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ABSTRACT

Tinospora cordifolia is an important medicinal plant. It is a large, glabrous, deciduous climbing shrub which belongs to
the family Menispermaceae. It is distributed throughout tropical Indian subcontinent and China. Many phytochemicals
have been isolated from various parts of T. cordifolia which belong to different classes such as alkaloids, steroids,
glycosides, diterpenoid lactones, sesquiterpenoid, phenolics, aliphatic compounds polysaccharides essential oils and
mixture of fatty acids. T. cordifolia possesses various notable therapeutic properties like anti-hyperglycemic, anti-
inflammatory, anti-microbial, anti-oxidant, immunomodulatory, wound healing etc. The aim of this paper is to give
critical review about T. cordifolia and its therapeutic properties.
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INTRODUCTION

Modern therapeutic medicines are very expensive and have various side effects. Therefore, there is a need
of safer and affordable alternatives with minimal side effects and which can be taken for long durations in
treatment of various diseases. Recently, there has been increasing interest in the use of medicinal plants
as a safer and cost effective alternative to modern therapeutic agents. Tinospora cordifolia is one of them.
T. cordifolia is a large, glabrous, deciduous climbing shrub (Fig. 1a) which belongs to the family
Menispermaceae. It is commonly known as Tinospora in English and Ambervel, Gulancha, Guduchi or
Giloya in Hindi. The stem (Fig. 1b) of T. cordifolia is succulent with long filiform fleshy aerial roots from
the branches. The bark is creamy white to grey. The leaves (Fig. 1¢) are membranous, cordate and heart
shaped. The flowers are small and greenish yellow. The flowers grow during summer and fruits during
winter. It is distributed throughout tropical Indian subcontinent and China [1]. T. cordifolia is considered
to be having greater medicinal properties. Pharmacological actions attributed to Tinospora cordifolia in
Ayurvedic texts have evidences suggesting that this shrub has immense potential in modern
pharmacotherapeutics [2]. T. cordifolia is a widely used shrub in folk and Ayurvedic systems of medicine
all over India [3]. Though almost all of its parts are used in traditional systems of medicines, leaves stem
and roots are the most important parts which are used medicinally. Extracts from various parts of T.
cordifolia have medicinal applications from time immemorial. It can be an important therapeutic agent
which can prevent and treat different diseases. T. cordifolia has a wide array of bioactive principles as
well as it has been proven medicinally important even though it has not received considerable scientific
attention. A variety of constituents have been isolated from different parts of T. cordifolia belonging to
different classes. Recent scientific studies have emphasized the possible use of T. cordifolia in modern
medicine. The present paper is a review of its therapeutic properties and potential prospects for further
scientific investigation in development of effective therapeutic compounds.

PHYTOCHEMISTRY

Various phytochemicals have been isolated from leaves, stem and roots of T. cordifolia belonging to
different classes such as alkaloids, steroids, glycosides, diterpenoid lactones, sesquiterpenoid, phenolics,
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aliphatic compounds polysaccharides essential oils and mixture of fatty acids. The major phytochemicals
isolated from T. cordifolia are tinosporine, tinosporide, tinosporaside, cordifolides A to E, cordifol,
heptacosanol, clerodane furano diterpene, diterpenoid furanolactone tinosporidine, columbin, sitosterol,
choline, berberine, giloin, gilenin, crude giloinin, arabinogalactan polysaccharide, picrotene, bergenin,
gilosterol, tinosporol, cordifol, octacosonal, columbin, chasmanthin, palmarin, palmatosides C and F,
amritosides, cordioside, tinosponone, palmatine, ecdysterone, makisterone A, hydroxyecdysone,
magnoflorine, jatrorrhizine, tembetarine, syringine, glucan polysaccharide, tetrahydropalmaitine,

isocolumbin and apiosylglycoside [4,5,6].

F=X ol

Fig. 1: a. Tinospora cordifolia shrub b. Stem c. Leaves

THERAPEUTIC PROPERTIES
Tinospora cordifolia possesses following therapeutic properties-

1.

Anti-hyperglycemic: Tinospora cordifolia is widely used in Indian ayurvedic medicine for treating
diabetes mellitus [7,8,9,10]. Oral administration of aqueous extract of T. cordifolia root in alloxan
induced diabetic rats caused a significant reduction in blood glucose and brain lipids [11]. It has been
reported that the daily administration of either alcoholic or aqueous extract of T. cordifolia decreased
the blood glucose level and increased glucose tolerance in rodents [12]. Aqueous extract also caused
reduction in blood sugar in alloxan induced hyperglycemia in rats and rabbits in the dose of 400
mg/kg. The possible mode of action of the plant is through glucose metabolism as histological
examination of pancreas has not revealed any evidence of regeneration of B-cells of islets of
Langerhans [13]. The aqueous extract has also exhibited some inhibitory effect on adrenaline-
induced hyperglycemia. Ethyl acetate extract of its roots has yielded a pyrrolidine derivative with
hypoglycemic activity in rabbits [14,15]. Another study has also revealed significant hypoglycemic
effect of extract of leaves in normal and alloxan induced diabetic rabbits. However, the extract had no
significant effect on total lipid levels in normal or treated rabbits [16,17]. Sharma et al. [18] reported
that T. cordifolia mediates its antidiabetic potential through myriad of biologically active
phytochemicals isolated from different parts of plant, including alkaloids, tannins, cardiac glycosides,
flavanoids, saponins and steroids. Kannadhasan and Venkataraman [19] reported that 30 days
treatment of sedimental extract of T. cordifolia (1000 mg/kg/p.o) on diabetic subjects was proven for
its efficacy and clearly establishes the antidiabetic activity with antiobese body built. It has been
reported that phytochemicals of T. cordifolia regulate the blood glucose levels by reducing oxidative
stress, promoting insulin secretion by inhibiting gluconeogenesis and glycogenolysis which is
attributed to alkaloids (Magnoflorine, Palmetine, Jatrorrhizine) [20,21], tannins, cardiac glycosides,
flavonoids, saponins and steroids [22].
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2. Anti-inflammatory: Various studies revealed that T. cordifolia has a significant anti-inflammatory
activity. The aqueous extract of the stem of T. cordifolia has been studied for anti-inflammatory
activity in albino rats. It has significantly inhibited acute inflammatory response evoked by
carrageenin when administered orally and intraperitoneally [23]. It has also shown a significant anti-
inflammatory effect on cotton pellet granuloma and formalin induced arthritis models. Its effect was
comparable with indomethacin and its mode of action appeared to resemble that of a non-steroidal
anti-inflammatory agent [24]. The dried stem of T. cordifolia produced significant anti-inflammatory
effect in both acute and subacute models of inflammation. T. cordifolia found to be more effective
than acetylsalicylic acid in acute inflammation [25]. In a clinical evaluation, T. cordifolia significantly
reduced the pain in patients suffering from rheumatoid arthritis [26].

3. Anti-microbial: Tinospora cordifolia has been reported to have antimicrobial properties.
Pretreatment with T. cordifolia has been reported to impart protection against mortality induced by
intra-abdominal sepsis and E. coli induced peritonitis [27]. It has been observed that it stimulates the
macrophages as evidenced by an increase in the number and percent phagocytosis of S.aureaus by
peritoneal macrophages in rats. The phagocytic and intracellular killing capacity of polymorphs in
rats, tested after E. coli infection has been found significant [28]. Its extract has been reported against
bacterial growth and improved phagocytic and intracellular bacterial capacities of neutrophils in
mice [29]. Antibacterial activity of T. cordifolia extract has been bio assayed against Escherichia coli,
Staphylococcus aureus, Klebsiella pneumonia, Proteus vulgaris, Salmonella typhi, Shigella flexneri,
Salmonella paratyphi, Salmonella typhimurium, Pseudomonas aeruginosa, Enterobacter aeruginosa,
Enterobacter aerogene [30,31,32] and and Serratia marcesenses (Gram-positive bacteria) (30).
Aqueous, ethanol and acetone extracts of leaves and stem of T. cordifolia have shown maximum
inhibitory activity against on clinical isolates of urinary pathogens Klebsiella pneumoniae and
Pseudomonas aeruginosa [33]. Silver nanoparticles synthesized from stem of Tinospora cordifolia
possess very good antibacterial activity against multidrugresistant strains of Pseudomonas
aeruginosa isolated from burn patients [34]. The ethanolic extract of T. cordifolia has shown activity
against bacteria and fungi which is attributed to active compound [(5R, 10R)-4R, 8R-Dihydroxy-2S,
3R:15, 16-diepoxycleroda- 13(16), 17, 12S, 18, 1S-dilactone] [35]. T. cordifolia has also shown a
higher inhibitory activity against methicillin-resistant Staphylococcus aureus (MRSA) and
carbapenemase producing Klebsiella pneumoniae [36].

4. Anti-oxidant: Aqueous and alcoholic extracts of T. cordifolia have shown notable antioxidant
potential [37]. The aqueous extract of roots of T. cordifolia has shown the anti-oxidant action in
alloxan induced diabetes rats [10]. Methanolic extract of stem of T. cordifolia has been reported to
anti-oxidant activity, by increasing the erythrocytes membrane lipid peroxide and catalase activity. It
also decreases the activity of SOD, GPx in alloxan induced diabetic rats [38,39]. Extract of T. cordifolia
has been reported its free radical scavenging properties [40]. Phytochemicals from T. cordifolia have
been reported to have an alpha-glucosidase inhibitor, characterized as saponarin was found to be
also significant antioxidant and hydroxyl radical scavenging activity [41]. Essential oil isolated from
leaf of T. cordifolia has shown strong 2, 2- diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity [42]. The administration of ethanolic extract of T. cordifolia (EETC) in N-nitrosodiethylamine
(DEN) induced liver cancer in male Wister albino rats reverted the lipid peroxidation (LPO) levels,
enzymic and nonenzymic antioxidants to near normal [43]. Alkaloids such as choline, tinosporine,
isocolumbin, palmetine, tetrahydropalmatine and magnoflorine from T. cordifolia showed protection
against aflatoxin induced nephrotoxicity [44]. Furthermore T. cordifolia shows protective effect by
lowering the concentration of thiobarbituric acid reactive substance (TBARS) and enhancing the
glutathione (GSH), ascorbic acid, protein and the activities of antioxidant enzymes viz. superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase, glutathione S-transferase (GST) and
glutathione reductase (GR) in kidney [44]. The treatment with crude powder of T. cordifolia has been
reported to reduce the toxicities of L-DOPA therapy for Parkinson’s disease [45].

5. Immunomodulatory: Tinospora cordifolia is well known for its immunomodulatory response. It
benefits the immune system in a variety of ways [46,47]. The alcoholic and aqueous extracts of T.
cordifolia have been evaluated successfully for immuno-modulatory activity [48,49,50]. Studies have
shown that alcoholic extracts of T. cordifolia enhanced the bone marrow cellularity as well as
a-esterase activity in rats which indicates its immunomodulatory activity [51]. It has shown
pronounced immunomodulating effect on inter abdominal sepsis to elucidate host defense
mechanism to counter infective stresses. The compounds which are responsible for
immunomodulatory and cytotoxic effects are 11- hydroxymuskatone, N-methyle-2-pyrrolidone,
Nformylannonain, cordifolioside A, magnoflorine, tinocordioside and syringin [52]. These compounds
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improve the phagocytic activity of macrophages, enhance nitric acid production by stimulating
splenocyte [53]. It has also been reported that T. cordifolia shows its immunomodulatory effect
through altering the concentration of antioxidant enzymes, increasing T and B cells and antibody
which plays an important role in immunity, enhancing the concentration of melatonin in pineal gland
and increasing the level of cytokines like IL-2, IL-10 and TNF-a which plays an important role in
immunity [54]. Polymorphonuclear leucocytes (PMN) cells are an important component of the host
defence system. Extracts of T. cordifolia were able to stimulate the PMN cells for phagocytosis of
added Candida cells through an in vitro slide method of phagocytosis [55]. Aqueous extract of T.
cordifolia has been also reported to influence the cytokine production, mitogenicity, stimulation and
activation of immune effector cells [53]. Castillo et al. [56] has also reported the immunomodulatory
effect of aqueous extract of Tinospora cordifolia in down regulation of Interleukin 1, 6 and 8 levels in
scabies infestation inhibits hyperkeratosis and infiltration of inflammatory cells into scabietic lesion.
The modulation effect of the Tinospora lotion on interleukin levels reinforces its anti-scabies activity.

6. Anti-pyretic: The extract of stem and roots of T. cordifolia has shown significant antipyretic effect in
yeast provoked elevation of body temperature in rats and this effect is comparable to that of
paracetamol [57]. In another study its extract has exhibited significant antipyretic activity in
experimental rats [58]. Ashok et al. [59] reported the anti-pyretic activity of Guduchi ghrita (T.
cordifolia) formulations in albino rats against yeast induced pyrexia. Studies have shown insignificant
antipyretic effects in the hexane and chloroform soluble fractions of the stem of T. cordifolia [60].

7. Wound healing: Wound healing properties of T. cordifolia has already been reported [61,62]. It
promoted healing of the wound in animal models and increased the tensile strength which may be
attributed to the promotion of collagen synthesis [63]. Hashilkar et al. [64] reported that T. cordifolia
significantly promotes wound healing in animal models viz. enhanced wound contraction and
decreased days for complete epithelization in excision wounds, increased breaking strength in
resutured incision wound and increased granulation tissue with cellular.

8. Hepatoprotective: Bishayi et al. [65] have reported the hepatoprotective actions of T. cordifolia.
Extract of T. cordifolia has exhibited in vitro inactivating property against Hepatitis B and E surface
antigen in 48-72 hrs [66]. T. cordifolia have shown significant clinical and hemato-biochemical
improvement in carbon tetra chloride (CCls) induced hepatopathy. Its phytochemicals exert their
protective action against CCls induced hepatocellular alterations through synthesis of proteins, or due
to bioactivation of CCls and accelerated detoxification. The plant extract prohibited the lead nitrate
induced liver damage on oral administration. Similarly leaf and stem extract of T. cordifolia has been
reported to show hepatoprotective effect in male albino mice against lead nitrate induced toxicity
[67]. T. cordifolia minimizes the effects of free radicals including the peroxy radicals and its
antioxidant activity in association with the inhibition of lipid peroxidation. Its hepatoprotective
actions are attributed to the combined synergistic effect of its constituents and micronutrients rather
than any single factor through free radicals activity [68].

9. Anti-arthritic and anti-osteoporotic: In traditional medicine, T. cordifolia is used for the treatment
of rheumatoid arthritis as a single or synergistic formulation with Zingiber officinale [69]. It affects
the proliferation, differentiation and mineralization of bone like matrix on osteoblast model systems
in vitro. Its alcoholic extract has been reported to stimulate the growth of osteoblasts, increasing the
differentiation of cells into osteoblastic lineage and also increasing the mineralization of bone like
matrix. Ecdysteroid, 20-OH-B-Ecd isolated from T. cordifolia has been reported to have
anti-osteoporotic activity [70]. Beta-Ecdysone induces a significant increase in the thickness of joint
cartilage, induces the osteogenic differentiation in mouse mesenchymal stem cells and relieves
osteoporosis [71].

10. Anti-neoplastic: Tinospora cordifolia has been reported to have anti-cancer activity [72]. Jagetia et al.
[73] found that it killed the HeLa cells very effectively in vitro. The extraction of alkaloid palmatine
from T. cordifolia has shown anticancer potential in 7,12- dimethylbenz (a) anthracene (DMBA)
induced skin cancer model in mice [74]. A single application of T. cordifolia extract, prior the
intraperitoneal administration of cyclophosphamide significantly prevented the micronucleus
formation in bone marrow of mice, in a dose dependent manner. C57/ BL mice when received 50%
methanolic extract of T. cordifolia at a dose 750 mg/kg body weight for 30 days showed increase in
life span and tumor size was significantly reduced as compared to control [75]. Mishra and Kaur [76]
reported the anti-brain cancer potential of 50% ethanolic extract of T. cordifolia using C6 glioma cells.
It significantly reduced cell proliferation in dose dependent manner and induced differentiation in C6
glioma cells. Two molecules from hexane and methanol fractions (T1 and T2) from the T. cordifolia
showed that in MCF-7 cells, T1 treatment significantly suppressed the proliferation, migration and
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invasion of MCF-7cells when compared to that of T2. Epithelial-mesenchymal transition related
genes, Twist and Snail, were downregulated by T1 with increased transcription of E-cadherin [77].
Eight secondary metabolites from T. cordifolia have been evaluated against four different human
cancer cell lines, KB (human oral squamous carcinoma), CHOK-1 (hamster ovary), HT-29 (human
colon cancer) and SiHa (human cervical cancer) and murine primary cells respectively. All extracts
and fractions were active against KB and CHOK-1 cells whereas among the pure molecules palmatine
was found to be active against KB and HT-29; tinocordiside against KB and CHOK-1; yangambin
against KB cells [78].

Diuretic and calculolytic: Tinospora cordifolia also has diuretic property [79]. The aqueous extract
of the stem of T. cordifolia was experimentally evaluated for dissolution of urinary calculi [80]. In a
scientific study on rats and human volunteers, T. cordifolia was found to have diuretic effects [79].
It was also found effective in modulation of morphology and some gluconeogenic enzymes activity in
diabetic rat kidney [81].

Anti-hyperlypidaemia: The administration of the extract of T. cordifolia roots resulted in a
significant reduction of serum and tissue cholesterol, phospholipids and free fatty acids in alloxan
induced diabetic rats [38,82].

Anti-allergic: The anti-allergic properties of an aqueous extract of the stem of T. cordifolia were
evaluated on histamine-induced bronchospasm in guinea pigs, capillary permeability in mice and
mast cell disruption in rats showed that it significantly decreased bronchospasm induced by 5%
histamine aerosol, decreased capillary permeability and reduced the number of disrupted mast cells.
[83,84]. Sharma et al. [52] have also reported anti-allergic properties of T. cordifolia.

Anti-stress and cognitive enhancer: The anti-stress and tonic property of the T. cordifolia was
clinically evaluated and it was found that it brought about good response in children with moderate
degree of behaviour disorders and mental deficit. It has also significantly improved the 1.Q. levels.
Studies have shown that T. cordifolia helps in cognitive enhancement by immunostimulation and
synthesis of acetylcholine. Thus contributing in increased choline level which shows that it has
memory enhancing property for learning and memory in normal and memory deficit animals [85].
Antagonist: The aqueous extract of the stem of T. cordifolia antagonizes the effect of 5-
hydroxytryptamine, histamine, bradykinin and prostaglandins E 1 and 2 on the rabbit smooth
muscle, relaxes the intestinal, uterine smooth muscle and inhibits the constrictor response of
histamine and acetylcholine on smooth muscle [86].

Anti-HIV: Root extract of T. cordifolia has shown its activity against HIV [87]. This anti HIV effect was
exposed by reduction in eosinophil count, stimulation of B lymphocytes, macrophages, level of
hemoglobin and polymorphonuclear leucocytes [87,88].

Anti-leprotic: The stem extract T. cordifolia is useful in skin diseases [89,90]. Zhao et al [91]
reported the anti-leprotic effect of T. cordifolia. It has also shown anti-leprotic activity in a
combination formulation [92].

Anti-spasmodic: Nayampalli et al. [79] and Upadhyay et al [24] have reported antispasmodic
activity of T. cordifolia. Chaudhari and Shaikh [60] have also reported antispasmodic activity of its dry
bark.

Radiation protective: Tinospora cordifolia aqueous extract has a radio protective activity, enhancing
the survival of mice against a sub-lethal dose of gamma radiation [93]. In pre-irradiating mice, root
extract has widely affected radiation, induced rise in lipid peroxidation and resulted in the decline of
GSH in testes [53].

Antidote: Tinospora cordifolia is also used as antidote to snake bite and scorpion sting [94,95,91].
Stomachic: Nayampalli et al. [79] reported stomachic property of T. cordifolia. Sharma et al. [96]
have also confirmed its stomachic property.

Anti-malarial: Anti-malarial property of T. cordifolia has also been reported [97,91].

Anti-epileptic: Murthy et al. [98] reported that T. cordifolia possess significant anticonvulsant

property.

CONCLUSION

This is evident from the review of literature that T. cordifolia is rich in many phytochemicals and has a
vast therapeutic potential. Very little work has been done on the biological activities and plausible
medicinal applications of these phytochemicals. Therefore, an extensive investigation is needed to exploit
their therapeutic potential to combat diseases. Hence, this review can be used for further research and
clinical purposes.
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