1998).
Given with the previously supporting data of the
present study, the Ocimum sanctum leaf extract,
therefore, did not exert the mutagenic property.

Antimutagenicity of Ocimumsanctum|eaf extr act
using rat bone marrow micronucleus assay

Theresults of the present study showed that
OE at a dose of 5g/kg bw significantly decreased
MNPCEsinduced by cyclophosphamidecompared
with the control group either 7 or 21-day oral
administration (Table 2, 3). It was suggested that
the ethanol leaf extract of OE at adose of 5 g/lkg bw
possesses the antimutagenic activity against
cyclophosphamide in rat bone marrow cells.

Theagueousand a coholic extractsfromthe
leaves of this plant have been investigated
extensively for various pharmacological activities
including their activity against cancer (Prashar et
al., 1998). Inthisstudy, it was cleary found that an
ethanol leaf extract of Ocimum sanctum inhibited
the micronucleus formation in rat bone marrow
cells. The mechanism of this property is still
unknown. But several previous studies indicated
the interesting possibility of the potential of this
plant involving in carcinogenesis (Prashar and
Kumar, 1995).

The data supports the several naturally
occurring dietary or non-dietary constituents, as
well as parts of several species of edible plant
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Table1l Frequenciesof micronucleated polychromatic erythrocytes (MNPCES) in rat bone marrow after
7-day oral administration of 5 g/kg bw of Ocimum sanctum leaf extract.

Treatment MN PCEs/1,000 PCEs! PCE: NCE ratio?
OE 1.88 = 0.16* 0.53 + 0.02*
Normal saline 1.81+0.27* 0.51 = 0.02*
Cyclophosphamide (i.p.) 39.13+2.01 0.38 + 0.09
Untreated 1.25 + 0.28* 0.50 + 0.02*

OE = Ocimum sanctum leaf extract 5 g/kg bw, Normal saline 0.5 ml/kg bw, Cyclophosphamide 80 mg/kg bw, i.p.= intraperitoneal,
MNPCEs = Micronucleated Polychromatic Erythrocytes PCE = Polychromatic Erythrocyte, NCE = Normochromatic Erythrocyte
IMean =+ SD, n = 8, 1000 PCEs scored per animal; 2Mean = SD, n = 8, 300 erythrocytes (PCE/NCE) scored per animal.

* Significant difference from cyclophosphamide at p< 0.01 by Mann-Whitney u- test

Table2 Inhibitory effect of 7-day oral administration of Ocimum sanctum leaf extract on the induction
of micronucleated polychromatic erythrocytes (MNPCES) by cyclophosphamide.

Treatment MN PCEs/1,000 PCEst PCE: NCE ratio?
Normal saline 1.18+0.36 0.50 + 0.02*
Cyclophosphamide (i.p.) 39.31+ 210 0.36 + 0.09
OE interact with CP (i.p.) 25.38 + 0.94* 0.41+0.02

OE = Ocimum sanctum leaf extract 5g/kg bw, Normal sdine 0.5 ml/kg bw, CP = Cyclophosphamide 80 mg/kg bw, i.p. =
Intraperitoneal, MNPCEs= Micronucleated Polychromatic Erythrocytes PCE = Polychromatic Erythrocyte, NCE = Normochromatic
Erythrocyte

IMean = SD, n = 8, 1000 PCEs scored per animal; 2Mean = SD, n = 8, 300 erythrocytes (PCE/NCE) scored per animal.

* Significant difference from cyclophosphamide at p< 0.01 by Mann-Whitney u-test

Table 3 Inhibitory effect of 21-day oral administration of Ocimum sanctum leaf extract on theinduction
of micronucleated polychromatic erythrocytes (MNPCES) by cyclophosphamide.

Treatment MN PCES/1,000 PCEs! PCE: NCE ratio?
Normal saline 1.88+0.30 0.48 £ 0.10*
Cyclophosphamide (i.p.) 39.13+1.89 0.37 £ 0.09
OE interact with CP (i.p.) 20.25+1.80" 0.41 £ 0.02

OE = Ocimum sanctum leaf extract 5 g/kg bw, Normal saline 0.5 ml/kg bw, CP = Cyclophosphamide 80 mg/kg bw, i.p. =
Intraperitoneal, MNPCEs= Micronucleated Polychromatic Erythrocytes PCE = Polychromatic Erythrocyte, NCE = Normochromatic
Erythrocyte

IMean = SD, n =8, 1000 PCEs scored per animal; 2Mean = SD, n = 8, 300 erythrocytes (PCE/NCE) scored per animal.

* Significant difference from cyclophosphamide at p< 0.01 by Mann-Whitney u- test
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having pharmacol ogical activity, that may influence
the hepatic biotransformation enzyme profilesthat
are involved in activation and detoxification of
xenobiotic compounds, including chemical
carcinogen (Ganasoundari et al., 1997). These
supporting data are evaluated the inhibitory effect
of OE against micronucleusformationinthisstudy,
may involved in the hepatic biotransformation
enzyme, which may play arolein detoxification of
cyclophosphamide induced mutagenesis.
Cyclophosphamideisanalkylatingagent possessing
theclastogeni c effect which produced theformation
of micronuclei in bone marrow cells (Countryman
and Heddle, 1976). This clastogen requires
activation by hepatic microsomal P450 mixed-
function oxidase before being metabolized to its
respective cytotoxic species, 4- hydroxycyclo-
phosphamide, aldophosphamide, phosphoramide
mustard and acroline. These metabolites of
cyclophosphamide alkylate DNA, forming DNA-
DNA cross linking that result in inhibit of DNA
synthesis(Fleming 1997). Because genetic damage
that results in chromosome break or structurally
abnormal chromosome leads to micronucleus
formation (USFDA, 2000), the incidence of
micronuclei serves as an index of this type of
damage caused from clastogenic property of
cyclophosphamide. This alkylating agent is
electrophilic speciesproneto react readily with the
tripeptide glutathione through glutathione-S-
tranferase. Therefore, glutathione appears to be
involved directly in the detoxification of
cyclophosphamideanditsmetabolites. Bothelevate
glutathionelevel sandincreaseactivity of theenzyme
glutathione-S-tranferase has been associated with
theresistanceof cellsto cyclophosphamide(Colvin
et al., 1993). The one mechanism of this
detoxification is the inactivation of the alkylating
agent by conjugationwithglutathioneand catalyzed
by glutathione-S-tranferase (Colvinetal., 1993). It
has been well documented that Ocimum sanctum
leaf extract produces a substantial elevation in the
hepaticmicrosomal cytrochromep450, cytochrome

b5 and aryl hydrocarbon hydroxylase activitiesina
dose-dependent manner (Banerjee et al., 1996). It
could effectively elevate the glutathion -S-
transferaseactivity andthereduced glutathionlevels
intheliver aswell asinextra-hepatic organsof mice
(Barnergee et al., 1996), that was consistent with
Arunaand Sivaramakrishnan (1992) reported that
OE increased glutathion and GST enzymes. Hence,
from these accumulating evidences, it is possible
that Ocimum sanctum leaf extract may be
accelerating detoxification of cyclophosphamide
in the hepatic and extra-hapatic tissues of rat by
increasing the microsomal cytrochrome p450 and
glutathion -S-transferase activities.

The OE was summed in this study of
induction of carcinogen- metabolizing enzymes,
but which component(s) of the OE enhances the
enzymeactivity isnot clear. A principleconstituent
iseugenol (Prashar et al., 1998) which isknown to
induce UDP-glucoronyl transferase and GST
(Yokota et al., 1988). The other compounds that
found in the leaf extract may play and additional
and/or synergisticchemoprotectiveroleby inducing
detoxification enzymesinclude sterols, triterpines,
alkaloids, glycosides, saponins, tannins, various
sequiterpene in essential oil of the leaves, and
hydroxy chavicol (Prashar et al., 1998). These
compounds may influence in the reduction of the
micronucleusformation induced by CP detected by
rat bone marrow cells.

Thusthe present finding, suggested that the
5g/kg bw ethanol leaf extract of Ocimum sanctum
possesses the antimutagenic property determined
by the significant decreasing in MNPCEs induced
by cyclophosphamidein Sprague-Dawley rats. This
study therefore, confirmed health benefits of holy
basil (Ocimum sanctum), especially grown in
Thailand asan ingredient of many food recipesand
asamedicinal plant to reduce mutagenicity.
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CONCLUSION

Theconclusion of the studies could bedrawn as
follows:

1. Foracutetoxicity test, theresultsshown
that OE was not toxic up to the dose of 15 g/kg bw
in 5-week-old rats as determined by general
behavior, the number of dead animal, and organ
autopsy observation. The growth rates of
bodyweight and food consumption in rats aso
demonstrated no toxicity effect of this plant at a
dose of 15 g/kg bw given by oral administration.

2. Theadministration of OE at adose of 5
o/kg bw did not cause mutagenicity in the rats. On
the other hand, OE possessesthe anti-mutagenicity
activity resulting on the significant inhibition of
micronucleusformation against cyclophosphamide
after 7 and 21-day repeat oral administration of 5 g/
kgbw of OE. Theanti-mutagenicity of OE suggested
an enhancement of detoxification enzymes against
cyclophosphamide as shown in a reduction of
micronucleus formation. It is possible that some
compounds in OE may play an important role in
such enhancement of detoxification mechanism.
This finding, therefore, confirmed health benefits
of holy basil (Ocimum sanctum) as and ingredient
of food and as a medicinal plant to reduce
mutagenicity.
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