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a b s t r a c t

Osteoporosis is a skeletal disease that is identified by the deterioration of micro-architecture of bone
tissue, leading to enhanced bone brittleness and a consequential increase in fracture threat. There are
many treatments available for osteoporosis such as bisphosphonate therapy, hormonal replacement
therapy, herbal therapy etc. For decades, there are several herbs that are attributed to have anti-
osteoporotic effects however the candidate genes involved in it remained unknown. In line with this,
the present study is focused to elucidate the anti-osteoporotic property of Litsea glutinosa (LG). To un-
derstand the proliferative effect and identify involved players, gene expression was studied on the Saos-2
osteocytes in-vitro. The expression profile of candidate genes involved in different signaling pathways
such as Egr-2, RUNX2, MAPK3, NFATc1, CREB, ERb, along with proliferation and apoptotic markers in
osteoporosis were selected for the study. The gene expression profile demonstrated a significant up-
regulation of Egr-2, RUNX2, MAPK3, CREB, EBb in the range of 1.5e2.2 folds, whereas NFATc1 was
found to be down-regulated up to 0.4 times compared to control when treated with 250 mg/mL of LG.
Besides this, anti-apoptosis effect of LG was also supported by flow cytometry results which also proved
that LG induces proliferation and inhibits apoptosis, suggesting the proliferative role of LG. In conclusion,
the present study gathers the potency of LG extract for its proliferative and anti-apoptotic effect on Saos-
2 osteocytes and opens a new avenue for detailing the mechanistic actions of it on mitigating the
pathophysiology of osteoporosis.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. 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 frequently manifesting age-related disorder
characterized by a systemic impairment of bone mass and altered
micro architecture that results in fragility fractures [1]. It is a multi-
factorial disease that shows etiopathogenetic mechanisms which
overlap vastly. Osteoporosis can be categorized in Primary (post-
menopausal and senile) and secondary osteoporosis (caused by
various drugs and pathologies) based on its cause [2e4]. The
prevalence of osteoporosis in the world is very high, it affects
around 200 million people and it becomes a major determinant of
morbidity, mortality and disability of older people [5]. Considerable
progress has been made toward treating the osteoporosis world-
wide which includes drugs that target bone resorption, such as
ary University, Bangalore.
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bisphosphonate, calcitonin, Denosumab, estrogen and hormone
replacement therapy [6]. Out of these, bisphosphonate is the first
line of treatment clinically [7]. However, the major concern with
the prolonged use of bisphosphonate and Denosumab is, it results
in a greater risk of osteonecrosis of the jaw and atypical femoral
fracture [6,8]. Ample studies have reported a potential risk of breast
cancer, heart attacks, stroke, and blood clot formation associated
with HRT (Hormone Replacement Therapy). These conditions have
promoted USFDA to issue safety notice. Hence HRT is no longer
recommended as first-line therapy for osteoporosis [9e11].

Due to the drawbacks with current medicines, the identification
of new drugs to treat osteoporosis is a global necessity. Herbal
medicines have unique advantages in the treatment or prevention
of osteoporosis and have created a center of attention among sci-
entists globally [12]. Many herbal compounds have been studied
and confirmed their anti-osteoporotic properties such as Genistein
[13e15], Sulfuretin [16], Diosgenin, [17]. In addition to these, iso-
lated and purified molecules such as Salvianolic acid B (Sal B),
isciplinary Health Sciences and Technology and World Ayurveda Foundation. This is
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Ugonin K, Kirenol have proved to possess anti-osteoporotic po-
tential [13,18]. One such herb is Litsea glutinosa (LG), it has been
reported to have anti-inflammatory, and wound healing activities
[19], it also has been identified as cure of chronic cough [20] and
has been used in drug development for cardiac diseases [21]. The
Charakasamhita (~900 B.C.) is an ancient literature which is first
recorded treatise entirely dedicated to the conception and practice
of Ayurveda. In this literature, LG is classified as Jivaniya (Promoting
longevity) and has been reported to have antibacterial, antioxidant,
hypotensive, antipyretic and chemoprotective properties [22]. As
per Ayurveda, it has proved to possess bone protecting outcomes.
LG is commonly known as “Maida Lakri/Lakdi” (traditional name)
and is known to be one of the most potent plants for the treatment
of osteoporosis [23]. Further, experimental evidences have also
confirmed its osteoprotective role and its ameliorating effect on
osteoporosis in OVX mice [23,24], by reducing serum TRAcP
(Tartrate-resistant acid phosphatase) levels, restoring ALP (alkaline
phosphatase) and reduceing the rate of Caþþ excretion in dose
dependent and time dependent manner. Furthermore, the same
group of researchers has validated the qualitative results through
histological studies.

Till date, studies enlisting responsible genes in the mode of
actions of medicinal plants are restricted to few herbs. In the
consideration of LG, there is a knowledge gap that demands a focus
on candidate genes that may be responsible for the plant's osteo-
protective role, established in-vivo [23,24]. Therefore it was hy-
pothesized that LG might have some proliferative effects and/or
anti-apoptotic effects on osteocytes. To study the expression profile
and role of the candidate genes, the present study has considered
some marker genes of osteoblasts such as RUNX2 (Runt-related
transcription factor 2), Egr-2 (Early Growth Response 2), NFATc1
(Nuclear Factor of Activated T Cells cytoplasmic); some genes
involved in signalling pathways such as MAPK3, CREB (c-AMP
Response Element Binding Protein), adenylate cyclase and ERb;
proliferative and apoptotic markers such as PCNA, osteocalcin, FasL,
Caspase 3 and cytochrome C for gene expression studies.

Egr-2 and RUNX2 genes are involved in the process of osteo-
blastogenesis and proliferation of osteoblasts [25,26]. Egr2 is a
zinc finger transcription factor that has been demonstrated to be
responsible for the negative regulation and inhibition of RANKL
mediated osteoclast differentiation [25,27]. Data of several studies
suggest the importance of RUNX2 transcription factor in regu-
lating osteoporosis [28e30]. RUNX2, an osteogenesis-promoting
transcription factor, promotes the proliferation of osteoblast
progenitors and their commitment to osteoblasts lineage cells. An
upregulation of RUNX2 thus suggests that some degree of osteo-
genesis had occurred in Saos-2 cells [30]. NFATc1 is considered to
be a master transcription factor required for differentiation of
osteoclasts. Inhibition of calcineurin through genetic deletion in
osteoblasts results in decreased dephosphorylation of NFATc1 and
thus its translocation to nucleus ultimately leadding to osteoblast
differentiation [31,32]. MAPK3, ERb, CREB and adenylate cyclase
are another set of genes which were considered in the present
study. Out of these MAPK3, CREB and adenylate cyclase are
important members of pathways such as MAPK3-RAS/RAF and
GPCR (G protein coupled receptor) mediated signalling [33e35].
ERb is one of the receptors for estrogen which are expressed on
osteoblasts [36].

2. Materials and method

2.1. Preparation of LG extract

Bark powder of LGwas purchased from the local market (Mewar
Impex, ASIN: B08QV618V6; Item number: MI-MAIDALAKP-100-
2

20). LG powder (50 gm) was weighed and resuspended in
400 mL HPLC grade methanol (SA8SF68037, Merck, USA) and vol-
ume was made upto 500 mL. The solution was incubated at RT
(room temperature) on magnetic stirrer (REMI, 1 MLH, India)
overnight. After incubation, the solution was filtered through
Whatman® filter paper (MN615A, MN, Germany) to remove
insoluble particles. The methanolic extract was allowed to air dry
by keeping it in waterbath at 60 �C for 48 hours. Upon drying, solid
residue was collected, weighed and stored at �20 �C till further
processing.
2.2. Culturing of Saos-2 cells

For all the experiments, well established Saos-2 cell line was
used which was procured from National Centre for Cell Science
Institute (NCCS, Pune, India). Throughout the experimentation,
these cells were maintained in T75 and T25 flasks in McCoy's 5A
(16600082, Gibco, USA) þ 10% FBS media (RM9955-100 ML,
Himedia, India) at 37 �C in 5e8% CO2 humidified incubator. During
routing culture of Saos-2 cells, cells were washed with 1x PBS,
followed by trypsin (TCL099, Himedia, India) treatment. Post
trypsinisation, these cells were counted using hemocytometer and
were seeded in the fresh flask at a seeding density of 0.4 Million
cells per mL. Throughout all the experiments, cells from lower
passages (i.e., 4e8) were considered for the study.
2.3. LG treatment

The methanolic extract residue was weighed 250 mg. The
methenolic extract residue was then dissolved in the DMSO
(D8418, Sigma, USA), generating 250 mg/mL stock solution. One
day prior to the treatment, cells were seeded in T25 flask and
serial dilutions of LG extract were prepared in cell culture media
(McCoy's 5A (16600082, Gibco, USA) þ 10% FBS (10270106, Gibco,
USA)) from stock solution to achieve 250 mg/mL, 100 mg/mL &
50 mg/mL working solutions and was filtered by 0.2 m filter prior
to treatment. Tests flasks, control (untreated cells) and vehicle
control flasks were incubated at the same conditions for
96 hours.
2.4. MTT assay

MTT assay was performed to identify the effective concentra-
tion of LG methanolic extract. This was measured by an 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT)
assay (M2128, Sigma, USA). Saos-2 cells were plated in 96-well
plates at a density of 5 � 103 cells per well per 200 mL in 6 repli-
cates. Along with host control and vehicle control, all the repli-
cates were treated with different concentration (500 ng/mL,10 mg/
mL, 50 mg/mL, 100 mg/mL, 150 mg/mL, 200 mg/mL, 250 mg/mL,
300 mg/mL, 350 mg/mL and 400 mg/mL) of LG for 96 hours. For
DMSO control, 0.2% (v/v) DMSO concentration was considered.
Post 96 hours, the cells were washed with PBS. Further, 120 mL of
500 mg/mL MTT solution (prepared in McCoy's 5A) was added to
each well and cells were incubated in a humidified atmosphere of
5% CO2 at 37 �C for 4 hours. Subsequently, 100 mL of 10%
SDSesolution was mixed (10% SDS (L3771, Sigma, USA) in 0.01N
HCl (320331, Sigma, USA)) and was added to each well and mixed
thoroughly and the cells were incubated at room temperature for
10 minutes. The absorbance of each well was measured at
OD570nm using plate reader (n ¼ 6). Obtained OD for all the sam-
ples were converted to % cell viability by considering host control
OD as 100% cell viability.



Table 1
Primer details.

Gene Name RefSeq ID TM value (�C) Primer Type Sequence

1 MAPK3 NM_001109891.2 62 Forward 50 GGATGCCGATGACATTCTC 30

64 Reverse 50 CATCAAGAAGATCAGCCCCT 30

2 PCNA NM_182649.2 65 Forward 50 AAGAGAGTGGAGTGGCTTTTG 30

64 Reverse 50 TGTCGATAAAGAGGAGGAAGC 30

3 CASP3 NM_001354783.2 62 Forward 50 TCGCTTCCATGTATGATCTTTG 30

63 Reverse 50 CTGCCTCTTCCCCCATTCT 30

4 FASLG NM_000639.3 65 Forward 50 CAGAGGCATGGACCTTGAGT 30

65 Reverse 50 GTCTACCAGCCAGATGCACA 30

5 RUNX2 NM_001015051.4 67 Forward 50 CCTAAATCACTGAGGCGGTC 30

64 Reverse 50 CAGTAGATGGACCTCGGGAA 30

6 ESR2 NM_001437.3 64 Forward 50 ACCAAAGCATCGGTCACG 30

62 Reverse 50 CATGATCCTGCTCAATTCCA 30

7 ADCY1 NM_001281768.2 64 Forward 50 CGACACGCAGTAGTAGCA 30

65 Reverse 50 ATGAGCTCTTCGGCAAGTTC 30

8 BGLAP NM_199173.6 63 Forward 50 GCCTGGGTCTCTTCACTA 30

65 Reverse 50 TCACACTCCTCGCCCTATT 30

9 CYCS NM_018947.6 65 Forward 50 TGCCTTTCTCAACATCACCC 30

65 Reverse 50 GGCGTGTCCTTGGACTTAGA 30

10 EGR-2 NM_001136178.2 64 Forward 50 AGCAAAGCTGCTGGGATAT 30

64 Reverse 50 TTGACCAGATGAACGGAGTG 30

11 NFATC1 NM_001278675.2 65 Forward 50 CACCTCAATCCGAAGCTCAT 30

65 Reverse 50 CCTGTCCCCTACGTCCTA 30

12 CREB1 NM_134442.5 66 Forward 50 GCTGGGCTTGAACTGTCATT 30

68 Reverse 50 GTGACGGAGGAGCTTGTACC 30

13 ACTB NM_001101.5 66 Forward 50 GCAACGGAACCGCTCATT 30

67 Reverse 50 AGCTGAGAGGGAAATTGTGCG 30

Table represents the list of the all the primers of the targeted genes along with its RefSeq ID number andmelting temperature. Table represents the list of the all the primers of
the targeted genes along with its RefSeq ID number and melting temperature. MAPK3: MAP Kinase 3; ESR2: Estrogen Receptor b; ADCY1: Adenylate cyclase; RUNX2: Runx2;
EGR-2: Egr-2; NFATC1: NFATc1; CREB1: CREB; PCNA: PCNA; BGLAP: Osteocalcin; FASLG: Fas Ligand; CYCS: Cytochrome C; CAP3: Caspase 3; ACTB: b-actin.
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2.5. Transcript analysis

2.5.1. Total RNA isolation & cDNA synthesis
Total three test groups (50 mg/mL, 100 mg/mL and 250 mg/mL)

along with host and vehicle control were treated with LG. Post
completion of the LG treatment duration of 96 hours, cells were
trypsinized and counted using hemocytometer. Total 2.5e3
million cells were collected in fresh tube and resuspended in
TRIzol® reagent (15596026, Invitrogen, USA) for total RNA isola-
tion. TRIzol® reagent manual protocol was followed to isolate and
purify total RNA. After purification, RNA concentration was esti-
mated by NanoDrop C at OD260nm. First strand of cDNA was syn-
thesized using Thermo cDNA synthesis kit using 5 mg of total RNA.
cDNAwas converted using oligoDT primers using manual protocol
(K1612, Thermo, USA). Details of reaction mix for cDNA synthesis
have been provided in Supplementary table 1. Once cDNA was
synthesized, it was used neat as a template for transcript analysis
of desired genes.
Table 2
Real time PCR conditions.

Stage name Conditions Cycles/ramp rate

Initial denaturation 95 �C for 5 min 1 cycle
Amplification stage 95 �C for 15 s 40 cycles

60 �C for 30 s
72 �C for 45 s

Melt curve generation 95 �C for 15 s Ramp rate 1.6 �C. sec�1

60 �C for 1 min Ramp rate 1.6 �C. sec�1

95 �C for 15 s Ramp rate 0.15 �C. sec�1
2.5.2. Quantitative PCR
Variable volumes were used as a sample for real time PCR to

analyze the expression level of various genes. Details of reaction
mix for each gene have been provided in Supplementary Table 2.
Different sets of primers (Table 1) were used for transcript analysis
using PowerUP Sybr® green master mix (A25742, Thermo, USA). A
standard manual PCR conditions (Table 2) were used for amplifi-
cation. The experiment was performed in triplicates (n ¼ 3).

Relative quantification ¼ 2�DDCт

where: a) DDCT¼ (DCт of test sample - DCт of experiment control).
b) DCT ¼ (Test gene CT - Endogenous gene CT).
3

2.6. Western blot

Saos-2 cells were treated with LG Methanolic extract for
96 hours along with host and vehicle control. After completion of
treatment, cells were harvested by trypsinization, followed by
resuspension in TRIzol®. TRIzol® protocol was followed for isola-
tion and initial purification of total proteins. Total proteins were
then quantified by Nanodrop (Thermo, NanodropC) at OD280nm. For
sample preparation, 30 mg of protein was transferred to fresh tube.
Each sample volume was normalized with autoclaved distilled
water by adding remaining volume of water along with 6x sample
loading dye (non-reducing) to make up final volume of 30 mL. Then
samples were boiled for 10 min in boiling water bath. Whole
sample volume was loaded in well of 4e20% gradient gel. Gel was
run at 25 mA constant current till dye front elution.

After completion of gel, proteins were electronically wet-
transferred to Nitrocellulose membrane (S80209, Pall, USA) at
200 mA of constant current for 2 hours in the presence of wet ice
surrounding. After completion of transfer, membrane was carefully
detached from gel and immediately dipped in blocking solution (5%



H. Changani and P. Parikh Journal of Ayurveda and Integrative Medicine 13 (2022) 100501
skim milk (GRM1254-500G, Himedia, India) in 1x PBS solution).
Membrane was incubated for 2 hours on shaking platform. After 3
washes with 30 mL of 1x PBST (0.1% Tween20 (P1379, Sigma, USA)
in 1x PBS solution), antibody treatments were given. 1:10k dilution
was used for each primary antibody [anti-Egr-2 (AB108399, abcam,
UK); anti-b-actin antibody (A1978, Sigma, USA)] and 1:100k and
1:50k dilution were used for secondary [anti-rabbit HRP conjugate
(A0545, Sigma, USA); anti-mouse HRP conjugate antibody (AP127P,
Sigma, USA)] respectively. After completion of secondary treat-
ment, membrane was developed using TMB substrate of HRP in
dark environment. The experiment was performed in triplicates
(n ¼ 3).

2.7. Cell viability determination by flow cytometry

Saos-2 cells were treated with LG Methanolic extract in con-
centration of 250 mg/mL, 100 mg/mL & 50 mg/mL for 96 hours along
with untreated control. After completion of treatment, cells were
harvested by trypsinization. These cells were then stained with
CalceinAM (C3099, Thermo,USA) and Propidium iodide (PI)
(P1304MP, Thermo,USA) stains using dye manual. 5 mM of Calcein
AM and 3 mM of PI was used as working concentration for the
staining. After that, cells were washed and analyzed in BD FACS-
verse™ using green (527/32) and red filters (586/42). A total 10,000
events were run in FACS. All the samples were run in triplicates
(n ¼ 3). To generate dead cells control, live cells were treated with
0.2% triton-X-100 (Sigma; 93427), incubated for 20 min at 37 �C.

2.8. Statistical analysis

All the data were statistically analyzed. Dunnett's multiple
comparisons test was used for statistical analysis. The statistical
analysis was performed using one-way ANOVA using GraphPad
Prism 8.3.1 Software (GraphPad Software, San Diego, USA) to obtain
p-value. Each sample was compared to control to understand the
variance within the experimental groups and significance was
noted at p < 0.05.
Fig. 1. Indicates that maximum effective concentration observed was 250 mg/mL. 400 mg/
representative of six independent experiments. ***, p < 0.001 compared with the control gr
group (n ¼ 6).
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3. Results

3.1. Extraction

To get the LG methanolic extract solution for further experi-
mentation, LG bark powder was resuspended in the organic solvent
and paste was obtained. The total yield obtained from LG meth-
anolic extraction was 4.42 gm, which corresponds to ~8.8% total
yield.

3.2. LG exhibits cellular proliferation e MTT assay

In the earlier lab study, it was observed that LG improves Saos-
2 cells viability and health. To reproduce these results, MTT assay
was conducted by treating Saos-2 cells with different concentra-
tions of LG. In this assay, it was observed that Saos-2 cells were
getting proliferated under the LG extract. Dose dependent signifi-
cant (p < 0.001 and p < 0.01) increase in cell viability was observed
(Supplementary Table 3). The highest viability observed was at
250 mg/mL concentration. However, an insignificant declining trend
was observed at 300 mg/mL dose, and at 400 mg/mL, % cell viability
was found to be less than the control (Fig. 1). To perform regression
analysis, up trended results from 0.5 mg/mL to 250 mg/mL were
selected, for which R2 value was found to be 0.988 (Fig. 2). Hence
for further experiments, 3 doses were selected (50 mg/mL, 100 mg/
mL and 250 mg/mL). These MTT assay results provided the direction
of cell nourishing ability of LG on Saos-2 cells, but need further
investigations in detail.

3.3. LG improves cell health and density

To obtain the phenotypic impact of LG in the Saos-2 cells, cell
morphology studywas conducted. In this study post 72 hours of the
treatment, cells were examined microscopically to study cell ar-
chitecture and growth. It was observed that cell health was very
much improved and cell number was increased (visually) (Fig. 3) in
a dose dependent manner compared to control and vehicle control.
mL concentration was found to be toxic. Data are presented as mean ± S.E. and are
oup; **, p < 0.01 compared with control group; *, p < 0.05 compared with the control



Fig. 2. Represents regression analysis of the MTT assay data from 0.5 mg/mL to 250 mg/mL. Linear trend line was plotted in semi-log graph, which reveals LG increases the % cell
viability significantly till 250 mL/mL. Obtained R2 value was 0.988 with slope 107.99.
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Along with the cell morphology study, cells were counted after
staining with trypan blue stain using hemocytometer to calculate
the viability. It was clear indication that % viability and cell numbers
are increasing in dose dependent manner (Fig. 4). These results
supported the MTT observations. Hence to scrutinise these obser-
vations further, gene expression study was conducted.
3.4. Saos-2 cells treated with LG shows alteration in candidate gene
expression

The quantitative PCR results showed that expression of the Egr-
2, CREB, Adenylate cyclase, MAPK3, RUNX2 & ERb were getting
Fig. 3. Indicates that there is high cell density in 50 mg/mL compared to control and gradual
cell density, cell health is getting improved with dose. Each image is designated with respec
cells treated with DMSO (Microscopic resolution 200x) (n ¼ 3).
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upregulated, whereas NFATc1 was significantly (p < 0.01) down
regulated in dose dependent manner after LG extract treatment
(Supplementary Table 4; Fig. 5).

In results, Egr-2, RUNX2were upregulated significantly (p < 0.01
for Egr-2 and p < 0.05 for RUNX2) (1.8e2.2 folds) compared to
control upon treatment with 250 mg/mL concentration of LG
extract. NFATc1 was downregulated up to 0.86 fold compared to
control. Expression of the genes involved in the other pathways
such as adenylate cyclase, CREB, MAPK3 were also increased
significantly (p < 0.01 for adenylate cyclase, p < 0.05 for MAPK3)
(1.56e2.18) compared to control when treated with 250 mg/mL
concentration. Estrogen receptor ERb was found to be upregulated
ly getting increasing in 250 mg/mL which is in dose dependent manner. Along with the
tive dose concentrations; ‘Control’ indicates untreated cells; ‘vehicle control’ indicates



Fig. 4. Graph represents LG performance on cell viability and cell counts. Experiment was performed using Trypan blue stain to count the cells under Hemocytometer. It can be
observed that there is increase in the cell count (million/mL) along with the %viability in dose dependent manner. ‘Control’ indicates untreated cells; ‘vehicle control’ indicates cells
treated with DMSO (n ¼ 3).
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significantly (p < 0.01) up to two times compared to control at the
same concentration (Fig. 5).

Proliferative markers such as PCNA, osteocalcin were also found
to be upregulated significantly (p < 0.01 for each) in the range of
2.1e2.5 with compared to control. Whereas Caspase 3, cytochrome
C (p < 0.01) were down regulated upon treatment in 0.4e0.8 range
when treated with 250 mg/mL concentration. There was no change
in the expression of FasL upon LG treatment. Quantitative data are
provided in supplementary table 4 which shows the fold change
(relative quantification) of candidate genes compared to untreated
control and vehicle control. The expression of all the genes was
following dose-depended response except FasL (Fig. 5).

Gene expression study revealed that LG influences the gene
expression of the candidate genes responsible for different path-
ways. However, to get stronger support, these results demand
further protein expression studies and protein interaction studies.
In addition to that, study on phosphorylation status of MAPK3 and
RUNX2 are also advised.
3.5. LG enhances Egr-2 protein expression

After getting dose dependent increase in gene expression of Egr-
2 gene, Egr-2 was studied at protein level. The expression of Egr-2
protein was examined via Western blot. Post development, it was
visually observed that band density is increased compared to
control, especially in 250 mg/mL concentration. To get quantitative
numbers, Western blot bands were densitometrically analysed
using ImageJ software (National Institute of Health, USA). Obtained
peak areas were employed to calculate % relative protein content. It
was observed that % relative protein content increases significantly
(p < 0.05 and p < 0.01) and in dose dependent manner
(Supplementary Table 5; Fig. 6) compared to control sample. In
other words, the expression of Egr-2 protein was found to be
increased in dose dependent manner upon treatment with LG
methanolic extract. Western blot results supported the enhanced
gene expression of Egr-2 and confirmed that same is reflected at
protein level also.
6

3.6. LG demonstrated to have proliferative action on Saos-2 cells by
flow cytometry

Though LG has been demonstrated to have positive impact on
osteoblastic cells at gene level, direct phenotypic presentation of
proliferative action of LG is yet to be established. Hence we sought
to study the proliferative action using flow cytometry. In this study,
flow cytometry cell viability assay was conducted. It was observed
that there was a gradual increase in the proportion of live cells in
dose dependent manner (Supplementary Table 6; Fig. 7, Fig. 8).
These results formed strong basis of proliferative action and anti-
apoptotic action of LG on osteoblastic cells.
4. Discussion

Osteoporosis is a metabolic bone disease, which results due to
an impairment and imbalance of osteoclasts and osteoblasts ac-
tivity. Due to the serious side effects of currently available medi-
cines and treatments, research is focused toward herbal molecules
to identify potential candidate molecules or formula, which can
suppress the condition of osteoporosis effectively [37]. Many
herbals are studied till the clinical level for their anti-osteoporotic
effects [38]. The present study was conducted with one such
herb, LG, to elucidate its effects on candidate genes and proteins
involved in the signaling pathway of the Saos-2 osteoblastic cell
line. Along with the gene expression study, MTT assay, increased
cell count and %viability accompanied by the microscopic obser-
vation, supported the proliferative effect and enhanced cell growth.
To the best of our knowledge, this is the first study to report gene
alterations by LG extract in Saos-2 cells.

Herbal bioactive molecules and have been well explored con-
cerning their effects on the genes involved in the signaling
pathway. Some examples include Porcirin, a flavonoid obtained
from the fruit of Poncirus trifoliate and flavones of Epimedium.
These compounds show anti-osteoporotic property through
various signalling pathways and proteins such as OPG/RANKL ratio,
ERK/JNK/MAPK, estrogen receptor (ER), RUNX2 and P38 protein
[39,40]. Besides this, the same research group has shown that Salvia



Fig. 5. Each graph is showing the expression profile of different genes ((1) NFATc1; (2) Egr-2; (3) RUNX2; (4) MAPK3; (5) ERb; (6) Adenylate cyclase; (7) CREB; (8) Osteocalcin; (9)
PCNA; (10) Cytochrome C; (11) FasL; (12) Caspase 3). *- p < 0.05; **- p < 0.01; ***- p < 0.001. p value Calculated using one-way ANOVA test followed by Post hoc test by Dunnett
multiple comparison test. Data are presented as mean ± S.E. and are representative of three independent experiments (n ¼ 3).
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Fig. 6. Indicates: 1) Densitometric analysis of Western blot bands of Egr-2 protein; 2) Western blot band profile; Vehicle control: whole cell lysate of vehicle control (DMSO treated);
rest of 3 lanes are showing different concentrations used for treatment of LG substance. *- p < 0.05; **- p < 0.01. p value Calculated using one-way ANOVA test followed by Post hoc
test by Dunnett multiple comparison test. (n ¼ 3).
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miltiorrhiza inhibits osteoclast formation by restraining the
expression of c-Fos and NFATc1 in calvarial osteoblast co-culture
system.

On Similar lines, our detailed gene expression study revealed
that LG methanolic extract treatment enhances gene expression of
Egr-2, RUNX2 and downregulates NFATc1 significantly in dose
dependent manner. All these genes play a crucial role in the regu-
lation of osteoporosis [25,41]. Further, the western blot data also
supported enhanced protein expression of Egr-2. The upregulation
of Egr-2 and RUNX2 genes and protein in the present study sug-
gests that both the genes are getting affected by LG treatment.
These results are in line with the work carried out by Lin et al., and
Zaman et al., [40,42]. Further, the downregulation of NFATc1 by LG
in the present study is in accordancewith the earlier reported work
of Hong et al., [43]. In addition, it has also been reported that
NFATc1 upregulates various pro-apoptotic genes including FasL,
TNF-a, etc [44]. Hence, downregulation of NFATc1 indicates that LG
may have a role in the suppression of osteoclastogenic activity
through osteoblasts, and suppressing the NFATc1 activity such as
decreasing osteoblasts proliferation and differentitation [31]. In
Summary, the alterations in the expression of the studied genes
indicate that these candidate genes are modulated by LG, which are
involved in osteoblasts proliferation. However, future studies on
the downstream functions of these candidate genes will be
required to identify the proteins which are responsible for trans-
mitting the information inside the cell.

It is well known that osteoblasts carry receptors for various
hormones such as PTH [45], 1,25 (OH)2D3 [46] and estrogen [47],
which are mainly involved in osteoblasts differentiation and its
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other functions. PTH receptor, being a G-protein coupled receptor,
signals through activation of adenylate cyclase, CREB proteins [35].
In the present study, we have obtained significant upregulation of
adenylate cyclase and CREB genes upon LG treatment. Upregulation
of adenylate cyclase and CREB can be correlated with earlier re-
ports, which suggest that upregulation of RUNX2 is associated with
the increased expression of CREB and works via PKA and CREB
pathway [48]. Overall it can be stated that LG extract has some
components which work via GPCR pathway, however further pro-
tein level studies and pathway elucidating studies are recom-
mended to support these observations.

Alma et al., [49] has shown that PTH is responsible for the
expression of osteoblastic gene by means of increasing the
expression and phosphorylation of RUNX2 and activation of ERK1/
2 and PI3K signaling which results in osteoblastogenesis and os-
teoblasts survival. Another group of scientists has reported a
similar role of RUNX2 and ERK1/2 in osteoblast [33]. Relating
these reports with the present study, significant dose dependent
upregulation of both RUNX2 and MAPK3 strongly suggests that
the expression of these genes is getting enhanced by LG treat-
ment. However, further studies are advisable on ERK pathway,
which involves these genes and functions during early osteoblast
differentiation, to identify possible involvement of this pathway
in the mechanism of LG [33]. Torre et al., has shown that poly-
phenols, specifically quercetin, act as selective estrogen receptor
modulators by upregulating the expression of ERb, which is a
positive sign of bone mineralisation [50,51]. These findings are in
line with our results such as upregulation of ERb in dose depen-
dent manner upon LG treatment. It can be speculated that some



Fig. 7. Indicates Flow cytometry cell viability assay analysis of Saos-2 cells post LG methanolic extract treatment. Scattered plots for (A) Untreated control cells; (B) 250 mg/mL; (C)
100 mg/mL; (D) 50 mg/mL. It can be observed that number of dead cells are getting gradually decreased with increment in LG dose (n ¼ 3).
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phytochemicals present in LG methanolic extract which are
responsible for the upregulation of ERb. Collectively, it has been
inferred that components present in the LG methanolic extract,
can be responsible for upregulation of genes such as MAPK3,
RUNX2, CREB, ERb and GPCR pathway candidate proteins. Our
results can serve as a base to design further detailed studies which
can solidify these outcomes.

Osteocalcin (OCN) is the key player in bone endocrinology,
which is secreted solely by osteoblasts. It has been recently re-
ported that osteocalcin, being a marker protein of osteoblast
proliferation, is involved in versatile functions such as glucose
metabolism, male fertility and neuronal development [52].
Expression of osteocalcin is mainly facilitated by MAPK3 protein,
which binds to the promoter of osteocalcin through association
with RUNX2 [17,53]. In the present study, exposure of LG extract
on Saos-2 cell line resulted in a significant increase in OCN
expression. Thus it can be rationalized that LG may be involved in
the upregulation of OCN via participation of RUNX2 and MAPK3
proteins. Our results are corroborating the work of Liu et al., [53].
Along with osteocalcin, a dose dependent upregulation of PCNA
was also observed in the present study with the LG treatment on
Saos-2 cell line. Additionlly, alteration in the cell morphology was
also observed, where the cells appeared to be healthier compared
9

to control as well as there was a visual increase in the cell number.
Thus, upregulation of PCNA and OCN along with morphological
observation clearly indicate the proliferative effects of LG. These
results are in accordance with the previous studies on increased
proliferation with number of herbs [54,55].

Study of apoptosis markers was also conducted to test our hy-
pothesis. Expression profile of caspase 3, cytochrome C as an in-
dicator of apoptosis has been reported earlier [56e58].
Downregulation of gene expression of cytochrome C and caspase 3
observed in the present study, suggests LG suppresses the expres-
sion of these apoptotic markers. Further suggesting LGmay have an
effect in decreasing the process of apoptosis, however FasL did not
show any significant alterations upon LG treatment. To further
validate the results, cell viability assay was performed using flow
cytometry, results of which revealed a dose dependent increase in
the number of live cells versus dead cells of Saos-2 cell line with LG
treatment. Our results are similar to the results reported by other
scientists, studying different herbs such as Icariin, DBT (Danggui
Buxue Tang) and Acacia catechu bark powder extract [54,59,60].
However, insignificant alteration of FasL, an initiator protein for
apoptosis, suggests that LG has apoptosis suppressive properties
which involves no direct role of FasL. This observation needs to be
validated.



Fig. 8. Indicates Flow cytometry cell viability bar graph analysis. Bar graph evidently shows proportion of live cells are gradually increasing and similarly dead cell population is
decreasing in dose dependent manner. These results are an indicative of Proliferative action of LG on Saos-2 cell line supporting earlier observations of MTT assay and gene
expression study.

H. Changani and P. Parikh Journal of Ayurveda and Integrative Medicine 13 (2022) 100501
5. Conclusion

LG methanolic extract showed upregulation and down-
regulation of various crucial genes that are involved in some deci-
sive pathways of osteoblast proliferation and differentiation. LG
also suppressed the geneswhich are involved in apoptosis in Saos-2
cells. Candidate genes such as MAPK3, adenylate cyclase, CREB
which were getting upregulated upon LG treatment, gives a prob-
able direction indicating involvement of these genes in signaling
cascade of LG. However, further in-vitro as well as in-vivo protein
expression studies of these genes and others such as SIRT1, Wnt,
RANK, OPG, m-CSF are recommended to scrutinize the detailed
mechanism.
Conflict of interest

None.
Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
Author contributions

Pragna Parikh: Conceptualization, Methodology, Writing - Re-
view & Editing, Supervision, Project administration.

Hitarth Changani: Conceptualization, Methodology, Software,
Validation, Writing - Original Draft, Visualization, Formal analysis,
Investigation, Resources.
Acknowledgements

Authors are thankful to the Department of Zoology, The Maha-
raja Sayajirao University of Baroda, Vadodara for providing all the
facilities and infrastructure for presented research.
10
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jaim.2021.07.017.

References

[1] Pietschmann P, Mechtcheriakova D, Meshcheryakova A, F€oger-Samwald U,
Ellinger I. Immunology of osteoporosis: a mini-review. Gerontology 2016;62:
128e37. https://doi.org/10.1159/000431091.

[2] Güler-Yüksel M, Hoes JN, Bultink IEM, Lems WF. Glucocorticoids, inflamma-
tion and bone. Calcif Tissue Int 2018;102:592e606. https://doi.org/10.1007/
s00223-017-0335-7.

[3] Ciccarelli F, Martinis M, Ginaldi L. Glucocorticoids in patients with rheumatic
diseases: friends or enemies of bone? Curr Med Chem 2015;22:596e603.
https://doi.org/10.2174/0929867321666141106125051.

[4] De Martinis M, Di Benedetto MC, Mengoli LP, Ginaldi L. Senile osteoporosis: is
it an immune-mediated disease? Inflamm Res 2006;55:399e404. https://
doi.org/10.1007/s00011-006-6034-x.

[5] De Martinis M, Sirufo MM, Ginaldi L. Osteoporosis: current and emerging
therapies targeted to immunological checkpoints. Curr Med Chem 2019;26:
1e16. https://doi.org/10.2174/0929867326666190730113123.

[6] Cheng C, Wentworth K, Shoback DM. New frontiers in osteoporosis therapy.
Annu Rev Med 2020;71:277e88. https://doi.org/10.1146/annurev-med-
052218-020620.

[7] Das S, Crockett JC. Osteoporosis - a current view of pharmacological preven-
tion and treatment. Drug Des Dev Ther 2013;7:435e48. https://doi.org/
10.2147/DDDT.S31504.

[8] Crandall CJ. Review comparative effectiveness of pharmacologic treatments to
prevent fractures. Ann Intern Med 2014;161:711e24. https://doi.org/10.7326/
M14-0317.

[9] Nelson HD, Humphrey LL, Nygren P, Teutsch SM, Allan JD. Postmenopausal
hormone replacement therapy. J Am Med Assoc 2002;288:872. https://
doi.org/10.1001/jama.288.7.872.

[10] Stephenson J. FDA orders estrogen safety warnings. J Am Med Assoc
2003;289:537. https://doi.org/10.1001/jama.289.5.537.

[11] Chen WJ, Livneh H, Hsieh MH, Yeh CC, Yeh MH, Lu MC, et al. Association of use
of Chinese herbal medicines and the risk of fracture in patients with osteo-
porosis: a population-based cohort study. Osteoporos Int 2019;30:807e15.
https://doi.org/10.1007/s00198-018-4789-x.

[12] Yang F, Lin ZW, Huang TY, Chen TT, Cui J, Li MY, et al. Ligustilide, a major
bioactive component of Angelica sinensis, promotes bone formation via the
GPR30/EGFR pathway. Sci Rep 2019;9:1e10. https://doi.org/10.1038/s41598-
019-43518-7.

[13] Suvarna V, Sarkar M, Chaubey P, Khan T, Sherje A, Patel K, et al. Bone health
and natural products-an insight. Front Pharmacol 2018;9:1e12. https://
doi.org/10.3389/fphar.2018.00981.

https://doi.org/10.1016/j.jaim.2021.07.017
https://doi.org/10.1159/000431091
https://doi.org/10.1007/s00223-017-0335-7
https://doi.org/10.1007/s00223-017-0335-7
https://doi.org/10.2174/0929867321666141106125051
https://doi.org/10.1007/s00011-006-6034-x
https://doi.org/10.1007/s00011-006-6034-x
https://doi.org/10.2174/0929867326666190730113123
https://doi.org/10.1146/annurev-med-052218-020620
https://doi.org/10.1146/annurev-med-052218-020620
https://doi.org/10.2147/DDDT.S31504
https://doi.org/10.2147/DDDT.S31504
https://doi.org/10.7326/M14-0317
https://doi.org/10.7326/M14-0317
https://doi.org/10.1001/jama.288.7.872
https://doi.org/10.1001/jama.288.7.872
https://doi.org/10.1001/jama.289.5.537
https://doi.org/10.1007/s00198-018-4789-x
https://doi.org/10.1038/s41598-019-43518-7
https://doi.org/10.1038/s41598-019-43518-7
https://doi.org/10.3389/fphar.2018.00981
https://doi.org/10.3389/fphar.2018.00981


H. Changani and P. Parikh Journal of Ayurveda and Integrative Medicine 13 (2022) 100501
[14] Miao Q, Li JG, Miao S, Hu N, Zhang J, Zhang S, et al. The bone-protective effect
of genistein in the animal model of bilateral ovariectomy: roles of phytoes-
trogens and PTH/PTHR1 against post-menopausal osteoporosis. Int J Mol Sci
2012;13:56e70. https://doi.org/10.3390/ijms13010056.

[15] Cotter A, Cashman KD. Genistein appears to prevent early postmenopausal
bone loss as effectively as hormone replacement therapy. Nutr Rev 2003;61:
346e51. https://doi.org/10.1301/nr.2003.oct.346-351.

[16] Auh QS, Park KR, Yun HM, Lim HC, Kim GH, Lee DS, et al. Sulfuretin promotes
osteoblastic differentiation in primary cultured osteoblasts and in vivo bone
healing. Oncotarget 2016;7:78320e30. https://doi.org/10.18632/
oncotarget.12460.

[17] Men LY, Jen LS, Chung LC, Kuang WT, Ching YY, Wei FC, et al. Diosgenin in-
duces hypoxia-inducible factor-1 activation and angiogenesis through estro-
gen receptor-related phosphatidylinositol 3-kinase/Akt and p38 mitogen-
activated protein kinase pathways in osteoblasts. Mol Pharmacol 2005;68:
1061e73. https://doi.org/10.1124/mol.104.010082.

[18] Cui L, Li T, Liu Y, Zhou L, Li P, Xu B, et al. Salvianolic acid b prevents bone loss
in prednisone-treated rats through stimulation of osteogenesis and bone
marrow angiogenesis. PloS One 2012;7. https://doi.org/10.1371/
journal.pone.0034647.

[19] Sharma BK, Loksh KR, Jain AP. Review on phytochemical and pharmacological
activities of Litsea glutinosa. Lour ) 2019;21:1735e47.

[20] Rahmatullah M, Chowdhury AR, Esha RT, Chowdhury MR, Adhikary S, Ariful
Haque KM, et al. Ayurvedic influence on use of medicinal plants in Chakma
traditional medicine. Am J Sustain Agric 2012;6:107e12.

[21] Mehrotra NN, Ojha SK, Tandon S. Drug development for cardiovascular dis-
eases from ayurvedic plants. Curr R D Highlights 2007;Jan-Mar.

[22] Unnikrishnan V. Antiplatelet ayurvedic herbs in the management of anti-
platelet ayurvedic herbs in the management of cardi- ovascular disease-A
review. Int Ayurvedic Med J 2016;3:1462e73.

[23] Parikh PH. Osteoprotective effect of Litsea glutinosa in ovariectomized wistar
rats. J Pharmacol Ther 2009;1:28e31.

[24] Rangrez AY, Balakrishnan S, Parikh PH. Osteoprotective effect three anti in-
flammatory plants in ovariectomized wistar rats. Pharmacologyonline
2011;1:675e84.

[25] Shukla P, Mansoori MN, Kakaji M, Shukla M, Gupta SK, Singh D. Interleukin 27
(IL-27) alleviates bone loss in estrogen-deficient conditions by induction of
early growth response-2 gene. J Biol Chem 2017;292:4686e99. https://
doi.org/10.1074/jbc.M116.764779.

[26] Koga T, Matsui Y, Asagiri M, Kodama T, De Crombrugghe B, Nakashima K, et al.
NFAT and Osterix cooperatively regulate bone formation. Nat Med 2005;11:
880e5. https://doi.org/10.1038/nm1270.

[27] Kim HJ, Hong JM, Yoon KA, Kim N, Cho DW, Choi JY, et al. Early growth
response 2 negatively modulates osteoclast differentiation through upregu-
lation of Id helix-loop-helix proteins. Bone 2012;51:643e50. https://doi.org/
10.1016/j.bone.2012.07.015.

[28] Kawane T, Qin X, Jiang Q, Miyazaki T, Komori H, Yoshida CA, et al. Runx2 is
required for the proliferation of osteoblast progenitors and induces prolifer-
ation by regulating Fgfr2 and Fgfr3. Sci Rep 2018;8:13551. https://doi.org/
10.1038/s41598-018-31853-0.

[29] Jensen ED, Gopalakrishnan R, Westendorf JJ. Regulation of gene expression in
osteoblasts. Biofactors 2010;36:25e32. https://doi.org/10.1002/biof.72.

[30] Zhao B, Xing G, Wang A. The BMP signaling pathway enhances the osteo-
blastic differentiation of bone marrow mesenchymal stem cells in rats with
osteoporosis. J Orthop Surg Res 2019;14:1e8. https://doi.org/10.1186/
s13018-019-1512-3.

[31] Choo M-K. NFATc1 mediates HDAC-dependent transcriptional repression of
osteocalcin expression during osteoblast differentiation. Bone 2009;45:
579e89. https://doi.org/10.1016/j.bone.2009.05.009.

[32] Yeo H, Beck LH, Thompson SR, Farach-Carson MC, McDonald JM, Clemens TL,
et al. Conditional disruption of calcineurin B1 in osteoblasts increases bone
formation and reduces bone resorption. J Biol Chem 2007;282:35318e27.
https://doi.org/10.1074/jbc.M702435200.

[33] Greenblatt MB, Shim J-H, Glimcher LH. Mitogen-activated protein kinase
pathways in osteoblasts. Annu Rev Cell Dev Biol 2013;29:63e79. https://
doi.org/10.1146/annurev-cellbio-101512-122347.

[34] Zhang R, Edwards JR, Ko SY, Dong S, Liu H, Oyajobi BO, et al. Transcriptional
regulation of BMP2 expression by the PTH-CREB signaling pathway in os-
teoblasts. PloS One 2011;6. https://doi.org/10.1371/journal.pone.0020780.

[35] Datta NS, Abou-Samra AB. PTH and PTHrP signaling in osteoblasts. Cell Signal
2009;21:1245e54. https://doi.org/10.1016/j.cellsig.2009.02.012.

[36] Wiren KM. Androgens and skeletal biology. Osteoporosis. 4th ed. Elsevier;
2013. p. 345e71. https://doi.org/10.1016/B978-0-12-415853-5.00015-7.

[37] Wang T, Liu Q, Tjhioe W, Zhao J, Lu A, Zhang G, et al. Therapeutic potential
and outlook of alternative medicine for osteoporosis. Curr Drug Targets
2017;18:1051e68. https://doi.org/10.2174/1389450118666170321105425.
11
[38] Leung PC. Herbal medicine for general and disuse osteoporosis. J Osteoporos
Phys Act 2016;4:4e5. https://doi.org/10.4172/2329-9509.1000179.

[39] Jolly JJ, Chin K-YY, Alias E, Chua KH, Soelaiman IN. Protective effects of
selected botanical agents on bone. Int J Environ Res Publ Health 2018;15:963.
https://doi.org/10.3390/ijerph15050963.

[40] Lin J, Zhu J, Wang Y, Zhang N, Gober H-JJ, Qiu X, et al. Chinese single herbs and
active ingredients for postmenopausal osteoporosis: from preclinical evidence
to action mechanism. Biosci Trends 2017;11:496e506. https://doi.org/
10.5582/bst.2017.01216.

[41] Chen S. NFAT signaling and bone homeostasis. J Hematol Thromboembolic Dis
2013;1:1e7. https://doi.org/10.4172/2329-8790.1000102.

[42] Zaman G, Sunters A, Galea GL, Javaheri B, Saxon LK, Moustafa A, et al. Loading-
related regulation of transcription factor EGR2/krox-20 in bone cells is ERK1/2
protein-mediated and prostaglandin, Wnt signaling pathway-, and insulin-
like growth factor-I axis-dependent. J Biol Chem 2012;287:3946e62.
https://doi.org/10.1074/jbc.M111.252742.

[43] Hong G, Zhou L, Han X, Sun P, Chen Z, He W, et al. Asiatic acid inhibits OVX-
induced osteoporosis and osteoclastogenesis via regulating RANKL-mediated
NF-kb and Nfatc1 signaling pathways. Front Pharmacol 2020;11:1e10.
https://doi.org/10.3389/fphar.2020.00331.

[44] Mognol GP, Carneiro FRG, Robbs BK, Faget DV, Viola JPB. Cell cycle and
apoptosis regulation by NFAT transcription factors: new roles for an old
player. Cell Death Dis 2016;7. https://doi.org/10.1038/cddis.2016.97.
e2199ee2199.

[45] Lombardi G, Di Somma C, Rubino M, Faggiano A, Vuolo L, Guerra E, et al. The
roles of parathyroid hormone in bone remodeling: prospects for novel ther-
apeutics. J Endocrinol Invest 2011;34:18e22.

[46] van de Peppel J. Vitamin D and gene networks in human osteoblasts. Front
Physiol 2014;5(APR):1e10. https://doi.org/10.3389/fphys.2014.00137.

[47] Almeida M, Iyer S, Martin-Millan M, Bartell SM, Han L, Ambrogini E, et al. Es-
trogen receptor-a signaling in osteoblast progenitors stimulates cortical bone
accrual. J Clin Invest 2013;123:394e404. https://doi.org/10.1172/JCI65910.

[48] Park KH, Choi Y, Yoon DS, Lee K-M, Kim D, Lee JW. Zinc promotes osteoblast
differentiation in human mesenchymal stem cells via activation of the cAMP-
PKA-CREB signaling pathway. Stem Cell Dev 2018;27:1125e35. https://
doi.org/10.1089/scd.2018.0023.

[49] Y A, Valds-Flores M, Orozco L, Velzquez-Cruz R. Molecular aspects of bone
remodeling. Top. Osteoporos.. InTech; 2013. https://doi.org/10.5772/54905.

[50] Torre E. Molecular signaling mechanisms behind polyphenol-induced bone
anabolism. Phytochemistry Rev 2017;16:1183e226. https://doi.org/10.1007/
s11101-017-9529-x.

[51] Setchell KDR, Lydeking-Olsen E. Dietary phytoestrogens and their effect on
bone: evidence from in vitro and in vivo, human observational, and dietary
intervention studies. Am J Clin Nutr 2003;78. https://doi.org/10.1093/ajcn/
78.3.593s.

[52] Moser SC, Eerden BCJ Van Der. Osteocalcin d a versatile bone-derived hor-
mone9; 2019. p. 4e9. https://doi.org/10.3389/fendo.2018.00794.

[53] Liu L, Wang D, Qin Y, Xu M, Zhou L, Xu W, et al. Astragalin promotes osteo-
blastic differentiation in MC3T3-E1 cells and bone formation in vivo. Front
Endocrinol 2019;10:1e12. https://doi.org/10.3389/fendo.2019.00228.

[54] Song L, Zhao J, Zhang X, Li H, Zhou Y. Icariin induces osteoblast proliferation,
differentiation and mineralization through estrogen receptor-mediated ERK
and JNK signal activation. Eur J Pharmacol 2013;714:15e22. https://doi.org/
10.1016/j.ejphar.2013.05.039.

[55] Zhang H, Zheng L, Yuan Z. Lycium barbarum polysaccharides promoted pro-
liferation and differentiation in osteoblasts. J Cell Biochem 2019;120:
5018e23. https://doi.org/10.1002/jcb.27777.

[56] Kim J, Lee H, Kang KS, Chun KH, Hwang GS. Protective effect of Korean Red
Ginseng against glucocorticoid-induced osteoporosis in vitro and in vivo.
J Ginseng Res 2015;39:46e53. https://doi.org/10.1016/j.jgr.2014.06.001.

[57] Lin J, Lv T, Tian F, Wang Y, Wang M, Tang W, et al. Chinese herbal formulas for
postmenopausal osteoporosis: a review of preclinical evidence on animal
studies and molecular mechanism. Tradit Med Mod Med 2018;1:75e83.
https://doi.org/10.1142/s2575900018300023.

[58] Rekha KR, Selvakumar GP. Gene expression regulation of Bcl2, Bax and
cytochrome-C by geraniol on chronic MPTP/probenecid induced C57BL/6 mice
model of Parkinson's disease. Chem Biol Interact 2014;217:57e66. https://
doi.org/10.1016/j.cbi.2014.04.010.

[59] Lakshmi T, Ezhilarasan D, Vijayaragavan R, Bhullar S, Rajendran R. Acacia
catechu ethanolic bark extract induces apoptosis in human oral squamous
carcinoma cells. "J Adv Pharm Technol Research"" (JAPTR)" 2017;8:143.
https://doi.org/10.4103/japtr.JAPTR_73_17.

[60] Gong G, Qi B, Liang YT, Dong TTX, Wang HY, Tsim KWK, et al. Danggui Buxue
Tang, an ancient Chinese herbal decoction, protects b-amyloid-induced cell
death in cultured cortical neurons. BMC Compl Alternative Med 2019;19:9.
https://doi.org/10.1186/s12906-018-2411-6.

https://doi.org/10.3390/ijms13010056
https://doi.org/10.1301/nr.2003.oct.346-351
https://doi.org/10.18632/oncotarget.12460
https://doi.org/10.18632/oncotarget.12460
https://doi.org/10.1124/mol.104.010082
https://doi.org/10.1371/journal.pone.0034647
https://doi.org/10.1371/journal.pone.0034647
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref19
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref19
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref19
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref20
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref20
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref20
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref20
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref21
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref21
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref22
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref22
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref22
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref22
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref23
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref23
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref23
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref24
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref24
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref24
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref24
https://doi.org/10.1074/jbc.M116.764779
https://doi.org/10.1074/jbc.M116.764779
https://doi.org/10.1038/nm1270
https://doi.org/10.1016/j.bone.2012.07.015
https://doi.org/10.1016/j.bone.2012.07.015
https://doi.org/10.1038/s41598-018-31853-0
https://doi.org/10.1038/s41598-018-31853-0
https://doi.org/10.1002/biof.72
https://doi.org/10.1186/s13018-019-1512-3
https://doi.org/10.1186/s13018-019-1512-3
https://doi.org/10.1016/j.bone.2009.05.009
https://doi.org/10.1074/jbc.M702435200
https://doi.org/10.1146/annurev-cellbio-101512-122347
https://doi.org/10.1146/annurev-cellbio-101512-122347
https://doi.org/10.1371/journal.pone.0020780
https://doi.org/10.1016/j.cellsig.2009.02.012
https://doi.org/10.1016/B978-0-12-415853-5.00015-7
https://doi.org/10.2174/1389450118666170321105425
https://doi.org/10.4172/2329-9509.1000179
https://doi.org/10.3390/ijerph15050963
https://doi.org/10.5582/bst.2017.01216
https://doi.org/10.5582/bst.2017.01216
https://doi.org/10.4172/2329-8790.1000102
https://doi.org/10.1074/jbc.M111.252742
https://doi.org/10.3389/fphar.2020.00331
https://doi.org/10.1038/cddis.2016.97
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref45
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref45
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref45
http://refhub.elsevier.com/S0975-9476(21)00149-2/sref45
https://doi.org/10.3389/fphys.2014.00137
https://doi.org/10.1172/JCI65910
https://doi.org/10.1089/scd.2018.0023
https://doi.org/10.1089/scd.2018.0023
https://doi.org/10.5772/54905
https://doi.org/10.1007/s11101-017-9529-x
https://doi.org/10.1007/s11101-017-9529-x
https://doi.org/10.1093/ajcn/78.3.593s
https://doi.org/10.1093/ajcn/78.3.593s
https://doi.org/10.3389/fendo.2018.00794
https://doi.org/10.3389/fendo.2019.00228
https://doi.org/10.1016/j.ejphar.2013.05.039
https://doi.org/10.1016/j.ejphar.2013.05.039
https://doi.org/10.1002/jcb.27777
https://doi.org/10.1016/j.jgr.2014.06.001
https://doi.org/10.1142/s2575900018300023
https://doi.org/10.1016/j.cbi.2014.04.010
https://doi.org/10.1016/j.cbi.2014.04.010
https://doi.org/10.4103/japtr.JAPTR_73_17
https://doi.org/10.1186/s12906-018-2411-6

	Molecular insights for an anti-osteoporotic properties of Litsea glutinosa on Saos-2 cells: An in-vitro approach
	1. Introduction
	2. Materials and method
	2.1. Preparation of LG extract
	2.2. Culturing of Saos-2 cells
	2.3. LG treatment
	2.4. MTT assay
	2.5. Transcript analysis
	2.5.1. Total RNA isolation & cDNA synthesis
	2.5.2. Quantitative PCR

	2.6. Western blot
	2.7. Cell viability determination by flow cytometry
	2.8. Statistical analysis

	3. Results
	3.1. Extraction
	3.2. LG exhibits cellular proliferation – MTT assay
	3.3. LG improves cell health and density
	3.4. Saos-2 cells treated with LG shows alteration in candidate gene expression
	3.5. LG enhances Egr-2 protein expression
	3.6. LG demonstrated to have proliferative action on Saos-2 cells by flow cytometry

	4. Discussion
	5. Conclusion
	Conflict of interest
	Funding
	Author contributions
	Acknowledgements
	Appendix A. Supplementary data
	References


