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ABSTRACT

Guduchi is a plant also known as Tinospora cordifolia, having heart shaped leave, an herb of the family
Menispermaceae native of hot areas of the Indian subcontinent. In our classical Ayurvedic texts, it is indicated to
be beneficial in treating various types of diseases like skin disorders, different types of fever, jaundice & gout.
Guduchi also claimed to have various properties as an anti-oxidant, antihyperglycemic, antihyperlipidemic,
hepatoprotective, cardiovascular protective, neuroprotective, osteoprotective, radioprotective, anti-anxiety,
adaptogenic agent, analgesic, anti-inflammatory, antipyretic, athrombolytic agent, anti-diarrheal, anti-ulcer,
antimicrobial and anti-cancer agent. Present paper is an attempt to assemble the information based on several
experimental and clinical reports on immunomodulating role of Tinospora cordifolia.
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1. Introduction

Immunomodulator can be defined as, any
drug or its chemical constituents which can
stimulate any component or function of the
immune system in a specific or nonspecific
way. This concept of immunomodulation is
mentioned in Ayurveda as Rasayana. The use
of specific herbs for improving the overall
resistance of body against common viral,
bacterial infections has been a managing
principle of Ayurveda. These active agents
used in various immunotherapies are
collectively known as immunomodulators.
They are used in various collection of
recombinant,  synthetic  and natural
preparations, often cytokines. Some of these
substances such as granulocyte colony
stimulating factor (G-CSF), interferon,
imiquinol and cellular membrane fractions
from bacteria are already licensed for use in
patients. Others including IL-2, IL-7 and IL-
12, various chemokines, synthetic cytosine
phosphate guanosine, oligodeoxynucleotides
and glucane are investigated extensively in
clinical and preclinical studies.
Immunomodulatory treatments offer an eye-
catching approach as these agents often have
fewer side effects than existing drugs which
are used commonly, including less potential

for creating resistance in microbial diseases.
(1) The holistic approach of Ayurveda to
manage wide range of diseases includes
dietary and lifestyle interventions as well as
regimens of herbal/mineral based medicines.
(2) Tinospora cordifolia (Family:
Menispermaceae) a renowned medicinal vine
of Ayurveda is reported to possess multi-
dimensional biological properties. (3-5)
Tinospora cordifolia (Family:
Menispermaceae) is one of the most widely
used plant from the Ayurvedic system of
medicine. Tinospora cordifolia is commonly
known as Amrita, Guduchi (Sanskrit), Giloe
(Hindi) and its huge application in the
treatment of various diseases. According to
recent studies, the discovery of numerous
active components from the plant and their
biological function in the management of
disease control has led to active interest
across the world.

There are varieties of active components
derived from this plant like alkaloids,
steroids, diterpenoid lactones, aliphatics, and
glycosides which have been isolated from the
different parts of the plant, root, stem, and
whole plant. Recently, Tinospora cordifolia is
of great interest to all the drug researchers,
pharma sector across the world because of its
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reported various medicinal properties. (6)
From various reported studies and scientific
data , it showed its use as anti-oxidant,
antihyperglycemic, antihyperlipidemic,
hepatoprotective, cardiovascular protective,
neuroprotective,  osteoprotective,  radio-
protective, anti-anxiety, adaptogenic agent,
analgesic, anti-inflammatory, antipyretic, a
thrombolytic agent, anti-diarrheal, anti-ulcer,
antimicrobial and anti-cancer agent. It is also
reported a good source of micronutrients viz.
copper, calcium, phosphorus, iron, zinc and
manganese. Mant studies are done by keeping
on its health benefits as an immunity booster.
In market, several patents have been filed
which are under process and many are
granted to  inventions  encompassing
Tinospora cordifolia as a major component of
dosage or formulation for enhancing
metabolic, endocrinal and several other
illnesses, helping in the improvement of
human life expectancy. (7) Based on in vitro,
pharmacological and clinical evidences it has
been found that Tinospora cordifolia has
immense immunomodulator potential. (8)
The present is an attempt to review the
immunomodulating property of Tinospora
cordifolia.

2. Methodology

Tinospora cordifolia is used in therapeutics as
a single herb (in various dosage forms) as
well as is an essential ingredient of several
polyherbal Ayurvedic formulations. (9)
Several Ayurvedic dosage forms of
Tinospora cordifolia are being used in
traditional ~ Ayurvedic  practice as a
rejuvenative, health promotive, as well as
curative  medicine.  (10-14)  Tinospora
cordifolia is one of the components of several
traditional ~ formulations  with  potent
rejuvenating, immunomodulatory, cyto-
protective, and antioxidant properties. (15-17)
Several published reports suggest potential
bioactivities of Tinospora cordifolia in
immune-enhancement and immune-protection
(Table 1).

3. Result & Discussion

Kapil at el studied the immunostimulating
effect of leaves extract of Tinospora
cordifolia. The study conducted on extract of
the leaves of Tinospora cordifolia showed the
insulin-like action and significantly reduced
the blood glucose level. It is also studied that
root has emetic properties which is used for
visceral obstruction. TC-1 (clerodane furano
diterpene glycoside), TC-2 (cordioside). TC-4
(syringin), TC-5 (cordifolioside A), TC, i5
(cordifolioside B) and TC-7 (cordiol) these
chemical constituents are isolated from
Tinospora cordifolia which are found to have
anticomplement and immuno-stimulating
activities. (25) Immunopotentiating activity
was studied according to the technique
followed by Ram et al. (1990). (26) Groups of
five balb/c mice weighing 20-22 g were
immunized subcutaneously with sheep red
blood cells containing compound (200 and
500 pg/ml) emulsified with Freund's
incomplete adjuvant (FICA). The
immunization done with Freund's complete
adjuvant and SRBC alone, served as control.
For the analysis of antibody response, serum
was collected after 2 weeks and circulating
IgG antibodies to SRBC were assessed by
enzyme linked immunosorbent  assay
(ELISA). (27) The compounds TC
(Tinospora cordifolia )-1, TC-2, TC-4, TC-5,
TC-6 and TC-7 exhibited enhancement of
IgG antibodies. Increase in antibodies by TC-
1, TC-2 and TC-5 was 110-111 and 115% at
100 and 500ug respectively. TC-4 showed
121% and TC-6 118% at 500ug. TC-4 and
TC-6 these two were more active in
enhancing immunoglobulins. TC-7 had the
highest immunostimulating activity. (18)

The experimental study was performed by
Gupta et al to study the immunomodulatory
effect of Tinospora cordifolia. Twenty Swiss
male albino mice were taken and divided into
four groups of five mice each. The first group
kept as control was administered (i.p.) with
0.1 ml sterile isotonic saline. The second
group of mice treated with CCl, at a dose of
0.5 ml/kg b.w. (i.p.) administered in the last 7
days of the experiment.
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Table 1. Immunomodulatory profile of Tinospora cordifolia.

Part Extract Drug-induced Dose (mg/kg) Duration Effect Proposed mechanism
(animal mode)

Root | Aqueous  Balb/c mice 200 & 500 pg/mi 2 weeks Immunomodulating  The compounds TC-1,
TC-2, TC-4, TC-5, TC-6
exhibited enhancement of
IgG antibodies. (5)

Male albino-20 - -
1% group-5 albino 0.1ml  sterile isotonic 15 days Increases the
saline Ameliorating phagocytosis capacity of

Stem | Aqueous | 2" group-5 albino 0.5ml/kg CCl4 (i.p.) Last 7 days immunosuppressive | peritoneal macrophages

3" group-5 albino  40mg/kg T.cordifolia = 15 days effects isolated ~ from  ccl4
extract orally intoxicated mice. (19)
4™ group- 5 albino | 40mg/kg T.cordifolia | T.cordifolia extract- 15
extract orally, CCl4 (i.p.) | daysCCl4 (i.p.)- last 7 days

Whole  Aqueous = Mice 100pl- injection 72h Immunomodulatory  Primarily acts on the

plant effect macrophages and stim-
ulates the production of
effector molecules. (20)

Ethanol Fin Fish 0.8, 8, 80 mg/kg 3 weeks Ethanol extract
significantly  enhanced

Leaf Immunoprophylactic | neutrophil activity. (21)

Petroleum = Fin Fish 0.8, 8, 80 mg/kg 3 weeks Petroleum ether extract
enhanced the secondary
antibody response. (21)

Whole | Aqueous | Invitro 80 pg/ml 48 hours Immunomodulatory | Macrophage cell

Plant effect viability. (22)

Stem  Alcoholic  Mice 12.5mg/kg in 500 pl 72 hours Immunomodulatory  Phagocytic activity. (23)

saline — injection effect

Stem | Alcoholic, | In vitro 100 pg/ml Viability test -1 hour Immunomodulatory | Phagocytic activity on

aqueous effect Polymorphonuclear cells
(PMN Scale). (24)
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The third group of mice were orally
administered with extract of Tinospora
cordifolia at dose of 40 mg/kg by feeding
needle for 15 days. The fourth group of mice
were administered with Tinospora
cordifolia extract for 15 days, orally and CCl,
for last 7 days, intraperitoneal. (19)
Phagocytosis assay demonstrated the effect of
both CCl, and Tinospora cordifolia on the
number of differentiated macrophages, the
macrophage cells of extensive rough surface
or perfect spherical surface was measured and
counted as  morphologically  altered
macrophage. From this experiment, it was
observed that CCl, treated mice increased the
number of altered macrophages. (28)

However the after the administration of
Tinospora cordifolia in CCl, intoxicated
mice, the number of altered macrophages
became almost normal level. Administration
of Tinospora cordifolia in control group of
mice also showed some significant reduction
of altered macrophages. The study further
evaluated the effect of Tinospora cordifolia
on phagocytosis activity of peritoneal
macrophages; isolated from CCl, intoxicated
male mice on phagocytosis index. CCl,
administration in control mice reduced the
phagocytosis  index. But after the
administration of Tinospora cordifolia, the
phagocytosis index of CCl; intoxicated
peritoneal macrophages are observed
increased. Tinospora cordifolia treatment not
only increases the phagocytosis index of CCl,
intoxicate peritoneal macrophages but also
increased the phagocytosis index of control
peritoneal macrophages. (19)

The study conducted by Upadhyaya et al,
reported that the aqueous extract of Tinospora
cordifolia has active immunomodulatory
properties. The study of plant extracts have
been mainly focused on the activation of
splenocytes and lymphocytes by the
Tinospora cordifolia extract through the
augmentation of production of cytokines. The
production of cytokine is the method to
examine the augmentation activity of the
immune system that have important role to
control the homeostasis of whole organism.

The aqueous extract of Tinospora cordifolia
treated mice increased the nitric oxide [NO]
production by the macrophages, when the
animals stimulated with LPS
(Lipopolysaccharides). It is also observed that
1mg/kg of extract showed the notable
enhancement in production of nitric oxide.
Various textual references considered the role
of Nitric oxide in the regulation of the
immune response to tumours. In this study, it
showed the dose dependent production of
nitric acid. The increased in the nitric oxide
production was supposed to have been due to
the cascade of the signalling pathway. In
conclusion, this data further supports the
important role of macrophage in production
of nitric oxide by direct lysis of B16F10
melanoma cells in vitro. (20)

The experimental study conducted on
fishes by Sudhakaran et al has shown
remarkable the immunostimulatory effect of
Tinospora cordifolia extract. This study was
conducted on leaves and the extraction of
leaves in ethanol, petroleum ether media.
Both ethanol and petroleum ether extracts
managed at doses of 0.8, 8 or 80 mg/kg body
weight, up to one to three weeks. The ethanol
extract Tinospora cordifolia at the dose of 8
mg/kg showed the secondary antibody
response, where the Tinospora cordifolia
petroleum ether extracts showed the same
effect at the doses of 0.8 or 8 mg/kg. After
observing whole study, it is found that the
ethanol  extract significantly  enhanced
neutrophil activity. Although this study was
done on fishes, when injected with these
extracts at the dose of 8 mg/kg, they protected
the fishes against experimental infection
virulent A hydrophila. Overall result
indicated the immunoprophylactic potential
of Tinospora cordifolia leaf extracts to
prevent diseases in finfish aquaculture. (21)

A study by More P et al revealed that
macrophages cells are first line of defence
mechanism and plays important role in innate
and specific immunity. The aqueous
extraction of Guduchi at the dose 80 pg/ml
did not show any inhibition in the
macrophage cell viability. But when the drug
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administered after 24 h and 48 h of treatment
in 5-fold concentration, the observations
showed 10% inhibition and 90% viability of
macrophages (J774A). Various studies
believed that increased in antimicrobial, anti-
tumorous capability of stimulated
macrophages is associated to the remarkable
positive response in the production of oxygen
metabolites. The production of H,O; and the
oxidation of NAD (P)H are directly
dependent upon NAD (P)H-oxidase which
localised in plasmalemma. It is believed that
Myeloperoxidase involved in augmenting the
cytotoxic response of H,O,. In this study, the
macrophage cell line J774A treated with
aqueous extraction of Tinospora cordifolia
(guduchi) showed enhancement in NADH-
oxidase and the activation of J774A cells
activation assessed by biochemical assays.
These results suggested that high NADH-
oxidase, activities may be the reason for anti-
tumorous and antimicrobial properties via
macrophage activation. (22)

A study reported the immunostimulator
effect when mice treated with aqueous extract
of Tinospora cordifolia. All mice were
treated with intraperitoneal dose of aqueous
extract of Tinospora cordifolia 12.5 mg/kg
(G1-4A) and peritoneal exudate cells (PEC)
were procured from peritoneal flush by using
5ml ice-cold RPMI medium for the duration
of 24, 48 and 72 h after administration. The
control group was treated with saline and
isolated peritoneal exudate cells. The
peritoneal exudate cells were mixed with
FITC-labelled bio particles and kept for
centrifuge process for 15 sec for their
interaction and they are incubated at 37 -C for
half hour. After that, the phagocytosis was
stopped by using Ice-cold PBS (Phosphate
buffered saline). These cells were distributed
in a flow cytometer immediately with or
without crystal violet to differentiate the
presence of surface bound bacteria from
phagocytosed bacteria. (29) The phagocytic
activity of PEC isolated from mice 24, 48 and
72h after intraperitoneal administration of
aqueous extract of Tinospora cordifolia 12.5
mg/kg as compared to control mice group, the
percentage of phagocytosis is significantly

high after 24h in treated mice. The phagocytic
index of PEC, after 48h, 72h after the
administration of G1-4A, there was no such
significant  difference. The study on
Tinospora cordifolia extracts, have been
shown the wound healing and phagocytic
properties of macrophages in a clinical trial.
(30, 31)Pretreatment of mice with G1-4A for
24 h significantly improved the phagocytic
index of the PEC. The increase in phagocytic
efficacy of peritoneal exudate cells treated
with aqueous extract of Tinospora cordifolia,
it was also accompanied by enhancement in
the expression of CD11b, which is
component of complement receptor-3. (23)

The immunomodulatory activity of
different fractions and extracts of stem of
Tinospora cordifolia were studied and
evaluated using the polymorphonuclear
neutrophil  (PMN) phagocytic  function
studies. The extractions of Tinospora
cordifolia were subjected to chromatographic
purification, which was help to isolate the
seven compounds. The study on
immunomodulatory potential of these isolated
compounds was also observed by using the
PMN phagocytic function test. Activation of
the reactive oxygen species (ROS) in vitro by
the isolated compounds was estimated by
using three different assays viz. the nitroblue
tetrazolium (NBT), nitrous oxide (NO) and
chemiluminescence assays. The viability of
all the samples was examined by using the
Trypan blue dye exclusion between the
concentration ranges of 5-100ug/ml, but for
compound 1, it was 0.5-5ug/ml. Those
concentrations having atleast 90% viability
were selected for actual study. The different
viability results showed that viability affected
at higher concentrations at the range of
75ug/ml onwards in case of the four fractions
i.e. methanol extract, ethyl acetate, n-hexane
and water fractions. In case of n-butanol and
chloroform fractions, viability was affected at
50ug/ml. Hence, a concentration range of 1—
50ug/ml was selected for all these test
samples. Further on study it was observed
that viability was marginally affected at
concentration 5ug/ml for compound 1. So all
studied concentration were selected for
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further studies. For hot water extract,
compounds (2-6) it was observed that
viability was affected at all the tested
concentrations. For testing the viability
activity, concentration range lower than
selected was used i.e. 0.01-2.5ug/ml. The
Methanol extract compounds have dosed
dependent decreased the percent phagocytosis
with maximum effect, non-significant as
compare to vehicle control. The value of dose
dependent increased with maximum response
at 0.5pug/ml. For n-Hexane fraction, an
increase in the percent phagocytosis with
maximam effect was seen at 0.1pg/ml. On
examine the phagocytic index, the maximum
response was observed at 10ug/ml. For
Chloroform  fraction, dose  dependent
increased at 1 pg/ml, which was significantly
higher than vehicle control. For Ethyl acetate
fraction dose dependent increase was
assessed with maximum effect at 5pug/ml and
was significantly higher effect than vehicle
control.  On  study  different  dose
concentration, the phagocytic index with
maximum response was at 10upg/ml and
significantly higher than vehicle control. In n-
Butanol fraction, study on phagocytic index, a
dose dependent increase was observed with
maximum effect at 0.5pug/ml which was
significantly high as compare to vehicle
control, whereas dose dependent decrease in
percentage of phagocytosis observed at
0.1pg/ml. on observing Water fraction, the
response was opposite that of other fractions
at higher dose concentrations it was not
significant. The percentage of phagocytosis
with maximum effect at dose 0.5pug/ml was
significantly higher than vehicle control. Hot
water extract, 0.25ug/ml dose dependent
showed the maximum response in percentage
of phagocytosis and was significant high.
From study it is observed that, two
compounds were isolated for the first time
from natural sources were formed in a
mixture and were found active at
concentration 1pg/ml in the PMN phagocytic
function tests. It was also observed that the
mixture also enhanced rective oxygen species
generation at concentration 0.5-1pg/ml when
test by using the NBT, NO, chemilunescence

assays and was equivalent to standard
immunomodulator PMA. Further, explanation
the other three compounds were also found
active in PMN function study and increase
the reactive oxygen species at concentration
0.1-0.5 pg/ml. The overall study on various
compounds, it is indicated that the immune-
modulatory activity of Tinospora cordifolia
may be credited to the synergistic effect of
groups of compounds. (24) In Ayurvedic texts
too, same indications also have been
described on the basis of their, chemical
constituents for polar, hydroalcohol and lipid
dosage formulations. (32) Since Tinospora
cordifolia is already well explored and
studied for immunomodulatory effect
involving stimulation of phagocytosis in vivo
models, (33, 34) the active compounds of the
present study may show the same immune-
modulatory potential in vivo models. (24)

Phagocytosis is cell defence mechanism
which is fight against foreign, non-self-
materials and used as  nonspecific
immunological parameter to assess the
process of immune function. (35) The
dysfunction of immune system is responsible
for various diseases like viral, bacterial,
arthritis, ulcerative colitis, asthma, allergy,
parasitic diseases, cancer and infectious
diseases. (36) The different extracts of
Tinospora  cordifolia  possessed  many
beneficial and medicinal properties including
antiinflammatory, antiarthritic, antimalarial,
aphrodisiac, (37) antiallergic, (38) anti-
diabetic, (39) antihepatotoxic, (40, 41)
andanti-pyretic. (42) The immune cells and
their mediators are generally involved in the
removal of pathogens, microorganisms by
phagocytosis, lysis of bacteria, viruses or
tumour cells. The number of malignant
diseases like cancers of different origins is
caused by alteration in the process or function
of immune cells. (43) The synergistic effect
of Tinospora cordifolia attributed by various
compounds helps its immunomodulatory
activity.  (24) In reference by various
Ayurvedacharya, Tinospora cordifolia has
several therapeutic properties as discussed.
(44) The pharmacological activities of the
Tinospora cordifolia is due to its various
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chemical constituents like diterpenoid
lactones, glycosides, steroids,
sesquiterpenoid, phenolics, aliphatic
compounds, essential oils, a mixture of fatty
acids, and polysaccharides which is present in
a different parts of the plant leaves, root,
stem, and whole part. (45) Singh et al., has
reported silver nanoparticles from the stem of
Tinospora  cordifolia,  possessed  the
antibacterial activity against the different
strains of bacteria’s. (46) It is reported that
Tinospora cordifolia extract is highly
recommended against the Parkinosonism. The
study done animals, observed the anti-
inflammatory activity of aqueous extract in 1-
methyl-4-phenyl-,2,3,6-tetra  hydropyridine
(MPTP)-intoxicated  Parkinsonian  mouse
model. (47) It was assessed that extract of
Tinospora cordifolia reversed the behaviour
of the target MPTP-intoxicated mice, which
significantly protected the dopaminergic
neurons by suppressing neuroinflammation in
MPTP-induced Parkinsonian mouse model.
(48) Since Tinospora cordifolia is already
well  explored and  explained  for
immunomodulatory effect by involving
stimulation of phagocytosis in vivo models.
(32-34) Ethanolic extract of T. cordifolia at
the dose of 100 mg/kg gives significant anti-
stress activity in all parameters compared
with standard drug diazepam (dose of 2.5
mg/kg). (48) The plant extract gives a
moderate degree of behaviour disorders and
mental deficit response. The clinical research
showed the improved I. Q level of patients. In
Ayurveda, it acts as Medhya Rasayana or
brain tonic by increasing mind power like
memory and recollection. (49) A study was
also conducted to evaluate the role of
Tinospora cordifolia on vyadhikshtama in
children have shown that rate of infection was
less in the test group which were
administered orally at a dose of 100 mg/kg
body weight twice daily with honey for 2
months. (50) Another study carried out in
Human Immuno-deficiency Virus (HIV)
positive patients showed this plant to reduce
total leucocyte count (TLC), neutrophil and
eosinophil counts. (51) Available evidences
support and validates ancient Ayurveda

claims such as Rasayana role and disease
preventive and health promotive properties of
Tinospora cordifolia. (52)

4. Conclusion

A number of studies substantiate
immunomodulatory claims of Tinospora
cordifolia. The botanical is reported to
possess multi-targeted role with wide range of
therapeutic  activities. Above discussed
reports show that the Tinospora extracts in
aqueous or alcoholic preparation have many
active compounds in the form of alkaloids,
glycosides, lactones and steroids and all these
chemical constituents exhibit  their
immunomodulatory  effect through its
macrophage activity. The future scope for the
review on various properties of Tinospora
Cordifolia remains for developing the
biochemical and signalling pathways of its
active components, to enable its effectiveness
in diseases targeting.
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