
lable at ScienceDirect

Journal of Ayurveda and Integrative Medicine 9 (2018) 161e168
Contents lists avai
Journal of Ayurveda and Integrative Medicine

journal homepage: http : / /e lsevier .com/locate/ ja im
Original Research Article (Experimental)
Selective Estrogen Receptor Modulator and prostimulatory effects of
phytoestrogen b-ecdysone in Tinospora cordifolia on osteoblast cells

Ganesan Abiramasundari, C.M. Mohan Gowda, Meenakshisundaram Sreepriya*

Department of Microbiology and Biotechnology, Bangalore University, Jnana Bharathi Campus, Bengaluru, 560 056, Karnataka, India
a r t i c l e i n f o

Article history:
Received 16 November 2016
Received in revised form
26 March 2017
Accepted 7 April 2017
Available online 28 August 2018

Keywords:
ß-ecdysone
Tinospora cordifolia
SERM
Phytoestrogens
Osteoblasts
Osteoporosis
* Corresponding author.
E-mail: mpriya7@yahoo.com
Peer review under responsibility of Transdisciplin

http://dx.doi.org/10.1016/j.jaim.2017.04.003
0975-9476/© 2017 Transdisciplinary University, Banga
BY-NC-ND license (http://creativecommons.org/licens
a b s t r a c t

Background: Indian ethnomedicine acclaims Tinospora cordifolia as a bone strengthening agent and
prescribes it for the treatment of bone fractures, gout and other inflammatory diseases of the bone.
Objective: (a) To understand the potential of T. cordifolia to act as a Selective Estrogen Receptor Modu-
lator (SERM) on in vitro models. (b) To understand the toxic effects (if any) of T. cordifolia in vivo. (c) To
understand the effects of b-ecdysone (proposed osteoprotective principle of T. cordifolia) on the growth
of human osteoblast-like cells MG-63 and rat primary culture of osteoblasts. (d) To conduct phyto-
chemical analysis on T. cordifolia extract to confirm the presence of b-ecdysone.
Materials and Methods: The role of T. cordifolia as SERM was analyzed by investigating the effect of the
extract on the growth ofMCF-7 and HeLa cells. The effects of T. cordifolia in vivowas studied by biochemical
(Liver function and renal function tests) and histopathological (Hematoxylin/Eosin staining) analysis.
Phytochemical analysis of T. cordifoliawas carried out by performing FT-IR and LC-ESI-MS analysis.
Results: (a) T. cordifolia extract exerted non-estrogenic effects on MCF-7 and HeLa cells implicating its
role as SERM. (b) High doses of T. cordifolia extract (750 and 1000 mg/kg body wt.) showed impairment of
hepatic and renal function, induced pathological alterations in hepatic and renal architecture in albino
rats. (c) b-ecdysone an ecdysteroid proposed as the osteoprotective principle of T. cordifolia exhibited
significant prostimulatory effects on osteoblast cells and rat primary osteoblasts. (d) Phytochemical
analysis confirmed the presence of b-ecdysone in alcoholic extract of T. cordifolia extract substantiating
its role as the osteoprotective principle of T. cordifolia.
Conclusion: (a) T. cordifolia could function as SERM and can have applications in the therapy of osteo-
porosis. (b) b-ecdysone is the osteoprotective principle of T. cordifolia.
© 2017 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Osteoporosis is a progressive, systemic skeletal disease that is
characterized by compromised bone strength, bone micro-
architecture degradation, increased bone fragility culminating in
increased risk of fractures. Post-menopausal osteoporosis (PMO) is
the most prevalent form of osteoporosis caused due to estrogen
deficiency in elderly women [1,2]. Estrogen replacement therapy
(ERT) has been the gold standard treatment in the prevention and
management of PMO [3e5]. Unfortunately, Estrogen replacement
therapy (ERT) is associated with several side effects including
increased risk of breast and endometrial cancers [6]. Hence
ary University, Bangalore.
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research on estrogen mimicking compounds which is devoid of the
side effects of estrogen but possess the beneficial effects of estrogen
on the bone has gained considerable attention in the recent years.

Selective Estrogen Receptor Modulators (SERMs) are a class of
compounds that interact with intracellular estrogen receptors in
target organs as estrogen agonists and antagonists. They include
chemically diverse molecules that lack the steroid structure of es-
trogens, but possess a tertiary structure that allows them to bind to
ERa and/or ERb [7,8]. Over the past decade, different compounds
that possess a SERM profile have been intensely studied and have
proven to be a highly versatile group for the treatment of different
conditions associated with aging, including hormone-responsive
cancer and osteoporosis [9].

Tinospora cordifolia, commonly known as Guduchi belonging to
the family Menispermaceae, is used in Ayurveda and other tradi-
tional Indian medicinal systems as a rejuvenator and general tonic
ion. Publishing Services by Elsevier B.V. This is an open access article under the CC
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for vitality. Its health benefits were described in various classical
texts of Ayurvedic Medicine, viz. Charaka samhita, Sushruta samhita,
Ashtang Hridaya and other treaties like Bhava Prakasha and Dhan-
vantari Nighantu [10]. Several medicinal properties of T. cordifolia
have already been reported. It is used in Indian folklore medicine to
treat bone disorders and has been referred to have osteoprotective
functions [11]. Being a rejuvenator, its use is indicated in the
treatment of several diseases causing debility including bone
fractures. Plants benefit bones through different pathways: some
have agents that decrease systemic levels of the pro-inflammatory
cytokines associated with bone loss; others contain high levels of
calcium, while some others act in the gastrointestinal tract to
enhance calcium absorption [12]. It is well known that T. cordifolia
is an anti-inflammatory agent and its leaves are reported to contain
high amounts of calcium [13,10]. Elevated external calcium in the
resorption lacunae acts as a negative feedback on osteoclasts,
inhibiting their resorptive capacity [14]. In contrast, a high calcium
concentration enhances DNA synthesis and promotes chemotaxis
of osteoblasts [15,16].

Previous studies from the laboratory [17] implicate the pros-
timulatory effects of T. cordifolia extract on human osteoblasts and
rat primary osteoblasts. Studies have also confirmed the beneficial
effects of treatment with T. cordifolia extract in preventing bone
loss against experimentally-induced estrogen deficiency caused
by ovariectomy in animals [18]. Till date, there are no reports
pertaining to the role of T. cordifolia as a selective estrogen re-
ceptor modulator. To the best of knowledge, current study is the
first attempt to investigate the role of T. cordifolia as SERM. Also, in
the current study the prostimulatory effects of b-ecdysone, the
proposed osteoprotective principle of T. cordifolia on osteoblast
growth was analyzed. Detailed phytochemical analysis to sub-
stantiate the presence of b-ecdysone in T. cordifolia extract was
performed. Although generally assumed to be safe, a complete
toxicological study on T. cordifolia comprising biochemical and
histopathological studies on suitable in vivo models are lacking.
Hence the effect of sub-acute exposure of animals with
T. cordifolia extract was studied by biochemical and histopatho-
logical analysis.

2. Materials and methods

2.1. Plant material

Ready to use commercially available ethanolic extract of aerial
parts of wild crafted T. cordifolia (Guduchi) was procured from Sami
labs limited, Peenya industrial area, Bangalore, India (Product code
no: 2020; Batch No: C81644). The percentage yield of the extract as
specified by the commercial source was 10%.

2.1.1. Standardisation of the plant extract e quantitative standards
The following standardization procedures for identity and pu-

rity were performed (as reported in the certificate of analysis of the
commercial source from which the extract is procured). Loss on
drying not more than 6%, w/w (dried at 105 �C). Residue on ignition
notmore than 15%, w/w. Tapped bulk density between 0.5 g/ml and
0.80 g/ml and loose bulk density is between 0.30 g/ml and 0.60 g/
ml. Content of bitter principles on dry basis by gravimetry not less
than 2.5%, w/w and not more than 3.5%, w/w. Total heavy metals
not more than 20 ppm. Lead, arsenic and mercury were not more
than 3 ppm, 1 ppm and 0.1 ppm respectively. Total bacterial count
was not more than 5000 CFU/g. Yeast and moulds not more than
100 CFU/g. Identification of the plant was based on the presence of
marker compound berberine.
2.1.2. Procurement of b-ecdysone
Commercially available b-ecdysone was procured from Sigma

aldrich, USA (Catalog no. H5142) and was used as reference stan-
dard compound in all studies related to phytochemical analysis of
T. cordifolia extract. The purity of the substance as mentioned by the
commercial source is �93%.

2.1.3. Preparation of drug stock
For the in vitro assays, a stock solution of the test compound

(1 mg/ml of the extract or b-ecdysone as the case may be) was
prepared by dissolving 1 mg of the extract in 1 ml of incomplete
culture media for the plant extract and 1 mg of the b-ecdysone in
1 ml of DMSO. From the stock solution, appropriate dilutions were
carried out to prepare various concentrations of the plant extract.
The final concentration of DMSO in culture (when used as a vehicle
in the stock solution of b-ecdysone) was less than 0.1%. The stock
solutionwas freshly preparedevery time the assayswereperformed.

2.2. In vitro model systems

2.2.1. Procurement and maintenance of MCF-7 and HeLa cells
The human breast adenocarcinoma cells MCF-7 and cervical

adenocarcinoma cells HeLawere procured from National Centre for
Cell Sciences (NCCS), Pune, India. The cells were maintained under
standard conditions following the procedurementionedbyDwivedi
et al. [19]. The cells were cultured in ready to use sterile liquid
Dulbecco's minimum essential medium-Eagle (DMEM AL007S,
Himedia, India) supplemented with 1X antibiotic antimycotic so-
lution (A007, Himedia, India) and 10% fetal bovine serum (FBS-
RM1112, Himedia, India). Cells were grown under standard growth
conditions (temperature 37 �C, 5% CO2 and 95% humidity) in a CO2
incubator (Forma Scientific, USA).When a confluentmonolayerwas
formed, cells were detached with 0.25% trypsine0.2% EDTA in
Dulbecco's phosphate buffered saline (T-001, Himedia, India) and
then subcultured at a split ratio of 1:3 in 12.5 cm2 volume tissue
culture flask (TCG2eHimedia, India). Themediawas changed three
times a week. The cells were grown in growth medium containing
10% FBS or maintained in maintenance medium containing 5% FBS.

2.2.2. Procurement and maintenance of human osteoblast cells MG-
63

Human osteoblast cells MG-63 was procured from National
Center for Cell Sciences (NCCS), Pune, India and cultured in ready to
use sterile liquid minimum essential medium-Eagle (MEM AL075A,
Himedia, India) supplemented with 1X antibiotic antimycotic so-
lution (A007, Himedia, India) and 10% fetal bovine serum (FBS-
RM1112, Himedia, India). Cells were grown under standard growth
conditions (temperature 37 �C, 5% CO2 and 95% humidity) in a CO2
incubator (Forma Scientific, USA).When a confluentmonolayerwas
formed, cells were detached with 0.25% trypsine0.2% EDTA in
Dulbecco's phosphate buffered saline (T-001, Himedia, India) and
then subcultured at a split ratio of 1:3 in 12.5 cm2 volume tissue
culture flask (TCG2eHimedia, India). Themediawas changed three
times a week. The cells were grown in growth medium containing
10% FBS or maintained in maintenance medium containing 5% FBS.

2.2.3. Isolation of osteoblasts from rat femur and maintenance of
primary culture

Adult female SpragueeDawley rats weighing about 120e140 g
were used for the isolation of osteoblasts from femur. The animals
were procured from approved animal source of Bangalore Univer-
sity (M/s Raghavendra enterprises, Bangalore) and were kept under
quarantine for a period of two weeks. After the quarantine period,
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the animals were used for the experiment. This part of the study
which involved the usage of animals was carried out following
ethical guidelines specified by Committee for the Purpose of Con-
trol and Supervision of Experiments on Animals (CPCSEA), Ministry
of Environment and Forest and was approved by the Institutional
Animal Ethics Committee (IAEC) (Approval Noe BUB/IAEC/MB&BT/
Dr.MSP/dated 09.05.11). The animals were sacrificed by CO2
asphyxiation and the primary osteoblast cells were isolated from
rat femur as described earlier [20e22].

The viability of the cells and the cell count was calculated
following trypan blue dye exclusion method [23] and subsequent
counting of the cells in a hemocytometer. Only cell preparations
having greater than 90% viability were used for the different assays.
After arriving at confluency, the cells (initial cell seed of
5 � 106 cells/ml) were plated on to 96 well microtiter plates and
allowed to attach. After 24 h, they were treated with various doses
of test compound (plant extract or b-ecdysone as the case may be)
and utilized for the assays. Untreated cells were used as control.

2.2.4. Studies on cell viability and growth
To determine the cell growth and viability, MTT [24] and crystal

violet assays [25] were carried out.

2.3. In vivo model systems

2.3.1. Animals
Adult SpragueeDawley rats weighing between 100 and 120 g

obtained from the approved source of Bangalore University (M/s
Raghavendra enterprises, Bangalore, India) were used for the study.
The animals were kept in quarantine for a period of twoweeks after
procurement. After the quarantine period, they were acclimatized
to animal house conditions and were fed on commercial pelleted
rat chow (M/s Hindustan Lever Limited, Bangalore, India) andwater
ad libitum. For the in vivo experiments, T. cordifolia extract was
administered orally by intra gastric intubation (Feedy intubation
tube, India, size 05, Diameter 1.70 mm).

This part of the study which involved the usage of animals was
carried out following ethical guidelines specified by the Committee
for the Purpose of Control and Supervision of Experiments on An-
imals (CPCSEA), Ministry of Environment and Forest and was
approved by IAEC (approval No e BUB/IAEC/MB&BT/Dr.MSP/dated
09.05.11).

2.3.2. In vivo toxicology studies
The animals were segregated into six groups. Five groups of

animals were administered with different dosages of T. cordifolia
extract per se (100 mg/kg, 250 mg/kg, 500 mg/kg, 750 mg/kg and
1000 mg/kg body weight/day orally for 30 days). The untreated
group served as the control. After the treatment period, the animals
were sacrificed by CO2 asphyxiation.

Biochemical and histopathology analysis: Blood samples
collected from different groups of animals were used for the deter-
mination of Blood Glucose [26], Serum cholesterol [27], Urea [28],
Creatinine [29], activities of aspartate transaminase [30] and alanine
transaminase [31,32] after the separation of serum or plasma.

2.3.3. Histopathology analysis
Different tissues like liver, kidney, heart and the bone (femur)

was excised from the animals, washed in ice-cold isotonic saline
and then blotted to dryness. For histopathological analysis, a section
of the organs (heart, kidney, liver, lungs and bone) were fixed in 10%
formalin saline [33]. Briefly, the tissue sections were embedded in
paraffin wax and after deparaffinising; sections were immersed in
the filtered hematoxylin for 3 min and then rinsed with running
water until the water became clear. Sections were again immersed
in 1% eosin stain for 1e2 min and rinsed until water became clear.
There after these were dehydrated in ascending graded alcohol
solutions (50%, 70%, 80%, 95% and 100 %� 2 times) and cleared with
xylene (3 times) and the architectural changes, if any, were
observed under a light microscope.

2.4. Phytochemical analysis of T. cordifolia

2.4.1. FTIR analysis
FTIR spectra of T. cordifolia extract was measured at room tem-

perature using a PerkineElmer Spectrum GX FT-IR equipped with a
high-purity dried potassium bromide (KBr) beam splitter at scan
range of 4000 to 400 cm�1.

2.4.2. LC-ESI-MS analysis
The LC-ESI-MS analysis was carried out in the LC instrument

1200 from Agilent Technologies (Agilent,Waldbronn, Germany). An
Agilent 6410 triple quadruple tandemmass spectrometer coupled to
electrospray ionization (ESI) interface was used for mass analysis
and quantification of target analytes. The chromatographic separa-
tionwas carried out using an Agilent Zorbax column (4.6� 250mm,
5 mm). Mobile phase A was water containing 0.1% formic acid and
mobile phase B was acetonitrile containing 0.1% formic acid. The
gradient started with 20% of component B: acetonitrile (0.1% formic
acid) for 0.5 min and then increased to 95% within 0.1 min. This
composition was kept till 4.2 min, and then decreased to 20% of
component B within 0.1 min. The total run time was 10 min, and an
equilibration step of 5.7 min was included. The flow rate of the
mobile phase and the column temperature were set at 0.3 ml/min
(injection volume: 5 mL) and 30 �C, respectively. In order to avoid
carryover, the auto sampler needle was rinsed automatically with
themixed solution (80% component A and 20% component B) for 3 s
among a series of calibration standards, and control samples. The
mass spectrometer was operated in the positive ion mode. The
tuning parameters were optimized for TLC purified T. cordifolia
fraction containing b-ecdysone and standard b-ecdysone (gas
temperature: 3500 �C, drying gas flow: 6 L/min, nebulizer pressure:
35 psi, V cap voltage: 3500 V, sheath gas temperature: 3500 �C,
sheath gas flow: 9 L/min, Nozzle voltage: 1000 V). The full-scan MS
spectrawere acquiredby scanning themass spectrometer in them/z
range of 200e2000 at a unit mass resolution.

2.5. Statistical analysis

Statistical analysis of the datawas carried out by Student's t-test.
For the in vitro experiments on osteoblast growth and viability, all
the experiments were carried out in triplicate on at least three
different occasions and the mean of replicate values were taken.
Values were expressed as mean ± SD (n ¼ 6). For in vitro and in vivo
studies, comparisons were made between control Vs other groups.
***p < 0.001, **p < 0.01, *p < 0.05 and NS e non significant.

3. Results and discussion

3.1. Effect of T. cordifolia on growth of breast and cervical
carcinoma cells

Cytotoxicity assays were carried out to assess the effect of
T. cordifolia on human breast and cervical adenocarcinoma cells.



Fig. 2. Effect of b-ecdysone on the growth of MG-63 cells. Figure shows the growth
and viability of untreated (control) and b-ecdysone (0.1e25 mg/ml) treated MG-
63 cells. Absorbance for MTT assay is 570 nm and for crystal violet is 540 nm. Con-
centration is expressed as mg/ml of the extract. Values were expressed as mean ± SD
(n ¼ 6). Comparisons were made between control Vs other groups. ***P < 0.001,
**P < 0.01 and NS e non significant.
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MCF-7 human breast cancer cells provide a useful in vitro model
system to study the interactions between estrogen and estrogen like
substances with breast cells as they contain receptors for the same.
Estrogen induces the synthesis of specific proteins in these cells and
increases their rate of proliferation [34]. HeLa cells were employed
because of their easy availability and the difficulty in obtaining
primary cultures representative of cervix. Also, these two cell types
have the advantage that they are rapidly growing cells. Hence, the
experiments can be easily replicated and large number of data can
be easily generated.

Results show the effect of T. cordifolia extract on the viability
and growth of breast adenocarcinoma cell line MCF-7 and cer-
vical adenocarcinoma cell line HeLa as determined by MTT assay
and crystal violet test (Fig. 1). No significant changes in growth
was observed in MCF-7 and HeLa cells treated with the plant
extract (12.5, 25, 50, 75 and 100 mg/ml) as compared to control
in both assays. This indicates that T. cordifolia is devoid of any
pro proliferative or anti-proliferative effects on breast and cer-
vical cells and hence cannot be an endocrine disruptor. This also
implies that the active compound in T. cordifolia which contrib-
utes for its osteoprotective effect might act as a Selective Es-
trogen Receptor Modulator (SERM's) exhibiting prostimulatory
agonistic effects on the bone and non-stimulatory on repro-
ductive organs.

A detailed literature search for the presence of estrogenic
compounds in T. cordifolia indicated that it possess an ecdyste-
roid 20 hydroxyecdysone also called as b-ecdysone which has
been reported to exhibit pro estrogenic effects on the bone [35].
To confirm the prostimulatory estrogenic effects of b-ecdysone
on osteoblast cells, MTT assay and crystal violet test were
performed.

Figs. 2 and 3 shows the effect of b-ecdysone on proliferation of
osteoblast model systems in vitro as assessed by MTT assay and
crystal violet test. In both the assays, doses of b-ecdysone ranging
from 0.1 mg/ml e 5 mg/ml showed a statistically significant increase
in the proliferation of osteoblasts as compared to control
(P < 0.001) and treatment with 0.1 mg/ml of b-ecdysone resulted in
maximum proliferation of osteoblasts in both the model systems
used. The higher doses (12.5 mg/ml e 25 mg/ml) showed less sig-
nificant or non-significant effect on the growth of osteoblasts as
compared to control. Hence, it was concluded that b-ecdysone
induced proliferation of osteoblasts in vitro on MG-63 and primary
osteoblasts at low doses. The observed results are in agreement
with the earlier studies which demonstrated that b-ecdysone
Fig. 1. Effect of T. cordifolia on the growth of MCF-7 and HeLa cells. Figure shows
the growth and viability of untreated (control) and T. cordifolia (12.5e100 mg/ml)
treated cells. Absorbance for MTT assay is 570 nm and for crystal violet test is 540 nm.
Concentration is expressed as mg/ml of the extract. Values were expressed as
mean ± SD (n ¼ 6). Comparisons were made between control Vs other groups. NS e

non significant.
exhibited osteoprotective effects [36,37] induced the osteogenic
differentiation in mouse mesenchymal stem cells [38] and in hu-
man periodontal ligament stem cells [39].
3.2. Effect of T. cordifolia on biochemical parameters in vivo

Liver function tests viz. assay of aspartate transaminase (AST or
SGOT) and alanine transaminase (ALT or SGPT) activity are
routinely monitored in preclinical assessment of test compounds.
These parameters serve as an index to assess the degree of hepa-
tocellular injury and resultant hepatic dysfunction inflicted on the
model system by the test substances. In addition, biochemical tests
like estimation of urea and creatinine levels provide a precise idea
about the influence of such test substances on renal function.
Estimation of glucose and cholesterol levels indicate any distur-
bance in carbohydrate and lipid metabolism respectively. Hence, in
the current investigation, assay of activities of AST, ALT and deter-
mination of the levels of urea, creatinine, glucose and total
cholesterol was carried out in the control and experimental groups
of animals to have an idea about the effects of T. cordifolia extract
in vivo.

Table 1 shows the effect of administration of T. cordifolia extract
on the biochemical parameters analyzed in the control and
Fig. 3. Effect of b-ecdysone on the growth of primary osteoblasts. Figure shows the
growth and viability of untreated (control) and b-ecdysone (0.1e25 mg/ml) treated
primary osteoblasts. Absorbance for MTT assay is 570 nm and for crystal violet is
540 nm. Concentration is as mg/ml of the extract. Values were expressed as mean ± SD
(n ¼ 6). Comparisons were made between control Vs other groups. ***P < 0.001,
**P < 0.01 and NS e non significant.



Table 1
Effect of ethanolic extract of T. cordifolia on biochemical parameters.

Groups
(mg/kg bd.wt)

Glucose (mg/dl) Urea (mg/dl) Creatinine (mg/dl) Cholesterol (mg/dl) AST (IU/L) ALT (IU/L)

Control 90.26 ± 5.1 35.14 ± 5.1 0.85 ± 0.07 71.11 ± 4.2 10.13 ± 1.44 16.39 ± 1.95
100 82.78 ± 6.5* 29.17 ± 4.5* 0.79 ± 0.04NS 71.07 ± 5.1NS 9.43 ± 1.32NS 17.67 ± 2.78NS

250 84.24 ± 6.4NS 32.34 ± 4.2NS 0.80 ± 0.02NS 73.65 ± 4.8NS 10.29 ± 0.95NS 17.83 ± 2.04NS

500 84.38 ± 6.3NS 33.77 ± 5.1NS 0.83 ± 0.03NS 75.22 ± 6.8NS 10.66 ± 1.77NS 19.55 ± 2.05*
750 86.12 ± 4.4NS 35.19 ± 5.6NS 0.89 ± 0.02NS 75.56 ± 3.8NS 11.45 ± 1.45NS 20.54 ± 2.33**
1000 87.33 ± 4.1NS 35.55 ± 3.9NS 0.94 ± 0.07* 78.73 ± 7.1* 12.71 ± 1.64* 20.77 ± 2.56**

Values were expressed as mean ± SD (n ¼ 6). Comparisons were made between control Vs other groups. **P < 0.01, *P < 0.05 and NS e non significant.

Fig. 4. Effect of T. cordifolia on tissue architecture. Fig. A e depicts the hematoxylin
and eosin stained sections of bone from control rat and rat treated with 1000 mg/kg
bd.wt of T. cordifolia showing normal architecture. Fig. B e depicts the hematoxylin and
eosin stained section of heart from control rat and rat treated with 1000 mg/kg bd.wt
showing normal architecture. Fig. C e depicts the hematoxylin and eosin stained
section of liver from control rat and rat treated with 1000 mg/kg bd.wt showing signs
of hepatotoxicity (shown in circle). Fig. D e depicts the hematoxylin and eosin stained
section of kidney from control rat and rat treated with 1000 mg/kg bd.wt showing
signs of nephrotoxicity (shown in circle).
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experimental group of animals. Nonsignificant changes were
observed in all the biochemical parameters studied in the group of
rats treated with low concentrations of T. cordifolia extract
(100e250 mg/kg body.wt/day for 30 days) as compared to the
untreated control rats. Rats administered with 500 mg/kg body.wt/
day of the extract for 30 days also showed non-significant changes
when comparedwith the control rats except for amarginal increase
in alanine transaminase activity (P < 0.05). But treatment with
higher doses viz. 750 mg/kg body.wt/day and 1000 mg/kg body.wt/
day for 30 days resulted in statistically significant increase in ALT
levels as compared to control (P < 0.01). Besides this, treatment
with 1000 mg/kg body.wt/day of T. cordifolia extract for 30 days,
also caused an increase in the activities of AST and levels of creat-
inine as compared to control (P < 0.05). This indicates that sub-
acute administration of T. cordifolia extract did not exert any un-
desirable toxic effects on the animals at low doses but induced
nephrotoxicity and hepatotoxicity at higher doses. This is the first
report implicating the toxic effects of T. cordifolia at higher doses in
animals and imply that caution need to be exercised in prescribing
higher doses of T. cordifolia in humans. There is a possibility that the
toxic effects observed could be species specific. Further studies on
human hepatocytes and renal cells could throw more light per-
taining to the toxic effects of T. cordifolia.

3.3. Effect of T. cordifolia on tissue architecture e histopathology
analysis

Fig. 4 shows the result of histopathology analysis of different
tissues in the control and experimental groups of rats. The results
of histopathology studies confirmed the results obtained with
biochemical studies. Bone and heart sections from rats treated
with 1000 mg/kg body.wt of T. cordifolia showed no signs of
abnormality and toxicity. Tissue sections of liver and kidney of
rats treated with 1000 mg/kg body.wt for 30 days showed signs
of hepatotoxicity and nephrotoxicity (inflammatory changes)
respectively. This again confirmed that sub-acute administration
of T. cordifolia extract did not exert any undesirable toxic effects
on the animals at low doses but induced nephrotoxicity and
hepatotoxicity at higher doses.

3.4. Phytochemical analysis of T. cordifolia

The positive results on osteogenesis obtained with T. cordifolia
extract on in vitro models prompted to explore the phytochemical
constituents present in the extract. This was to have a better un-
derstanding about themechanisms of action of the plant. Generally,
it is presumed that compounds which have estrogen mimicking
actions might possess a steroidal backbone in its structure. It is well



Fig. 5. FTIR analysis. The figure represents the FTIR spectra of the b-ecdysone con-
taining peak of the T. cordifolia extract showing the hydroxyl absorption at ~3500 cm
and carbonyl absorption at ~1645 cm as compared to the reference spectrum of b-
ecdysone retrieved from spectral library.
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known that b-ecdysone also known as 20-hydroxyecdysone re-
ported [35] to be present in T. cordifolia is a steroid and hence is
highly soluble in chloroform. The chloroform soluble fraction of
T. cordifolia was prepared to solubilize b-ecdysone and tested
qualitatively by Salkowski's test. Thin-layer chromatography (TLC)
analysis showed the presence of green spots with the same Rf value
(0.72) in the samples corresponding to standard b-ecdysone and
chloroform soluble fraction of T. cordifolia respectively thereby
confirming the presence of b-ecdysone in the extract.

Fig. 5 shows the results of FT-IR analysis of T. cordifolia extract.
The FT-IR spectrum of the main eluting peak for the plant extract
Fig. 6. LC-ESI-MS analysis. The figure A shows the LC-ESI-MS analysis of TLC purified
fraction of T. cordifolia. The figure B shows the LC-ESI-MS analysis of standard b-
ecdysone. Both gave a protonated molecular ion of m/z 481.1, thus confirming that the
molecular mass of TLC purified T. cordifolia fraction containing b-ecdysone is same as
the standard b-ecdysone.
also showed a strong absorption at ca. 1645 cm and 3500 cm, with
similarities in the fingerprint region to 20-hydroxyecdysone
(b-ecdysone). The quality of the spectrum obtained enabled the
identification of the material in the extract as b-ecdysone when
searched against a reference spectral library, giving a very good
match of 92% to the reference spectrum for b-ecdysone.

Fig. 6 shows the results of LC-ESI-MS analysis. The calcu-
lated molecular mass of b-ecdysone is 480. The optimization
of the LC-ESI-MS conditions was carried out by infusion of the
individual standard solutions at the concentration levels of
1 mg/mL for TLC purified T. cordifolia fraction containing b-
ecdysone and 2 mg/ml for b-ecdysone in electrospray ioniza-
tion (ESI) positive mode. Both gave a protonated molecular ion
of m/z 481.1, thus confirming that the molecular mass of TLC
purified T. cordifolia fraction containing b-ecdysone is same as
the standard b-ecdysone. Hence, put together, the results of
phytochemical analysis confirmed the presence of b-ecdysone
in T. cordifolia.

Estrogen replacement therapy (ERT) is recommended for
postmenopausal women primarily for reduction of menopausal
symptoms and prevention of osteoporosis. However, only 35%e
40% of women ever start ERT, and many do not continue it. Con-
ventional ERT drugs, especially diethylstilbestrol, have been
shown to cause serious side effects including stroke, gallbladder
disease and certain types of cancer. Because of this, there is
increasing interest in the use of plant-derived estrogens, also
known as phytoestrogens.

In the current study, the results of phytochemical screening
indicated the presence of a phytoestrogen b-ecdysone in
T. cordifolia. MTT assay and crystal violet test carried out on
MG-63 cells and primary osteoblasts proved that b-ecdysone
has prostimulatory effects on osteoblast cells. The absence of
T. cordifolia

β -ecdysone

Selective Estrogen Receptor Modulation

Breast Cells MCF-7Osteoblasts Cervical Cells HeLa

No influence on growthInteraction with ER 
(pro-estrogenic)

Absence of agonistic 
effects

Non estrogenic in breast 
and cervix

Increased Type I 
collagen, Runx 2, ALP, 

Osteoclacin, 
Mineralisation

Increased osteogenesis

Fig. 7. Probable mechanism of action.
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prostimulatory effects of T. cordifolia extract on MCF-7 and HeLa
cells indicate that the osteoprotective principle of T. cordifolia
might act as a selective estrogen receptor modulator exerting
growth stimulatory effects only on the bone and not on the
reproductive organs.

Therefore, based on the results obtained, b-ecdysone an
ecdysteroid is proposed as the active principle in T. cordifolia
extract which is responsible for triggering the proliferation/dif-
ferentiation of osteoblasts, modulating the expression of genes
regulating osteoblastogenesis and thereby probably accounts for
its anti-osteoporotic effects. It is proposed for the first time
that T. cordifolia extract could act as a Selective Estrogen Receptor
Modulator (SERM) (Fig. 7). T. cordifolia extract containing the
phytoestrogen b-ecdysone has immense potential to be devel-
oped into a promising anti-osteoporotic drug in postmenopausal
women.

4. Conclusion

T. cordifolia could act as a selective estrogen receptor modulator
eliciting prostimulatory effects on the bone and not on the repro-
ductive organs like breast or cervix. Hence T. cordifolia could be a
potential/probable anti-osteoporotic candidate. Low doses of
T. cordifolia is devoid of any undesirable toxic effects in animal
models whereas high doses were found to be both hepatotoxic and
nephrotoxic. Also, it is proposed that the phytoestrogen b-ecdysone
could be the active component responsible for the bone protective
properties of T. cordifolia.

Sources of funding

UGC Grant No: F.No. 36-46/2008 to Dr. M. Sreepriya.

Conflict of interest

None.

References

[1] Gambacciani M, Spinetti A, de Simone L, Cappagli B, Maffei S, Taponeco F, et al.
The relative contributions of menopause and aging to postmenopausal
vertebral osteopenia. J Clin Endocrinol Metab 1993;77:1148e51.

[2] Gambacciani M, Ciaponi M. Postmenopausal osteoporosis management. Curr
Opin Obstet Gynecol 2000;12:189e97.

[3] Christiansen C, Lindsay R. Estrogens, bone loss and preservation. Osteoporos
Int 1990;1:7e13.

[4] Cauley JA, Robbins J, Chen Z, Cummings SR, Jackson RD, LaCroix AZ, et al.
Effects of estrogen plus progestin on risk of fracture and bone mineral
density: the Women's Health Initiative randomized trial. JAMA 2003;290:
1729e38.

[5] Jackson RD, Shidham S. The role of hormone therapy and calcium plus
vitamin D for reduction of bone loss and risk for fractures: lessons
learned from the Women's Health initiative. Curr Osteoporos Rep
2007;5:153e9.

[6] Manson JE, Hsia J, Johnson KC, Rossouw JE, Assaf AR, Lasser NL, et al. Estrogen
plus progestin and the risk of coronary heart disease. N Engl J Med 2003;349:
523e34.

[7] Gennari L, Merlotti D, Valleggi F, Martini G, Nuti R. Selective estrogen receptor
modulators for postmenopausal osteoporosis: current state of development.
Drugs Aging 2007;24:361e79.

[8] Komm BS, Mirkin S. An overview of current and emerging SERMs. J Steroid
Biochem Mol Biol 2014;143:207e22.

[9] Mitlak BH, Cohen FJ. Selective estrogen receptor modulators: a look ahead.
Drugs 1999;57(5):653e63.

[10] Sinha K, Mishra NP, Singh J, Khanuja SPS. Tinospora cordifolia (Guduchi), a
reservoir plant for therapeutic applications; a review. Indian J Tradit Know
2004;3(3):257e70.
[11] Chakraborty MK, Bhattacharjee A. Some common ethnomedicinal uses for
various diseases in Purulia district, West Bengal. Indian J Tradit Know 2006;5:
554e8.

[12] Banu J, Varela E, Fernandes G. Alternative therapies for the prevention and
treatment of osteoporosis. Nutr Rev 2012;70(1):22e40.

[13] Upadhyay AK, Kumar K, Kumar A,Mishra HS. Tinospora cordifolia (Willd.) Hookf.
and Thoms. (Guduchi) e validation of the Ayurvedic pharmacology through
experimental and clinical studies. Int J Ayurveda Res 2010;1(2):112e21.

[14] Zaidi M, Datta HK, Patchell A, Moonga B, MacIntyre I. ‘Calcium activated’
intracellular calcium elevation: a novel mechanism of osteoclast regulation.
Biochem Biophys Res Commun 1989;163(3):1461e5.

[15] Sugimoto T, Kanatani M, Kano J, Kaji H, Tsukamoto T, Yamaguchi T, et al.
Effects of high calcium concentration on the functions and interactions of
osteoblastic cells and monocytes and on the formation of osteoclast-like cells.
J Bone Min Res 1993;8(12):1445e52.

[16] Quarles LD, Hartle JE, Middleton JP, Zhang J, Arthur JM, Raymond JR. Aluminum-
induced DNA synthesis in osteoblasts: mediation by a G-protein coupled cation
sensing mechanism. J Cell Biochem 1994;56(1):106e17.

[17] Abiramasundari G, Sumalatha KR, Sreepriya M. Effects of Tinospora cordifolia
(Menispermaceae) on the proliferation, osteogenic differentiation and
mineralization of osteoblast model systems in vitro. J Ethnopharmacol
2012;141(1):474e80.

[18] Abiramasundari G, Mohan Gowda CM, Pampapathi G, Praveen S,
Shivamurugan S, Vijaykumar M, et al. Ethnomedicine based evaluation of
osteoprotective properties of Tinospora cordifolia on in vitro and in vivo model
systems. Biomed Pharm 2017;87:342e54.

[19] Dwivedi V, Shrivastava R, Hussain S, Ganguly C, Bharadwaj M. Comparative
anticancer potential of clove (Syzygium aromaticum)-an Indian spice-against
cancer cell lines of various anatomical origin. Asian Pac J Cancer Prev
2011;12(8):1989e93.

[20] Bard DR, Dickens MJ, Smith AU, Zarek JM. Isolation of living cells from mature
mammalian bone. Nature 1972;236(5345):314e5.

[21] Thomas CB, Kellam JF, Burg KJL. Comparative study of bone cell culture
methods for tissue engineering applications. In: Schutte E, Picciolo GL,
Kaplan DS, editors. Tissue engineered medical products. West Conshohocken
PA: ASTM International; 2004. p. 100e19.

[22] Zhu H, Guo ZK, Jiang XX, Li H, Wang XY, Yao HY, et al. A protocol for isolation
and culture of mesenchymal stem cells from mouse compact bone. Nat Protoc
2010;5(3):550e60.

[23] Vasiliev AV, Kiseliov IV, Ivanov AA, Fedonov DN, Smirnov SV, Terskikh VV.
Preservation of human skin: viability criteria. Ann Burns Fire Disasters
2002;15:1e9.

[24] Mosmann T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Methods
1983;65(1e2):55e63.

[25] Lena A, Rechichi M, Salvetti A, Bartoli B, Vecchio D, Scarcelli V, et al. Drugs
targeting the mitochondrial pore act as cytotoxic and cytostatic agents in
temozolomide resistant glioma cells. J Transl Med 2009;7:13.

[26] Kaplan LA. Carbohydrates and metabolites. In: Kaplan LA, Pesce AJ, editors.
Clinical chemistry, theory, analysis and correlation. New York: Mosby CV Co;
1984. p. 1032e5.

[27] Herbert K. Lipids. In: Kaplan LA, Pesce AJ, editors. Clinical chemistry: theory,
analysis and co-relation. Toronto: Mosby CV Co; 1984. 1182e30.

[28] Murray RL. Nonprotein compounds in clinical chemistry: theory, analysis and
corelation. In: Kaplan LA, Pesce AJ, editors. Clinical chemistry. Toronto: Mosby
CV Co; 1984. p. 1230e68.

[29] Broad J, Sirota JH. Renal clearance of endogenous creatinine in man. J Clin
Investig. 1948;27:645e54.

[30] Bergmeyer HU, Bowers GN, Horder M, Moss DW. Provisional recommenda-
tions on IFCC methods for the measurement of catalytic concentrations of
enzymes. Part 2. IFCC method for aspartate aminotransferase. Clin Chim Acta
1976;70(2):19e29.

[31] Bergmeyer HU, Horder M, International Federation of Clinical Chemistry.
Scientific Committee. Expert panel on enzymes. IFCC document stage 2, draft
1; 1979-11-19 with a view to an IFCC recommendation. IFCC methods for the
measurement of catalytic concentration of enzymes. Part 3. IFCC method for
alanine aminotransferase. J Clin Chem Clin Biochem 1980;18(8):521e34.

[32] Murray RL. Alanine aminotransferase. In: Kaplan LA, Pesce AJ, editors. Clinical
chemistry: theory, analysis, and correlation. St. Louis: Mosby CV Co; 1989.
p. 895e8.

[33] Fischer AH, Jacobson KA, Rose J, Zeller R. Hematoxylin and eosin staining of
tissue and cell sections. Cold Spring Harb Protoc 2008;3(5):4986.

[34] Vickers PJ, Dickson RB, Shoemaker R, Cowan KH. A multidrug-resistant MCF-7
human breast cancer cell line which exhibits cross-resistance to antiestrogens
and hormone-independent tumor growth in vivo. Mol Endocrinol 1988;2(10):
886e92.

[35] Singh SS, Pandey SC, Srivastava S, Gupta VS, Patro B, Ghosh AC. Chemistry and
medicinal properties of Tinospora cordifolia (Guduchi). Indian J Pharmacol
2003;35:83e91.

http://refhub.elsevier.com/S0975-9476(16)30401-6/sref1
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref1
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref1
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref1
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref2
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref2
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref2
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref3
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref3
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref3
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref4
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref4
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref4
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref4
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref4
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref5
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref5
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref5
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref5
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref5
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref6
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref6
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref6
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref6
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref7
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref7
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref7
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref7
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref8
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref8
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref8
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref9
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref9
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref9
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref10
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref10
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref10
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref10
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref11
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref11
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref11
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref11
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref12
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref12
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref12
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref13
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref13
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref13
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref13
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref13
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref14
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref14
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref14
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref14
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref15
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref15
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref15
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref15
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref15
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref16
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref16
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref16
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref16
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref17
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref17
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref17
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref17
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref17
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref18
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref18
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref18
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref18
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref18
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref19
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref19
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref19
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref19
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref19
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref20
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref20
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref20
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref21
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref21
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref21
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref21
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref21
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref22
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref22
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref22
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref22
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref23
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref23
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref23
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref23
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref24
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref24
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref24
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref24
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref24
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref25
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref25
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref25
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref26
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref26
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref26
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref26
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref27
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref27
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref27
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref28
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref28
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref28
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref28
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref29
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref29
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref29
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref30
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref30
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref30
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref30
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref30
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref31
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref31
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref31
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref31
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref31
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref31
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref32
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref32
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref32
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref32
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref33
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref33
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref34
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref34
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref34
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref34
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref34
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref35
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref35
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref35
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref35


G. Abiramasundari et al. / Journal of Ayurveda and Integrative Medicine 9 (2018) 161e168168
[36] Seidlova-Wuttke D, Christel D, Kapur P, Nguyen BT, Jarry H, Wuttke W. Beta-
ecdysone has bone protective but no estrogenic effects in ovariectomized rats.
Phytomedicine 2010;17(11):884e9.

[37] Kapur P, Wuttke W, Jarry H, Seidlova-Wuttke D. Beneficial effects of beta-
Ecdysone on the joint, epiphyseal cartilage tissue and trabecular bone in
ovariectomized rats. Phytomedicine 2010;17(5):350e5.
[38] Gao L, Cai G, Shi X. Beta-ecdysterone induces osteogenic differentiation in
mouse mesenchymal stem cells and relieves osteoporosis. Biol Pharm Bull
2008;31:2245e9.

[39] Jian CX, Liu XF, Hu J, Li CJ, Zhang G, Li Y, et al. 20-hydroxyecdysone-induced
bone morphogenetic protein-2-dependent osteogenic differentiation through
the ERK pathway in human periodontal ligament stem cells. Eur J Pharmacol
2013;698:48e56.

http://refhub.elsevier.com/S0975-9476(16)30401-6/sref36
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref36
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref36
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref36
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref37
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref37
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref37
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref37
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref38
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref38
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref38
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref38
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref39
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref39
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref39
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref39
http://refhub.elsevier.com/S0975-9476(16)30401-6/sref39

	Selective Estrogen Receptor Modulator and prostimulatory effects of phytoestrogen β-ecdysone in Tinospora cordifolia on ost ...
	1. Introduction
	2. Materials and methods
	2.1. Plant material
	2.1.1. Standardisation of the plant extract – quantitative standards
	2.1.2. Procurement of β-ecdysone
	2.1.3. Preparation of drug stock

	2.2. In vitro model systems
	2.2.1. Procurement and maintenance of MCF-7 and HeLa cells
	2.2.2. Procurement and maintenance of human osteoblast cells MG-63
	2.2.3. Isolation of osteoblasts from rat femur and maintenance of primary culture
	2.2.4. Studies on cell viability and growth

	2.3. In vivo model systems
	2.3.1. Animals
	2.3.2. In vivo toxicology studies
	2.3.3. Histopathology analysis

	2.4. Phytochemical analysis of T. cordifolia
	2.4.1. FTIR analysis
	2.4.2. LC-ESI-MS analysis

	2.5. Statistical analysis

	3. Results and discussion
	3.1. Effect of T. cordifolia on growth of breast and cervical carcinoma cells
	3.2. Effect of T. cordifolia on biochemical parameters in vivo
	3.3. Effect of T. cordifolia on tissue architecture – histopathology analysis
	3.4. Phytochemical analysis of T. cordifolia

	4. Conclusion
	Sources of funding
	Conflict of interest
	References


