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Validation of traditional claim of Tulsi, Ocimum sanctum Linn.
as a medicinal plant
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In several ancient systems of medicine including Ayurveda, Greek, Roman, Siddha and Unani, Ocinin sanctum has
vast number of therapeutic applications such as in cardiopathy, haemopathy, leucoderma, asthma, bronchitis, catarrhal fever,
otalgia, hepatopathy, vomiting, lumbago, hiccups, ophthalmia, gastropathy, genitourinary disorders, ringworm, verminosis
and skin discases elc. The present review incorporates the description of O, sancrum plant, its chemical constituents, and

various pharmacological activities.

Ocimum sanctum (OS), popularly known as "Tulsi' in
Hindi and 'Holy Basil” in English is one of the sacred
herbs for Hindus in Indian sub-continent. It has a ver-
satile role to play in traditional medicine. Several sci-
entific studies are being conducted regarding the effi-

cacy ol whole plant or its parts for the treatment of

different diseases. OS contains a number of chemical
constituents that interact in a complex way to elicit
their pharmacodynamic response. A number of active

constituents responsible for the medicinal actions of

0OS have been isolated and are being characterized.
All over the world scientific research is getting mo-
mentum to evaluate the effects, side effects and thera-
peutic uses of OS in various acute and chronie patho-
logical conditions. Satyavat and co-workers in 1987

have reviewed the work done on various aspects of

- 1 ¢ " .
Ocimtm . Since then OS has been extensively evalu-
ated for its various phytochemical and pharmacologi-
cal activities. Therefore, the present review sumima-

rizes the recent available literature on these aspects of

the plant including our own findings.

Plant description

The plant is distributed and cultivated throughout
India. It is an erect, much branched softly pubescent
undershrub. 30-60 cm high with red or purple sub-
quadrangular branches. Leaves are simple, opposite,
elliptic, oblong, obtuse or acute, with entire or sub-
serrale or dentate margins, pubescent on both sides,
minutely gland dotted, with slender, hairy petioles.
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Flowers are purplish in elongate racemes in close
whorls, stamens exerted, upper pair with a small
bearded appendage at the base fruits nutlets, smooth,
not mucilaginous when wetted. The plant is bitter and
acrid. The whole plant of OS has medicinal value, few
ol them are aromatic, stomachic, demulcent, diapho-
retic, digestive, diuretic, expectorant, febrifuge, ver-
miluge and alexiteric pmpcrliesz. Mostly leaves and
sometimes the seeds are also used,

Chemical constituents

Q. sanctum leaves contain 0.7% volatile oil com-
prising about 71% cugenol and 20% methyl eugenol.
The oil also contains carvacrol and sesquiterpine hy-
drocarbon caryophyllene’. Ursolic acid has been iso-
lated from the OS leaves® . Apart from ursolic acid,
Nair et al.” also isolated apigenin, luteolin, apigenin-
7-O-glucuronide, luteolin-7-O-glucuronide, orientin,
molludistin. Isolation of two flavonoids, orientin and
vicenin from the aqueous leaf extract of OS 1s also
reported’. Kelm ef al.” have extracted, and purified the
following phenolic compounds from the fresh leaves
and stems of OS: cirsilineol, cirsimaritin, 1sothy-
musin, isothymonin, apigenin, rosmarinic acid and
appreciable quantities of eugenol. The structures of
these compounds have also been elucidated. Norr and
Wagner” identified vicenin-2, rosmarinic acid, galute-
olin, cirsilineol gallic acid, gallic acid methylester,
gallic acid ethylester, protocatechic acid, vanillic acid,
4-hydroxybenzoic acid, vanillin, d4-hydroxybenz-
aldehyde, caffeic acid, chlorogenic acid from the
ethanolic extract of OS. They also detected 2-phenyl-
propaneglucoside | and 2. The leaves of OS are also
known to contain traces of zinc, manganese and
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sodium’. Seeds of OS possess the fatty oil (17.82%)
consisting 6.9% palmitic acid, 2.1% stark acid, 15.7%
linolenic acid, 66.1% linoleic acid and 9% oleic acid.
The unsaponifiable matter yielded a small quantity of
sitosterol. Three insoluble bromoglycerides were
crystallized on direct bromination of the oil in dry
ether (two dilinoleno-linolins melting at 157°C and
145°C respectively and a linolenodilinolin melting at
80°C'. The fixed oil content of seeds may vary de-
pending on the geographical source'".

Pharmacological profile

Antimicrobial activity—The aqueous leal extract
showed insecticidal activity and antibacterial activity
against Gram positive and Gram negative bacteria,
however it was not effective against Shigella and Sal-
monella, Staphylococcus citreous, E coli and Aspergil-
lus niger. At relatively high concentration, the extract
showed antimycotic activity against Trichophyton men-
tagrophytes and Pestalotiopsis mangiferae'™".

The antimicrobial properties of the whole extract of
OS and its principal component eugenol (4-allyl-2-
methoxy-phenol) were tested on NRRL-2999. Both
the substances could inhibit aflatoxin production. The
results also suggested possible use of OS extract to
control infestation of aflatoxin producing moulds in
food industry'®. The ethanolic extract from Tulsi was
demonstrated to be better antiviral agent than
Azadirachta indica extract against the Fl strain of
New Castle disease virus in chorioallantoic culture
system”. Recently, combination of ethanolic extracts
of leaves of OS and Cassia alata has been found to
possess anti-cryptococcus activity and the activity of
the combination of the extracts was heat stable and
worked at acidic pH'"’.

Hypoglycemic and  hypolipidaemic — activity—
Holy basil leaves obtained from two closely related
species, OS and Eclipta alba possessed similar thera-
peutic values and were used for treating diabetes, ar-
thritis and bronehial asthma' ", Experimental studies
in albino rats showed the efficacy of basil leaves in
decreasing blood glucose in hyperglycemic rats and
rabbits'*"?'. In the latter study seeds were found (o
be less effective than leaves. Further, oral administra-
tion of ethanolic OS leaf extract potentiated the action
of exogenous insulin in normal rats. The activity of
the extract was 91.55 and 70.43% of that of tolbu-
tamide in normal and streptozotocin induced diabetic
rats respectively™. However, in a comparative study
OS leafl extract was found to have the leust potent

blood sugar lowering activity than Catharanthus
roseus, Gymnema sylvestre and Azadirachta indica™.

To explore further evidence, effect of treatment
with holy basil leaves on fasting and post-prandial
blood glucose and serum cholesterol levels in humans
were assessed through a randomized placebo con-
trolled crossover single blind trial in patients of non-
insulin dependent diabetes mellitus (NIDDM)*. The
results of the trial indicated a significant decrease in
fasting and post-prandial blood glucose levels during
treatment as compared to placebo. Fasting and post-
prandial blood glucose levels fell by 21 mg/dl
(P<0.001) and 15.8 mg/dl (P<0.02), respectively.
The lower values of glucose represented reductions of
17.6 and 7.3% in fasting and post-prandial blood glu-
cose levels, respectively. Urine glucose level showed
similar trend. Mean total cholesterol level showed
mild reduction during the treatment. The authors ex-
plored the possibility of basil leaves in improving [3-
cell function and enhancing insulin secretion. How-
ever, it was not clear which chemical constituent or a
combination of constituents present in leaves was re-
sponsible for the hypoglycemic effect. The findings
suggested that basil leaves might be prescribed as an
adjunct to dietary therapy and as a drug treatment in
mild to moderate NIDDM™.

Tulsi leaf powder supplementation at 1% dose
level showed significant hypoglycemic and hypolipi-
daemic effects in diabetic rats which could be associ-
ated with the essential oil, eugenol present in OS leal
powder™, In addition there could be some other active
insulinogenic ingredients present in OS leal powder,
bringing the blood sugar level down in the diabetic
rats. Significant lowering in serum total cholesterol,
triglycerides, phospholipid and LDL-cholesterol lev-
els and a significant increase in HDL- cholesterol and
total fecal sterol contents of rabbits was observed by
oral administration of fresh leaves for 4 weeks at two
dose levels of 1 and 2% w/w mixed in the diet™.

Trasina, an Ayurvedic herbal formulation contain-
ing Ocimum sanctum as one of the ingredients
showed little effect on blood sugar concentrations and
islet superoxide dismutase activity (SOD) in eugly-
cemic rats, in 100 and 200 mg/kg pe doses adminis-
tered once daily for 28 days. However, these doses of
Trasina caused a dose related decrease in streptozoto-
cin hyperglycemia and attenuation of streptozotocin
induced decrease in islet SOD activity”’.

Adaptogenic activity—The ethanolic leaf extract
of this plant at 100 mg/kg daily dose when fed orally

-
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for 7 days was found to normalize the noise induced
changes in total and differential leucocytes in rats.
The mechanism of the extract as an adaptogen was
not clear, however, it was claimed to induce the “state
of non-specific increased resistance in animals and
man”. The ethanolic leaf extract of O. sanctum was
screened for antistress activity against acute and
chronic noise induced changes in plasma corticoster-
one level in albino rats™. There was a significant ele-
vation of the plasma corticosterone level in rats sub-
jected to 30 min noise (100 dB) stress. Chronic expo-
sure (4 hr daily for 30 days) to noise with same inten-
sity reduced the hormonal level significantly, Treat-
ment with the extract prevented the changes in plasma
corticosterone level induced by exposure to both acute
and chronic noise stress, indicating the antistress
properties. The normalizing activity of OS leaf extract
on noise induced changes in total and differential leu-

. a0-3
cocyte counts in rats was also reported™™'.

Ethanolic extract (70%) of the whole plant in-
creased the physical endurance (survival time) of
swimming mice, prevented stress induced ulcers and
milk induced leucocytosis in rats and mice, respec-
tively, indicating induction of non-specifically in-
creased resistance against a variety of stress induced
biological changes by OS in animals™. Methanolic
extract also increased the swimming time suggesting
its antistress activity when given intraperitoneally at
the dose of 400 mg/kg. The efficacy of the extract was
comparable to that of desipramine, an antidepressant
drug”, The immunostimulant capacity of OS may be
responsible for the adaptogenic action of the plant™.

In a separate experiment, effects of restraint stress
(RS) and its modulation by OS and eugenol were
evaluated on some biochemical and biophysical
parameters in rats. Neither OS nor eugenol affected
the RS induced elevations in blood glucose and urea
levels. However, both lowered RS induced choles-
terol, lactate dehydrogenase and alkaline phosphatase
levels. It seems possible that OS induced changes in
biochemical parameters could partially be due to
eugenol. RS induced changes in red blood cells
(RBCs) membrane dynamics (increased membrane
protein clusterisation, increased membrane fluidity,
reduced RBC membrane thickening and effects on
synaptosomul membrane) were reversed in a differen-
tial manner by OS and eugenol™. The authors specu-
late that neurotransmitter mediated changes during
stress, influenced by change in lipid disposition in
membrane, are reversed to near normalcy by OS and

eugenol. Authors also speculate that CNS may be one
of the sites for the antistress/the adaptogenic effects of
OS. The subtle differences in biological effects of the
whole extract and the pure active constituent, eugenol
indicate that the other constituent of the plant, though
present in minute quantities may play a major role in
determining the overall biological activity of a me-
dicinal plant.

Antifertility activity— Antifertility activity of OS
leaves has been reported in rats, mice and rabbits. In
one of the above studies benzene extract was more
effective than petroleum ether extract or other ex-
tracts. Benzene extract of fresh OS leaves in male rats
indicated significant reduction in sperm count, sperm
motility and weight of testis™*.

Long term feeding (up to 3 months) of Tulsi leaves
(200 and 400 mg/kg) to adult male and female albino
rats along with normal diet decreased sperm count,
sperm motility and the weight of male reproductive
organs. The mating behaviour of both male and fe-
male rats was inhibited severely. In some animals
where mating took place only during the initial phase
of the treatment, pregnancy was carried (o term with
birth of normal pups. However, short term oral ad-
ministration of OS leaf extract to the rats in the
graded doses of 100, 150, 200 and 400 mg/kg body
weight along with normal diet for 15 days continu-
ously, decreased the sexual behaviour. A significant
decrease in sexual behaviour score was noticed when
the dose was increased to 200 and 400 mg/kg. It sug-
gested that tulsi plant could not be exploited for con-
traceptive use since it depresses mating behaviour and
does not cause azoospermia™"*'

Hepatoprotective activity—The cold water extracl
at 3g/100g body weight dose when fed orally for 6
days was found to be effective against carbon tetra-
chloride (0.2 ml/100 g subcutaneously) induced liver
injury (necrosis, fatty degeneration and hydropic de-
generation) in albino rats*. Similar effect was ob-
served with 70% ethanolic extract™.

Oral administration of the hydroethanolic leat ex-
tract at 200 mg/kg dose to male Wistar albino rats
provided protection against paracetamol induced liver
injury. The studies were supported by significant re-
duction in the elevated serum enzyme levels and
marked reduction in fatty degeneration in treated rats

as compared 1o untreated control (paracetamol
alone)™.
Immunomedidatory activity—Steam distilled ex-

track from the fresh leaves Showed modification in the
4 B Vil -

= r
{ \ )
'

\
. "J‘
A ¢ e



768 INDIAN J EXP BIOL, JULY 2002

humoral immune response in albino rats which could
be attributed to such mechanisms as antibody produc-
tion, release of mediators of hypersensitivity reactions
and tissue responses to these mediators in the target
organs™.

Psychopharmacological activity—The  ethanolic
leaf extract of OS was screened for psychopharma-
cologicul activities. The extract prolonged the time of
lost reflex (the time interval between the loss and re-
gaining to righting reflex after administration of pen-
tobarbital sodium at a dose of 40 mg/kg i.p. in mice),
decreased the recovery time and severily of electro-
shock and pentylenetetrazole induced convulsions. It
also decreased apomorphine induced fighting time
and umbulation in open field studies. Using a behav-
oural despair model involving forced swimming in
rats and mice, the extract lowered immobility in a
manner comparable to imipramine. This action was
blocked by haloperidol and sulpiride, indicating a
possible action involving dopaminergic neurones. In a
similar study, there was a synergistic action has been
reported when extract was combined with bro-
mocriptine, a potent Da-receptor agonist™,

Antioxidant activity—Uma Devi has recently re-
viewed the antioxidant activity of OS™. Antioxidant
properties of flavonoids from different sources have
been reported”™"", Shimoi et al > thought of a
probable relationship between radioprotective and
antioxidant activity which was also confirmed by Ga-
nasoundari and co-workers™. Ursolic acid isolated
from OS offered remarkable protection against lipid
peroxidation in isolated liver and heart microsomes
in vitro. The compound did not induce lipid peroxida-
tion by itself and thus improved therapeutic applica-
tion. It also provided mild protection as compared to
strong protection by oleanolic acid against adriamycin
induced lipid peroxidation™™.

Protective role of aqueous leal extract against ra-
diation induced lipid peroxidation, glutathione and
allied antioxidant enzymes in liver of mice was ob-
served™. OS leaf extract exhibited significant antioxi-
dant activity against several paradigms of oxidative
stress induced by a variety of techniques in different
rat tissues, which was comparable to that of vitamin EY.
Recently cyclooxygenase inhibitory properties of OS
have also been reported along with its antioxidant
properties™”

Chemopreventive and anticarcinogenic activity—

The antiproliferative und chemopreventive uctivity of

OS aqueous leaf extract and seed oil was studied us-

ing 3-(4,5- dimethylthiazole-2-yl)-2,5-dipheny! tetra-
zolium bromide (MTT) assay on HeLa cells. Signifi-
cant antiproliferative activity was obseryed only with
high concentrations (83.33 and 250 pg/ml) of seed oil.
Leaf extract and low doses of seed oil did not affect
the proliferation of the cells™. Oral supplementation
of maximal tolerated dose of 100 ul/kg body weight
against  20-methylcholanthrene  (MCA)  induced
fibrosarcoma tumours in Swiss albino mice reduced
the cumulative tumour incidence and tumour volume.
Increased survival rate and delay in tumour incidence
was also observed. Liver enzymatic (superoxide
dismutase, catalase, glutathione-S-transferase) and
non enzymatic antioxidants (reduced glutathione) and
lipid  peroxidation end-product, malondialdehyde
levels were significantly modulated with oil treatment
suggesting that the potential chemopreventive activity
of the oil is partly attributable to its antioxidant prop-
erties. The chemopreventive efficacy of 100 ul/kg
seed oil was comparable to that of 80 mg/kg of vita-
min E*. The oil also showed significant chemopre-
ventive activity against 7,12-dimethylbenz (a) anthra-
cene (DMBA) induced papillomagenesis in Swiss
albino mice. This was evidenced by significant reduc-
tion in incidence of papillomas, average number of
papillomas/mouse, increased survival and modulation
of level of reduced glutathione and lipid peroxidation,
and activity of superoxide dismutase, catalase and
glutathione peroxidase in papillomas by oil supple-

. 5 . . i
mentation™, and histopathological parameters”',

Anticarcinogenic potential of OS has also been re-
viewed earlier by Uma Devi'®. OS significantly de-
creased the incidence of benzo(a)pyrene induced neo-
plasia of stomach and 3'-methyl-4-dimethylaminoazo-
benzene induced hepatomas in rats™. Topical treat-
ment of OS leaf extract in DMBA induced papilloma-
genesis significantly reduced the tumour incidence,
average number of papillomas/mouse und cumulative
number of papillomas in mice. Topical application of
the extract significantly elevated reduced glutathione
content and glutathione-S-transferase (GST) activity®'.
The chemopreventive action of OS leat extract is
probably  through the induction of hepatic/
extrahepatic GST in mice. Elevated levels of reduced
glutathione in liver, lung and stomach tissues in OS
extract supplemented mice were also found as com-
pared to untreated control mice™.

Ethanolic leaf extract also had significant modula-
tory influence on carcinogen metabolizing enzymes
(cytochrome P450, cytochrome bs and aryl hydrocar-
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bon hydroxylase, glutathione-S-transferase) and glu-
tathione levels in mouse™.

Incidence of papillomas and squamous cell carci-
nomas were significantly reduced when OS in the
form of fresh leaves paste, aqueous and ethanolic ex-
tract was topically applied and the extracts were
orally administered to buccal pouch mucosa of ham-
sters exposed to 0.5% of DMBA. The aqueous extract
showed profound effect than the other two forms™,

Analgesic, anti-inflammatory, antipyretic — and
antidiarrhoeal activity—In acute (carrageenan in-
duced paw edema) and chronic inflammation (croton
oil induced granuloma and exudate formation) mod-
els, the response observed with 500 mg/kg methanolic
extract and aqueous suspension of OS was compara-
ble to 300 mg/kg of sodium salicylate. Both the for-
mulations showed analgesic activity, reduction in ty-
phoid paratyphoid A/B vaccine induced pyrexia, but
the antipyretic action was weaker and of shorter dura-
tion than 300 mg/kg sodium salicylate. They also de-
layed castor oil induced diarrhoea in rats when fed
orally on prophylactic basis”’. Dose and time depend-
ent antipyretic activity against Brewer's yeast induced
pyrexia in rats was also found in water soluble frac-
tion of the ethanolic extract of OS. The mechanism of
antipyretic action may be due to inhibition of pros-
taglandin synthesis®.

The fixed oil from the seeds of OS demonstrated
significant anti-inflammatory activity in both acute
and chronic models of inflammation in rats. Antipy-
retic activity against typhoid-paratyphoid A/B vaccine
induced pyrexia was also seen in albino rats without
noticeable side effects™’'. The oil was found to be
devoid of analgesic activity in experimental pain
models (tail flick, tail clip, tail immersion model)”,
However, it was effective against acetic acid induced
writhing method in mice in a dose dependent manner.
The writhing inhibiting activity of the oil is suggested
to be peripherally mediated (due 1o combined inhibi-
tory effect of prostaglandins, histamine and acetylcho-
line). The OS fixed oil and linolenic acid possess sig-
nificant anti-inflammatery activity against PGE,, leu-
kotriene and arachidonic acid induced paw edema in
rats by the virtue of their capacity to block both the
cyclo-oxygenase and lipoxygenase pathways of ara-
chidonic acid metabolism™. In a subsequent study
significantly lesser anti-inflammatory activity of OS
fixed oil than O. basilicum and O. americanum fixed
oil in experimental models of inflammation in rats

was reported, which could be attributed to lesser per-
centage of linolenic acid present in O. sanctum”.

Antiasthmatic activity— Ethanolic extract (50%) of
fresh leaves and fixed oil from the seeds exerted sig-
nificant antiasthmatic (against histamine and acetyl-
choline induced preconvulsive dyspnoea in guinea
pigs) and anti-inflammatory activity (against carra-
geenan, serotonin, histamine and PGE: induced in-
flammation in rats). The antiasthmatic activity of the
ethanolic extract of the fresh leaves is suggested to be
due to the presence of volatile oil consisting of several
components. Ethanolic extract (50%) from the dried
leaves, however, did not protect the guinea pigs
against histamine induced preconvulsive dyspnoea
which could be attributed to the loss of active con-
stituents during the process of drying”.

Antiulcerogenic activiry—OS was studied for an-
tiulcerogenic properties in pyloric ligated and aspirin
treated rats. The extract of the leaves reduced the ul-
cer index, free and total acidity on acute and chronic
administration. Seven days drug pretreatment in-
creased the mucous secretion also. These results indi-
cated antiulcerogenic properties of the extract against
experimental ulcers attributable to reduction 1n acid
secretion and increased mucous secretion’.

The fixed oil of OS was found to possess signifi-
cant antiulcer activity against aspirin, indomethacin,
alcohol, histamine, reserpine, serotonin and stress in-
duced ulceration in experimental animal models. Sig-
nificant inhibition was also observed in gastric secre-
tion and aspirin induced gastric ulceration in pylorus
ligated rats. The oil had lipoxygenase inhibitory, his-
tamine antagonistic and antisecretory effects, which
could probably contribute to its antiulcer activity”".

Radioprotective activiiy—Uma Devi and co-
workers have extensively worked on radioprotective
activity of OS and Uma Devi has recently reviewed
the same*. Hydroalcoholic extract of OS provided
radioprotective effect when given intraperitoneally
before a whole body exposure to 11 Gy of Co™. In-
traperitoneal route offered best protection than other
routes’”,

The aqueous extract exerted protective effect
against radiation induced chromosome damage in
mouse bone marrow and modified bone marrow radio
sensitivity which could be attributed to its free radical
scavenging activities” ™,

The two isolated flavonoids from OS leaves, ori-
entin and vicenin showed better radioprotective effect
as compared with synthetic radioprotectors, WR-2721
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and MPG (2-mercaptopropionyl glycine). Both the
flavonoids showed a significant protection against
chromosome aberration in mice, the activity of
vicenin being significantly greater than orientin with-
out systemic toxicity. Free radical scavenging ap-
peared to be the likely mechanism of radiation protec-
tion by these flavonoids’. In a separate in vitro sys-
tem, orientin and vicenin provided almost equal pro-
tection against radiation induced lipid peroxidation
(LPO) in mouse liver and a significantly greater free
radical inhibiting activity than DMSO. They showed
no pro-oxidant activity at the tested concentrations®'.

The combination of OS leaf extract with WR-2721
resulted in higher bone marrow cell protection and
reduction in the toxicity of WR-2721 at higher doses.
suggesting that the combination would have promise
for radioprotection in humans™.

Al an optimum dose of 50 pg/kg. i.p. administra-
tion of orientin and vicenin, provided protection to
mice against death from gastrointestinal and bone
marrow syndrome before whole body exposure to
Gy y-radiation. Survival and duration of protection
were better with vicenin than orientin®™,

Anticataract activity— Anticataract effect of aque-
ous extract of OS leaves in selenite model of cataruct
both in virre and in vive was studied. Significant dif-
ferences in the incidence of cataract and various bio-
chemical parameters like antioxidant enzyme activity,
glutathione and malondialdehyde levels were ob-
served™.

Aqucous extract from the fresh leaves of this plan:
delayed the process of cataractogenesis in experimen-
tal models of cataract (gulactosemic cataract in rats by
30% galactose and naphthalene cataract in rabbits by
I g/kg naphthalene). OS 1 and 2 g/kg delayed the on-
set as well as subsequent maturation of cataract sig-
nificantly in both the models. In addition to delay in
reaching the various stages of development of cata-
ract, 1V stage did not develop with high doses till the
completion of 40 days of experimental period. Higher
doses were found to be more effective and promising
prophylactic rather than curative. This effect was
more pronounced in galactosemic cataract™. The anti-
cataract activity could be linked to the antioxidant,
antistress and hypoglycemic activities of the extract.

Wound healing activicy—The effect of aqueous
extract of leaves of this plant on wound healing was
assessed using excision and incision wound models in
Wistar rats. Oral administration of 0.1 ml/100 g of the
extract significantly increased the tensile strength in

incision wound and promoted epithelialization in ex-
cision wound. The prohealing action of the extract
seemed promising. The mechanism of prohealing ac-
tion of the extract remains to be elucidated as yet™.

Miscellaneous activities—In a four weeks trial,
the seeds und leaves of OS exhibited significant hy-
pourecemic and uricosuric effect in normal male al-
bino rabbits™. The leaf extract also inhibited the mi-
tochondrial malate dehydrogenase and malic enzyme
of a filarial worm Setaria digitata™.

Data collected from the indigenous medical prac-
tices using local plants by interviewing 75 old mem-
bers and 3 local doctors of Baiga tribe from three vil-
luges of Raigarh district of Madhya Pradesh showed
that OS was used in cases of snakebite poisoning™.

An OS seed based matrix has been developed for
immobilization of the enzyme o-rhamnosidase. The
a-rhamnosidase activity of naringinase was immobi-
lized on this newly developed matrix. K. pH and
temperature optima of the immobilised enzyme using
p-nitro-ci-L-rhamnopyranoside as the substrate were
determined and found 1o be 0.17mM, 4 and 60°C re-
spectively™,

The aqueous extract of the leaves of OS was evalu-
aled for the regulation of thyroid function in male
mice. The extract at the dose of 0.5 mg/kg body
weight for 15 days significantly decreased serum T,
concentrations, hepatic LPO and glucose-6-phosphate
activity. The activities of endogenous antioxidant en-
zymes, the SOD and catalase (CAT) were increased
by the extract administration, However, no marked
changes were observed in serum T3 level, T3/T4 ratio
and in serum cholesterol level. Thus the antithyroidic
and antioxidative nature of the extract was sug-
gested™,

Future prospects
Efforts should be directed towards the isolation and
characterization of the active principles and elucida-

tion of the structure activity relationship as in most of

the studies crude extract has been used, lis potential
antioxidant and immunomodulatory properties may
help in fighting against a number of diseases, viz.
cancer, AIDS, ageing, cataractogenesis etc. Incorpora-
tion of O. sancrum in various marketed formulations
may be useful as adjunct therapy. However, its possi-
ble synergistic action with other drugs may be ex-
plored in a variety of diseases. As per rcgulatory re-
quirements it may be put to clinical trials, after con-
ducting preclinical pharmacological and toxicological
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studies and its validity in various pathophysiological
conditions may be proved. Future selective targeting/
delivery may also be tried.

Conclusion

Keeping in view the tremendous pharmacological
activities and a wealth of available literature, Ocimum
sanctum may be utilized to alleviate the symptoms of
a variety of diseases as evident from pre-clinical data.
Clinical studies are only few with O. sanctum, how-
ever, it is one of the ingredients of several marketed
formulations. The wide spread availability of this herb
in India and other countries, makes it an attractive
candidate for further pre-clinical and clinical research
and hence studies are in progress throughout the
globe.
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