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This investigation was carried out to study the effect of  some Plant Growth Regulators
and Coconut Water on callus Induction using vegetative parts such as  Nodal explants in
Tinospora cordifolia (Wild.) Miers family: Tinospora cordifolia (Wild) an important
medicinal plant. Callus induction was carried out using different concentrations of Auxins
(2, 4-D, IAA, NAA), (1.0–7.0 mg/L) and cytokinins (BAP and kinetin), (2mg/L) alone and
in combinations with 5-15% (v/v) Coconut Water. Among the different concentrations of
Coconut Water tried, MS medium with NAA+ Kinetin (6.0+2.0 mg/L) along with 5% (v/v)
Coconut Water and MS medium with 2,4-D + Kinetin (6.0+2.0 mg/L) along with 10%
(v/v) Coconut Water showed best callus response (96.6%) in nodal explants. Whereas
nodal explants showed the next best callusing response (93.33%) with 10% (v/v) Coconut
Water on MS medium with NAA + BAP (4.0+2.0mg/L) and (7.0+2.0mg/L) respectively.
Similarly with IAA + kinetin (7.0+2.0mg/L) + 10% (v/v) Coconut Water, response was
96.6%. The Sub-culturing time required was found to be longer in medium containing
Coconut Water.
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INTRODUCTION
Tinospora cordifolia (willd.) Miers (Menispermaceae),
perennial climber, distributed throughout tropical India, South
Asia, Indonesia, Philippines, Thailand, Myanmar, China and in
Srilanka.  It possesses anti stress, anti diabetic, anti ulcer, anti-
oxidative, radio protective, hepatoprotective,
immunomodulator, and learning and memory enhancing
properties (Krishna et al, 2009; Panchabhai et al, 2008;
Upadyay et al, 2010). The medicated oil of the plant is
effectively used to reduce the pain and edema, in gout and skin
diseases. It is a natural blood purifier and is very useful for
skin problems like acne, psoriasis and eczema. The stem of
Tinospora cordifolia is bitter, stomachic, diuretic
(Nayampalli et al, 1982) and stem consists of constituents
of several ayurvedic preparations used in general debility,
dyspepsia, fever and urinary diseases.

The root possess anti-stress (Patil et al, 1997) anti-leprotic
(Singh, 2005) and anti-malarial activities (Nayampalli
1982; Wadood, 1992). The root and stem of Tinospora
cordifolia are prescribed in combination with other drugs as
an anti-dote to snake bite and scorpion sting (Nadkarni et
al, 1976; Kirtikar et al, 1975; Zhao et al, 1991). Dry barks
of Tinospora cordifolia has anti-inflammatory (Pendse et
al, 1977) anti-arthritic (Jana et al, 1999), antidiabetic
(Gulati et al, 1980) anti-allergic (Stanely et al, 2000).
Neuroprotective (Nayampalli et al, 1986).  antioxidant
(Rawal et al, 2004) antineoplastic (Stanely et al, 2001)
chemopreventive  (Jagetia et al, 2006)  radioprotective
(Chaudhary et al, 2008) antipyretic (Goel et al, 2004) and

antifertility (Vedavathy et al, 1991), properties. A variety of
constituents such as alkaloids, diterpenoid lactones,
glycosides, steroids, sesquiterpenoid, phenolics, aliphatic
compounds and polysaccharides have been isolated from
Tinospora cordifolia plant. Tinospora cordifolia is
generally propagated by seeds which has poor viability and
low percentage of germination. Multiplication by vegetative
propagation takes long time hence Plant Tissue Culture is a
tool which can be used for micropropagation, conservation
and source for secondary metabolite production.

One of the biotechnological approach among them is callus
induction, which can be used for production of secondary
metabolites (Georgiev et al, 2009; Ogita et al, 2009; Berkov
et al, 2009). The objective of this study is to find innovative
and economical method for establishment of callus cultures
which can be used for production of secondary metabolites.

MATERIALS AND METHODS
Isolation of Coconut Water

The coconut water is prepared by collecting the liquid
endosperm from dehusked immature coconuts. Extract of
water from each fruit was checked separately to ascertain
that it is not fermented before addition to the bulk. Coconut
Water from all the fruits was heated at 80-100 °C for 10
minutes with continuous stirring to precipitate out the
proteins, fats and other materials. The coconut water was
cooled and filtered to remove the precipitated proteins and the
filtrate is distributed as aliquots of 100 to 150ml in each flask
and stored at -20 °C for future use (George, 1993).
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Explant Source and Preparation

Tinospora cordifolia plants were collected locally and
authenticated by Dept of Botany, in Yogi Vemana University,
vemanapuram, Kadapa, YSR District of Andhra Pradesh. For
callus initiation nodal explants 1.5-2cm were excised from 5-6
months old plants and  washed under running tap water for 20
min and then with Tween-20. Further sterilization was carried
out under laminar air flow cabinet. The explants were treated
with 1% sodium hypochlorite for 10 mins and rinsed 3 times
with sterile distill water containing a few drops of Tween-
20.This was followed by treatment  with 95% ethanol for 30
seconds, and by a treatment of 0.1% HgCl2for 2 min and
rinsing with distill water washes for three times.

All the explants were placed on basal MS medium
( Murashige-Skoog, 1962) fortified with different
concentration of phytohormones as  Kinetin (Kn) , 6-
benzylaminopurine (BAP) , NAA , and IAA and 2,4-
Dichlorophenoxyacetic acid alone (1.0–7.0  mg/L) and NAA,
IAA, 2,4-D (1.0–7.0 mg/L) in combination with BAP and
kinetin (2.0mg/L) and along with Coconut Water (5-15%) ,
sucrose (3%) agar (0.8%), pH of the media was adjusted to
5.7±0.02 prior to autoclaving. Media was sterilized by
autoclaving for 15 min at 121 °C.

Data Recording and Analysis

The percentage of the explants producing calli were
determined after 3 weeks of culture. The  influence of Coconut
Water and  Plant Growth regulators  were  recorded   on   the
basis   of   visual  observation,  represented  as  the  percentage

of callus  formed, their SD ,Average Mean of number of
responded cultures was recorded.

Culture Condition and Sub-culture

Callus was sub-cultured and maintained onto the same callus
inducing medium after every two weeks duration. Large calli
were cut into 2– 4 mm diameter pieces during transfer and sub-
culture. Cultures were incubated at temperature 25 ± 2 ºC.

RESULTS
In this investigation it was observed that the nodal explants on MS
medium containing auxins showed poor callus response. A
maximum response of 20% was observed on MS medium with 1
& 2mg/L, 2,4-D, which was also seen in MS medium with
6mg/L, NAA 16.66%. The highest callus induction among auxins
used was observed on MS medium with 5mg/L, IAA 43.33%
(Table 1). In case of MS medium containing cytokinins, best
response of callus induction was observed on MS medium with
4mg/L, kinetin 66.66% as shown in the Fig. 1A-B followed by
26.66% response in medium containing 5mg/L BAP (Table 1). A
combination of auxins and cytokinins in MS medium showed a
varied response. Callus induction was poor in medium containing
3mg/L, 2, 4-D and 2mg/L, BAP (13.33%). The best response was
observed in MS medium containing 5mg/L, IAA and 2mg/L,
BAP (Fig. 1C-D) and similar response was observed on medium
with higher concentration of 7mg/L, IAA and 2mg/L, kinetin
83.33% (Table 2 and Fig. 1E-F). There was a rapid  improvement
in  callus induction, maximum 96.66%  response in MS medium
supplemented with 5% (v/v)Coconut Water and with 6mg/L,
NAA and 2mg/L, Kinetin (Table 3 and Fig. 2A-B). On

Table 1 Effect of Auxins and cytokinins in MS medium on Callus induction in nodal explants
MS Media +Plant Growth Regulators Concentration in mg/L No. of Tubes inoculated Callus Response

2,4-D

1 60 20±1.15
2 60 16.66±0.33
3 60 20±1.00
4 60 3.33±0.33
5 60 6.66±0.00
6 60 3.33±1.20
7 60 3.33±0.33

NAA

1 60 10±0.00
2 60 3.33±0.33
3 60 0±0.00
4 60 0±0.00
5 60 10±0.00
6 60 16.66±0.67
7 60 3.33±0.33

IAA

1 60 26.66±0.67
2 60 13.33±0.33
3 60 36.66±1.20
4 60 40±1.15
5 60 43.33±1.33
6 60 33.33±0.88
7 60 16.66±0.67

BAP

1 60 13.33±0.33
2 60 20±0.00
3 60 6.66±0.33
4 60 13.33±1.33
5 60 26.66±0.33
6 60 16.66±0.67
7 60 16.66±0.67

KINETIN

1 60 10±0.00
2 60 6.66±0.58
3 60 36.66±1.20
4 60 66.66±1.33
5 60 33.33±1.33
6 60 43.33±1.33
7 60 36.66±0.33

The values represent the means (Mean±SE). Mean values within column followed by the significantly different by Duncan’s multiple range test (P>0.05)
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medium containing 10% (v/v) Coconut Water, Callus
induction improved widely in all the media combinations the
highest response was observed in MS medium with 7mg/L
IAA  and 2mg/L kinetin (Table 4 and Fig. 2C-D) followed by
6mg/L, 2,4-D and  2mg/L, Kinetin 96.66% (Table 4 and Fig.
2E-F) and the lowest response (40%) of callus induction was
seen in MS medium with 2,4,-D and BAP with 2mg/L each
concentration of growth regulators (Fig. 2G–H).

DISCUSSION
Van Overbeek (1941) used Coconut water for first time for
development of embryos of Datura stromium. Lin and Staba
(1961) reported that Coconut milk gave significantly improved
callus in Peppermint and spearmint tissue cultures. It was
observed in this study too that addition of Coconut Water an
organic additive increased the callus response in the nodal
explants in medium containing 5 or 10% (v/v) Coconut Water
Table 3-4. Coconut Water contains a wide diversity of
biologically active compounds such as phytohormones which
includes mostly, auxins, cytokinins, gibberellins, and their
natural inhibitors and regulators which include ethylene,
abscissic acid, phenols and flavonols. Auxin like substances
(Dix and Van Staden, 1982) zeatin and several unidentified
ones (Zwar and Bruce, 1970); Nodal explants showed good
callus response in MS medium with Kinetin in our findings as

compared to earlier reports ( Aditi singh et al,  2009). It was
also observed that a higher concentration of auxin and
cytokinin and 5–10% (v/v) Coconut Water in MS medium
induced good caulogenic response (66.6%) in nodal explants as
compared to earlier attempt (Khanapurkar et al, 2012).

Table 2 Effect of combinations of Auxins and cytokinins in MS medium on Callus inoculated in nodal explants
MS media + Plant Growth Regulators Concentration in mg/L No. of Tubes inoculataed Callus Response

2,4-D + BAP

1.0+2.0 60 16.66±0.88
2.0+2.0 60 30±1.00
3.0+2.0 60 13.33±0.33
4.0+2.0 60 23.33±0.33
5.0+2.0 60 20±0.00
6.0+2.0 60 33.33±0.67
7.0+2.0 60 33.33±0.88

NAA+BAP

1.0+2.0 60 13.33±0.33
2.0+2.0 60 16.66±0.67
3.0+2.0 60 43.33±1.33
4.0+2.0 60 40±1.15
5.0+2.0 60 23.33±1.45
6.0+2.0 60 36.66±0.88
7.0+2.0 60 50±2.52

IAA+BAP

1.0+2.0 60 30±1.53
2.0+2.0 60 36.66±1.45
3.0+2.0 60 46.66±2.03
4.0+2.0 60 53.33±1.86
5.0+2.0 60 83.33±0.67
6.0+2.0 60 66.66±1.76
7.0+2.0 60 70±0.00

2,4-D + Kinetin

1.0+2.0 60 40±2.00
2.0+2.0 60 23.33±0.33
3.0+2.0 60 46.66±1.67
4.0+2.0 60 53.33±1.33
5.0+2.0 60 40±0.58
6.0+2.0 60 70±1.53
7.0+2.0 60 70±0.33

NAA+ Kinetin

1.0+2.0 60 36.66±0.88
2.0+2.0 60 30±0.58
3.0+2.0 60 16.66±0.33
4.0+2.0 60 60±1.53
5.0+2.0 60 66.66±1.76
6.0+2.0 60 73.33±1.33
7.0+2.0 60 70±0.58

IAA+ Kinetin

1.0+2.0 60 30±1.53
2.0+2.0 60 20±0.58
3.0+2.0 60 16.66±1.67
4.0+2.0 60 53.33±1.45
5.0+2.0 60 43.33±1.33
6.0+2.0 60 66.66±2.85
7.0+2.0 60 83.33±0.33

The values represent the means (Mean±SE). Mean values within column followed by the significantly different by Duncan’s multiple range test (P>0.05)

Figure 1 Callus induction from nodal explants in MS medium
supplemented with cytokinin (Kinetin) alone and cytokinins

(Kinetin & BAP) in combination with auxin IAA: A-B. Kinetin,
4mg/L, (66.66%) A. Callus induction, B. Proliferation of callus; C-D.

IAA 5mg/L and BAP 2mg/L (83.33%), C. Initiation of callus, D.
Proliferation of callus, E-F. IAA, 7mg/L + kinetin, 2mg/L (83.3%) E.

Callus initiation, F. Callus proliferation.
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Use of coconut water as a supplement for induction of callus
has been reported in Murraya koenigii by Nazra et al (2011)
and Ipomoea batatas by Patrick (2011) but not well
established in Tinospora cordifolia.

CONCLUSION
Since Tinospora cordifolia has a wide range of medicinal use,
mass collection of this plant for bioactive compounds
extraction in pharmaceutical shall lead to depletion of this
species.

This plant is generally propagated by seeds where viability is
poor and has very low germination percentage, while
vegetative propagation which takes long time period to grow.
Hence development of an economical protocol using callus for
growing large scale cultivation of cells for extraction of
biologically active component is an attractive option for the
future.
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Table 3 Effect of combinations of Auxins and cytokinins in MS medium along with 5%(v/v) Coconut Water on Callus
inoculated in nodal explants

MS media + Plant Growth Regulators + 5% (v/v) Coconut Water Concentration in mg/L No. of Tubes inoculataed Callus Response

2,4-D + BAP

1.0+2.0 60 36.66±1.86
2.0+2.0 60 33.33±0.33
3.0+2.0 60 50±1.53
4.0+2.0 60 56.66±0.88
5.0+2.0 60 46.66±0.67
6.0+2.0 60 66.66±1.76
7.0+2.0 60 66.66±1.45

NAA+BAP

1.0+2.0 60 70±0.58
2.0+2.0 60 50±1.53
3.0+2.0 60 43.33±2.60
4.0+2.0 60 83.33±0.67
5.0+2.0 60 73.33±1.20
6.0+2.0 60 33.33±0.88
7.0+2.0 60 13.33±0.58

IAA+BAP

1.0+2.0 60 43.33±0.33
2.0+2.0 60 53.33±1.45
3.0+2.0 60 63.33±1.33
4.0+2.0 60 13.33±0.33
5.0+2.0 60 3.33±0.33
6.0+2.0 60 26.66±0.67
7.0+2.0 60 36.66±2.00

2,4-D + Kinetin

1.0+2.0 60 40±1.00
2.0+2.0 60 36.66±1.20
3.0+2.0 60 16.66±0.33
4.0+2.0 60 43.33±1.45
5.0+2.0 60 63.33±1.45
6.0+2.0 60 70±0.00
7.0+2.0 60 76.66±1.33

NAA+Kinetin

1.0+2.0 60 50±1.15
2.0+2.0 60 60±1.15
3.0+2.0 60 70±0.00
4.0+2.0 60 43.33±1.20
5.0+2.0 60 86.66±0.67
6.0+2.0 60 96.66±0.33
7.0+2.0 60 50±1.53

IAA+Kinetin

1.0+2.0 60 43.33±1.45
2.0+2.0 60 23.33±0.67
3.0+2.0 60 50±1.00
4.0+2.0 60 70±2.08
5.0+2.0 60 50±1.00
6.0+2.0 60 60±0.58
7.0+2.0 60 66.66±0.33

The values represent the means (Mean±SE). Mean values within column followed by the significantly different by Duncan’s multiple range test (P>0.05)

Figure 2 Callus induction from nodal explants in MS medium
supplemented with cytokinin (Kinetin) in combination with auxin
IAA & NAA along with 5-10% (v/v) Coconut Water:A-B. 5% Coconut

Water (v/v) and 6mg/L, NAA and 2mg/L,Kinetin (96.66%) A. Callus
induction, B. Proliferation of callus, C-D. 10% Coconut Water (v/v)

IAA, 7mg/L and kinetin, 2mg/L (96.66%), C. Swollen nodal explants,
D. Proliferation of callus, E-F. 10% Coconut Water (v/v) and 2,4-D,
6mg/L and Kinetin, 2mg/L (96.6%), E. Swelling of nodal explants, F.

Proliferation of callus, G-H. 10% Coconut Water (v/v) and 2,4-D
(2mg/L) and BAP (2mg/L), G. Initiation of callus, H. Proliferation of

callus



International Journal of Recent Scientific Research, Vol. 5, Issue, 11, pp.2072-2077, November, 2014

2076 | P a g e

References
Agarwal S.K., Singh S.S., and Verma S. 1999. Antifungal

principle of sesquiterpene lactones from Anamirta cocculus.
Indian Drugs, 36, 754-5.

Agarwal, S.K., Singh, S.S., Verma, S., and Kumar, S. 1999.
Two picrotoxin derivatives from Anamirta cocculus.
Phytochemistry, 50, 1365-8.

Berkov, S.A., Pavlov, V., Georgiev, J., Bastida, M., Burrus, M.
Ilieva and Codina, C. 2009. Alkaloid synthesis and
accumulation in Leucojum aestivum in vitro cultures. Natural
Product Communications, 4(3): 359-64.

Chaudhary R., Jahan S., and Goyal P.K., 2008. Chemo
preventive potential of an Indian medicinal plant (Tinospora
cordifolia) on skin carcinogenesis in mice. J Environ Pathol
Toxicol Oncol. 27, 233.

DIx L., and Van Staden J. 1982. Auxin and gibberellin-like
substances in coconut milk and malt extract. Plant Cell
Tissue Organ Cult. 1, 239-245.

George, E.F.. Plant propagation by tissue culture: The
Technology, 2nd edn. London Exegetics Ltd. pp. 318-320.
1993.

Goel H.C., Prasad J., Singh S., Sagar R.K., Agrawala P.K., and
Bala M. 2004. Radioprotective potential of an herbal extract
of Tinospora cordifolia. J Radiat Res. 45, 61-8. Journal of

Medical Pharmaceutical and Allied Sciences (2013) 04: 19-
30 27.

Gulati O.D. 1980. Clinical trial of Tinospora cordifolia in
Rheumatoid Arthritis. Eumatism.15, 143-8.

Jagetia G.C., and Rao S.K. 2006. Evaluation of the anti-
neoplastic activity of guduchi (Tinospora cordifolia) in
Ehrlich ascites carcinoma bearing mice. Biol Pharm Bull. 29,
460-6.

Jana, U., Chattopadhyay R.N., and Shw B.P. 1999. Preliminary
studies on anti-inflammatory activity of Zingiber officinale
Rosc., Vitex negundo Linn. and Tinospora cordifolia (Willid)
Miers in albino rats. Indian J Pharmacol. 31, 232-3.

Khosa R.L., and  Prasad S. 1971. Pharmacognostical studies on
Guduchi (Tinospora cordifolia Miers). J Res Ind Med
,Tinospora cordifolia Miers). 6:261-9.

Kirtikar K.R.., and Basu B.D, editors.. Indian Medicinal Plants,
Vol 1. 2nd ed. New Connaught Place, Dehra Dun: M/S Bishen
Singh, Mahendra Pal Singh. 1975.

Krishna K.L., Bhatt J.,  and Patel J. 2009. Guduchi (Tinospora
cordifolia): Biological and medicinal properties, a review,
Internet J Altern. Med., 6 (2).

Lin M.-L., and Staba E.J. 1961. Peppermint and spearmint
tissue cultures. I. Callus formation and submerged culture.
Lloydia 24, 139-145.

Table 4 Effect of combinations of Auxins and cytokinins in MS medium along with 10%(v/v) Coconut Water on Callus
induction in nodal explants

MS media + Plant Growth Regulators + 10% (v/v) Coconut Water Concentration in mg/L No. of Tubes inoculated Callus Response

2,4-D + BAP

1.0+2.0 60 53.33±1.33
2.0+2.0 60 40±0.00
3.0+2.0 60 60±1.53
4.0+2.0 60 53.33±1.76
5.0+2.0 60 70±1.53
6.0+2.0 60 83.33±0.58
7.0+2.0 60 76.66±0.67

NAA+BAP

1.0+2.0 60 70±0.58
2.0+2.0 60 50±1.53
3.0+2.0 60 63.33±2.19
4.0+2.0 60 93.33±0.33
5.0+2.0 60 80±0.58
6.0+2.0 60 73.33±0.88
7.0+2.0 60 93.33±0.00

IAA+BAP

1.0+2.0 60 76.66±0.67
2.0+2.0 60 83.33±1.45
3.0+2.0 60 73.33±1.20
4.0+2.0 60 66.66±1.67
5.0+2.0 60 90±0.00
6.0+2.0 60 76.66±1.33
7.0+2.0 60 86.66±0.33

2,4-D + Kinetin

1.0+2.0 60 70±0.00
2.0+2.0 60 63.33±1.86
3.0+2.0 60 56.66±1.20
4.0+2.0 60 50±0.58
5.0+2.0 60 36.66±2.08
6.0+2.0 60 96.66±0.33
7.0+2.0 60 93.33±0.33

NAA+Kinetin

1.0+2.0 60 76.66±1.33
2.0+2.0 60 90±0.58
3.0+2.0 60 80±1.00
4.0+2.0 60 76.66±1.86
5.0+2.0 60 70±1.53
6.0+2.0 60 86.66±0.88
7.0+2.0 60 83.33±0.33

IAA+Kinetin

1.0+2.0 60 83.33±0.88
2.0+2.0 60 76.66±1.33
3.0+2.0 60 86.66±0.33
4.0+2.0 60 60±1.53
5.0+2.0 60 53.33±1.53
6.0+2.0 60 83.33±2.33
7.0+2.0 60 96.66±0.33

The values represent the means (Mean±SE). Mean values within column followed by the significantly different by Duncan’s multiple range test (P>0.05)



International Journal of Recent Scientific Research, Vol. 5, Issue, 11, pp.2072-2077, November, 2014

2077 | P a g e

Nadkarni K.M., Nadkarni A.K., editors.. Indian Materia
Medica, Vol 1. 3rd ed. Mumbai: M/S Popular Prakasan Pvt.
Ltd; 1976.

Nayampalli S., Ainapure S.S.., and Nadkarni P.M. 1982. Study
of antiallergic acid Bronchodilator effects of Tinospora
cordifolia. Indian J Pharm;14:64-6.

Nayampalli S.S., Ainapure S.S., Samant B.D.., Kudtarkar
R.G., Desai N.K., and Gupta K.C., et al, 1988. A
comparative study of diuretic effects of Tinospora cordifolia
and hydrochloro-thiazide in rats and a preliminary phase I
study in human volunteers. J Postgrad Med; 34:233-6.

Nayampalli SS., Desai NK., and Ainapure SS. 1986. Indian J
Pharm. 18, 250-2.

Nazra, P. and Kunul, K. 2011. Callus induction in a medicinal
plant Murraya koenigii Spreng The Bioscan 6(4) : 605-607.

Ogita,S., J.Miyazaki, T.Godo and Y.Kato, 2009. Possibility for
selective accumulation of polyphenolics in tissue cultures of
senno (Lychnis senno Siebold et Zucc.). Natural Product
Communications, 4(3): 377-80.

Panchabhai T.S., and Kulkarni U.P., Rege N.N. 2008.
Validation of the therapeutic claims of Tinospora cordifolia
A review, 22(4): 425-441.

Patil M.., Patki P., Kamath H.V., and Patwardhan B. 1997.
Anti-stress activity of Tinospora cordifolia (Wild) Miers.
Indian Drugs. 34, 211-5.

Patrick, S.M. 2011. Effects of coconut water on callus
initiation and plant regeneration potentials of sweet potato,
Journal and Proceedings of The Royal Society of New South
Wales, 144 (3&4): 91-101.

Pendse V.K., Dadhich A.P., Mathur P.N., Bal M.S., and
Madam B.R. 1977. Anti-Inflammatory, immune suppressive
and some related pharmacological actions of the water
extract of Neem Giloe (Tinospora cordifolia): A Preliminary
Report. Indian J Pharmacol. 9, 221-4.

Rawal A.K., Muddeshwar M.G., and Biswas S.K. 2004. Rubia
cordifolia, Fagonia cretica Linn and Tinospora cordifolia
exert neuroprotection by modulating the antioxidant system

in rat hippocampal slices subjected to oxygen glucose
deprivation. BMC Complement Altern Med. 13, 4-11.

Shantz E.M., and Steward F.C. 1955. The identification of
compound A from coconut milk as 1,3-diphenylurea. J.
Am. Chem. Soc. 77, 6351-6353.

Singh RK. 2005. Tinospora cordifolia as an adjuvant drug in
the treatment of hyper-reactive malarious splenomegaly-
case reports. J Vector Borne Dis. 42 (1), 36-8.

Stanely M., Prince P., and Menon V.P. 2000. Hypoglycaemic
and other related actions of Tinospora cordifolia roots in
alloxan induced diabetic rats. J Ethnopharmacol. 70, 9–15.

Stanely M., Prince P., and Menon V.P. 2001. Antioxidant
action of Tinospora cordifolia root extract in alloxan
diabetic rats. Phytother Res. 15, 213-8.

Upadyay A.K., K Kumar., Kumar A., and Mishra H.S (2010).
Tinospora cordifolia (Willd.) Mierr Guduchi- Validation of
the ayurvedic pharmacology through experimental and
clinical studies, Int. J. Ayu. Res., 1(2): 112-121.

Van Overbeek J. 1941. Water uptake by excised root systems
of the tomato due to non-osmotic forces. Am. J. Bot. 29,
677-683.

Van Overbeek J., Conklin M.E., and Blakeslee A.F. 1941.
Factors in coconut milk essential for growth and
development of very young Datura embryos. Science 94,
350-351.

Vedavathy S., and Rao K.N. 1991. Antipyretic activity of six
indigenous medicinal plants of Tirumala Hilla, Andhra
Pradesh, India. J Ethnopharmacol 33, 193-6.

Wadood N., Wadood A., and Shah S.A. 1992. Effect of
Tinospora cordifolia on blood glucose and total lipid levels
of normal and alloxan-diabetic rabbits. Planta Medica 58,
131-6. 14-18.

Zhao TF., Wang X., Rimando AM., and Che C. Folkloric
medicinal plants: Tinospora sagittata var. cravaniana and
Mahonia bealei. Planta Med ; 57:505, 1991.

Zwar J.A., and Bruce M.I., 1970. Cytokinins from apple
extract and coconut milk. Aust. J. Biol.

*******


