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Amid the numerous health concerns faced by the world, osteoporosis a silent epidemic is a major health
concern, since it affects millions of people all around the world. Recognizing the limited treatment options
for osteoporotic patients, along with their long-term use safety concerns, our research group focused
on investigating efficacious, inexpensive and safe alternative therapies for osteoporosis. Investigating
the osteogenic potential of CQ, our research group previously reported osteogenic stimulatory effects
of CQ (hexane fraction). The present study explores anti-resorptive effects of CQ-H on bones. We
utilized RAW264.7 murine macrophage cell line as osteoclast precursors, and resveratrol (RSV) as a
standard for its anti-osteoclast activity. Upon RANK-L induction of RAW264.7 cells to differentiate into
osteoclasts, we found 10ng/ml CQ-H as most efficacious concentration for inhibiting osteoclastogenesis
with 57.8% inhibition of TRAP activity. Whereas, in comparison 20ng/ml RSV showed 49.9% inhibition
of TRAP activity. Expression of osteoclast marker genes such as NFATc1, ACP-5, CTSK, MMP-9 and
CTR corroborated our results. Distinct downregulation of marker genes was observed in CQ-H and RSV
treated differentiated cells compared to the positive control. Moreover, the downregulation was enhanced
in CQ-H treated osteoclasts compared to RSV treatment. This study presents in vitro findings on the
osteoclast inhibition activity of CQ and provide evidence of anti-osteoporotic therapeutic property of CQ.
Further studies on isolation and functional characterization of active compounds of signaling pathways
that mediate osteoclastogenesis will contribute further insights on the anti-osteoporotic therapeutic
activity of CQ.
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one remodeling is a continuous, complex, and
physiologically coordinated process primarily
involving properly functioning osteoblasts cells that form
bone and osteoclasts cells that resorb bone in order to
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maintain structural integrity of the bones, maintain healthy
bone mass, and regulate mineral homeostasis (Hadjidakis
and Androulakis, 2006; Raggatt and Partridge, 2010).
Several factors and signaling pathways are involved in
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spectrophotometry; HMBS, hydroxymethylbilane synthase; MMP-9,
matrix metalloproteinase – 9; MTT, 3-4,5-dimethylthiazol-2-yl-2,5-diphenyl tetrazolium bromide; NBF, neutral buffer formalin; NFATc1, nuclear factor of activated T cells 1; NR, neutral red; PBS, phosphate buffer
saline; RANK-L, receptor activator of nuclear factor kappa-Β ligand;
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the process of bone remodeling, however, disruptions in
the process can occur as a result of hormonal fluctuations,
imbalance of growth or inflammatory factors, age, cancer,
or menopause. Such disruptions in the normal functionality
of the bone remodeling process can result in reduced bone
mass and weakening of bones, a condition designated
Osteoporosis (Kong and Penninger, 2000).
Osteoporosis is a major health challenge that affects
millions of people worldwide with incidences of fractures
at every 3 seconds (Tabatabaei-Malazy et al., 2017). Most
treatment options for osteoporosis focus on reducing the rate
of bone resorption and limited therapies focus on restoring
bone formation. Treatment options for osteoporosis
include hormone therapies such as SERMs, estrogen
replacement, calcitonin, and PTH peptides, RANK-L
antibodies, bisphosphonates, Cathepsin K inhibitors and
nutritional supplements (Tabatabaei-Malazy et al., 2017;
Mishra et al., 2010; Sozen et al., 2017). However, despite
the limited effectiveness of these therapies, all have side
effects that include vaginal bleeding, breast tenderness,
irregular menstruation and cancer (Mishra et al., 2010;
Yang et al., 2011). Consequently, there is a requirement to
investigate alternative treatments for osteoporosis that are
both efficacious and have limited side effects.
Cissus quadrangularis (CQ; common name:
Haddjod) is a straggling shrub belonging to Vitaceae plant
family. Native to hot tropical climate such as Pakistan,
India, China, Thailand, Malaya, Java, Bangladesh, Africa,
Philippines, and Sri-Lanka, the herb is well known in
ayurvedic literature for its pharmacological properties
especially healing bone fractures, as implied by the
common name (Vijayakumar, 2005; Rao et al., 2011;
Sen and Dash, 2012). Studies have reported presence
of over eighty bioactive phytochemical compounds
such as resveratrol, quercetin, carotenes, tannins,
vitamins, minerals, ascorbic acid, steroids, flavonoids
and stilbenoids, all of which collectively attribute to
medicinal properties of CQ (Rao et al., 2011; Bhutani et
al., 1984; Gupta and Verma, 1990, 1991; Kumar et al.,
2010, 2012, 2019; Mehta et al., 2001; Eswaran et al.,
2012; Chanda et al., 2013; Pathomwichaiwat et al., 2015;
Bafna et al., 2021; Singh et al., 2007). Resveratrol (RSV),
a polyphenolic compound, and its derivatives have been
reported as a predominant compound in CQ (Thakur et
al., 2009; Adesanya et al., 1999; Patil et al., 2019), and
has been reported for its osteogenic (Shakibaei et al.,
2011, 2012; Tseng et al.., 2011; Mizutani et al., 1998) and
osteoclast inhibition (He et al., 2010; Boissy et al., 2005)
properties. Studies on mice models have also indicated
anti-osteoporotic property of RSV (Habold et al., 2011;
Liu et al., 2005; Mizutani et al., 2000; Pearson et al.,
2008; Gabbay et al., 2010). Therefore, RSV was used as a
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standard for osteoclast inhibitory activity in present study.
Evidence of an anti-osteoporotic property for CQ has
been reported in numerous in-vivo studies (Shirwaikar et
al., 2003; Potu et al., 2009, 2010; Guerra et al., 2019) and
clinical studies (Jain et al., 2008; Gupta et al., 2018; Singh
et al., 2011, 2013). However, to best of our knowledge,
the in-vitro osteoclast inhibition activity of CQ has not
been reported. The present study is the first attempt from
our research group to investigate the in-vitro osteoclast
inhibitor activity of CQ in order to establish its potential
therapeutic anti-osteoporotic property. We used the
murine macrophage cell line RAW264.7 as pre-osteoclast
precursor cells which, upon induction with RANK-ligand,
fuses to form large, multinucleated cells that stain positive
for tartrate resistant acid phosphatase (TRAP) and express
osteoclast marker genes that include NFATc1, cathepsin K,
metalloproteinase 9, and calcitonin receptor. Our results
indicate that CQ is more efficacious compared to RSV
to inhibit osteoclast differentiation, thereby providing
evidence for its anti-osteoporotic therapeutic potential.
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MATERIALS AND METHODS

Chemicals and reagents
The biological reagents for in vitro experiments
utilized in present study were acquired from Thermofisher
Scientific (Carlsbad, CQ, USA). The chemical reagents
were acquired from Sigma Aldrich (Merck) KGaA,
Darmstadt, Germany). Other consumables were acquired
from SPL Life Sciences Co. Ltd (Korea) and Nunc (Nunc
Cell Culture, Thermofisher Scientific, CA, USA), unless
stated otherwise. All experiments were conducted with
technical and biological replicates.
Raw264.7 murine macrophage cell culture
The mouse macrophage cell line RAW264.7
(ATCC® TIB-71) is capable of fusing to form TRAP
positive multinucleated cells that exhibit osteoclast-like
characteristics. The cell line was procured from American
Type Culture Collection (ATCC; Manassas, Virginia.
USA). The cells were maintained in complete growth
medium i.e., alpha MEM medium (without ascorbic acid;
Hyclone Laboratories, Inc), 1% penicillin/ streptomycin
(cat# 15140122), 2mM L-glutamine (cat# 21051024), and
10% fetal bovine serum (FBS; cat# SH30071.03); under
standard culture conditions i.e., 37oC, 5% CO2, humidified
conditions. Raw 264.7 cells grew in the form of colonies.
Upon 60–70% confluence, the cells were sub-cultured and
used for further experimentation. Cells of passage number
6–16 were used for all experiments. For cell viability/
metabolic activity/ proliferation and growth curve analysis,
cells were seeded at 3000/cm2 density. For differentiation,
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assay (BrdU cell proliferation kit Roche Pakistan, cat#
11647229001) and 3-4, 5-dimethylthiazol-2-yl-2,5diphenyl tetrazolium bromide (MTT; cat# M6494)
assay were performed to analyze cell proliferation and
metabolic activity, respectively following manufacturer’s
instructions. After 24h seeding, the cells were treated with
CQ-H (0.1, 1.0, 10 ng/ml) and RSV (2, 20, and 200 ng/
ml) up to 72h with media change every 48h. Control cells
were treated with complete medium with 0.05% DMSO.
The absorbance of cells was read at 450 and 570nm,
respectively, using BioTek Elx808 ELISA reader.

12000/cm2 seeding density was used.
Preparation of standard and CQ-H solutions
The fractionation of ethanolic extract of CQ herb and
preparation of CQ-H stock and working solutions was
performed as previously described by our research group
(Toor et al., 2019, 2020). The non-cytotoxic working
concentrations of CQ-H fraction (0.1, 1.0, 10 ng/ml)
explored for their osteogenic potential in our previous study
(Toor et al., 2019) were further explored for their effects
on the growth, viability, and osteoclast differentiation of
RAW264.7 cells.
Resveratrol (Sigma-Aldrich cat# R5010) was utilized
as a standard for comparison of anti-osteoporotic activity
of CQ-H. The stock solution of 40mg/ml was prepared in
DMSO, which was further diluted to 4, 0.4, 0.04, 0.004,
and 0.0004 mg/ml working stock solutions. The working
concentrations of RSV (20, 2, 0.2, 0.02, 0.002, 0.0002
µg/ml) were prepared by adding 0.5µl/ml of the working
stock solutions into the complete growth medium. The
concentration of DMSO was maintained at 0.05%.
Cell viability, proliferation, and growth kinetics
To examine the effect of CQ-H and RSV on the
viability, proliferation, and growth parameters of
RAW264.7 cells, the cells were seeded in triplicates at the
density of 3000 cells/cm2 in 24-well plates (cat# 142475)
in independent experiments. In order to analyze the cell
viability, neutral red assay was performed as described by
Repetto et al. (2008). The assay is based on the principal
that the cells lysosomes uptake the vital dye i.e., neutral
red (cat# N4638), the amount of dye up-taken by the cells
is directly proportional to the number of viable cells. The
control cells were treated with complete growth medium
supplemented with 0.05% DMSO, whereas, treated cells
were fed with complete medium supplemented with
0.1, 1, and 10 ng/ml CQ-H and 20, 2.0, 0.2, 0.02, 0.002,
0.0002µg/ml RSV. Absorbance was taken using BioTek
Elx808 reader at 570nm.
To study the effect of CQ-H and RSV on the growth
kinetics i.e., doubling time, specific growth rate of
RAW264.7 cells, the cells were treated with CQ-H (0.1,
1.0, 10 ng/ml) and RSV (2, 20, and 200 ng/ml) 24h after
seeding. Cells were scrapped and counted on day 1, 3, 5,
and 7 of treatment. Control cells were treated with 0.05%
DMSO supplemented medium. Medium was changed
every 48h. Logarithmic growth curve of cells number
against duration of treatment showing lag, log, stationery
and decline phase of cells was plotted on Microsoft
Excel 2019. Doubling time and specific growth rate were
calculated as explained by Butler (2004).
5-Bromo-2-deoxyuridine (BrdU) incorporation

O

i
l
n

e
n

3

Osteoclast differentiation
Raw 264.7 cells were cultured in 12-well cell culture
plates at density of 12000/cm2 in complete growth medium.
The cells were induced to differentiate into osteoclasts by
adding 10ng/ml RANK ligand (cat# R0525) supplemented
medium after 24 h. Complete growth medium with 0.05%
DMSO was used as control. Positive control cells were fed
with 10ng/ml RANK-L and 0.05% DMSO supplemented
medium. Induction medium containing non-cytotoxic
doses of CQ-H (0.1, 1, 10 ng/ml) and RSV (2, 20, and 200
ng/ml) was fed to the treated cultures for 72h. Medium
was changed after 48h. The cells were fixed for TRAP
staining and collected for TRAP activity estimation at the
end of differentiation. Trizol was added at different time
intervals until the end of differentiation for isolation of
RNA and quantification of gene expression of osteoclast
marker genes.
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TRAP staining and activity quantification
Differentiated RAW264.7 cells were fixed in 10% ice
cold NBF at 4oC for 20 min. The fixed cells were washed
thrice with distilled water. 0.013g naphthol AS MX-PO4
(cat # N4875) dissolved in 100µl N, N-DMF was added
to a solution prepared by mixing 0.025g fast red TS salt
and 0.025g sodium tartrate dibasic (cat # S4979) dissolved
in equal volume of 0.2 M tris HCl (pH 6) and distilled
water. The contents were filtered and added to the cells for
45 min at room temperature. Images of stained cells after
proper washing were taken using Eclipse TS-100 inverted
microscope at 4x and 10x magnification.
For estimation of TRAP activity, the differentiated
RAW264.7 cells were lysed using 200µl of 0.1% triton
X-100 (cat # T8787). 200µl TRAP solution (1mM ascorbic
acid, 0.1 M sodium acetate pH 5.8, 0.15 M KCl, 10mM
disodium tartrate and 10mM para-nitorphenyl phosphate)
was added to the cell lysate followed by 30 min incubation
at room temperature. 0.3M NaOH was used to terminate
the reaction. Absorbance was taken at 405nm using
BioTek-808 ELISA reader in a microplate. The activity of
TRAP was plotted with reference to positive control after
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normalizing with negative control.

Relative expression of osteoclast marker genes
Trizol was added to the differentiating cells at the time
of induction (t=0) and after 24, 48, and 72h of osteoclast
induction. Total RNA was extracted from the samples
following manufacturer’s instructions. After treatment
with DNase I (Ambion, ThermoFisher Scientific – Cat#
AM2222) and purification using PureLinkTM RNA mini
kit (Cat # 12183018A), RNA was quantified by Pico 200
Microliter Spectrophotometer (Picodrop™ by VWR
International, PA, USA). First strand cDNA synthesis kit
(Cat # K1622) was used to synthesize cDNA (2.5ng/µl)
and qPCR was performed using Maxima SYBR Green/
Rox qPCR master mix – 2x – (Cat # K0222) following
manufacturer’s instructions and using 500nm of optimized
forward and reverse primer sequences (Table I). The qPCR
profile was; initial denaturation = 95oC for 3min, 40 cycles
each of denaturation at 95oC for 30s, annealing/ extension at
60oC for 30s to amplify cDNA on PikoReal Real-Time PCR
system (ThermoFisher Scientific); final extension at 72oC
for 5 min. Melt curve was generated at 60–90oC with 0.2oC
increment. Hydroxymethylbilane synthase (HMBS) was
selected as housekeeping gene and was used to normalize
the expression of osteoclast marker genes such as AP5,
NFATc1, Cathepsin K (CTSK), Calcitonin receptor (CTR),
and MMP-9. Relative expression of osteoclast marker genes
was determined by delta-delta Ct method.
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Gas chromatography/ Mass spectrometry (GC-MS)
GC-MS analysis was performed to identify the
chemical constituents in CQ-H fraction. For sample
preparation, 10mg/ml solution of CQ-H was prepared in

n-hexane and was filtered through 0.22µm syringe filter
(MiniSart-16534-K).
GC-MS analysis was performed using GC (Clarus 500
Perkin Elmer Gas Chromatogram system) consisting of
AOC-20i auto-sampler and MS (Clarus 500 Perkin Elmer
Mass Spectrometer system) interfaced with silica capillary
column (30mm x 0.25mm I.D. x 1µm df, composed of
100% dimethylpolysiloxane). GC-MS was run with inlet
temperature of 250oC, oven temperature set at 110oC to
270oC with 4oC ramp, and ion source temperature set at
280oC. Sample (0.5µl) with 10:1 split ratio was injected
using micro-syringe with 99.999% helium as carrier gas
with flow rate of 1ml/min. Mass spectra were collected
using electron impact mode at 70eV, scan interval of 0.5
seconds and fragment size ranging from 45 to 450Da. The
profile run was of 41 min.
The identification of the compound(s) was carried
out based on the retention time and the mass spectrum of
unknown compound(s) with a library of known compounds
(NIST library). The spectrum of each unknown compound
was matched with that of known compound in the library
and compounds predicted based on the mass spectra that
matched the best with the unknown compound.
Statistical analyses
The graphs for each experiment were plotted using
Microsoft Excel 2019. For each experiment, mean ± SD
was calculated for technical and biological replicates.
One-way analysis of variance (ANOVA) along with
Dunnett’s test (for multiple comparison) with statistical
significance of p≤0.05 and confidence interval of 95% was
performed where required using GraphPad Prism (version
7.03) software.

Table I. Details of primers used for quantitative determination of relative expression of osteoclast marker genes by
real time PCR.
Primer ID
NFAT

Gene
Nuclear factor-activated T cell c1

ACP5

Acid phosphatase 5, Tartrate resistant

CTSK

Cathepsin K

CLR

Calcitonin rReceptor

MMP9

Matrix metalloproteinase 9

HMBS

Hydroxymethylbilane synthase

Sequence 5’ – 3’
F= GGAGCGGAGAAACTTTGCG
R= GTGACACTAGGGGACACATAACT
F= CACTCCCACCCTGAGATTTGT
R= CATCGTCTGCACGGTTCTG
F= GAAGAAGACTCACCAGAAGCAG
R= TCCAGGTTATGGGCAGAGATT
F= CATGCAGGTATGTCACAGGC
R= CTCATCTTCGGTTTGCGGAG
F= ATTCCCCAAATCCTGCCTCA
R= CCTCTTCCTTGGGCTTCTGA
F= AAGGGCTTTTCTGAGGCACC
R= AGTTGCCCATCTTTCATCACTG
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RESULTS
Analyses of cell viability and growth parameters
Previously, we reported non-cytotoxic concentrations
of CQ-H (0.1, 1, 10, and 100ng/ml) for MC3T3-E1 cells
(Toor et al., 2019). The same concentrations of CQ-H were
evaluated for their effect on the viability and growth of
RAW264.7 cells. Figure 1A shows the viability of cells
after treatment with the aforementioned concentrations
of CQ-H determined by neutral red assay. Treatment with
0.1ng/ml CQ-H exhibited 17% reduction (p≤0.05) in cell
viability whereas, treatment with 1, 10, and 100 ng/ml
CQ-H showed >90% cell viability. RSV was used as a
standard to explore anti-osteoclast activity of CQ-H in this
study. To determine the optimum concentrations of RSV,
cell viability was assessed in response to treatment with
0.0002, 0.002, 0.02, 0.2, 2, and 20µg/ml RSV. Figure 2A
shows the viability (%) of RSV treated cells. We observed
>90% cell viability (p≥0.05) for cells treated with 2, 20,
and 200 ng/ml whereas, other concentrations were noncytotoxic for the cells. The concentrations exhibiting >90%
cell viabilities were selected for further experimentation.
Growth curve of the cells treated with non-cytotoxic
concentrations of CQ-H (1, 10, and 100 ng/ml) and
RSV (2, 20, and 200 ng/ml) was generated by plotting
logarithmic values of number of cells against duration of
treatment. The growth curves of CQ-H and RSV treated
cells are shown in Figure 1B and 2B, respectively. The
images distinctly show different phases of growth cycle
such as lag phase, log phase, stationary phase, and decline
phase. Moreover, the growth curves of CQ-H and RSV
treated cells is comparable to the control indicating no
detrimental effect to the cells. Doubling time of control
cells in both cases was 18.2h with specific growth rate of
0.017. CQ-H treatment to the cells reduced the doubling
time to 17.8 (-2.2%),17.4 (-4.4%), and 17.4h (-2.2%)
with specific growth rates of 0.017, 0.018, and 0.017,
respectively for 1, 10 and 100 ng/ml concentrations of CQH, indicating slight increase in number of CQ-H treated
cells, however, statistical analyses revealed the difference
was not significant (p≥0.05). Similarly, doubling time
for RSV treated cells was calculated to be 18.5, 17.8,
and 18.4h with specific growth rate of 0.017 for all three
concentrations, which is comparable to the control cells.
Figure 1C shows the metabolic activity of the cells
treated with CQ-H. We observed that compared to control
cells, metabolic activity of 1 and 10 ng/ml CQ-H treated
cells was significant (p≤0.05) elevated i.e., 11.4% and
11.6%, respectively. The cells treated with 100ng/ml
CQ-H indicated 7% increased metabolic activity, however
the difference was not statistically significant compared
to the control cells. Treatment with RSV showed 5%, 4%
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Fig. 1. Effect of CQ-H on cell viability, growth parameters,
and proliferation of RAW264.7 cell line. The cells were
seeded at density of 3000 cells/cm2 in 24-well plates. The
control cells were fed with 0.05% DMSO supplemented
complete medium whereas, complete medium containing
1, 10, and 100 ng/ml CQ-H was fed to the treated cultures.
(A) Neutral red assay was performed for analysis of cell
viability. The cells were treated with CQ-H for 72h. Assay
was performed at 24h and 72h. Averages of values were
taken. (B) Growth curve was generated by treated cells
with CQ-H for 7 days and counting them on alternate days
(day 1, 3, 5, and 7). Logarithmic values of cell number
were plotted to reveal lag, log, stationery and decline phase
of cell growth. (C) MTT assay and (D) BrdU incorporation
assay was performed to analyze effect of CQ-H on the
metabolic activity and cell proliferation respectively. The
cells were seeded for up to 72h and assays were performed
at 24 and 72h. Averages of values were taken. Data are
represented as Mean ± SD of technical and biological
replicates for each experiment. For statistical analyses,
ANOVA with Dunnett’s test for multiple comparison
was performed using GraphPad Prism (v 7.03). (P≤0.05;
ns = not significant, * P≤0.05, **P≤0.01, ***P≤0.001,
****P≤0.0001).

and -13.3% (p≥0.05) metabolic activities compared to
control cells for 2, 20, and 200 ng/ml RSV treated cells
(Fig. 2C). Cell proliferation was measured as the amount
of BrdU incorporated into DNA during the cell cycle.
The colorimetric BrdU assay ELISA kit was utilized to
quantify cell proliferation in response to CQ-H and RSV
treatment. We observed 4.4, 2.4 and 7.2% reduction in cell
proliferation compared to control cells in 1, 10 and 100 ng/
ml CQ-H treated cells (Fig. 1D). The differences were not
statistically significant. Figure 2D shows proliferation of
RSV treated cells. We observed 21% (p≤0.05) elevated cell
proliferation in cells treated with 20 ng/ml RSV. However,
treatment with 2 and 200 ng/ml RSV showed -19.7%
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RANK-l induced differentiation of raw264.7 cells into
osteoclasts
To explore the efficacy of CQ-H to inhibit differentiation
of RAW264,7 cells into osteoclasts, RAW264.7 cells were
induced to differentiate into multinucleated osteoclasts
by RANK Ligand. RSV treatment was employed as a
standard to assess the osteoclast inhibition activity of
CQ-H. RAW264.7 cells are murine macrophage cells
that upon induction with RANK-L begin to fuse and
form large multinucleated cells exhibiting osteoclast-like
characteristics. Differentiation was induced after 24h of
seeding, with differentiation medium containing CQ-H (1,
10, and 100ng/ml) and RSV (2, 20, and 200 ng/ml) along
with appropriate controls.

(p≤0.05) and 13.3% (p≥0.05) reduced cell proliferation
compared to control cells.

Fig. 2. Effect of resveratrol on cell viability, growth
parameters, and proliferation of RAW264.7 cell line. The
cells were seeded at density of 3000 cells/cm2 in 24-well
plates. The control cells were fed with 0.05% DMSO
supplemented complete medium whereas, complete
medium containing 2, 20, and 200 ng/ml resveratrol was
fed to the treated cultures. (A) Neutral red assay was
performed for analysis of cell viability. The cells were
treated with resveratrol for 72h. Assay was performed at
24h and 72h. Averages of values were taken. (B) Growth
curve was generated by treated cells with resveratrol for
7 days and counting them on alternate days (day 1, 3, 5,
and 7). Logarithmic values of cell number were plotted
to reveal lag, log, stationery and decline phase of cell
growth. (C) MTT assay and (D) BrdU incorporation assay
was performed to analyze effect of resveratrol on the
metabolic activity and cell proliferation respectively. The
cells were seeded for up to 72h and assays were performed
at 24 and 72h. Averages of values were taken. Data are
represented as Mean ± SD of technical and biological
replicates for each experiment. For statistical analyses,
ANOVA with Dunnett’s test for multiple comparison
was performed using GraphPad Prism (v 7.03). (P≤0.05;
ns = not significant, * P≤0.05, **P≤0.01, ***P≤0.001,
****P≤0.0001).
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Assessment of the results for the viability,
proliferation, and growth kinetics of RAW264.7 cells in
response to of CQ-H and RSV treatment indicated that
the tested concentrations were non-cytotoxic and nondetrimental for the cells. Therefore, we selected these
concentrations to examine their effect on the differentiation
of RAW264.7 cells into osteoclasts.
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Fig. 3. Effect of non-cytotoxic, non-detrimental
concentrations of CQ-H (1, 10, and 100 ng/ml) on
the differentiation of RAW264.7 cell line. The cells
were cultured at 12000/cm2 density in 12-well culture
plates. The control cells were fed with 0.05% DMSO
supplemented medium. The positive control cells were
fed with osteoclast induction medium (complete growth
medium supplemented with 10ng/ml RANK-L and 0.05%
DMSO). The CQ-H treated cells were fed with osteoclast
induction medium containing 1, 10 and 100ng/ml CQH. After 48h of osteoclast induction, the cells fed with
induction medium began to fuse with each other. After 72h
of induction, mature, multinucleated cells were formed
in the culture plate. The number of multinucleated cells
was larger compared to CQ-H treated cultures. The black
arrows show the large multinucleated cells. There were
no large multinucleated cells in the control cultures. The
images were taken at 4x magnification with Nikon Eclipse
TS-100 inverted microscope.

We observed formation of multinucleated cells in
induced cell cultures after 48h, and by 72h of induction,
mature large multinucleated cells were observed in the culture
plates. Figure 3 shows differentiating CQ-H treated cells
along with the controls after 24, 48 and 72h of differentiation
induction. The figure distinctly shows a smaller number of
multinucleated cells in CQ-H treated cultures compared to
positive control cells. Similar observation was made for the
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significant osteoclast inhibitory activities of CQ-H and
RSV. Figure 7A shows TRAP activity of CQ-H treated
cells. We observed 57.8% (p≤0.05) reduced TRAP
activity in cultures treated with 10ng/ml CQ-H, whereas,
46.5% and 45.8% (p≤0.05) reduced TRAP activities were
observed in cultures treated with 1 and 100 ng/ml CQH. Treatment with RSV showed 38%, 49.9% and 46.6%
(p≤0.05) reduced TRAP activities for 2, 20, and 200 ng/ml
RSV treated cultures. Comparison of osteoclast inhibitory
activity of CQ-H with that of RSV (standard) indicated
that CQ-H is more efficacious anti-osteoclast agent.

cells treated with RSV (Fig. 4).

Fig. 4. Effect of non-cytotoxic, non-detrimental
concentrations of Resveratrol (2, 20, and 200 ng/ml)
on the differentiation of RAW264.7 cell line. The cells
were cultured at 12000/cm2 density in 12-well culture
plates. The control cells were fed with 0.05% DMSO
supplemented medium. The positive control cells were
fed with osteoclast induction medium (complete growth
medium supplemented with 10ng/ml RANK-L and 0.05%
DMSO). The Resveratrol treated cells were fed with
osteoclast induction medium containing 2, 20, and 200 ng/
ml resveratrol. After 48h of osteoclast induction, the cells
fed with induction medium began to fuse with each other.
After 72h of induction, mature, multinucleated cells were
formed in the culture plate. The number of multinucleated
cells was larger compared to resveratrol treated cultures.
The black arrows show the large multinucleated cells.
There were no large multinucleated cells in the control
cultures. The images were taken at 4x magnification with
Nikon Eclipse TS-100 inverted microscope.
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TRAP staining and activity estimation
Tartrate resistant acid phosphatase (TRAP) is an
enzyme that is produced by mature osteoclasts in bone
microenvironment and plays an important role in osteoclast
differentiation, proliferation, and bone resorption. TRAP is
therefore, an important marker of osteoclast formation and
function. Histochemical staining of TRAP is an important
indicator for osteoclast differentiation and TRAP activity
is an important indicator of bone resorption ability of
differentiated osteoblasts.
Figures 5 and 6 show TRAP stained CQ-H and RSV
treated cultures of differentiated RAW264.7 cells after 72h
of differentiation induction. The images clearly indicate a
smaller number of differentiated stained cells in CQ-H
and RSV treated cultures compared to the positive control
cell cultures, whereas, the control cells fed with complete
growth medium only does not show any differentiated or
stained cells.
Estimation of TRAP activity reflects statistically

i
t
r

A
t

ri s

e
l
c

Fig. 5. TRAP stained multinucleated cells formed after 72h
of osteoclast induction of RAW264.7 cells. The images
in first row show the unstained RAW264.7 cultures after
72h of induction and CQ-H treatment at 4x magnification.
The second row shows the cells stained for TRAP at 4x
magnification. The pink colored cells indicate presence
of TRAP positive osteoclasts. The third row shows TRAP
stained cells at 10x magnification. The figures indicate
that the positive control cultures have more stained
multinucleated cells compared to CQ-H treated cells. The
black arrows show the multinucleated cells. Images were
taken from Nikon Eclipse TS-100 inverted microscope.

Relative expression profiles of osteoclast marker genes
Further determination of the osteoclast inhibitory
effect of CQ-H and RSV was carried out at the molecular
level by analyses of expression profiles of osteoclast
marker genes in the differentiating cultures. The osteoclast
specific genes included transcription factors such as
nuclear factor activated T cell c1 (NFATc1), enzymes such
as cathepsin K (CTSK), acid phosphatase, tartrate resistant
(ACP-5), matrix metalloproteinase 9 (MMP-9), and
osteoclast specific proteins such as calcitonin receptors
(CTR). We isolated RNA from differentiating cells at
different time intervals, followed by cDNA synthesis and
determination of Ct values for osteoclast specific genes
by qPCR. Relative expression (fold) in terms of 2ΔΔCt was
calculated as described by delta-delta Ct method (Livak
and Schmittgen, 2001; Rao et al., 2013).
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Fig. 6. TRAP stained multinucleated cells formed after
72h of osteoclast induction of RAW264.7 cells. The
images in first row show the unstained RAW264.7 cultures
after 72h of induction and Resveratrol treatment at 4x
magnification. The second row shows the cells stained
for TRAP at 4x magnification. The pink colored cells
indicate presence of TRAP positive osteoclasts. The third
row shows TRAP stained cells at 10x magnification. The
figures indicate that the positive control cultures have
more stained multinucleated cells compared to Resveratrol
treated cells. The black arrows show the multinucleated
cells. Images were taken from Nikon Eclipse TS-100
inverted microscope.

phases of differentiation. It regulates the expression of
several downstream osteoclast specific genes including
ACP-5, CTSK, and CTR (Jiang et al., 2021). In correlation
with the above findings, we observed delayed and reduced
expression of NFATc1 in CQ-H (Fig. 8) and RSV (Fig. 9)
treated cultures. The transcription factor was not expressed
in control cultures indicating their undifferentiated state. In
positive control cultures, expression followed the normal
expression profile with maximum expression at 24h which
gradually decreased with time. Compared to positive
controls at 24h interval, the CQ-H treated cultures showed
87.7, 74.2, and 75.9% reduced expression for 1, 10, and
100 ng/ml CQ-H treatment respectively, whereas, RSV
treated cultures showed 39.6, 59.4, and 52.3% reduced
NFATc1 expression for 2, 20, and 200ng/ml RSV treatment,
respectively. In comparison to the standard, CQ-H treatment
enhanced osteoclast differentiation inhibitory properties.
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Fig. 7. Estimation of TRAP activity of differentiated
RAW264.7 cells. The cells were seeded at 12000 cells/
cm2 density and differentiated for 72h. The control cells
were fed with 0.05% DMSO supplemented medium. The
positive control cells were fed with osteoclast induction
medium (complete growth medium supplemented with
10ng/ml RANK-L and 0.05% DMSO). The CQ-H treated
cells were fed with osteoclast induction medium containing
1, 10 and 100ng/ml CQ-H and Resveratrol treated cells
were fed with osteoclast induction medium containing
0.002, 0.02, and 0.2 µg/ml resveratrol. TRAP activity was
estimated after 72h of osteoclast differentiation induction.
Data are represented as Mean ± SD of technical and
biological replicates for each experiment. For statistical
analyses, ANOVA with Dunnett’s test for multiple
comparison was performed using GraphPad Prism (v
7.03). (P≤0.05; ns = not significant, * P≤0.05, **P≤0.01,
***P≤0.001, ****P≤0.0001).

NFATc1 is the key transcriptional regulator of
osteoclast differentiation, hence it is expressed in the early
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Fig. 8. Relative expression of osteoclast marker genes
(NFATc1, CTSK, ACP5, MMP-9 and CTR) in differentiating
RAW264.7 cells treated with non-cytotoxic concentrations
of CQ-H. Control cells were fed with 0.05% DMSO
supplemented medium. The control culture was treated
with 0.05% DMSO in normal complete medium. The
positive control cells were fed with osteoclast induction
medium (complete growth medium supplemented with
10ng/ml RANK-L and 0.05% DMSO). The CQ-H treated
cells were fed with osteoclast induction medium containing
1, 10 and 100ng/ml CQ-H. The cells were allowed to
differentiate for 72h with medium change after 48h. Total
RNA was isolated at 0, 24, 48, and 72h of induction and
cDNA was synthesized. Hydroxymethylbilane synthase
(HMBS) was selected as housekeeping gene. Expression
of genes was quantified by real-time. Relative expression
(fold) was calculated by Pfaffl method.
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Fig. 9. Relative expression of osteoclast marker genes
(NFATc1, CTSK, ACP5, MMP-9 and CTR) in differentiating
RAW264.7 cells treated with non-cytotoxic concentrations
of Resveratrol. Control cells were fed with 0.05% DMSO
supplemented medium. The control culture was treated with
0.05% DMSO in normal complete medium. The positive
control cells were fed with osteoclast induction medium
(complete growth medium supplemented with 10ng/ml
RANK-L and 0.05% DMSO). The Resveratrol treated cells
were fed with osteoclast induction medium containing 2,
20, and 200 ng/ml resveratrol. The cells were allowed to
differentiate for 72h with medium change after 48h. Total
RNA was isolated at 0, 24, 48, and 72h of induction and
cDNA was synthesized. Hydroxymethylbilane synthase
(HMBS) was selected as housekeeping gene. Expression
of genes was quantified by real-time. Relative expression
(fold) was calculated by Pfaffl method.

O

i
l
n

e
n

Cathepsin K (CTSK) is secreted by mature osteoclasts
and is involved in bone resorption and matrix degradation
(Lotinun et al., 2013). It is one of the late-phase osteoclast
marker genes (Dai et al., 2020), with enhanced expression
as the cells differentiate into mature osteoclasts as reflected
by expression in positive control cultures. Compared to the
positive control at 72h, we observed 53.3%, 75.6%, and
73.11% reduced expression in 1, 10, and 100ng/ml CQ-H
treated cultures, respectively (Fig. 8). The RSV treated
cells showed 38.8%, 55.09%, and 49.9% downregulation
in CTSK expression in 2, 20, and 200 ng/ml RSV treated
differentiating cells respectively (Fig. 9). Similar to the
previously described results for differentiation, TRAP
estimation and expression profile of NFATc1, CQ-H
treated cultures showed enhanced inhibitory activity for
CTSK compared to RSV, thereby indicating its efficacy to
inhibit bone resorption by osteoclasts.

TRAP expression by the ACP-5 gene is also an enzyme
secreted by mature osteoclasts that plays a role in resorption
of bone matrix by dephosphorylation of phosphorylated
proteins (osteopontin and IBSP) (Reithmeier et al., 2017;
Blumer et al., 2012; Hayman et al., 2000; Song, 2017)
and is one of the late-phase osteoclast marker genes.
Like CTSK, the expression of ACP-5 is enhanced as the
cells differentiate into mature osteoclasts. For both CQ-H
and RSV, the positive control cultures showed normal
expression profiles for ACP-5 with expression gradually
increasing over the period of 72h. Compared to the positive
control, the CQ-H treated cells depicted 72%, 81.6%, and
71.3% reduced expression of ACP-5 for 1, 10, and 100
ng/ml CQ-H treatment respectively (Fig. 8). Correlating
with the previous findings in this study, CQ-H treatment
was more inhibitory to ACP-5 expression compared to
RSV which showed 37.4%, 51.3% and 32.4% reduced
expression for 2, 20 and 200 ng/ml RSV treatment (Fig. 9).
Matrix metalloproteinase 9 (MMP-9) is a collagenase
secreted by mature osteoclasts that plays a role in matrix
degradation (Christensen and Shastri, 2015; Luchian et al.,
2022; Okada et al., 1995) and therefore, is one of the latephase osteoclast marker genes. We observed that positive
control cultures followed the normal expression profile,
with enhanced expression of MMP-9 as cells differentiated
into osteoclasts. However, in comparison to the positive
control cells, we observed reduced expression of MMP-9
in CQ-H and RSV treated differentiating cells. Analogous
to the previous observations, CQ-H exhibited elevated
inhibitory effects on the expression of MMP-9 compared
to RSV, indicating CQ-H is a more potent anti-osteoclast
agent. We observed 83.9%, 91.4%, and 81.6% reduced
MMP-9 expression in 1, 10, and 100 ng/ml treated cells
(Fig. 8) compared to 50.3%, 70.6%, and 55.4% reduced
expression in 2, 20 and 200 ng/ml RSV treated cells (Fig.
9).
Calcitonin is a hormone synthesized by the
thyroid gland that plays a role in phosphate and
calcium homeostasis in the bone resorption process and
inhibits osteoclast activity (Pondel, 2000). In the bone
microenvironment, calcitonin receptors (CTR) are found
only on the surfaces of osteoclasts (Roodman, 1996;
1999; Hsiao et al., 2020; Xie et al., 2020), therefore it is
considered an osteoclast specific marker. We observed the
expression of CTR in the positive control as well as CQ-H
and RSV treated differentiating cells. Corresponding to the
reduced number of multinucleated osteoclasts in response
to CQ-H and RSV treatment, we observed 47.7%, 65.1%,
and 54.1% reduced expression of CTR in cells treated with
1, 10, and 100 ng/ml CQ-H respectively (Fig. 8), whereas,
the cells treated with 2, 20 and 200 ng/ml RSV depicted
13.2%, 44.9% and 16.2% reduced expression of CTR in
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retention time (min) and reported biological activities.

differentiating cells, respectively (Fig. 9).
The data presented in the present study together with
the data reported in our previous study on the osteogenic
effects of CQ-H, establishes the potential of CQ-H as
an anti-osteoporotic agent. To fully elucidate the antiosteoporotic potential of CQ-H, further in vitro and in vivo
studies are required to isolate the bioactive compounds of
CQ-H responsible for its anti-osteoporotic properties.
GC-MS analysis of CQ-H
Eighteen compounds were predicted in CQ-H i.e. (1)
Undecane 2, 2-di methyl, (2) 2-methylpentyl propionate,
(3) Oxirane, 2, 3-bis(1-methylethyl)-, trans-, (4) Butane, 2,
2, 3-trimethyl, (5) Butyl pentadecanoate, (6) Butanoic acid,
2-Methyl ester, (7) Borinic acid, diethyl-, (8) Neopentyl
glycol (9) Heptane 1,1-Oxybis (10) 4,4-Trimethyl-1pentanol (11) 1-Hexanol, 3, 5, 5-Trimethyl, (12) Oxalic
acid, ethyl neopentyl ester, (13) 2, 4-Dipropyl-5-ethyl-1,
3-dioxane (14) 6, 10-Dimethyl-4-undecanol (15) 1,
2-benzenedicarboxylic acid, dinonyl ester (16) Butyl 4,
8, 12-trimethyl-tridecanoate, (17) 2-propenoic acid, butyl
ester, (18) 1-Monolinoleylglycerol Trimethylsilyl ether.
Table II shows list of all these compounds with their

DISCUSSION
Therapeutic options largely available for
osteoporosis target bone resorption. The anti-absorptive
drugs commercially available include bisphosphates,
estrogen modulators, calcium, and calcitonin, while
other therapies such as antibodies and inhibitors are also
under development (Reid, 2008). However, for effective
treatment of the disease, therapeutic drugs targeting
bone anabolic processes should be developed. Although
hormones such as parathyroid hormone (PTH) are being
used, such treatments are costly and have long-term safety
concerns (He et al., 2010). There is a need to investigate
such therapies that are not only efficacious and inexpensive
but are also safe for long term use. Alternative medicine
employing bioactive compounds isolated from plants are
now being explored for their therapeutic potential.
We previously reported the osteogenic potential
of CQ (hexane fraction) (Toor et al., 2019). To further
characterize the anti-osteoporotic activity of CQ-H, we
studied its effect on osteoclastogenesis of the RAW264.7
cell line. The non-cytotoxic concentrations of CQ-H
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Table II. Compounds predicted in CQ-H by GC-MS analysis with their retention time and their reported activities.
No. Retention time

e
n

Predicted compounds

1

14.37/ 15.02/ 18.55 Undecane 2,2-di methyl

2

14.51

li

2-methylpentyl propionate

n

Biological activity

Not detected
Not detected

3

15.47

Oxirane, 2,3-bis(1-methylethyl)-, trans-

Not detected

4

16.08

Butane, 2,2,3-trimethyl-

Not detected

5

18.02

Butyl Pentadecanoate

Not detected

O

6

18.22

Butanoic acid, 2-Methyl ester

Not detected

7

19.44

Boronic acid, diethyl-

Antimicrobical and anti-inflammatory (Bailey et al., 1980;
Benkovic et al., 2005; Baker et al., 2006)

8

19.89/ 20.25

Neopentyl glycol

Not detected

9

21.16

Heptane 1,1-Oxybis

Not detected

10

22.29

4,4-Trimethyl-1-pentanol

Not detected

11

24.80

1-Hexanol, 3,5,5-Trimethyl

Not detected

12

25.14/ 26.28/27.29 Oxalic acid, ethyl neopentyl ester

Not detected

13

25.56

2,4-Dipropyl-5-ethyl-1,3-dioxane-

Not detected
Not detected

14

28.91

6,10-Dimethyl-4-undecanol

15

28.95

1,2-benzenedicarboxylic acid, dinonyl ester Not detected

16

29.18

Butyl 4,8,12-trimethyl-tridecanoate

Not detected

17

31.78

2-propinoic acid, butyl ester

Not detected

18

32.38

1-MonolinoleylglycerolTrimethylsilyl ether Antioxidant, anti-inflammatory, antimicrobial, diuretic, antiarthritic, antiasthma ( Parthipan et al., 2015)
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(0.1, 1, and 10 ng/ml) determined by our research group
on MC3T3-E1 cells were analyzed for their effect on the
viability, proliferation and growth of RAW264.7 cells. We
found that the cell line grew with the doubling time of
18.2h, while the doubling time of CQ-H treated cells was
comparable to the control cells. The same concentrations of
CQ-H had no detrimental effect on the viability, metabolic
activity and proliferation of the cells.
RSV was employed as standard to compare the
anti-osteoclastogenesis activity with that of CQ-H.
The optimum concentrations found for RSV treatment
of RAW264.7 cells were 2, 20, and 200ng/ml with
no detrimental effects on viability, metabolic activity,
proliferation, and growth parameters of the cells. He and
colleagues reported similar findings with 0.3, 1, and 3µM
as non-cytotoxic concentrations of RSV (He et al., 2010).
While osteogenic and anti-osteoclast activities of
RSV via estrogen dependent and modulation of the SIRT1/ FOXO3 pathway and ROS inhibition respectively have
been reported (Shakibaei et al., 2011, 2012; He et al., 2010).
there is no published evidence for in vitro anti-osteoclast
activity of CQ. However, evidence on stimulatory effects
of CQ for osteogenesis are reported (Mizutani et al., 2000;
Pearson et al., 2008; Gabbay et al., 2010; Shirwaikar et
al., 2003; Potu et al., 2009, 2010; Guerra et al., 2019; Jain
et al., 2008).
To analyze the effect of CQ-H and RSV on
osteoclastogenesis, RANK-L induced RAW264.7 cells
were treated with non-cytotoxic concentrations of
CQ-H and RSV. The cells formed large multinucleated
osteoclasts after 3 days of induction. In comparison with
positive control, there were fewer large multinucleated
cells in CQ-H and RSV treated cultures. TRAP is an
important biochemical marker of osteoclast differentiation
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that is involved in bone resorption activity of osteoclasts
therefore; TRAP staining was employed to confirm
osteoclastogenesis. The induced cells in positive control,
CQ-H and RSV treated cultures were positively stained
while undifferentiated cells (control) were not stained.
TRAP activity was estimated to quantify the antiosteoclast activities of CQ-H and RSV. Supporting
the observations, we made in Figures 4-7, our results
on quantification of TRAP activity showed 57.8%
downregulation in TRAP activity in the 10ng/ml CQ-H
treated differentiated cells whereas 49.9% downregulation
was reported in 20ng/ml RSV treated cells. Table III
summarizes the comparative results of CQ-H and RSV
treatment on the viabilities, metabolic and proliferative
activities of the cells as well as on their effect on
osteoclastogenesis.
In the bone microenvironment, bone structure
integrity is maintained by activity of mesenchymal
stem cells forming osteoblasts and hematopoietic
stem cells forming osteoclasts. Osteoclasts are bone
resorbing cells derived from macrophage lineage and like
osteoblastogenesis, several osteoclast specific genes are
involved in formation of osteoclasts from HSCs (Eijken,
2007). The differentiation process is associated with
timely expression of transcription factors and marker
genes. Expression profiles of osteoclast marker genes such
as NFATc1, ACP-5, CTSK, MMP-9 and CTR was analyzed
in CQ-H and RSV treated differentiated cells.
Expression analysis of osteoclast specific genes
showed downregulation of all genes in both CQ-H and RSV
treated cells indicating inhibition of osteoclastogenesis.
There are no reports of anti-osteoclastogenic effects of
CQ crude or solvent fractions, however, dose-dependent
inhibition in TRAP activity and downregulation of ACP-5
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Table III. Comparison of growth, viability, metabolic, proliferation parameters, and differentiation potential of CQ-H
and resveratrol treated RAW264.7 cells. Osteoclast differentiation was induced by RANK-L and differentiation of
RAW264.7 cells was estimated by determination of percentage TRAP activity of differentiated cells. The values are
written as percentages ± SD compared to the appropriate controls (taken as 100%). The + sign indicates percentage
increase and – sign indicates percentage decease in the viability/ metabolic activity/ proliferation/ differentiation of
the RAW264.7 cells.
Concentrations
tested

Doubling time Cell viability
(h)
(%)

Metabolic activi- Cell proliferation (%) TRAP activity
ty (%)
(%)

CQ-H

Control
0.1 ng/ml
1 ng/ml
10 ng/ml

18.2± 0.05
17.8± 0.01
17.4 ± 0.06
17.8 ± 0.05

---8 ± 2.2
-8 ± 2.4
-7.1 ± 1.8

--+11.6 ± 3.1
+11.4 ± 2.0
+7.2 ± 1.9

---4.4 ± 3.0
-2.4 ± 1.5
-7.2 ± 1.9

---46.5 ± 1.8
-57.8 ± 2.5
-45.8 ± 2.8

Resveratrol

Control
2 ng/ml
20 ng/ml
200 ng/ml

18.2 ± 0.65
18.5 ± 0.71
17.8 ± 0.47
18.4 ± 0.64

---9.5 ± 3.0
-1.4 ± 3.4
-7.9 ± 3.7

--+5 ± 1.7
+4.7 ± 2.4
-13.3 ± 2.5

---13.1 ± 2.5
+21 ± 2.6
-19.7 ± 4.0

---38 ± 1.5
-49.9 ± 2.1
-46.6 ± 1.9
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and CTSK expression in RSV treated RAW264.7 cells has
been reported by He et al. (2010) and Shakibaei et a;.
(2012).
We predicted presence of eighteen compounds in
CQ-H by GC-MS analysis (Table II). Although for many
of the predicted compounds, no reported biological activity
was found, however, derivatives of compounds such as
oxirane, 2, 3-bis(1-methylethyl)-, trans, for example, L-3trans-(Propylcarbamoyl) oxirane-2-carbonyl]-L-isoleucylL-proline methyl ester (CA-074Me) is a cathepsin inhibitor
and inhibits osteoclast differentiation by altering NFATc1
and c-FOS pathways (Patel et al., 2015). Similarly, PT100, a boronic acid based dipeptidyl peptidase (DPP) IV
activity and/or structure homologues (DASH; a serine
protease) inhibitor is also reported to inhibit osteoclast
formation (Busek et al., 2004). Moreover, compounds
such as butyric acid and boric acid are the backbone of
some of the predicted compounds, and has been reported
to promote osteoblast differentiation and inhibit osteoclast
formation (Chen et al., 2020; Shalehin et al., 2020). Further
purification of CQ-H to isolate and analyze bioactivities
of individual compounds will provide more insight to
identify the active compound(s) responsible for its bone
resorption property.
The results of the present study indicated that
compared to RSV treatment, CQ-H is not only an
efficacious osteogenic agent but also has anti-osteoporotic
potential exhibiting therapeutic potential as an antiosteoporotic agent.
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