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ABSTRACT

Background: Osteoporosis is a quiet disease with a pathological condition
of reduced bone mineral density (BMD) leading to weakened bone. In
this study, we evaluated the bone formation potency of D-carvone, an
unsaturated monoterpenoid ketone phytochemical present in essential
oil of aromatic plants with pharmacological prominence against the
ovariectomy-induced rats. Materials and Methods: Ovariectomy was
achieved in Sprague—-Dawley rats and was employed for the present study.
The rats were clustered into four sham-operated control, ovariectomized,
ovariectomized treated with 5 mg/kg b. wt and 10 mg/kg b. wt,
respectively. Body weight of rats was observed once a week and after
the completion of treatment the rats were euthanized to isolate uterus,
vagina, and femur. Results: The weight of the uterus, vagina, and femur
were restrained to perceive the impact of D-carvone on reproductive
organ and bone. The effect of D-carvone treatment in maintaining the
BMD was evaluated with dual-energy X-ray absorptiometry scan and the
biomechanical properties were measured with three-point bending test.
Microcomputed tomography analysis was performed to scrutinize the
D-carvone potency in trabecula of ovariectomized rats. Further to confirm
D-carvone osteoblastic potency the bone turnover markers levels were
enumerated. The bone healing effect of D-carvone in ovariectomized rats
was considered with histological examination of femoral metaphysis.
The impact of D-carvone on suppressing inflammation in ovariectomized
rats was judged by estimating the levels of lipid profile and inflammatory
cytokines. The osteoblastic potency of D-carvone was established by
quantifying the gene expression osteblastic protein using quantitative
polymerase chain reaction analysis. Conclusion: In conclusion, our
results evidenced that the D-carvone effectively inhibited the osteclastic
activity in ovariectomized rats and augmented the expression of
osteblastic proteins via suppressing the inflammatory markers. However,
the additional experiments in future could endorse the D-carvone as a
potential anti-osteoporotic drug.

Key words: Anti-osteoporotic drug, D-carvone, in vivo model,
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SUMMARY

e D-carvone meritoriously sustained the normal body weight,
ovariectomized rats

BMD in

INTRODUCTION

Osteoporosis, a global alarm of the elderly population has a superior
influence on the economy of their families and countries. Worldwide
about 200 million people have been identified with osteoporosis.!
Compared to the men population women were more prone to the target
of osteoporosis and osteoporotic fractures. Nearly, 40% of women
diagnosed with osteoporosis, which are at high risk of osteoporotic
fractures and it was stated that 15%-30% of mortality are related to
osteoporotic fractures.>*! The risk of osteoporosis surges with the age
from 2% in women of >50 years to 25% in women >80 years." Since
the global life expectancy was gradually increasing, the concern toward
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e The biomechanical inspection of D-carvone-treated ovariectomized rats
shows that D-carvone augmented the bone strength and declined the fragility
of bones due ovariectomy

e D-carvone effectively constrains the osteclastic activity in ovariectomized
rats and upsurges the expression of osteblastic proteins via suppressing the
inflammatory proteins.
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Abbreviations used: DEXA: Dual-energy xray absorptiometry; Tb. Th:
Trabecula thickness; Th. N: Trabecula number; Tb. Sp: Trabecular separation;
Tb. A: Trabecular area; TRAP: Tartrate-resistant
acid phosphatase.
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treating osteoporosis is also increasing sharply mainly in developing
countries. Osteoporosis is a systemic musculoskeletal disease with
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pathological conditions of diminished bone mineral density (BMD)
and declined bone microarchitecture causing fragility in bones leading
to fractures.®! Osteoporosis is categorized into three types based on the
causative of the diseases as osteoporosis occurring in postmenopausal
women, osteoporosis occurring in aged persons and osteoporosis
occurring as secondary pathology of some other ailments./’ The women
in postmenopause are frequently exaggerated with osteoporosis this
may be due to the hormonal imbalance. The secretion of hormones
changes radically during the aging process which leads to various organ
dysfunctions.” Among that bones were harshly affected in women at the
postmenopausal stage since there is a shrill decrease in the synthesis of
estrogen.® Endogenous estrogen plays an energetic role in maintaining
the microarchitecture of bones; hence. the estrogen deficiency hints to
fractures in women at the postmenopausal stage.”!

All over the world for more than a period of 25 years, calcium
supplementation  is  typically recommended to  prevent
osteoporosis."” Even though it blocked the bone turnover and
worsening of bone architecture the efficacy of calcium against
antifracture in postmenopausal women is uncertain and it also
caused various side effects such as renal calculi, gastrointestinal
disorders, and cardiovascular diseases.'!! The newly invented potent
substitutes of calcium supplementation such as bisphosphates,
denosumab (monoclonal antibody), parathyroid hormone, and
estrogen treatment also reduce hilarious side effects.? Hence, a potent
osteoporotic drug, which preserves the bone mass as well efficiently
prevents fractures in postmenopausal women needs to be revealed.

Carvone is an unsaturated monoterpenoid ketone prime phytochemical
component present in seeds of Carum carvi plant fitting to the
family Apiaceae. It is also present in the essential oil of aromatic
plants such as Mentha spicata and Anethum graveolens.'>'" Carvone
exists as L-carvone with the sweetish minty smell and D-carvone
with spicy aroma. Compared to L-carvone the D-carvone hold
numerous pharmacological properties such as immunomodulatory,
anticarcinogenic, antimicrobial, antitumor genic, antiinflammatory,
antihyperlipidemic, and antihypertensive.'>'”)  The efficacy of
D-carvone on preventing osteoporosis was not yet explicated; therefore,
we scrutinized the osteoblastic property of D-carvone in a rat model
induced osteoporosis by ovariectomy.

MATERIALS AND METHODS

Chemicals

D-Carvone and other chemicals were acquired from Sigma-Aldrich
Chemicals, USA. All the ELISA assay kits were procured from RandD
Systems Inc., USA, Randox Laboratory Ltd., UK, and Abcam, USA,
respectively. The RT-PCR kits were obtained from Thermo Fischer
Scientific, USA.

Animals

Young healthy female Sprague-Dawley rats weighing about 250 + 10 g
were designated for the present experiment. The detailed protocols to
be achieved on rats during the experimental period were elucidated
before the institutional ethical committee and gained the approval of
rats’ procurement. The procured rats were adapted in the laboratory
condition with a temperature of 24°C * 2°C, relative humidity of
60% + 5% and strict 12 h light and dark cycle for a week. Sterilized paddy
husk were employed for bedding and the husk was altered every day and
the cage was reformed thrice a week. The rats were fed ad libitum with
standard hygienic laboratory pellet diet and clean drinking water. The
rats were preserved with utmost concern and care, all possible measures
were taken to diminish the suffering of rats during the experimental
period.
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Ovariectomy surgery

The rats were overnight fasted before the surgery day and on the
day of surgery, they were anesthetized with 50 mg/kg pentobarbital
sodium (intraperitoneal injection). The surgery was achieved in the
animal surgical room strict hygiene was sustained throughout the
surgery. The anesthetized rats were located on the surgical table and
an abdominal incision was made in the middle of the abdomen. For
sham-operated rats bilateral laparotomy alone was finished and for
ovariectomized rats, bilateral ovariectomy was accomplished. The rats
were then positioned in the observation chamber and monitored for
30 min and then transferred to the home cage. No massive hemorrhage
or mortality was happened during and after the surgical procedure.

Experimental design

After the recovery period of 4 weeks, the rats were congregated into four:
group I rats are sham-operated control rats, group II are ovariectomized
rats, group IIT are ovariectomized rats treated with 5 mg/kg b. wt of
D-carvone/day (dissolved in DMSO), and group IV are ovariectomized
rats treated with 10 mg/kg b. wt of D-carvone/day for 16 consecutive
weeks. The sham operated and ovariectomized alone rats’ conventional
distilled water through gavage treatment. The weight of the rats was
checked weekly once throughout the experimental period. The rats
were then euthanized using ether anesthesia. The blood samples were
composed for biochemical analyses; the femur, vagina, and uterus were
isolated for molecular and histological analyses. The samples were
deposited in — 80°C until further analysis.

Measurement of organ coefficient

The body weight was restrained weekly once and the surge in body
weight of control and experimental groups were intended every 4 weeks.
The femur bone, uterus, and vagina were detached and weighed in
digital weighing balance. The organ coeflicients were calculated using
the formula:

Organ coefficient = Organ weight/Body weight of the animal

Assessment of BMD and biomechanical parameters

The whole femur of control and experimental rats were insulated
and the muscles, connective tissues were entirely detached. BMD of
femur was evaluated with dual-energy X-ray absorptiometry (DEXA)
scans (HOLOGIC discovery WA, USA). The experiment was completed
as per the manufacturer’s protocol. The small animal scanning mode is
used and the BMD values were measured routinely.

Three-point bending flexural test method using CSS-4420 material testing
machine (Changchun Research Institute for Testing Machines Co. Ltd.,
Changchun, China)!'® was finished to guesstimate the biomechanical
property of ovariectomized and D-carvone-treated ovariectomized rats.
The machine was programmed with stride distance of 20 mm and the
loading velocity is preserved at 5 mm/s. The data were routinely verified
and the maximum deflection, maximum load, energy, stiffness, young
modulus, maximum stress, maximum fracture load to femoral midshaft,
and femoral neck were designed.

Microcomputed tomography analysis of trabecular
bone

The microarchitecture of trabeculae of femoral metaphysis was judged
with SIEMENS Inveon PET.SPECT.CT, Germany). The femurs were
isolated from the control and experimental rats and preserved in 70%
ethanol until the experiment was executed. About 25-125 slices from the
distal femoral growth plate was take at the region of interest and sliced
with the thickness of 21 um and the voxel resolution was maintained at
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22 um?. The trabecular thickness (Tb. Th), trabecular number (Tb. N),
trabecular separation (Tb. Sp), trabecular area (Tb. A) were dignified
and calculated using associated software.

Quantification of bone turnover markers

Bone turnover markers estradiol (Abcam), osteocalcin/bone
gla protein (Life Span BioSciences) and acid phosphatase
(Life Span BioSciences) were projected using commercially available
ELISA kits. The procedures were achieved according to the manufacturer’s
instruction and the OD was measured at 450 nm using microplate reader.
Serum calcium and phosphorous were measured calorimetrically by the
method of Brown,™ creatinine was assessed using Jaffe’s method® and
Tartrate-resistant acid phosphatase (TRAP) was dogged by the method
of Godkar.”"

Quantification of osteoprotegerin and RANKL

The serum levels of osteoprotegerin (OPG) and receptor activator
of nuclear factor-kappa f§ ligand were measured using commercially
available sandwich ELISA kit (R and D Systems Inc., USA). The
experiment was achieved as per the manufacturer’s protocol and the
concentration of the test sample was planned based on the standard
curve drawn with known concentrations of standard samples.

Histopathological analysis of femoral metaphysis

The femoral bone was fixed with 10% formaldehyde solution for 24 h and
then decalcified using 3% Muller solution for 48 h. The bone tissue was
then washed with distilled water followed by series of ethanol and xylene
wash (50%-100%). The tissue was then entrenched in paraffin and
sliced into 4-p thickness using rotary microtome. The sliced tissue was
dewaxed and stained with H and E stain. The stained femoral metaphysis
was observed under light microscope and the photograph was taken for
further examination.

Quantification of lipid profile

The total lipid profile was assessed in untreated ovariectomized rats and
ovariectomized rats treated with different concentrations of D-carvone
using commercially available assay kits. The serum concentration
of triglycerides was appraised with GPO-PAP Kkit, total cholesterol
high-density lipoprotein cholesterol, and low-density cholesterol were
enumerated using assay kit procured from Randox Laboratory Ltd., UK.
The assay was done as per the manufacturer’s protocol.

Quantification of inflammatory markers

The levels of inflammatory markers-Tumor Necrosis Factor oo (TNF-a),
interleukin 1 § (IL-1 ), and IL-6 in control and experimental rats were
restrained using commercially available ELISA kits (Abcam, USA). The
experiment was carried based on the instruction of the manufacturer and
the end product was calculated at 450 nm. The inflammatory cytokines
levels were considered using the standard curve reference values.

Quantitative polymerase chain reaction analysis of
bone turnover markers

mRNA expression of osterix (Osx), Runt-related transcription
factor 2 (Runx2), and alkaline phosphatase (ALP) in control and
experimental rats were measured using quantitative polymerase
chain reaction (qPCR) analysis. The tissue was homogenized with
TriZol reagent and the RNA was phase separated with the addition
of chloroform and centrifuged at 12,000 rpm for 15 min at 4°C. The
aqueous phase was separated and the RNA was precipitated with
equal volume of isopropanol. The precipitated RNA was composed
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by centrifuging at 12,000 rpm for 10 min at 4°C and the RNA was
cleansed with ethanol twice by centrifuging at 10,000 rpm for 5 min
at 4°C. The pellet was dissolved with Milli-Q water and then subjected
to quantification with NanoDrop Spectrophotometer. The RNA
was then exposed to cDNA conversion with Cells-to-cDNA™ II Kit,
Thermo Fischer Scientific, USA. Then, the cDNA was subjected to
qPCR analysis with respective primers Osx, Runx2, ALP and internal
control beta-actin using Real-time PCR kit (Takara, USA). The relative
gene expression was dignified using the comparative computed
tomography (CT) method (2-AACt) normalized with GAPDH. The
mRNA expressions of the samples were intended using CFX Manager
Version 2.1 and the results portrayed as fold change (Bio-Rad, USA).

Statistical analysis

The experiments were achieved in triplicates and the values were logged.
The results of each and every experiment were statistically examined
using Graph Pad PRISM. The results were evaluated with one-way
ANOVA and the intra significance was measured with post hoc Dunnett
test. All the data were articulated as mean * standard deviation and
P < 0.05 were measured to be statistically significant.

RESULTS

D-carvone influence on body weight of
ovariectomized rats

Figure la illustrates the effect of D-carvone effect on the bodyweight
of ovariectomized rats. The bodyweight of ovariectomized rats
revealed a significant rise compared to sham-operated control rats. The
sham-operated rats gained about 50 g weight for 20 weeks, whereas
ovariectomized rats gained more than 100 g of weight. Both the doses of
D-carvone treatment repressed the rise in body weight of ovariectomized
rats. Initially, up to 12 weeks of D-carvone treatment, there is a shrill
surge in the bodyweight of rats, whereas it dropped from 16 weeks and
during the 20" week of treatment. No substantial change was detected
between D-carvone-treated ovariectomized rats and sham-operated
control rats.
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Figure 1: D-carvone influence on body weight and organ weight
of ovariectomized rats. (a) Body weight of sham operated control,
ovariectomized, low dose D-carvone treated ovariectomized and high
dose D-carvone treated ovariectomized rats measured for a period
of 20 weeks. (b) Uterus index (c) Uterine weight (d) Vaginal weight
measured at end of treatment period. Data were statistically analyzed
with Graphpad PRISM software and the statistical significance between
groups was considered to be P < 0.05 were considered to be statistically
significant. *Control versus Others, **Ovariectomized group versus low
and high dose D-carvone treated ovariectomized rats
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D-carvone influence on the uterine index of
ovariectomized rats

The uterine index of sham-operated control, ovariectomized, and
ovariectomized rats treated with D-carvone are portrayed in Figure 1b.
The ovariectomized rats were presented a momentous decrease in
their uterine index compared to the control rats. D-carvone treatment
does not6 shown noteworthy increase in the uterine index compared
to sham operated and ovariectomized rats, whereas high-dose
D-carvone-treated rats shown small increase in the uterine index
compared to the ovariectomized rats. The uterine [Figure 1c] and vaginal
weights [Figure 1d] of ovariectomized rats were knowingly abridged than
the control rats. High-dose D-carvone-treated rats shown a significant
upsurge in the uterine and vaginal index compared to ovariectomized
rats.

D-carvone effect on femur weight of
ovariectomized rats

Figure 2 demonstrates the D-carvone potency on continuing femur
weight of ovariectomized rats. Noteworthy lessening in both dry and wet
weight of femur was seen in ovariectomized rats than the control rats.
High-dose D-carvone-treated ovariectomized rats exposed important
increase in femur weight and wet weight femur coeflicient than the
low-dose D-carvone-treated ovariectomized rats.

Effect of D-carvone on maintaining the bone
quality of ovariectomized rats

The results of femoral length and BMD measured with DEXA scan
are represented in Figure 3a and b. Both the femoral length and
BMD were ominously reduced in ovariectomized rats, whereas
high-dose D-carvone treatment in ovariectomized rats augmented
both the femoral length and BMD. Figure 3¢ and d exemplifies the
effect of D-carvone on maximum deflection and the maximum
load of femoral bone in ovariectomized rats. The drastic decrease
in maximum deflection property and maximum load capacity was
realized in ovariectomized rat’s bones compared to the control rat’s
bones. High-dose D-carvone treatment meaningfully augmented the
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Figure 2: D-carvone effect on femur weight of ovariectomized rats.
(a) Wet femur weight, (b) Dry femur weight (c) Organ coefficient of wet
femur of sham operated control, ovariectomized, low dose D-carvone
treated ovariectomized and high dose D-carvone treated ovariectomized
rats. Data were statistically analyzed with Graphpad PRISM software and
the statistical significance between groups was considered to be P < 0.05
were considered to be statistically significant. *Control versus Others,
**Qvariectomized group versus low and high dose D-carvone treated
ovariectomized rats
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maximum load capacity and the maximum deflection property in
ovariectomized rat’s bones.

The  biomechanical  properties of  ovariectomized
D-carvone-treated ovariectomized rats were measured using
three-point bending test and the outcomes are represented in Figure 4.
The energy, stiffness, young modulus, and maximum stress of the
bone were severely reduced in ovariectomized rats compared to the
sham-operated control rats. Both the doses of D-carvone treatment
improved the quality of bone in ovariectomized rats but compared
to low-dose D-carvone treatment high-dose D-carvone-treated
ovariectomized rats shown knowingly augmented energy, stiffness,
young modulus, and maximum stress on bones [Figure 4]. The
quality of the bone in D-carvone ovariectomized rats was evaluated
by determining the maximum fracture loading capacity of the femoral
midshaft and femoral neck in ovariectomized and D-carvone-treated
ovariectomized rats [Figure 5]. Compared to ovariectomized rats the
quality of femoral bone considerably enlarged in D-carvone treated
ovariectomized rats. Sharp diminution was detected in maximum
fracture loading capacity of both femoral midshaft and femoral neck
of ovariectomized rats, whereas D-carvone treatment augmented the
maximum fracture loading capacity.

and

Effect of D-carvone on the trabecular
microarchitecture of ovariectomized rats

Figure 6 proves the results of trabecular thickness Figure 6a, trabecular
area Figure 6b, trabecular separation Figure 6¢, and trabecular number
Figure6dincontrol,ovariectomizedand D-carvone-treatedovariectomized
rats. The trabecular thickness, area, and number were meaningfully
reduced in ovariectomized rats (52 mm, 13%, 1.8 mm, respectively)
compared to the control rats (78 mm, 37%, 4.7 mm, respectively). Both
the high (72 mm, 31%, 4.1 mm, respectively) and low-dose D-carvone
(68 mm, 24%, 3.6 mm, respectively) treatment knowingly augmented the
levels of trabecular thickness, area and number in ovariectomized rats
compared to the untreated ovariectomized rats. The trabecular separation
was extremely augmented in ovariectomized rats (340 mm) compared to
the control rats (180 mm), whereas D-carvone treatment declined the
levels in ovariectomized rats (270 mm and 220 mm low and high dose,
respectively).
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Figure 3: Effect of D-carvone on maintaining bone quality of
ovariectomized rats. (a) Femoral length (b) bone mineral density
(c) Maximum deflection (d) maximum load capacity of sham operated
control, ovariectomized, low dose D-carvone treated ovariectomized and
high dose D-carvone treated ovariectomized rats. Data were statistically
analyzed with Graphpad PRISM software and the statistical significance
between groups was considered to be P < 0.05 were considered to be
statistically significant. *Control versus Others, **Ovariectomized group
versus low and high dose D-carvone treated ovariectomized rats
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Figure 4: Effect of D-carvone on maintaining biomechanical property
ovariectomized rats. (a) Energy (b) Stiffness (c) Young modulus
(d) maximum stress bearing capacity of sham operated control,
ovariectomized, low dose D-carvone treated ovariectomized and high
dose D-carvone treated ovariectomized rats. Data were statistically
analyzed with Graphpad PRISM software and the statistical significance
between groups was considered to be P < 0.05 were considered to be
statistically significant. *Control versus Others, **Ovariectomized group
versus low and high dose D-carvone treated ovariectomized rats
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Figure 6: Effect of D-carvone on trabecular microarchitecture of
ovariectomized rats. lllustrates the results of (a) Trabecula thickness
(b) Trabecular area (c) Trabecular separation (d) Trabecula number in
sham operated control, ovariectomized, low dose D-carvone treated
ovariectomized and high dose D-carvone treated ovariectomized rats.
Data were statistically analyzed with Graphpad PRISM software and the
statistical significance between groups was considered to be P < 0.05
were considered to be statistically significant. *Control versus Others,
**Qvariectomized group versus low and high dose D-carvone treated
ovariectomized rats

Effect of D-carvone on bone turnover markers of
ovariectomized rats

The markers estradiol [Figure 7a], bone
Gla-protein [Figure 7b] and acid phosphatase levels [Figure 7c] were
assessed in sham operated, ovariectomized and D-carvone-treated
rats. The levels of estradiol, bone Gla-protein, and acid phosphatase
were diminished in ovariectomized rats (7.4 pg/ml, 1.8 pug/L,
54 U/L, respectively) compared to the sham-operated rats (9.8 pg/ml,
2.8 ug/L, 97 U/L, respectively). Slight rise in levels of estradiol, bone gla
protein, and acid phosphatase was seen in low-dose D-carvone-treated
rats (8.7 pg/ml, 2.8 ug/L, 83 U/L, respectively) and significantly amplified

bone turnover
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Figure 5: Effect of D-carvone on fracture bearing capacity of
ovariectomized rats. Maximum fracture loading capacity of (a) femoral
mid shaft (b) femoral neck of sham operated control, ovariectomized, low
dose D-carvone treated ovariectomized and high dose D-carvone treated
ovariectomized rats. Data were statistically analyzed with Graphpad
PRISM software and the statistical significance between groups was
considered to be P < 0.05 were considered to be statistically significant.
*Control versus Others, **Ovariectomized group versus low and high
dose D-carvone treated ovariectomized rats
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Figure 7: Effect of D-carvone on bone turnover markers of ovariectomized
rats. (a) Estradiol (b) Bone gla protein (c) Acid phosphatase levels of
sham operated control, ovariectomized, low dose D-carvone treated
ovariectomized and high dose D-carvone treated ovariectomized rats.
Data were statistically analyzed with Graphpad PRISM software and the
statistical significance between groups was considered to be P < 0.05
were considered to be statistically significant. *Control versus Others,
**Qvariectomized group versus low and high dose D-carvone treated
ovariectomized rats

in high-dose D-carvone-treated rats (8.1 pg/ml, 1.98 ug/L, 72 U/L,
respectively) compared to ovariectomized rats.

Figure 8 clarifies the results of serum calcium Figure 8a, phosphorous
Figure 8b, creatinine Figure 8¢, and TRAP Figure 8d in sham-operated,
ovariectomized, and D-carvone-treated rats. The levels of calcium,
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Figure 8: Effect of D-carvone on bone vital markers of ovariectomized
rats. (@) Serum Calcium (b) serum phosphorous (c) serum creatinine
(d) Tartrate-resistant acid phosphatase levels of sham operated
control, ovariectomized, low dose D-carvone treated ovariectomized
and high dose D-carvone treated ovariectomized rats. Data were
statistically analyzed with Graphpad PRISM software and the statistical
significance between groups was considered to be P < 0.05 were
considered to be statistically significant. *Control versus Others,
**Qvariectomized group versus low and high dose D-carvone treated
ovariectomized rats

phosphorous, and creatinine were suggestivelylessened in ovariectomized
rats (1.44 mmol/L, 1.82 mmol/L, 1.76 mmol/L, respectively) compared to
the sham-operated control rats (2.65 mmol/L, 3.2 mmol/L, 2.4 mmol/L,
respectively). High-dose D-carvone-treated rats significantly improved
the levels of calcium, phosphorous, and creatinine, respectively
(2.4 mmol/L, 2.7 mmol/L, 2.4 mmol/L, respectively) compared to the
ovariectomized rats. Figure 4d illustrates the results of TRAP levels.
The TRAP level severely increased in ovariectomized rats (5.8 mmol/L)
compared to the control rats (2.4 mmol/L) and the levels were significantly
declined in both high (3.9 mmol/L) and low-dose D-carvone-treated
rats (4.2 mmol/L).

Osteoblastic effect of D-carvone on ovariectomized
rats

Figure 9 signifies the levels of OPG and RANL protein in sham-operated,
ovariectomized, and D-carvone-treated rats. Ovariectomy drastically
lessened the levels of osteoblastic protein OPG (470 pg/ml) and
augmented the levels of osteclastic protein RANKL (76 pg/ml) compared
to the sham-operated control rats (1020 pg/ml, 18 pg/ml, respectively).
Compared to the low-dose D-carvone-treated rats high-dose
D-carvone-treated rats shown an expressively augmented level of
OPG (740 pg/ml) and reduced level of RANKL (52 pg/ml).

Effect of D-carvone on femoral metaphysic
histomorphometry of ovariectomized rats

Figure 10 portrays the H and E stained images of the femoral
metaphysic of sham-operated control, ovariectomized and
D-carvone-treated ovariectomized rats. Ovariectomized rats exposed
broadly separated and disconnected thin trabecula with the increased
number of adipose cells along the bone marrow spaces [Figure 10b]
compared to the control group [Figure 10a], which revealed the
normal architecture of femoral metaphysic. Both high- and low-dose
of D-carvone treatment decreased the number of adipose cells and
increased the trabecular thickness upturned the deleterious effect of
ovariectomy [Figure 10c and d].
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Figure 9: Osteoblastic effect of D-carvone on ovariectomized rats.
(a) Osteoprotegerin (b) RANKL protein levels of sham operated control,
ovariectomized, low dose D-carvone treated ovariectomized and high
dose D-carvone treated ovariectomized rats. Data were statistically
analyzed with Graphpad PRISM software and the statistical significance
between groups was considered to be P < 0.05 were considered to be
statistically significant. *Control versus Others, **Ovariectomized group
versus low and high dose D-carvone treated ovariectomized rats

D-carvone influence on lipid profile of
ovariectomized rats

The total lipid profile of sham-operated control, ovariectomized,
D-carvone-treated ovariectomized rats were measured and the values are
described in Figure 11. The total cholesterol HDL cholesterol and LDL
cholesterol levels were augmented in ovariectomized rats (1.75 mmol/L,
1.32 mmol/L, and 0.47 mmol/L, respectively) compared to sham-operated
control rats (1.25 mmol/L, 0.87 mmol/L, and 0.22 mmol/L, respectively).
No noteworthy alteration was detected between ovariectomized
and low-dose D-carvone-treated rats (1.62 mmol/L, 1.22 mmol/L,
0.42 mmol/L). High-dose D-carvone-treated ovariectomized rats shown
a substantial decrease in the levels of total cholesterol (1.4 mmol/L), HDL
cholesterol (1.02 mmol/L), and LDL cholesterol (0.36 mmol/L) compared
to ovariectomized rats. The triglycerides levels were diminished in
ovariectomized rats (0.52 mmol/L), low-dose D-carvone-treated
rats (0.35 mmol/L) and high-dose D-carvone-treated rats (0.24 mmol/L)
compared to sham-operated control (0.7 mmol/L).

Influence of D-carvone treatment on inflammatory
markers of ovariectomized rats

The inflammatory markers TNF-a, IL-1 f, and IL-6 were quantified
in sham-operated control, ovariectomized and D-carvone-treated
ovariectomized rats and the fallouts are exemplified in Figure 12.
The inflammatory markers TNF-a, IL-1 B, and IL-6 were pointedly
augmented in ovariectomized rats (21 ng/ml, 93 pg/ml, and 174 pg/ml)
compared to the control rats (13 ng/ml, 73 pg/ml, and 105 pg/ml).
High-dose D-carvone effectively declined the levels of TNFa, IL-1 f3,
and IL-6 (15 ng/ml, 75 pg/ml, and 120 pg/ml) compared to low-dose
D-carvone treated ovariectomized rats (18 ng/ml, 84 pg/ml, and
130 pg/ml).

Effect of D-carvone on bone turnover markers gene
expression of ovariectomized rats

Figure 13 signifies the results of bone turnover markers gene expression
of sham-operated control, ovariectomized and D-carvone-treated
ovariectomized rats judged with qPCR analysis. The gene expressions
of bone turnover markers OSX Figure 13b, RUNX2 Figure 13c were
severely diminished and ALP Figure 13a in ovariectomized compared to
the control rats. Both low- and high-dose D-carvone treatment reformed
the levels of bone turnover markers gene expression in ovariectomized
rats compared to low-dose D-carvone treatment high-dose D-carvone
treatment effectively augmented the expression of bone turn over marker
proteins.
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Figure 10: Effect of D-carvone on femoral metaphysic histomorphometry
of ovariectomized rats. H and E stained representative photomicrographs
of (a) Sham operated control (b) Ovariectomized (c) low dose D-carvone
treated ovariectomized (d) high dose D-carvone treated ovariectomized
rats
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Figure 12: Influence of D-carvone treatment on inflammatory markers
of ovariectomized rats. The levels of inflammatory cytokines (a) TNF-a,
(b) IL-1B and (c) IL-6 of sham operated control, ovariectomized, low dose
D-carvone treated ovariectomized and high dose D-carvone treated
ovariectomized rats. Data were statistically analyzed with Graphpad
PRISM software and the statistical significance between groups was
considered to be P < 0.05 were considered to be statistically significant.
*Control versus Others, **Ovariectomized group versus low and high
dose D-carvone treated ovariectomized rats

DISCUSSION

In the present study, we evaluated the potency of D-carvone on
increasing the bone mass and inhibiting osteoporosis induction in
in vivo conditions. Various animal models were recognized to be
employed in assessing both the pathogenesis of osteoporosis and the
effect of antiresorptive drugs?>?*! We have selected ovariectomy-induced
osteoporosis model since estrogen depletion plays an energetic role in
osteoporosis induction in postmenopausal women. Ovariectomized
rat model mimics the characteristics of postmenopausal women with
estrogen depletion and augmented bone lost.?***! Weight gain is main
in most of menopausal women due to diminished estrogen synthesis.>!
In our study, ovariectomized rats also shown extreme increase in their
body weight and decrease in uterine and vaginal weight which shows the
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Figure 11: D-carvone influence on lipid profile of ovariectomized
rats. (a) Total cholesterol (b) Triglycerides (c) high density lipoprotein
cholesterol (d) low density lipo protein cholesterol levels of sham operated
control, ovariectomized, low dose D-carvone treated ovariectomized and
high dose D-carvone treated ovariectomized rats. Data were statistically
analyzed with Graphpad PRISM software and the statistical significance
between groups was considered to be P < 0.05 were considered to be
statistically significant. *Control versus Others, **Ovariectomized group
versus low and high dose D-carvone treated ovariectomized rats
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Figure 13: Effect of D-carvone on bone turnover markers gene
expression of ovariectomized rats. Quantitative polymerase chain
reaction analysis was performed to determine the gene expression
of (a) Alkaline phosphatase (b) OSX (c) RUNX2 in sham-operated control,
ovariectomized, low-dose D-carvone-treated ovariectomized and
high-dose D-carvone-treated ovariectomized rats. Data were statistically
analyzed with Graphpad PRISM software and the statistical significance
between groups was considered to be P < 0.05 were considered to be
statistically significant. *Control versus Others, **Ovariectomized group
versus low- and high-dose D-carvone-treated ovariectomized rats

depletion of estrogen. The decrease in uterine and vaginal weight may be
due to the regression that ensued due to the ovariectomy. D-carvone has
not stated any known toxicity and according to the data of the National
Library of Medicine HSDB Database (2018),/” the LD50 of D-carvone
in rats was 5400 mg/kg. In our study, minimal dose of 5 and 10 mg/kg b.
wt were employed to treat osteoporosis in ovariectomized rats. Both the
doses efliciently suppressed the weight gain and increased the uterine
and vaginal weight in ovariectomized rats. This may be due to the
phytoestrogenic property of D-carvone.?!

Metabolic disorder osteoporosis is largely considered with diminished
BMD, bone mass and fragile bone, prone to fractures. Investigation of
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BMD is a key detector of osteoporosis induction.?*! Therefore, in the
present study, we scrutinized the weight, length and BMD of the femur
bone in ovariectomized rats and D-carvone-treated ovariectomized
rats [Figure 2c]. D-carvone significantly augmented the femoral length,
weight, and BMD in ovariectomized rats. This associates with the
earlier studies where supplementation of calcium along with Vitamin D
increased the femur BMD.""*?! Even though BMD quantification is ideal
non-invasive test to evaluate osteoporosis induction the fracture risk
and the bone quality cannot be detected with BMD values.*** Hence,
biomechanical analysis of bone quality such as bone strength, stiffness,
elastic modulus, maximum deflection, maximum load, energy, and
fracture bearing capacity should also be studied to assess the potency of
an antiresorptive drug.® The biomechanical analysis can be achieved
with various tests such as tensile strength test, compression test, torsion
strength test. In the present study, we used three-point bending extensively
to analyze the biomechanical properties of bone in ovariectomized
and D-carvone-treated ovariectomized rats [Figures 3-5]. D-carvone
treatment improved the maximum load, maximum stress and elastic
module of bone in ovariectomized representing it increased the integral
strength, capability of resisting deformation and diminished the fragility
of bone.””

Deterioration of trabecular microarchitecture is a hall mark event
in osteoporosis induction which decreases the bone quality and
eventually increases the fragility fracture occurrences.*®*! Therefore,
we investigated the effect D-carvone on maintaining trabecular
microarchitecture using micro CT analysis. D-carvone significantly
augmented the trabecular thickness, area and number and declined the
trabecular separation, thereby preventing the deterioration of trabecular
microarchitecture [Figure5]. Thisspecifies D-carvone possess osteoplastic
property which prevented the worsening of trabecular bone. Therefore,
further, we evaluated the impact of D-carvone on bone turnover markers
estrogen, bone Gla-protein, and acid phosphatase [Figure 6]. Estrogen
deficiency plays a key role in the induction of osteoporosis in menopausal
women and hormone replacement therapy appears to be an effective
treatment to prevent fragility fractures in postmenopausal women.**!
Bone Gla-protein displays high affinity towards calcium and it surges
the absorption of hydroxyapatite in the bone matrix thereby promotes
bone mineralization.*!! In the present study, D-carvone effectively
augmented the estrogen levels in ovariectomized rats and it also enlarged
the levels of osteocalcin or bone-Gla protein. This may be the reason
for the condensed deterioration of trabecular microarchitecture in
D-carvone-treated ovariectomized rats.

Calcium and phosphorous are the two key substrates of bone
mineralization controlled by various hormones."? Diminished BMD
in postmenopausal women is typically related to lessened calcium
levels. Decreased calcium levels augment the secretion of parathyroid
hormone thereby increases the osteoclastic activity in bones."*? The rate
of creatinine clearance was pointedly decreased in osteoporotic patients
and the incidence rate of fractures was reported more in these types
of patients.* Therefore, in the present study, we studied the efficacy
of D-carvone in maintaining the levels of calcium, phosphorous, and
creatinine in ovariectomized rats. D-carvone effectively enlarged the
levels of calcium, phosphorous, and creatinine levels which in turn
would have augmented BMD in ovariectomized rats [Figure 8].

Even though various hormones control bone remodeling the decisive
executors are OPG and RANKL. OPG belongs to the family of
TNF receptors. They are synthesized by osteoblastic cells which
prevent the binding of nuclear factor-kB ligand (RANKL) with
receptor activator of nuclear factor-kB (RANK) and thereby inhibit
the osteoclastogenic activity and endorse osteoblastic activity.[*7)
D-carvone treatment efficiently amplified OPG and lessened RANKL
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protein levels which evidence the osteoblastic activity of D-carvone in
ovariectomized rats [Figure 9]. The osteoblastic activity of D-carvone
was further established with histopathological analysis of femur
diaphysis in ovariectomized rats. D-carvone significantly abridged
the histopathological fluctuations in ovariectomized rats compared
to the untreated rats [Figure 10]. Our results linked with previous
studies, where the ovariectomized rats treated with strontium fructose
1,6-diphosphate,’® 17 B-estradiol,*®! prenylflavonoid xanthohumol*!
effectively reduced the histopathological changes.

Hyperlipidemia is another malefactor which lessens the bone
density via inhibiting the osteoblastic cells differentiation and
promotes the osteoclastic cells differentiation.®**!! Therefore, we
assessed the levels of lipids in D-carvone-treated ovariectomized
rats. D-carvone-treated rats knowingly declined the levels of total
cholesterol, triglycerides, low-density lipoprotein and augmented the
levels of high-density lipoproteins, thereby preventing hyperlipidemic
conditions in ovariectomized rats [Figure 11]. This may be due to the
antihyperlipidemic property of D-carvone which is described in earlier
study scrutinized in hypertensive rats."? Chronic inflammation upsets
the balance between osteoblasts and osteoclasts thereby provoking the
bone disorders such as osteoporosis.** Increased levels of inflammatory
cytokines were reported during estrogen deficiency which in turn
augmented the osteoplastic activity in the bone marrow.****! D-carvone
possess immunomodulatory and anti-inflammatory properties.!'” In the
present study also D-carvone treatment significantly decreased the levels
of inflammatory cytokines in ovariectomized rats, thereby precluding
bone deterioration [Figure 12].

To authorize, the molecular mechanism behind the D-carvone
osteoblasticactivity in ovariectomized rat’s gene expression of osteoblastic
transcription factors RunX2 and Osx were enumerated. RUNX2¢ and
OSX,"" play key role in the variation of preosteoblast to osteoblast cells.
Abnormal expression of these transcription factors has been stated to
cause osteopenia, bone deformation due to low bone turnover.*!
D-carvone treatment reduced both osteoblastic transcription factors
RUNZX2 and OSX expressions [Figure 13]. It also diminished ALP an early
differentiation marker of osteoblastic proteins®'’ and dwindled the levels
of TRAP osteoclastic protein in ovariectomized rats [Figure 8].1°”) Thus,
it realistically attests that D-carvone persuasively inhibits the osteoclastic
activity and promotes osteoblastic activity in ovariectomized rats.

CONCLUSION

Our results from the present study demonstrated the potency of
D-carvone as an antiresorptive agent in ovariectomized rats. D-carvone
effectively preserved the body weight, BMD in ovariectomized rats. The
results proved that the D-carvone-treated ovariectomized rats presented
augmented bone strength and dwindled the fragility of bone due to
the ovariectomy. D-carvone had prevented bone deterioration and
increased osteoblastic proteins and decreased the levels of osteoclastic
protein expressions. It also diminished the inflammatory cytokines
and increased the osteoblastic transcription factors OSX, RUNX2,
and differentiation marker ALP which validly checks D-carvone as
a potent antiresorptive drug. Further clinical trials in future could
endorse D-carvone as antiresorptive drug to treat osteoporosis in
postmenopausal women.

Financial support and sponsorship

This project was supported by Researchers Supporting Project number
(RSP-2020/230) King Saud University, Riyadh, Saudi Arabia.

Conflicts of interest

There are no conflicts of interest.

Pharmacognosy Magazine, Volume 17, Issue 75, July-September 2021



XILIANG DONG, et al.: Antiresproative Potency of D-carvone

REFERENCES

1

10.

20.

21.

22.

23.
24.

25.

26.

Vijayakumar R, Busselberg D. Osteoporosis: An underrecognized public health problem:
Local and global risk factors and its regional and worldwide prevalence. J Local Glob Heal
Sci 2016;2.

. Cooper C, Cole ZA, Holroyd CR, Earl SC, Harvey NC, Dennison EM, et al. Secular trends

in the incidence of hip and other osteoporotic fractures. Osteoporos Int 2011;22:1277-88.

. Blackie LE, Colgan JE, McDonald S, McLean KC. A qualitative investigation into the cultural

master narrative for overcoming trauma and adversity in the United Kingdom. Qual Psychol
2020.

. Osteoporosis: assessing the risk of fragility fracture. London: National Institute for Health

and Care Excellence (UK); 2017 p. CG146.

. Gheita TA and Hammam N. Epidemiology and awareness of osteoporosis: a viewpoint from

the Middle East and North Africa. Int J Clin Rheumatol 2018;13:134-47.

. Choi SY, Park D, Yang G, Lee SH, Bae DK, Hwang SY, et al. Effects of Sigma Anti-bonding

Molecule Calcium Carbonate on bone turnover and calcium balance in ovariectomized rats
27 Lab Anim Res 2011;27:301-7.

Su Y, Chen Z, Xie W. Swimming as treatment for osteoporosis: A systematic review and
meta-analysis. Biomed Res Int 2020;2020:1-8.

. Ma B, Zhang Q, Wu D, Wang YL, Hu YY, Cheng YR, et al. Strontium fructose 1,6-diphosphate

prevents bone loss in a rat model of postmenopausal osteoporosis via the OPG/RANKL/RANK
pathway. Acta Pharmacol Sin 2012;33:479-89.

. Jin J. Hormone therapy for primary prevention of chronic conditions in postmenopausal

women. JAMA 2017;318:2265.
Kanis JA, Passmore R. Calcium supplementation of the diet — [l. BMJ 1989;298:205-8.

. Reid IR, Mason B, Horne A, Ames R, Reid HE, Bava U, et al. Randomized controlled trial of

calcium in healthy older women. Am J Med 2006;119:777-85.

. Reid IR. Efficacy, effectiveness and sideeffects of medications used to prevent fractures.

J Intern Med 2015;277:690-706.

. Younis YM, Beshir SM. Carvone-rich essential oils from Mentha longifolia (L.) Huds. ssp.

schimperi Brig. and Mentha spicata L. grown in Sudan. J Ess Oil Res 2004;16:539-41.

. Gopalakrishnan T, Ganapathy S, Veeran V, Namasivayam N. Preventive effect of D-carvone

during DMBA induced mouse skin tumorigenesis by modulating xenobiotic metabolism and
induction of apoptotic events. Biomed Pharmacother 2019;111:178-87.

. Vinothkumar R, Sudha M, Viswanathan P Kabalimoorthy J, Balasubramanian T, Nalini N.

Modulating effect of d-carvone on 1,2-dimethylhydrazine-induced pre-neoplastic lesions,
oxidative stress and biotransforming enzymes, in an experimental model of rat colon
carcinogenesis. Cell Prolif 2013;46:705-20.

. Moro IJ, Gondo GD, Pierri EG, Pietro RC, Soares CP. Sousa DR Santos AG. Evaluation of

antimicrobial, cytotoxic and chemopreventive activities of carvone and its derivatives. Braz
J Pharm Sci 2018;53:4.

de Céssia da Silveira e S& R, Andrade LN, de Sousa DP, A review on anti-inflammatory activity
of monoterpenes. Molecules 2013;18:1227-54.

. Peng Z, Tuukkanen J, Zhang H, Jamsa T, Vaananen HK. The mechanical strength of bone in

different rat models of experimental osteoporosis. Bone 1994;15:523-32.

. Brown A. Development of serum calcium and phosphorus as clinical biomarkers for

drug-induced systemic mineralization. In: Bleavins M, Carini C, Jurima-Romet M, Rahbari R,
editors. Biomarkers in Drug Development: A Handbook of Practice, Application and Strategy.
1%t ed., Ch. 15. Hoboken, New Jersey, Canada: John Wiley and Sons, Inc.,; 2010. p. 301-22.

ChromyV, Rozkosné K, Sedlak P Determination of serum creatinine by Jaffe method and how
to calibrate to eliminate matrix interference problems. Clin Chem Lab Med 2008;46:1127-33.
Godkar P Enzymes. In: Textbook of Medical Laboratory Techniques. Mumbai, India: Bhalani
Publishing House; 1994. p. 149-67.

Egermann M, Goldhahn J, Schneider E. Animal models for fracture treatment in osteoporosis.
Osteoporos Int 2005;16 Suppl 2:5129-38.

Komori T. Animal models for osteoporosis. Eur J Pharmacol 2015;759:287-94.

Boyd SK, Davison P Miller R, Gasser JA. Monitoring individual morphological changes over
time in ovariectomized rats by in vivo micro-computed tomography. Bone 2006;39:854-62.
Perilli E, Le V, Ma B, Salmon E Reynolds K, Fazzalari NL. Detecting early bone changes
using in vivo micro-CT in ovariectomized, zoledronic acid-treated, and sham-operated rats.
Osteoporos Int 2010;21:1371-82.

Gambacciani M, Ciaponi M, Cappagli B, Benussi C, De Simone L, Genazzani AR. Climacteric

modifications in body weight and fat tissue distribution. Climacteric 1999;2:37-44.

Pharmacognosy Magazine, Volume 17, Issue 75, July-September 2021

27

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44,

45.

46.

4

~

48.

49.

50.

51.

52.

53.

National Library of Medicine HSDB Database; 2018. Available from: https://toxnet.nim.nih.
gov/cgi-bin_/sis/search/a?dbs+hsdb:@term+@DOCNO+707. [Last accessed 2018 Jan 07].
Mahboubi M. Caraway as important medicinal plants in management of diseases. Nat Prod
Bioprospect 2019;9:1-11.

Friedman AW. Important determinants of bone strength: Beyond bone mineral density. J Clin
Rheumatol 2006;12:70-7.

Wang X, Guo B, Li Q, Peng J, Yang Z, Wang A, et al. miR-214 targets ATF4 to inhibit bone
formation. Nat Med 2013;19:93-100.

Chen X, Zhang L, Yang X, Li Z, Sun X, Lin M, et al. Micronutrients-incorporated calcium
phosphate particles with protective effect on osteoporotic bone tissue. J Nutr Health Aging
2013;17:426-33.

Reham AM, Nehal AA, Haifa HH, Eslam AH, Firas SA. Biological effect of calcium and vitamin
D dietary supplements against osteoporosis in ovariectomized rats. Prog Nutr 2018;1:86-93.
Dequeker J, Mundy GR. Bone structure and function. In: Klippel J, Dieppe PA, editors.
Rheumatology. Vol. 8-34. London: Mosby; 1998. p. 1-2.

NIH Consensus Development Panel on Osteoporosis Prevention, Diagnosis, and Therapy.
Osteoporosis prevention, diagnosis, and therapy. JAMA 2001;285:785-95.

Bauss F, Lalla S, Endele R, Hothorn LA. Effects of treatment with ibandronate on bone
mass, architecture, biomechanical properties, and bone concentration of ibandronate in
ovariectomized aged rats. J Rheumatol 2002;29:2200-8.

Comelekoglu U, Bagis S, Yalin S, Ogenler O, Yildiz A, Sahin NO, et al. Biomechanical
evaluation in osteoporosis: Ovariectomized rat model. Clin Rheumatol 2007;26:380-4.

Liu KJ, Wang WJ, Li DJ, Jin HE, Zhou WJ. Effect of Gengnianchun Recipe on bone mineral
density, bone biomechanical parameters and serum lipid level in ovariectomized rats. Chin J
Integr Med 2006;12:132-6.

Naitoh M, Takada ST, Kurosu Y, Inagaki K, Mitani A, Ariji E. Relationship between findings of
mandibular cortical bone in inferior border and bone mineral densities of lumbar vertebrae in
postmenopausal women. Okajimas Folia Anat Jpn 2014;91:49-55.

Xie Y, Zhang L, Xiong Q, Gao Y, Ge W, Tang P Bench-to-bedside strategies for osteoporotic
fracture: From osteoimmunology to mechanosensation. Bone Res 2019;7:25.

Gambacciani M, Levancini M. Hormone replacement therapy and the prevention of
postmenopausal osteoporosis. Prz Menopauzalny 2014;13:213-20.

Jagtap VR, Ganu JV. Serum osteocalcin: A specific marker for bone formation in
postmenopausal osteoporosis. Bone 2011;2:5.

Penido MG, Alon US. Phosphate homeostasis and its role in bone health. Pediatr Nephrol
2012;27:2039-48.

Nieves JW. Calcium, vitamin D, and nutrition in elderly adults. Clin Geriatr Med
2003;19:321-35.

Yendt ER, Cohanim M, Jarzylo S, Jones G, Rosenberg G. Reduced creatinine clearance in
primary osteoporosis in women. J Bone Miner Res 1993;8:9.

Simonet WS, Lacey DL, Dunstan CR, Kelley M, Chang MS, Lithy R, et al. Osteoprotegerin:
A novel secreted protein involved in the regulation of bone density. Cell 1997;89:309-19.
Gerdhem P lvaska KK, Alatalo SL, Halleen JM, Hellman J, Isaksson A, et al. Biochemical
markers of bone metabolism and prediction of fracture in elderly women. J Bone Miner Res
2004;19:386-93.

Hofbauer LC, Schoppet M. Clinical implications of the osteoprotegerin/RANKL/RANK system
for bone and vascular diseases. JAMA 2004;292:490-5.

Liu L, Zhou L, Yang X, Liu Q, Yang L, Zheng C, et al. 17f-estradiol attenuates
ovariectomy — Induced bone deterioration through the suppression of the ephA2/ephrinA2
signaling pathway. Mol Med Rep 2018;17:1609-16.

Li J, Zeng L, Xie J, Yue Z, Deng H, Ma X, et al. Inhibition of Osteoclastogenesis and Bone
Resorption in vitro and in vivo by a prenylflavonoid xanthohumol from hops. Sci Rep
2015;5:17605.

Parhami F Morrow AD, Balucan J, Leitinger N, Watson AD, Tintut Y, et al. Lipid oxidation
products have opposite effects on calcifying vascular cell and bone cell differentiation.
A possible explanation for the paradox of arterial calcification in osteoporotic patients.
Arterioscler Thromb Vasc Biol 1997;17:680-7.

Tintut Y, Morony S, Demer LL. Hyperlipidemia promotes osteoclastic potential of bone
marrow cells ex vivo. Arterioscler Thromb Vasc Biol 2004;24:e6-10.

Rajeshwari T, Raja B. D-carvone, a monoterpene reverses alterations in heart rate, nitric
oxide, aortic lipids and enzymatic antioxidant status in nitric oxide deficient hypertensive rats.
Int Lett Nat Sci 2015;5:19-31.

Lin T, Pajarinen J, Lu L, Nabeshima A, Cordova L, Yao Z, et al. NF«B as a therapeutic target

537



XILIANG DONG, et al.: Antiresproative Potency of D-carvone

54.

55.

56.

57

in inflammatory-associated bone diseases. Adv Protein Chem Struct Biol 2017;107:117-54.

Orsal E, Halici Z, Bayir Y, Cadirci E, Bilen H, Ferah |, et al. The role of carnitine on ovariectomy

and inflammation-induced osteoporosis in rats. Exp Biol Med (Maywood) 2013;238:1406-12.

Brincat SD, Borg M, Camilleri G, Calleja-Agius J. The role of cytokines in postmenopausal
osteoporosis. Minerva Ginecol 2014;66:391-407.

ChenY, HuY,Yang L, Zhou J, Tang Y, Zheng L, et al. Runx2 alleviates high glucose-suppressed

osteogenic  differentiation via PI3K/AKT/GSK3p/B-catenin  pathway. Cell Biol Int

2017;41:822-32.
Li Z, Wang W, Xu H, Ning Y, Fang W, Liao W, et al. Effects of altered CXCL12/CXCR4 axis
on BMP2/Smad/Runx2/Osterix axis and osteogenic gene expressions during osteogenic

differentiation of MSCs. Am J Transl| Res 2017;9:1680-93.

538

58.

59.

60.

61.

62.

Harada H, Tagashira S, Fujiwara M, Ogawa S, Katsumata T, Yamaguchi A, et al. Cbfa1 isoforms
exert functional diferences in osteoblast diferentiation. J Biol Chem 1999;274:6972-8.

Xiao Z, Awad HA, Liu S, Mahilos J, Zhang S, Guilak F, et al. Selective Runx2-1l defciency leads
to low-turnover osteopenia in adult mice. Dev Biol 2005;283:345-56.

Jang WG, Kim EJ, Kim DK, Ryoo HM, Lee KB, Kim SH, et al. BMP2 protein regulates
osteocalcin expression via Runx2-mediated Atf6 gene transcription. J Biol Chem
2012;287:905-15.

Li W, Chen Z, Cai C, Li G, Wang X, Shi Z. MicroRNA-505 is involved in the regulation of
osteogenic differentiation of MC3T3-E1 cells partially by targeting RUNX2. J Orthop Surg
Res 2020;15:143.

Zhang DW, Deng H, Qi W, Zhao GY, Cao XR. Osteoprotective effect of cordycepin on

estrogen deficiency-induced osteoporosis in vitro and in vivo. Biomed Res Int 2015;2015:1-6.

Pharmacognosy Magazine, Volume 17, Issue 75, July-September 2021



