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ABSTRACT e The osteogenic property of drug is determined by the stimulation of
Background: Osteoporosis tends to be the major consequence of fractures mineralization in bone matrix which in the later stage of osteoblast
in women above the age of 50 years and men are prone above the age of differentiation
65 years. The structure of bone is severely deteriorated by the reductionin ~ © Citral possesses osteogenic property and it promotes MG-63 human-like
bone density which eventually causes both nonfatal and fatal fractures in osteoblast cells’ differentiation, proliferation, and maturation in vitro.

geriatric population. Recent researches were targeted to discover a drug
which increases bone resorption and inhibits bone osteoporosis, thereby
preventing fracture risk in older population. Methods: Citral is an aliphatic
unsaturated aldehyde present in lemongrass and it renders the lemon
fragrance to the lemongrass plant. Citral possesses various pharmacological
properties such anti-adipogenic, anti-inflammatory, antimicrobial, and anti-
carcinogenic and it also acts as a diuretic agent and stimulates the central
nervous system. Therefore, we endeavor to investigate the osteogenic
property of citral in vitro condition. Human osteoblast-like MG-63 cells
were chosen for the current investigation and treated with various doses
of citral for different time durations. Results: Citral cytotoxicity effects on
MG-63 cell lines and their proliferation were assessed using MTT assay
and optical microscopical analysis. Further to analyze the osteoblastic
activity of citral on MG-63 osteoblast-like cells, we estimated the levels and
mMRNA expression of bone biomarkers alkaline phosphatase, osteocalcin,
and collagen in control and citral-treated cells. To confirm the osteoblastic
activity of citral, the MG-63 osteoblast-like cells were subjected to staining
with Alizarin red S. The results of MTT assay and microscopic analysis of
citral-treated cells proved that citral induces osteoblast-like MG-63 cell line
proliferation. Osteogenic bone biomarkers such as alkaline phosphatase,
osteocalcin, and collagen were significantly increased in citral-treated  Apbreviations used: NSAD: Nonsteroidal anti-inflammatory drugs;
which corroborate the osteogenic activity of citral. Conclusion: Further,  FBS: Fetal bovine serum; ALP: Alkaline Phosphatase

the Alizarin red S staining confirmed the induction of mineral deposition
in MG-63 cells by citral. Overall, our results authentically proved that
citral induces proliferation, maturation, and mineralization in human :
osteoblast-like MG-63 cells. Correspondence: Sl el
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osteoporosis Dr. Hong Mu,
Dental Clinic, Cangzhou Central Hospital, Cangzhou
SUMMARY City, Hebei Province 061000, China.
e Osteoporosis is a systemic bone disease which prominently affects millions E-mail: 13315777009@sina.cn
of older population worldwide DOI: 10.4103/pm.pm_242_20
INTRODUCTION Various factors play a key role in the induction of osteoporosis such as

hormone like parathyroid hormone, calcitonin, estrogen, and Vitamin
D, calcium balances the osteogenic and osteoclastic activities in bone
tissue. The prescribed drug of choice for osteoporosis is classified as

Osteoporosis is a systemic bone disease which prominently affects
millions of older population worldwide. Osteoporosis increases hip
and wrist fracture risk in old people resulting in hospitalization which
eventually increases the economic burden on geriatric health care.  This is an open access journal, and articles are distributed under the terms of the
Osteoporosis is characterized by low bone density and deteriorated Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which

skeletal tissue occurs due to the imbalance in osteoblastic and  2/1OWS others to remix, tweak, and build upon the work non-commercially, as long as
. o ) . ) appropriate credit is given and the new creations are licensed under the identical terms.
osteoclastic activities of bone tissue.'> Bone tissue acts as a reservoir

of calcium and continuous calcium absorption and resorption occur in  For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com
the bone tissues. Excessive calcium resorption of a bone or impaired
bone formation leads to osteoporosis. Osteoporosis is more prevalent Cite this article as: Mu H, Pang Y, Liu L, Li F, Wang J. Citral promotes the cell

in older population and postmenopausal women are more prone to proliferation, differentiation, and calcium mineralization in human osteoblast-like
osteoporosis than men. ! MG-63 cells. Phcog Mag 2021;17:250-5.
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antiresorptive agents such as bisphosphates, estrogen, calcitonin, and
anabolic agent, teriparatide.**! Both antiresorptive and anabolic drugs
render substantial side effects and efficacy is also not significant; hence,
it is a need of today to discover a drug with high efficacy and low or nil
side effects to treat osteoporosis.

Phytochemicals are promising agents which possess various
pharmacological properties and are currently proven to cure various
ailments such as cancer, nervous disorders, inflammatory diseases,
diabetes, and pulmonary diseases. Since osteoporosis is a multifactorial
disease, treating it with phytochemicals may render substantial effects.?!
Traditional medicine prescribes herbs such as Ligustrum lucidum, Cissus
quadrangularis, and Onobrychis ebenoids to treat osteoporosis.'
Instead of crude extract treating with bioactive compound increases
the potency of the drug; therefore; we assessed the efficacy of bioactive
compound citral as an osteogenic stimulator. Citral is a volatile aliphatic
aldehyde responsible for the lemon fragrance of Cymbopogon citrates
which belongs to Gramineae family and is commonly known as
lemongrass. Various in vivo and in vitro researches confirmed that citral
possesses numerous pharmacological properties such as antibacterial,
anticarcinogenic, diuretic, central nervous stimulant, anti-inflammatory,
and antiadipogenic!'"*! and does not cause side effects in rat and mice
models."!

Bone cells are differentiated into osteoblasts, osteoclasts, and
osteocytes which regulate the formation and remodeling of skeletal
tissue. Osteoblast cells are skeletal stem cells which secrete bone
osteogenic markers such as alkaline phosphatase, osteocalcin,
and collagen thereby induces osteogenic activity and inhibits
the osteoclast cells and prevents bone resorption. Osteoblast
expresses bone nonspecific isoform of alkaline phosphatase, a
glycosylphosphatidylinositol-anchored cell surface protein which
induces bone mineralization and acts as a biogenic indicator of bone
formation.!">!9) Osteocalcin, an osteoblast, secreted hormone which
promotes the mineralization of bone matrix and had been used as a
serum biomarker to assess the osteoblastic activity of bone tissue.!'”!8!
The other vital protein which regulates the bone formation is collagen.
Collagen maintains the ratio of mineral deposition, osteopontin, and
osteocalcin secretion."” In the current investigation, we hypothesized
to analyze the osteogenic effect of phytochemical citral on human
osteoblast-like MG-63 cells.

MATERIALS AND METHODS

Chemicals

Citral [Figure 1], EEM, fetal bovine serum (FBS), trypsin-EDTA,
antibiotic-antimycotic solution, Alizarin red stain, cetylpyridinium
chloride, and all other fine chemicals were obtained from Sigma Aldrich,
USA. All other chemicals and reagents utilized for the current research

were of supreme quality.

N\

Figure 1: Chemical structure of citral
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Culturing of MG-63 cell line

MG-63 cell line resembling human osteoblast cells were procured from
ATCC. The cells were cultured using Eagle’s Essential Medium along
with 2 mM glutamine, 1% nonessential amino acids, 10% FBS, and
1% penicillin-streptomycin solution at 37°C and 5% CO,. The culture
medium was replaced for alternative days or the pH of medium changes
to acidic. Upon obtaining 80% confluence, the cells were subculture
using 0.25% trypsin-EDTA solution.

Cell viability assay

2 x 10* MG-63 cells/well were seeded on to the 96-well culture plates
and incubated at 37°C, 5% CO, for 24 h. After 24 h incubation, the cells
were treated with 10, 20, and 30 pg/ml of citral (dissolved in DMSO) for
different durations of time such as 24, 48, and 72 h. Before subjecting to
cell viability assay, the cells were viewed and inverted light microscope
and the morphology of the control and treated cells were photographed.
The treated MG-63 cells were then incubated with 0.5 mg/ml
of (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) salt
solution to each well for 4 h at 37°C in dark. The reduction of tetrazolium
salts into formazan crystals by the mitochondrial enzymes released by
citral treated MG-63 cells were dissolved with 1 ml of DMSO. The optical
density of the solution was quantified at 570 nm using Shimadzu UV
spectrophotometer.? The experiment was repeated thrice and the viable
cells percentage were determined using the below formula.

Percentage of viable cells =
Optical Density of the test sample

x100
Optical Density of the control sample

Evaluation of Alkaline Phosphatase activity

MG-63 cells were incubated with citral (10 and 20 pg/ml) for a period
of 24, 48, and 72 h and were subjected to alkaline phosphatase assay
using an Alkaline phosphatase (ALP) assay kit procured from HiMedia,
India. The rate of p-nitrophenyl phosphate to p-nitrophenol hydrolysis
was measured at 405 nm using a UV spectrophotometer. The control
and citral-treated cells were lysed with cell lysis buffer and subjected to
centrifugation at 4°C, 1500 rpm for 20 min. The cell supernatant was
collected and subjected to ALP activity assay as per the instruction of
the manufacturer.

Assessment of osteocalcin production

The production of late osteogenic differentiation marker osteocalcin
was detected using an ELISA kit purchased from MyBioSource,
USA. The supernatant of cell lysate was subjected to estimation of
osteocalcin synthesis as per the instruction of the manufacturer. The
optical density of the final product was quantified at 450 nm with a UV
spectrophotometer. The concentration of each sample was interpolated
from the standard curve plotted with subjective OD to the standard
concentrations.

Estimation of collagen synthesis

The synthesis of collagen in control and citral-treated cells was detected
according to the protocol of Tullberg-Reinert and Jundt.?!! MG-63 cell
lines were incubated with citral (10 and 20 pug/ml) for a period 24, 48,
and 72 h. The cells were fixed for 1 h with Bouin’s fluid after rinsing with
ice-cold PBS. After the incubation period, Bouin’s fluid was drained and
the cells were rinsed with distilled water, air-dried, and then stained for
1 h with 1 mg/ml of Sirius red dye dissolved in picric acid. The cells
were washed with 0.01 M hydrochloric acid to remove excess dye and
the cells were dissolved with 350 ul of 0.1 M sodium hydroxide. The
sample was then subjected to UV spectroscopic analysis at 550 nm. The
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concentration of each sample was interpolated from the standard curve
plotted with subjective OD to the standard concentrations.

Quantitative polymerase chain reaction analysis

The late and early osteogenic differentiation markers such as ALP,
osteocalcin, and collagen synthesis in control and citral-treated MG-63
cells were assessed using qQPCR analysis. The control and citral-treated
MG-63 cells were subjected to total RNA isolation using TriZol reagent
and the GC content and the quantity of RNA isolated was assessed
using a nanodrop spectrophotometer. The extracted RNA was reverse
transcribed to cDNA as per the instruction of the manufacturer using
Cells-to-cDNA™ II Kit, Thermo Fischer Scientific, USA. The synthesized
cDNA was then subjected to RT PCR analysis with the respective primers
ALP, osteocalcin, collagen, and internal control B-actin using a real-time
PCR kit (Takara, USA). The relative gene expression was calculated
using Ct analysis and normalized with internal control B-actin relative
gene expression. The forward and reverse primers used in the current
investigation are shown in Table 1.

Mineralization assay

The quantification of mineralization in control and citral-treated MG-63
cells was assessed using Alizarin red S staining. Alizarin red S dye binds to
calcium salts in cells which is assessed under a light microscope and the
mineralization of MG-63 cells was quantified using spectrophotometric
analysis. MG-63 cells were incubated with 10 and 20 pg/ml of citral for
different durations 1, 3, and 7 days. After the incubation period, the
medium of control and citral-treated cells was removed and the cells
were washed with PBS and fixed with 70% ethanol for 1 h at 4°C. After
1 h, the cells were washed with distilled water at stained with 40 mM
Alizarin red solution (pH 4.2) for 10 min. The excess stain was drained
by washing the cells with distilled water for five times and the cells were
incubated with phosphate-buffered saline for 15 min. The cells were then
incubated with 10 mM sodium phosphate (pH 7.0) containing 10% (w/v)
cetylpyridinium chloride for 15 min and the absorbance of control and
citral-treated cells was quantified at 562 nm with a microplate reader.??
A graph was plotted with incubation time Vs absorbance index.

Statistical analysis

Each experiment was executed in triplicates and the data were expressed
as mean * standard deviation (SD) values. One-way ANOVA and
post hoc Tukey’s tests were used to assess the data statistically. The error
bars represent SD of three independent experiments and the significance
was represented as *P < 0.05, “P < 0.01.

RESULTS
Citral effect on MG-63 cell viability

Effect of citral on MG-63 cells viability was assessed and the representative
microscopic images of control and citral-treated MG-63 cells are
depicted in Figure 2. Significant increase in the growth rate of MG-63
cells treated with citral was observed both in dose and time-dependent
manners which signifies the potential of citral to induce the growth of
MG-63 cells.

Table 1: Shows the forward and reverse primer details for target molecules.

Cytotoxicity effect of citral

The cytotoxicity effect of citral on MG-63 cells was analyzed usingan MTT
assay. Figure 3 depicts the results of cytotoxic effect of citral on MG-63
cells, the viability of citral-treated MG-63 cells was increased in both
dose (P < 0.05) and time-dependent manners than the control cells. Citral
does not induce cytotoxicity in MG-63 cell line even when treated with a
high dosage of 30 ug/ml (P < 0.01) and incubated for a duration of 72 h.

Citral stimulatory effect on Alkaline phosphatase
activity

The initiation of osteoblast differentiation by citral in MG-63 cells was
evaluated by estimating the levels of alkaline phosphatase activity. ALP
is a membrane-bound glycoprotein which initiates the mineralization of
matrix, the gene expression of ALP was significantly (P < 0.05) increased
in both 10 and 20 ug/ml citral-treated cells on 24 h treatment, whereas
the expression was decreased on 48 and 72 h treatment [Figure 5a]. The
activity of ALP is vice versa to the gene expression maximum amount
of ALP activity was exhibited by citral-treated cells (P < 0.01) on the
prolonged duration of 72 h [Figure 4a].

Citral effect on osteocalcin production

Osteocalcin, osteoblast-secreted bone y-carboxyglutamic acid protein,
promotes the deposition of minerals in the bone matrix. Figures 4b
and 5b depict the protein and gene expression levels of osteocalcin
in control and citral-treated MG-63 cells. The osteocalcin gene
expression is significantly (P < 0.05) decreased in citral-treated cells in
a time-dependent manner [Figure 5b], whereas the protein expression
osteocalcin is significantly (P < 0.01) increased in citral-treated MG-63
cells [Figure 4b].

Control 10 pg/ml 20 pg/ml
S —T : i
24h
48 h
72h
~ T .’ o v

Figure 2: Citral effect on human osteoblast-like MG-63 cell viability.
MG-63 cells were treated with 10 and 20 ug/ml of non-saturated aldehyde
citral and incubated for 24 h, 48 h, and 72 h. The control and citral-treated
cells were microscopically analyzed and the simages were depicted. The
experiments were performed in triplicates

Gene Forward primer Reverse primer

ALP 5-CCCAAAGGCTTCTTCTTG-3 5-CTGGTAGTTGTTGTGAGCAT-3’
Osteocalcin 5-ATGAGAGCCCTCACACTCCTC-3 5- GCCGTAGAAGCGCCGATAGGC-3’
Type I collagen 5-TGACCTCAAGATGTGCCACT-3’ 5-ACCAGACATGCCTCTTGTCC-3’
B-actin 5-TGACCCAGATCATGTTTGAGA-3’ 5-ACTCCATGCCCAGGAAGGA-3’

ALP: Alkaline phosphatase
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Figure 3: Cytotoxicity effect of citral on human osteoblast-like MG-63
cells. MG-63 cells were treated with 10 and 20 pug/ml of non-saturated
aldehyde citral and incubated for 24 h, 48 h, and 72 h. The control
and citral-treated cells were subjected to MTT assay and the results
were statistically analyzed with one-way ANOVA followed by post hoc
Tukey’s test. Each bar represents mean + standard error mean of three
independent observations. *P < 0.05 and *P < 0.01 were considered as
statistically significant.
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Figure 5: Citral stimulatory effect on bone biomarkers gene expression in
human osteoblast-like MG-63 cells. MG-63 cells were treated with 10 and
20 pg/ml of non-saturated aldehyde citral and incubated for 24 h, 48 h,
and 72 h. The gene expression of ALP (a), Osteocalcin (b), and collagen (c)
was assessed using qRT-PCR analysis. The control and citral-treated cells
were subjected to total RNA isolation with TriZol reagent. 2 g of total
RNA was converted to ¢cDNA and subjected to RT-PCR analysis with
primers ALP, Osteocalcin and collagen. The experiments were performed
in triplicates

Effect of citral on collagen synthesis

Figures 4c and 5c¢ signify the levels of collagen synthesized in control and
citral-treated MG-63 human osteoblast-like cells. Collagen predominant
substance present in bone matrix act as a marker of bone maturation
was extensively (P < 0.05) increased in the citral-treated cells compared
to control MG-63 [Figure 5c], whereas the gene expression of collagen
was significantly (P < 0.01) decreased in time-dependent manner in
citral-treated MG-63 cells [Figure 4c].

Citral osteoblastic effect on mineralization

The induction of calcium deposition in MG-63 human osteoblast-like
cells by citral was assessed using Alizarin red staining and the results are
depicted in Figures 6 and 7. Compared to control cells, 10 and 20 pg/ml
citral-treated MG-63 cells have shown darkened red-stained spots. The
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Figure 4: Citral stimulatory effect on bone biomarkers in human
osteoblast-like MG-63 cells. MG-63 cells were treated with 10 and 20 ug/
ml of non-saturated aldehyde citral and incubated for 24 h, 48 h, and
72 h. The control and citral-treated cells were subjected to (a) alkaline
phosphatase activity, (b) osteocalcin production, and (c) collagen
synthesis. The results were statistically analyzed with one-way ANOVA
followed by post hoc Tukey's test. Each bar represents mean + standard
error mean of three independent observations. *P < 0.05 and *P < 0.01
were considered as statistically significant

Days 3

Days 7

Figure 6: Citral osteoblastic effect on mineralization in human
osteoblast-like MG-63 cells. MG-63 cells were treated with 10 and
20 pg/ml of non-saturated aldehyde citral and incubated for 1, 3, and
7 days. The control and citral-treated cells were stained with Alizarin red
S stain and the stained cells were assessed microscopically. (a) Control
MG-63 cells. (b) 10 ug/ml Citral treated cells. (c) 20 ug/ml citral-treated
cells. The experiments were performed in triplicates

intensity of staining was increased (P < 0.05) in time-dependent manner
and the high mineralization was absorbed in the 20 ug/ml citral-treated
MG-63 cells incubated for 7 days [Figure 6c]. The absorbance of
Alizarin-stained cells was prominent in citral-treated MG-63 cells than
the control MG-63 cells and the absorbance increased (P < 0.01) in
time-dependent manner [Figure 7].

DISCUSSION

Imbalance in osteogenesis and bone resorption activity of bone tissue
leads to osteoporosis and increases the fracture risk in older population
and postmenopausal women. Osteoblasts play a decisive role in
maintaining the bone microarchitecture via secreting various proteins."!
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Figure 7: Citral osteoblastic effect on mineralization in human
osteoblast-like MG-63 cells. MG-63 cells were treated with 10 and 20 pug/mi
of non-saturated aldehyde citral and incubated for 1, 3, and 7 days. The
control and citral-treated cells were stained with Alizarin red S stain and the
absorbance of stained cells was assessed using a UV spectrophotometer.
The results were statistically analyzed with one-way ANOVA followed by
post hoc Tukey's test. Each bar represents mean + standard error mean of
three independent observations. *P < 0.05 and #P < 0.01 were considered
as statistically significant

According to 2010 data, more than 50 lakhs men and 220 lakhs European
women were at risk of reduced life expectancy due to osteoporosis.?!
Stimulating the osteoblastic activity with phytochemicals may decrease
the induction of osteoporosis. Hence in the current investigation, we
assessed the osteoblastic stimulatory effect of aliphatic aldehyde citral
in in vitro condition. We estimated the efficacy of citral on osteoblasts
proliferation, differentiation, and maturation by assessing the osteoblasts
cell viability and various bone biomarkers in human osteoblast-like
MG-63 cells.

MG-63 human osteoblast-like cell line was chosen for the current
study since compared to various osteosarcoma cells such as Saos-2,
U-2 OS the MG-63 cell lines were characterized with both mature
and immature osteoblastic morphology and the cell is one of the most
heterogeneous types of osteoblastic cell line.?!! Significant reduction
in MG-63 cell viability was observed when treated with 10 uM
nonsteroidal anti-inflammatory drugs in both presence and absence
of osteogenic stimulators,’**! whereas in the current investigation, our
optical microscopic analysis and cytotoxicity analysis clearly evidence
that aliphatic aldehyde citral treatment with different doses and different
duration of time does not inhibit the growth of MG-63 and it does not
impart any cytotoxic effect on osteoblast-like MG-63 cell.

Numerous studies have reported the critical role of alkaline phosphates
in bone mineralization. ALP is the foremost initiator gene expressed
in the calcification of bone, bone, bone tissues, and the cartilages.
Patients with hypophosphatasia who tend to have missense mutated
tissue nonspecific alkaline phosphatase gene were reported to possess
low or nil ALP activity confirms that ALP plays a key role in the
calcification process.””) The expression of ALP is stimulated with
various drugs such as retinoic acid, parathyroid hormone, and Vitamin
D which upholds the calcification of bone.?**” In our analysis, the
phytochemical citral significantly increased the mRNA expression of
ALP during 24 h treatment with both doses of 10 pg/ml and 20 pg/ml
and the expression was declined with 48 h and 72 h, respectively. The
reduction in ALP expression during 48 and 72 h treatment may be due to
upregulation of osteocalcin since ALP is an osteogenic factor responsible
for the initial phase of mineralization it decreased with time duration.
The considerable amplification in the activity of ALP confirms that
citral induced osteoblast differentiation via stimulating the osteogenic
stimulator ALP in human osteoblast-like MG-63 cells.

254

Pre-osteoblasts differentiate into osteoblast were stimulated by various
substances such as extracellular matrix protein, collagenous protein
such as collagen, and non-collagenous proteins such as osteocalcin,
osteopontin, and alkaline phosphatase.®!! During proliferative phase
of osteoblasts, the expression of fibronectin, collagen, and osteopontin
was increased, whereas the expression of alkaline phosphatase and
collagen was prominent during the maturation phase of osteoblast.*?
The ALP activity and collagen synthesis are considered as a biomarker
for osteoblast maturation.®” Since in our study citral increased the
expression of ALP protein, we further assessed the potency of citral to
induce the expression of collagen protein. Collagen is the most profuse
protein present in the matrix of bone which accounts for about 90%
of the bone matrix.* Collagen along with non-collagenous proteins
such as alkaline phosphatase, osteonectin, and osteocalcin regulates
the osteoblast cell proliferation, differentiation, maturation, and
mineralization. Our qPCR results of collagen mRNA expression confirm
that citral significantly increased the expression of collagen and its
activity was also increased. This clearly states that citral induced collagen
genesis in human osteoblast-like MG-63 cells.

The osteogenic property of drug is determined by the stimulation of
mineralization in a bone matrix which in the later stage of osteoblast
differentiation.®” Deposition of minerals on the organic scaffold
is enhanced when there is increased expression of osteocalcin.
Osteocalcin is the second abundant protein secreted by the osteoblast
and it is incorporated in the bone matrix. In our present study,
osteocalcin expression was significantly enhanced at 20 pg/ml dose of
citral, 72 h. The mineralization property of citral was proved with our
Alizarin red S staining, 20 ug/ml dose of citral-treated MG-63 human
osteoblast-like cells shows the increased density of red staining which
authentically proves the induction of mineralization. This may be due to
an increase in the activity of non-collagenous protein osteocalcin. Citral,
aliphatic aldehyde, which consists of monoterpenoids possesses various
pharmacological properties such as anti-arthritis, anti-inflammatory,
antioxidant, and antimicrobial. It is reported to be antiadipogenic,
carminative, sedative, and expectorant.'¥3! In the induction of
osteogenic proteins in MG-63 human osteoblast like cells is due to the
citral monoterpenoids.

CONCLUSION

In the current investigation, we assessed the osteogenic effect of
citral, a predominant bioactive compound present in Cymbopogon
citrates commonly known as lemongrass. Citral is responsible for the
lemon aroma of Cymbopogon citrates; apart from this, it possesses
various pharmacological properties. We tend to analyze its osteogenic
property; therefore, we examined its osteogenic stimulating effect in
human osteoblast-like MG-63 cell by estimating the levels of osteogenic
biomarkers such as alkaline phosphatase, collagen, and osteocalcin.
Further to confirm the induction of matrix mineralization by citral,
we performed Alizarin red staining and an MTT assay was done to
verify whether citral possesses cytotoxicity property. Our overall
results authentically confirm that citral possesses osteogenic property
and it promotes MG-63 human-like osteoblast cells’ differentiation,
proliferation, and maturation in vitro.
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