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Abstract : Medicinal properties of Tulsi (Ocimum sanctum Linn) are known
for thousand years to various civilizations of the world. This medicinal herb
is considered as a sacred plant by the Hindus in the Indian subcontinent.
Scientific explorations of traditional belief of medicinal properties of Tulsi
have got  momentum most ly af ter  the middle of  the 20 th century.

In  the  p resen t  r ev iew,  e f fo r t s  have  been  made  to  sum up  d i f fe ren t
aspects of scientific studies on this medicinal plant. Scientific evidences are
available on various medicinal aspects i.e. antimicrobial, adaptogenic, anti-
d iabe t i c ,  hepa to -pro tec t ive ,  an t i - in f l ammatory ,  an t i -ca rc inogen ic ,  r ad io -
protective, immunomodulatory, neuro-protective, cardio-protective, mosquito
repellent etc. to name a few. Most of these evidences are based on in-vitro,
exper imenta l  and a  few human s tudies .
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INTRODUCTION

Tuls i  i s  descr ibed  as  sac red  (1 )  and
medicinal plant in ancient literature (2). The
name Tulsi is derived from ‘Sanskrit’, which
means  “match less  one”  (3) .  Th is  p lan t
belongs to the family Labiatae, characterized
by square stem and specific aroma. Botanical
name of Tulsi is Ocimum sanctum (Linn). In
Ind ia ,  the  p lan t  i s  g rown th roughout  the
country from Andaman and Nicobar is lands
to the Himalayas up to  1800 meters  above
the sea level (1). It is also abundantly found
in Malaysia, Australia, West Africa and some
of  the  Arab  count r ies .  Ocimum sanc tum

(Linn) is the most prominent species of the
genera .  The  leaves  o f  the  p lan t  a re
considered to be very holy and often form a
consistent part of the Hindu spiritual rituals
(Tirtha or Prasada) (3). Ocimum sanctum has
two varieties i .e.  black (Krishna Tulsi)  and
green  (Rama Tuls i ) ,  the i r  chemica l
cons t i tuen ts  a re  s imi la r  (4 ) .  Both  the
var ie t i es  a l so  have  common medic ina l
properties (3).

Severa l  medic ina l  p roper t i es  have  been
attributed to the plant not only in Ayurveda
and Siddha  but  a lso  in  Greek,  Roman and
Unani system of medicines (5). Traditionally,
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o i l  and  main ly  composed  of  fa t ty  ac ids .
Besides oil, the plant also contains alkaloids,
glycosides, saponines and tannins. The leaves
contain  ascorbic  acid and carotene as  wel l
(1) .  The present  day information about  the
chemical properties is  based on the various
s tud ies  tha t  have  been  done  in  d i f fe ren t
parts of the world (7–18) and it is likely that
chemica l  cons t i tuen ts  may  be  vary ing  due
to edaphic and geographic factors (19). The
detai ls  of  chemical  consti tuents reported in
var ious l i teratures  are  shown in  Table  I .

Toxico log ica l  propert ies

Tulsi is being used as medicinal herb for
thousand years  wi thout  any known adverse
effects. There have been number of scientific
s tud ies  conduc ted  to  eva lua te  the  tox ic
effects of the plant. Bhargava and Singh (20)
s tud ied  the  tox ic i ty  to  f ind  ou t  the  le tha l
dose of  e thanol ic  extract  of  Tuls i  in  adul t
mice. Approximate LD

50
 of Ocimum sanctum

was found to be 4505±80 mg/kg body weight
(bw)  on  admin is t ra t ion  by  ora l  rou te  and
3241±71 mg/kg,  bw by intra-peri toneal  ( ip)
routes.  Tulsi  leaves’  aqueous and alcoholic
extracts were injected ip in mice with graded
doses (3500–6300 mg/kg, bw) and mortality
was observed for a period of 72 hours. The
adminis t ra t ion  of  aqueous  ex t rac t  d id  no t
produce  any  acu te  tox ic  symptoms (100%
survival) at doses up to 5 g/kg, bw and the
a lcohol ic  ex t rac t  was  wel l  to le ra ted  (80%
surv iva l )  up  to  a  dose  of  4g /kg ,  bw.  The
acute  LD

50 (30)
 va lues  fo r  aqueous  and

alcoholic extracts were found to be 6200 mg/
kg, bw and 4600 mg/kg, bw respectively (21).
The toxicity of fixed oil (seed oil) of Tulsi
has  a l so  been  s tud ied  by  in t ra -per i tonea l
administration in experimental rats. In acute
toxicity study, fixed oil was given in a graded

juice of the leaves of Tulsi  plant was used
as  demulcent ,  s t imulant ,  expectorant .  Tuls i
was also used in the cure of upper respiratory
t rac t  infec t ions ,  bronchi t i s ,  sk in  infec t ions
(6) and earache. An infusion of leaf had been
used as  ant i -spasmodic in  gastr ic  disorders
of children. A concoction of root of Tulsi is
still  being used as a diaphoretic in malarial
fevers  in  remote  a reas .  The  seeds  a re
muci laginous  and demulcent  and are  g iven
in  d i f fe ren t  a i lments  o f  gen i to -ur inary
system (1). Tulsi is good for heart, stimulates
digestion, reduces breathing difficult ies and
cough  (3) .  I t  has  a l so  been  used  in  the
t rea tment  o f  snake-b i te  and  scorp ion-s t ing
as described in ancient texts by Charaka and
Sushruta  (2) .  Thus,  every part  of  the plant
has useful application. Even today people use
d i f fe ren t  par t s  o f  th i s  p lan t  fo r  t rea tment
of  var ious  a i lments  based  on  t rad i t iona l
knowledge .  However ,  in  the  modern
scientific world such claims warrant scientific
proof  and val idat ion.  Al though the  ancient
traditional claims about medicinal properties
of Tulsi  are being investigated scientifically,
majority of these studies are only limited to
in -v i t ro  and  exper imenta l  an imal  models
only. Studies on human subjects are a very
few. Therefore,  an effort  has been made to
review var ious  sc ient i f ic  s tudies  tha t  have
considerably contr ibuted on various aspects
of  the  p lan t  Ocimum sanc tum  (L inn)  and
described under specific headings.

Chemica l  propert ies

Ocimum sanc tum has  spec i f ic  a romat ic
odour  because of  the  presence of  essent ia l
or  vola t i le  o i l ,  mainly  concentra ted  in  the
leaf .  Th is  a romat ic  vo la t i l e  o i l  main ly
conta ins  phenols ,  t e rpenes  and  a ldehydes .
The oil extracted from seeds is called fixed
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TABLE I : Chemica l  cons t i tuen t s*  o f  Ocimum sanc tum  L inn .

Essential oil from Leaves Alcoholic extract of leaves/ Fixed oil from Seeds Mineral content
(4, 7-18, 35, 100-110) Aerial parts (9, 11-13, 111, 112) (113, 114) (per 100 gm) (1, 115)

α - T h u j e n e
O c t a n e Urso l i c  ac id Pa lmi t r i c  ac id Vit .  C (83 mg)
N o n a n e A p g e n i n S tea r i c  ac id Caro tene  (2 .5  mg)
B e n z e n e L u t e o l i n Lino len ic  ac id Ca (3 .15%)
( Z ) - 3 - h e x a n o l A p i g n i n - 7 - O - g l u c u r o n i d e Linole ic  ac id P (0 .34%)
Ethy l  2 -methy l  bu ty ra te L u t e o l i n - 7 - O - g l u c u r o n i d e Oleic  acid Cr  (2 .9  μg)
α - p i n e n e I s o r i e n t i n S i t o s t e r o l Cu (0 .4  μg)
β - p i n e n e O r i e n t i n Di l i no l eno - l i no l i n s Zn (0 .15  μg)
T o l u e n e Mol lud i s t i n L ino l enod i l i no l i n V (0.54 μg)
C i t r o n e l l a l S t i g m s t e r o l H e x o u r e n i c a c i d Fe  (2 .32  μg)
C a m p h e n e Tr iacon tano l  f e ru la te Ni  (0 .73 μg)
S a b i n e n e V i c e n i n - 2 Inso lub le  oxa la te
Dimethy l  benzene V i t e x i n
M y r e c e n e I s o v i t e x i n
Ethy l  benzene A e s c u l e c t i n
L i m o c e n e A e s c u l i n
1 ,8 - c ineo l e Chlorgen ic  ac id
C i s - β - o c i m e n e G a l u t e o l i n
T r a n s - β - o c i m e n e C i r c i n e o l
p - c y m e n e Gall ic  acid
T e r p i n i o l e n e Gal l i c  ac id  methy l  e s t e r
A l l o - o c i m e n e Gal l i c  ac id  e thy l  e s t e r
B u t y l - b e n z e n e Proca techu ic  ac id
α - c u b e b e n e Vl l in in  ac id
γ - t e r p e n e 4-hydroxybenzo ic  ac id
t rans - l ina loo l  ox ide Va l l in in
G e r a n i o l 4 -hydroxybenzo ic  ac id
α - c o p a e n e Caf f iec  ac id
β - b o u r b o n e n e Chlorogen ic  ac id
β - c u b e b e n e Pheny lp ropane  g lucos ides  1
Lina loo l Pheny lp ropane  g lucos ides  2
E u g e n o l β - S t i g m s t e r o l
Methy l  eugeno l Urosol ic  ac id
β - f a r n e s e n e
β - e l e m e n e
(E) -c innamyl  ace ta te
I s o c a r y o p h y l l e n e
β - c a r y o p h y l l e n e
I s o - e u g e n o l
α - g u a i e n e
α - a m o r p h e n e
α - h u m u l e n e
γ - h u m u l e n e
4 , 1 1 - s e l i n a d i e n e
α - t e r p e n e o l
I s o b o r n e o l
B o r n e o l
G e r m a c r e n e - D
α - s e l i n e n e
β - s e l i n e n e
M y r t e n y l f o r m a t
α - m u u r o l e n e
δ - c a d i n e n e
C u p a r e n e
C a l a m e n e n e
G e r a n e o l
N e r o l i d o l
Caryophy l l ene  ox ide
Iedo l
Humulene  ox ide
α -gua io l
τ - cad ino l
α -bisbolol
( E Z ) - f a r n e s o l
Cis - sesqu i sab inene  hydra te
E l e m o l
T e t r a d e c a n a l
Se l in -11-en-4-α -o l
1 4 - h y d r o x y - α - h u m u l e n e

*Refe rences  g iven  in  the  b racke t s  o f  r e spec t ive  co lumns .
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manner up to 55 ml/kg, bw but a dose of 30
ml /kg ,  bw were  wel l  to le ra ted .  There  was
no  mor ta l i ty  a t  30  ml /kg ,  bw whi le  100%
mortality observed at 55 ml/kg, bw. Whereas,
sub-acute toxicity study, a dose of 3 ml/kg,
bw was adminis tered and no behavioral  as
wel l  as  h i s to log ica l  changes  were  seen  in
the brain, lungs, liver and kidneys. The LD

(50)

of fixed oil was calculated and found to be
42.5 ml/kg, bw (22).

Ant imicrobia l  propert ies

Ind ian  mytholog ica l  book  Padmot tara
Purana  asserts that a house where a garden
of Tulsi exists is itself a centre of pilgrimage;
neither servants of Yama (The lord of death)
nor  d i sease  can  en te r  the re  and  wherever
fragrance of Tulsi goes, the air gets purified
(3) .  This  s ta tement  seems  to  have  some
re levance  because  the  essen t ia l  o i l ,  which
forms the specif ic  f ragrance,  is  volat i le  in
nature and can kill various types of microbes.
The  essen t ia l  o i l  i s  repor ted  to  possess
antibacterial and insecticidal properties. The
oil has been shown to have inhibitory effects
on growth of Mycobacterium tuberculosis and
Micrococcus pyogenes var. aureus. It has one-
ten th  an t i - tubercu la r  po tency  of
streptomycin and one-fourth that of isoniazid
(1). Aqueous and acetone extracts of Ocimum
sanctum were also found to be sensit ive to
many p lan t  fungi ,  Al ternar ia  t enu is ,
Helmin thospor ium spp ,  and  Curvu lar ia
pennise l i  (23) .  Essen t ia l  o i l  o f  Tuls i  was
tested on plant pathogenic fungi as well e.g.
A l ternar ia  so lan i ,  Candida  gu i l l ermondi i ,
Col le to t r icum caps ic i ,  Curvu lar ia  spp .
Fusar ium solani ,  Helminthospor ium oryzae
and  the  bac te r ia l  s t ra ins ,  Anthrobac ter
globiformis, Bacillus megaterium, Escherichia
co l i ,  Pseudomonas  spp .  S taphy lococcus
aureus ,  S taphy lococcus  a lbus  and  V ibr io

cholerae (24, 25). The essential oils of Tulsi
have  been  e f fec t ive  aga ins t  bo th  Gram-
pos i t ive  and  Gram-nega t ive  bac te r ia  and
the  proper t i es  were  comparab le  wi th
the  e f fec t iveness  o f  c love  o i l  (26 ,  27) .
Ant imicrobia l  ac t iv i ty  of  Ocimum sanc tum
was  found  to  be  h igher  as  compared  to
commonly available other species of Ocimum
(i.e. O. canum, O. gratissimum, O. basilicum)
in  Ind ia  (28)  more  so ,  aqueous  ex t rac t ,
alcoholic extract and seed oil of Tulsi shown
ant imicrob ia l  p roper t i es  aga ins t  en te r ic
pa thogens  (29 ,  30) .  I t  a l so  exh ib i ted
s ign i f ican t  an t imicrob ia l  ac t iv i t i es  aga ins t
some of the clinical isolates and multi-drug
resistant Neisseria gonorrhoeae (31, 32). The
e thanol ic  ex t rac t s  have  ab i l i ty  to  inh ib i t
c l in ica l  i so la tes  o f  β - l ac tamase  p roduc ing
meth ic i l l in - res i s tan t  Staphy lococcus
aureus  (MRSA)  and  meth ic i l l in–sens i t ive
Staphy lococcus  aureus  [MSSA]  (33) .
Essen t ia l  o i l  o f  Ocimum sanc tum  r epor ted
to have shown antimicrobial activity against
Propionibacterium acnes in in-vitro study and
minimum inh ib i to ry  concent ra t ion  (MIC)
value found to be 3.0% v/v (34). Fresh leaves
essent ia l  o i l  had  shown more  ant ibac ter ia l
properties compared to dried leaves essential
o i l  o f  Tuls i  and  in  case  o f  fungus  the
property is  just  the reverse (35).

Adaptogenic  (Ant i - s tress )  propert ie s

Stress is very common problem in today’s
compet i t ive  l i fe .  The  produc t ion  of  more
free-radicals  due to s tress  leads to adverse
effects on various vital organs and tissues of
the human body. The plant substance which
increases the state of non-specific resistance
against multiple stresses is called adaptogen.
The ethanolic extract (dried whole plant) of
Tuls i ,  g iven  to  mice  and  ra t s  inc reased
physical endurance and better healing effects
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f rom exper imenta l ly  induced  u lcers  were
observed .  E thanol ic  ex t rac t  were  a l so
preven ted  hepa to tox ic i ty  and  leukocytos i s
when administered at a dose of 100 mg/kg,
bw. A battery of stress tests which includes
swimming  endurance  tes t ,  mi lk  induced
leukocytos i s ,  a sp i r in  induced  u lce rs  and
carbon te t rachlor ide  induced hepatotoxic i ty
have been tested in these animals (20) .  The
treatment with ethanolic extract  of  Tulsi  at
a dose of 20 mg/kg,  bw when given orally
for seven days showed increased production
of  adrena l ine ,  noradrena l ine ,  monoamine
oxidase and caused decrease in dopamine and
5-hydroxyt ryp tamine  ( se ro ton in)  l eve l s  in
mice  fo l lowing  swimming  and  grav i ta t ion
induced stresses (36).

Res t ra ined  s t ress  to  the  ra t  l ed  to
increase  in  l eve l s  o f  b lood  g lucose ,  u rea ,
l ac ta te  dehydrogenase  (LDH)  and  a lka l ine
phosphatase. Restrained stress also increased
membrane protein clusterization, fluidity and
reduced  membrane  th ickness  o f  red  b lood
corpuscles  (RBCs).  Pretreatment  with Tulsi
essential  oi l  s ignif icantly reduced the LDH
and a lka l ine  phospha tase  leve ls .  Enhanced
aspar ta te  t ransaminase  and  membrane
dynamics  o f  RBC were  reversed  near
normalcy .  This  reversa l  gave  reasonable
ground  to  specu la te  tha t  cen t ra l
neurotransmitters are involved in regulation
process  o f  s t ress  responses  (37) .
Exper imenta l  ra t s  cou ld  preven t  the
e leva t ion  in  p lasma cor t i cos te rone  leve l s
fo l lowing  acu te  and  chron ic  no ise  s t ress
when  pre t rea ted  wi th  100  mg/kg ,  bw
ethanol ic  ex t rac t s  o f  Tuls i  l eaves .  Due
to  the  exper imenta l  s t ress ,  p lasma
corticosterone level rose from 89.70 μg/dl in
cont ro l  g roup  to  158 .52  μg/d l  whereas  in
pre t rea ted  group  i t  r emained  near  normal

i.e. 99.72 μg/dl. In chronic stress conditions,
i t  a l so  remained  near  normal  l eve l  (38) .
In  ano ther  s tudy ,  t rea tment  wi th  the
e thanol ic  ex t rac t  o f  the  roo ts  o f  Ocimum
sanctum  (400  mg/kg ,  bw)  increased  the
mean  swimming  t ime  s ign i f ican t ly  when
exper imenta l  mice  were  sub jec ted  to
swimming stress test (39). Methanolic extract
of fresh leaves of Tulsi has been effective to
br ing  normal  the  a l t e red  va lues  o f  acu te
no ise  induced  neu t rophi l  func t ions  (40) .
Similar ly,  when the experimental  rats  were
t rea ted  a t  dose  of  200  or  500  mg/kg ,
bw pe t ro leum e ther  ex t rac t  o f  Tuls i  30
minutes  before  the  pentobarb i tone  induced
hypnot iza t ion ,  the  t rea ted  group  d id  l ess
error to escape from water maze (41).

A polyherbal formulation containing Tulsi
a long  wi th  o ther  p lan t  ex t rac t s  such  as
Withania somnifera, Tribulus territories and
Shi la jee t  t rea ted  animals  showed reduct ion
in  var ious  induced  s t ress  re la ted  ou tcome
results and was comparable with the proven
adaptogen  Ginseng  (42) .  The  methanol ic
extract of Tulsi when given at a dose of 50/
100 mg/kg, bw could significantly reduce the
various paradigms of oxidative stress caused
by  i schemia- reper fus ion  in ju ry ,  c igare t te
smoke, foot shock and iron overload hepato-
toxicity (43). Tulsi  fresh leaves significantly
reduced  the  e f fec t s  o f  anemic  hypoxia
induced  ox ida t ive  damage .  In  a  s tudy
conducted on experimental animals by  Sethi
et. al.  (44) , it  was observed that feeding of
2 g  of  f resh Tuls i  leaves  for  30 days ,  the
hemoglobin ,  se rum g lucose  and  p lasma
melondialdehyde (MDA) levels significantly
remained  h igher  when  anaemic  hypoxia
condition was induced. The alcoholic extract
of Tulsi  and its fraction is found to inhibit
l ipid peroxidation of erythrocytic membrane
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in a  dose dependant  manner.  The alcoholic
extract  produces  greater  inhibi t ion ( IC

50
 a t

16 μg) as compared to aqueous extract (IC
50

at  80 μg) (45).  Administrat ion of ethanolic
extract of Ocimum sanctum (100 mg/kg, bw/
day, i.p. for 15 days) had a normalizing action
on discrete regions of  brain and control led
the alteration in neurotransmitter levels due
to noise stress (46).

Ant i -d iabet ic  propert ies

The ant i -d iabet ic  proper t ies  of  Ocimum
sanctum  have  been  eva lua ted  in
exper imenta l  an imal  models  and  very  few
s tud ies  on  human a re  ava i lab le .
Administration of fresh Tulsi  leaves (1 and
2 g/day)  for  four  weeks exer ted s ignif icant
hypoglycaemic  and  ur icosur ic  e f fec t s  on
fas t ing  g lucose  and 24-hour  ur ine  samples
in  exper imenta l  adu l t  a lb ino  rabb i t s  (47) .
Upon  15  days  t rea tment  wi th  Tuls i  l ea f
extract reduction in blood sugar level by 43%
were  no ted  in  exper imenta l  ra t s  wi th
diabetes melli tus induced by alloxan. These
diabetic rats lost control of sugar level when
feeding of Tulsi leaves extract were stopped,
giving a clear indication that the fresh leaves
possess  hypoglycaemic  proper t i es  (48) .
S imi la r ly ,  o ra l  adminis t ra t ion  of  e thanol ic
ex t rac t  o f  Tuls i  to  the  ra t s  wi th  d iabe tes ,
induced  by  g lucose  and  s t rep tozo toc in ,
showed reduc t ion  in  se rum g lucose  leve l .
This  reduct ion was  91.55% and 70.43% in
normal and diabetic rats  respectively,  when
compared to hypoglycaemic agent tolbutamide
t rea ted  g roups  (49) .  Tuls i  a l so  showed
hypoglycaemic  ac t iv i ty  a long  wi th  o ther
herbal  formulat ions.  Dry Tulsi  leaf  powder
when fed at 1% of total diet for 30 days to
the  ra ts  wi th  d iabetes  induced by  a l loxan,
fasting blood sugar, uronic acid, total amino
ac ids ,  to ta l  cho les te ro l ,  t r ig lycer ide ,

phosphol ip ids  and  to ta l  l ip ids  reduced
s ign i f ican t ly  (50) .  S imi la r ly ,  methanol ic
extract of Tulsi  when given to experimental
an imals  a t  a  dose  of  200  mg/kg ,  bw for
30  days ,  the  ac t iv i t i es  o f  g lucokinase
and hexokinase  was increased s ignif icant ly
(51).  The seed oil of Tulsi  when given 800
mg/kg ,  bw/day  to  exper imenta l ly  induced
hyperg lycaemic  and  hypercholes te ro laemic
rabbi t s  fo r  four  weeks ,  cho les te ro l  l eve l s
reduced  s ign i f ican t ly  wi th  no  s ign i f ican t
e f fec t s  on  b lood  sugar  l eve l  (52) .  F ive
hundred  mg/kg ,  body  weigh t  Ocimum
sanctum  ex t rac t  found  to  reduce  b lood
glucose  and  ox ida t ive  s t ress  in  ra t s  wi th
streptozotocin-induced diabetes (53).  I t  was
also found that feeding of 200 mg/kg, body
weight aqueous extract of whole Tulsi  plant
for  60  days  s ign i f ican t ly  de layed  insu l in
resistance in fructose fed experimental mice
(54). The alcoholic extract and other organic
solvent fraction’s extract has been found to
stimulate insulin secretion from perfused rat
pancreas, isolated islets and clonal pancreatic
β-cel ls .  The proposed mechanism of  act ion
for  the  secre t ion  of  insu l in  i s  tha t ,  Tuls i
extract is able to stimulate adenylate cyclase/
cAMP or  the phosphat idyl inosi tol  or  direct
effect on exocytosis that induce mobilization
of  in t race l lu la r  Ca ++ as  wel l  as  p romot ing
Ca++ entry (55).

In  one  of  the  in i t i a l  randomized
cont ro l led  c l in ica l  t r a i l s ,  an t i -d iabe t ic
proper t i es  have  been  s tud ied  in  40  non-
insulin dependent diabetes mellitus (NIDDM)
pat ients .  I t  was  observed that  taking dr ied
Tuls i  l ea f  powder  made  f rom 2 .5  g  f resh
leaves per day orally on empty stomach could
reduce  the  fas t ing  g lucose  l eve l  up  to
21 mg/dl and postprandial blood glucose by
15 .8  mg/d l  (56) .  In  ano ther  t r i a l  on  27
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NIDDM pa t ien t s ,  i t  was  observed  tha t
supplementation of Tulsi  powder along with
hypoglycaemic  drugs  for  one  month  could
s ign i f ican t ly  decrease  the  b lood  g lucose ,
g lycosy la ted  pro te ins ,  to ta l  amino  ac ids ,
u ron ic  ac id ,  t r ig lycer ides ,  low dens i ty
l ipopro te in  (LDL)  and  very  low dens i ty
l ipopro te in  (VLDL) ,  compared  to  con t ro l
group  on  s imi la r  hypoglycaemic  drugs .
However, there was no significant change in
high density lipoprotein (HDL) level (57).

Hepatoprotec t ive  propert ies

Tuls i  o f fe red  l ive r  p ro tec t ion  aga ins t
var ious  exper imenta l ly  induced  damages .
Tuls i  ex t rac t  t r ea ted  group  showed no
morta l i ty  whi le  control  group showed 60%
mor ta l i ty  in  ca rbon  te t rach lor ide  induced
l iver  damage  in  ra t s  (20) .  The  e thanol ic
extract of Tulsi can protect the liver damage
from ant i - tubercular  drugs  in  exper imenta l
ra t s  (58) .  The  e thanol ic  ex t rac t  o f  Tuls i
treatment prior to paracetamol induced liver
damage ,  have  shown to  p ro tec t  the  l ive r .
This  has  been  ev iden t  by  s ign i f ican t ly
enhanced levels of serum enzymes (aspartate,
aminot rans fe rase ,  a lka l ine  and  ac id
phospha tase )  and  l ive r  g lu ta th ione  in
exper imenta l  ra t s  (59) .  In  a  po lyherba l
formulation of four plants “Imu-21” including
Ocimum sanctum  tes ted for  cytotoxici ty  by
measur ing  sp len ic  l eukocyte  na tura l  k i l l e r
(NK) cells  activity against  K-562 cell  l ine,
showed tha t  pre t rea tment  wi th  Imu-21,  for
seven days, can increase NK cell activity in
mice .  The  poss ib le  mechanism is  probably
due  to  ac t iva t ion  of  mature  NK ce l l s  o r
precursor  ce l l s  which  were  prev ious ly  no t
active  (60).

Ant i - in f lammatory  propert ies

The aqueous and methanol ic  suspension

of Tulsi  has shown to inhibit  acute as well
as  chron ic  in f lammat ion  in  ra t s .  Th is  t es t
was conducted by carrageenan induced paw
edema,  c ro ton  o i l  induced  granuloma and
exudates ,  a t  a  dose  of  500 mg/kg,  bw/day
(61) .  The  o i l s  ex t rac ted  f rom f resh  leaves
(essential oil) and seeds (fixed oil) of Tulsi
have  shown an t i - in f lammatory  e f fec t s  on
exper imenta l  an imal ’s  h ind  paw edema
induced by carrageenan, serotonin, histamine
and  pros tag landin-E-2 .  These  exper imenta l
ra t s  were  admin is te red  wi th  essen t ia l  o i l
(200 mg/kg, bw), and fixed oil (0.1ml/kg, bw)
before injection of phlogistic agents and was
compared  wi th  s tandard  drug  f lu rb iprofen .
I t  was  no ted  tha t  Tuls i  ex t rac t s  cou ld
s ign i f ican t ly  reduce  the  edema when
compared  wi th  the  sa l ine  t rea ted  con t ro l .
However ,  i t s  e f fec t  was  less  than  the
standard drug (62). The mechanism of action
of  the  an t i - in f lammatory  e f fec t s  o f  Tuls i
could  be  the  cyc lo-oxygenase  and  l ipo-
oxygenase pathways (63,  64) .   In  order  to
compare  the  an t i - in f lammatory  e f fec t s  o f
fixed oils of various species of Ocimum viz
O.  sanctum,  O.  bas i l icum,  O.  americanum,
which  possess  vary ing  propor t ions  o f
unsaturated fatty acids (particularly linolenic
ac id)  showed d i f fe ren t  response  aga ins t
phlogistic agent induced paw edema. Ocimum
bas i l i cum  possess  h ighes t  percen tage  of
linolenic acid (21.0%) and offered maximum
inhibition of paw edema (72.42%), O. sanctum
f ixed  o i l  conta in ing  16 .63% l inolenic  ac id
prov ided  68 .97% inh ib i t ion  whi le  O.
amer icanum  o f fe red  leas t  paw edema
inhibition (65). Fixed oil of Tulsi can inhibit
enhanced  vascu la r  permeabi l i ty  and
leukocyte  migra t ion  as  ev idenced  by
carrageenan induced inf lammatory s t imulus
(63) .  Ext rac t  o f  seeds  f rom three  p lan t s
inc lud ing  Ocimum sanc tum  have  been
s tud ied  for  an t i - in f lammatory  e f fec t s  o f
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ca r rageenan ,  l eukot r ine  and  a rach iodonic
ac id  induced  paw edema in  ra t s .  Ocimum
sanctum  seed  o i l  showed maximum
percentage inhibi t ion of  leukotr ine induced
paw edema (66).

Ant i -carc inogenic  propert ies

The  an t i -ca rc inogenic  p roper t i es
have  been  eva lua ted  in  the  exper imenta l
an imals  induced  by  d i f fe ren t  types  o f
carc inogens .  Tuls i  l eaves  when  fed  to
experimental rats with 600 mg/g diet for ten
weeks ,  s ign i f ican t ly  reduced  the  3 ,4 -
benzo(a)pyrene  [B(a)P]  and  3‘ -methy l -4-
dimethylaminoazobenzene (3‘MeDAB) induced
squamous  ce l l  ca rc inoma and  hematoma
incidences (67).  The anti-cancer act ivi ty of
Tulsi has also been reported from Philippines
where juice of fresh leaves was applied on
the skin of experimental mice thrice a week
for  20-minutes  a long  wi th  tumor  promoter
agents  (dimethylbenzanthracene as  in i t ia tor
and croton oi l  as  promoter  of  cancer) .  No
incidences of tumor were found in 20 weeks
follow up period in Tulsi treated group (68).
The  e thanol ic  ex t rac t  o f  Tuls i  l eaves  a t  a
dose of 400 and 800 mg/kg, bw have found to
modula te  carc inogen metabol iz ing  enzymes
such  as  cy tochrome P-450 ,  cy tochrome-b5
and ary l  hydrocarbon hydroxylase  of  mice
liver (69).

Immunomodulatory  e f fec t

The fresh leaf of O. sanctum is consumed
with the  t radi t ional  bel ief  that  i t  enhances
immunity.  This claim has been investigated
in  exper imenta l  animals .  Rats  t rea ted  wi th
methanol ic  ex t rac t  o f  O.  sanc tum when
challenged with typhoid H-antigen and sheep
red blood cells (SRBCs) showed a significant
r i se  in  an t ibody  t i t r e  in  bo th  g roups  as
compared to  sal ine t reated controls .  In  the

Erythrocyte (E)-rosette formation test, it was
observed  tha t  E- rose t te  fo rmat ion  in
O. sanctum  treated groups was significantly
higher as compared to controls (70).

Steam distilled extract of fresh leaves of
O.  sanc tum enhanced  humora l  immune
responses  in  exper imenta l  ra t s .  Th is  was
evident by enhanced count of anti-sheep red
b lood  ce l l  ( an t i -SRBC)  haemagglu t ina t ion
titre and IgE antibody ti tre as measured by
pass ive  cu taneous  anaphylax is  in  ra t s .
Ant igen  (egg  a lbumin)  induced  h i s tamine
re lease  f rom per i tonea l  mas t  ce l l s  o f
sensi t ized rats  in  in-vi tro  was s ignif icant ly
inh ib i ted  by  f resh  leaves  ex t rac t  o f
O. sanctum  (71).

The  O.  sanc tum  seed  o i l  (OSSO)  has
shown immunomodula tory  po ten t ia l .
Humoral  and cel lular  immunity were found
to be increased in non-stressed and restrain-
stressed experimental rats (72). To know the
effect  of  OSSO in non-stressed group,  rats
were  immunized  wi th  SRBCs on  the
beginn ing  of  day  zero  and  d iv ided  in to
two groups .  The  con t ro l  g roup  rece ived
sa l ine  whi le  exper imenta l  g roup  rece ived
3  ml /kg /day  OSSO,  i .p .  fo r  s ix  days .
Haemagglu t ina t ion  t i t re  was  es t imated  by
us ing  micro t i t re  p la tes .  The  OSSO t rea ted
group produced a significant increase in anti
sheep-RBC antibody titre. On the other hand,
OSSO i .p.  inject ion for  13 days with same
dose significantly inhibited antigen induced
histamine release from peritoneal mast cells
of  ra t s  sens i t i zed  wi th  egg  a lbumin  a long
with Freund’s complete  adjuvant  and tr iple
an t igen .  OSSO t rea ted  exper imenta l  mice
showed s ign i f ican t  reduc t ion  in  foo tpad
thickness test  (paw volume) and percentage
of leukocyte migration inhibition (LMI) also
remained  s ign i f ican t ly  low.  In  s t ressed
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group, stress caused significant reduction in
ant i -SRBC ant ibody  t i t re  in  sa l ine  cont ro l
group while significantly increased in OSSO
trea ted  group .  When d iazepam and  OSSO
were given together, a synergistic effect was
observed .  Pre - t rea ted  an imals  wi th  OSSO
caused significant attenuation on the effects
of  res t ra ined-s t ra in  on  T-ce l l  media ted
response (72).

Bovine  mas t i t i s  i s  a  d i sease ,  usua l ly
caused  to  l ac ta t ing  bovine  by  bac te r ia l
in fec t ions ,  even tua l ly  damages  the
udder  t i s sues .  Aqueous  ex t rac t  o f  O.
sanc tum showed immunotherapeut ic
po ten t ia l  in  bov ine  sub-c l in ica l  mas t i t i s .
Po lymorphonuc lear  ce l l s  (PMNs)  a re  the
pr imary  ce l lu la r  defense  ce l l s  o f  the
mammary  g lands  of  the  bovines  and  they
are  depressed dur ing per ipar tur ient  per iod .
Use  of  ant ib io t ics  to  t rea t  mast i t i s  fur ther
depresses the activity of PMNs. Use of 100
mg/teat /day aqueous extract  infusion of  O.
sanc tum  fo r  seven  days  reduced  to ta l
bac te r ia l  count  (TBC)  in  the  mi lk  and
increased neutrophil  and lymphocyte counts
wi th  enhanced  phagocyt ic  ac t iv i t i es  and
phagocyt ic  index .  S imi la r ly ,  lysozyme
conten t  o f  the  mi lk  PMNs were  a l so
enhanced significantly in animals pretreated
with O. sanctum .  I t  was suggested that  the
bioactive constituents could be urosolic acid,
o leanol ic  ac id  and  sa r igen in ,  which  may
possess  immunomodula tory  po ten t ia l
ind ica ted  by  percen tage  increase  in
lymphocyte ,  enhanced  ac t iv i ty  o f  the
phagocytos i s  o f  PMN ce l l s  in  the  bovine
mammary gland,  and the reduct ion in  TBC
in the milk (73).

Therapeutic efficacy of O. sanctum  seed
oil was also studied in 23 confirmed cases of
bovine mastitis in buffaloes. All animals were

divided into four groups and all were given
different  t reatments  through intra-mammary
route for  3-5 days.  Group I  (n=5) received
liquid paraffin 3 ml/teat/day. Group II (n=6)
received O. sanctum  seed oil  3 ml/teat/day.
Group  I I I  (n=6)  rece ived  an t ib io t ics
cloxacillin (200 mg) in addition to O. sanctum
seed  o i l  and  group  IV (n=6)  rece ived
cloxacillin (200 mg) alone. It  was observed
tha t  f ixed  o i l  t r ea ted  group  recovered
completely within 5 days,  antibiotics group
within 4 days and combined group within 3
days. This result suggests that fixed oil also
have  the  p roper t i es  to  cure  the  bovine
mastit is (74).

Radio-protec t ive  propert ies

Umadevi and her group have established
a domain in pioneering the research on radio-
pro tec t ive  p roper t i es  o f  Tuls i  ex t rac t s  on
experimental  animals.  They established that
wate r  ex t rac t  o f  Tuls i  i s  more  rad io-
pro tec t ive  than  the  a lcohol ic  ex t rac t .
Opt imum dose  for  wate r  ex t rac t  was
found  to  be  10  mg/kg ,  bw and  op t imum
radioprotect ion observed when the route of
admin is t ra t ion  was  in t ra -per i tonea l .
Increase  in  the  doses  however  d id  no t
increase the level  of  radio-protect ion.  This
was observed when experimental  mice were
given water extract  at  a dose of 10 mg/kg,
bw for consecutive 5 days before whole body
γ-radiation (11 Gy) and the survival of mice
were observed for a period of 30 days (21).
Among th ree  p lan t s  ex t rac t s  v iz  Withania
somni fera ,  P lumobogo  rosa  and  Ocimum
sanctum,  tes ted on experimental  mice bone
marrow survival following 2 Gy γ-radiation,
wate r  ex t rac t  o f  Tuls i  p rov ided  h ighes t
radioprotection as measured by an exogenous
spleen colony forming unit (CFU-S) assay. It
was also observed that the Tulsi extract had



300 Monda l   e t  a l Ind ian  J  Phys io l  Pharmaco l  2009 ;  53(4 )

no toxic effects compared to synthetic radio-
pro tec tor  WR-2712  (75) .  Radio-pro tec t ion
ef f icacy  of  two f lavonoids ,  o r ien t in  and
vicen in ,  i so la ted  f rom leaves  o f  Tuls i
(admin is te red  i .p .  10  mg/kg ,  bw/day  to
mice  for  f ive  days)  were  compared  wi th
syn the t ic  rad io-pro tec tec tor  aminoth io l ,  2 -
mercaptopropionyl-glycerine ‘MPG’ (20 mg/
kg ,  bw) ,  WR-2721 (150  mg/kg ,  bw) .  The
experimental  mice were subjected to whole
body exposure to  2  Gy γ - radiat ions  for  30
minutes  and  bone  marrow chromosomal
aber ra t ions  were  s tud ied .  I t  was  observed
tha t  v icen in  prov ided  maximum pro tec t ion
f rom rad ia t ion  induced  chromosomal
aber ra t ions  and  MPG the  leas t ,  whi le
or ien t in  and  WR-2721  prov ided  a lmos t
s imilar  effects  (76) .  WR-2721 and aqueous
extrac t  of  Tuls i  showed synergis t ic  ef fects
when compared wi th  the  individual  ef fects
of  these  compounds  (77) .  Umadevi  and
Ganasoundar i  (78)  fu r ther  exp lored  the
possible protection against radiations induced
lipid peroxidation in liver of adult swiss mice.
The exper imenta l  mice  were  g iven 10 mg/
kg, bw water extract of Tulsi for 5 days and
exposed  to  4 .5  Gy γ - rad ia t ion  30  minutes
af te r  the  admin is t ra t ion  of  l as t  dose .
They estimated levels of glutathione (GSH)
and  the  an t iox idan t  enzymes  g lu ta th ione
t rans fe rase  (GST) ,  g lu ta th ione  reduc tase
(GSRx), glutathione peroxidase (GSPx), super
oxide dismutase (SOD) and  l ipid peroxide
(LPx) in the liver at 15 min, 30 min, 1,2, 4
and  8  hours  pos t  t rea tment .  I t  was  found
that pretreatment with water extract of Tulsi
signif icant ly reduced the l ipid peroxidat ion
compared to the controls. It also accelerated
the  recovery  of  an t iox idan t  enzymes  to
normal  levels .  The proposed mechanism of
this protection is the free radical scavenging
capaci ty  of  f lavonoids  of  Tuls i  p lant  (79) .

F lavonoids  of  Tuls i  (o r ien t in  and  v icen in)
a l so  exh ib i ted  rad io-pro tec t ive  e f fec t s  on
human lymphocyte  chromosomes  (80) .  The
polysacchar ides  i so la ted  f rom Ocimum
sanctum  also prevented γ-radiation mediated
cell  death in experimental  mice (81).

Neuro-protec t ive  and  Cardio-protec t ive
p r o p e r t i e s

Chronic  o ra l  admin is t ra t ion  of  f resh
Tuls i  l eaves  augments  ca rd iac  endogenous
an t iox idan ts  and  preven ts  i sopro te reno l -
induced  myocard ia l  necros i s  in  ra t s  (82) .
The  e thanol ic  ex t rac t  o f  Ocimum sanc tum
found  to  have  amel io ra t ive  e f fec t s  in
axotomy (experimental  denervation) induced
per iphera l  neuropa thy  in  ra t s .  I t  was
observed that administration of Tulsi extract
fo r  t en  days  (pos t  opera t ive)  a t t enua ted
axona l  degenera t ion  and  noc icep t ive
threshold. It also reduced thiobarbituric acid
reactive species. (83).

Mosqui to -repe l l ent /Larv ic ida l  propert ies

In  search  of  sa fe  na tura l  p roduc ts  to
repel/kill  mosquitoes and plant pests studies
have  been  conduc ted  on  var ious  p lan t s
inc lud ing  Tuls i .  Mosqui toc ida l  ac t iv i ty  o f
Tulsi was investigated using its eugenol and
t r ig lycer ide  ( i so la ted  f rom Tuls i ’ s  hexane
ex t rac t )  on  four th  ins ta r s  Aedes  aegyp t i
larvae (84). When seeds of Tulsi was placed
in  wate r ,  i t  exude  wi th in  one  hour ,  a
mucilaginous substance (polysaccharides) and
la rvae  which  came in  con tac t  wi th  seeds
became firmly attached to it and died due to
drowning of larvae. When 100 larvae of Culex
fa t igans  was  spread  over  water  conta in ing
25, 50 and 75 Tulsi seeds/m2 surface area of
water for 48 h, 100% mortality was observed
in 75 seeds/m2 of water while 65% and 89%
mortality observed in 25 and 50 seeds/m2 of
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a lka l ine  and  ac id  phospha tase  in
spermatogenic cells leading to the formation
of  non-viable  spermatozoa .  However ,  male
mouse  could  mate  normal ly  bu t  no
pregnancy  occur red  (90) .   The  benzene
extract of Ocimum sanctum  leaves at dosage
of 100, 150 and 200 mg/kg, bw for 15 days
a l te red  the  weigh t  o f  t es tes  s ign i f ican t ly
while i t  did not have any significant effect
on epididymis, seminal vesicle, prostate and
vas  defe rens .  I t  was  a l so  e f fec t ive  in
s ignif icant ly  reducing the sperm count  and
mot i l i ty  (91) .  Long  te rm ( th ree  months)
feeding of Tulsi  leaves (at  dose of 20, 200
and 400 mg/100 g, bw) could reduce sperm
count ,  mot i l i ty  and weight  of  reproduct ive
organs  of  male  bu t  weigh t  remained
unaffected in females.  The mating behavior
of experimental rats reduced after 2 months
of  t rea tment  bu t  those  female  ra t s  tha t
mated, few carried full term pregnancy with
normal  ges ta t ion  and  de l ivered  normal
weighted  of f spr ing  wi thout  any  congeni ta l
defec t s .  I t  i s  poss ib le  tha t  Tuls i  powder
decreases testosterone levels  direct ly or  by
inh ib i t ing  LHRH ( leu t in iz ing  hormone
re leas ing  hormone)  and  prevent ing  LH
(leut inizing hormone)  release necessary for
br ing ing  about  mat ing  response  (92) .
Significant decrease in reproductive behavior
observed in male rats at a dose of 200 and
400  mg/kg ,  bw for  15  days .  The  sexua l
behavior  in  exper imenta l  ra t s  were
moni tored  by  scor ing  d i f fe ren t  responses
such  as  g rooming ,  pursu i t ,  mount ing ,
in t romiss ion  and  e jacu la t ion  a f te r  g iv ing
graded doses (93).

Misce l laneous  propert ies

I t  was  found  in  a  t ransdermal  d rug
(Flurbprofen)  de l ivery  s tudy  on  abdominal
sk in  of  ra t  tha t  a  combina t ion  of  na tura l

water respectively (85). Mosquitocidal efficacy
of essential  oil  of  Ocimum sanctum  against
adu l t  mosqui toes  o f  d i f fe ren t  spec ies  v iz .
Anopheles  s tephens i ,  Aedes  aegypt i ,  Culex
quinquefasciatus were investigated and 100%
mortality observed in A. stephensi, A. aegypti
at a dosage of 0.003 ml/43.0 cm2. However,
mortality of C. quinquefasciatus was observed
a t  a  h igher  dose  (0 .01  ml /43 .0  cm 2 (86) .
Essen t ia l  o i l  o f  Tuls i  showed  la rv ic ida l
ef f icacy agains t  la rvae  of  A.  s tephensi ,  A .
aegypti, C. quinquefasciatus (87). Anees (88)
has studied the mosquito larvicidal property
of  both leaf  and f lower extract  of  Ocimum
sanctum against  4 th  ins tar  larvae of  Aedes
aegypt i  and  Culex  qu inque fasc ia tus .
Compared  to  f lower  ex t rac t ,  l ea f  ex t rac t s
were found to be more effective against both
types of mosquitoes. In search of plant based
insect ic ides ,  the ant i - feedant  and larvicidal
propert ies  of  four plants  including Ocimum
sanctum against gram pod borer  Helicoverpa
armigera, cotton leaf roller Sylepta derogata,
and mosquito Anopheles stephensi have been
studied.  Organic solvent extract  of  Ocimum
sanctum were able to kill the larvae of tested
pests and vector (89).

Contracept ive  s tudies

In  the  search  of  a  sa fe  herba l
contracept ive,  Tulsi  p lant’s  propert ies  have
been studied systematical ly in experimental
animals.  However,  some changes have been
noted  on  d i f fe ren t  accounts  bu t  th i s  p lan t
can not  be  qual i f ied as  t rue  contracept ive .
The long term feeding of fresh Tulsi  leaves
(465 mg/kg, bw/day) have shown increase in
body  weigh t  and  decrease  in  weigh ts  o f
tes tes ,  p ros ta te  and  adrena l  g land .  The
f resh  leaves  in take  led  to  changes  l ike
decrease in pH, hypotonic environment and
chemica l  subs tances  l ike  mucopro te ins ,
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p roduc t ,  Tuls i  oi l  and  te rpen t ine  o i l ,
demons t ra ted  s ign i f ican t ly  h igher  d rug
delivery than the synthetic combination such
as isopropylene and propylene glycol  (94) .
Exper imenta l ly  induced  wound  in  ra t s
recovered  fas te r  in  Tuls i  ex t rac t  t r ea ted
compared to the control group (95). Ocimum
sanctum  ex t rac t  t rea ted  human lymphocyte
cu l tu re  cou ld  reduce  exper imenta l ly
induced genotoxic  effects  i .e .  chromosomal
aberrat ions,  mitot ic  index,  s is ter  chromatid
exchange  and  rep l ica t ion  index  in  a  dose
dependent  manner  (96) .  In  search  of
po ten t ia l  he rba l  remedy  for  ca ta lepsy
(behavioral  s ta te  in  which affected person/
an imal  i s  no t  ab le  to  cor rec t  ex te rna l ly
imposed  pos ture ) ,  i t  was  found  tha t  a
polyherbal formulation, which also contained
Tuls i  ex t rac t ,  f ed  mice  group  improved
cata lepsy  score  and super  oxide  d ismutase
activity (97). Junctachote and Berghoter (98)
have  s tud ied  the  an t iox idan t  ac t iv i t i es  o f
Ocimum sanc tum in  o rder  to  p rese rve  the
packed food from rancidity (decomposition of
fats, oils and other lipids by hydrolysis and/
or oxidation).  By taking battery of tests  to
assess  the  s ta te  of  rancidi ty ,  i t  was  found
tha t  Tuls i  ex t rac t  can  be  used  as  a
preserva t ive .  To  improve  she l f  l i f e  o f  a
soybean  produc t  ca l led  ‘Tofu’ ,  aqueous
extract of Tulsi was added to it .  The shelf-
life of ‘Tofu’ increased from normal 3-4 days
to 7-8 days (99).

Future  d irec t ion  o f  research

The future studies can be focused in the
light of previous studies. It can be said that
Ocimum sanc tum showed very  promis ing
resu l t s  in  s t ress  re la t ing  changes  in
exper imenta l  an imals ,  an t imicrob ia l
properties in in-vitro studies against various
microbes and immunomodulatory effects. The
s t ress  induced oxida t ive  damage i s  one  of
the  major  causes  o f  var ious  d i seases
espec ia l ly  coronary  a r te ry  d i seases  and
diabe tes .  Wi th  emergence  of  increased
resistance of microbes to different antibiotics
it is imperative that antimicrobial properties
of  Tuls i  may possess  p romis ing  resu l t s
in  theory .  Ocimum sanc tum  i s  p resen t
in  a lmos t  every  par t s  o f  the  Ind ian
subcont inen t  and  i t s  immunomodula tory
proper t i es  may  be  exp lored  to  p rov ide
additional immunity to mankind at very low
cos t  due  to  i t s  easy  ava i lab i l i ty .  Bes ides
these ,  o ther  s tud ies  l ike  neuro-pro tec t ive
and regenerative properties may be explored
fur ther  to  eva lua te  i t s  use  in  neuro logica l
d i sorders  l ike  Park inson’s  and  Alz imer ’s
d i seases .
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