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Abstract

Background: Menopause is accompanied by increased oxidative stress, partly contributing to weight
gain and bone marrow adiposity. Traditional Chinese medication, E'Jiao, has been demonstrated to
reduce excessive bone remodelling during oestrogen deprivation, but its effects on body composition and
bone marrow adiposity during menopause remain elusive.

Objective: To determine the effects of E'Jiao on body composition, bone marrow adiposity and skeletal
redox status in ovariectomised (OVX) rats.

Methods: Seven groups of three-month-old female Sprague Dawley rats were established (n=6/group):
baseline, sham, OVX control, OVX-treated with low, medium or high-dose E’Jiao (0.26, 0.53, 1.06 g/kg,
p.o.) or calcium carbonate (1% in tap water, ad libitum). The supplementation was terminated after 8
weeks. Whole-body composition analysis was performed monthly using dual-energy X-ray
absorptiometry. Analysis of bone-marrow adipocyte numbers and skeletal antioxidant activities were
performed on the femur.

Results: Increased total mass, lean mass, and bone marrow adipocyte number were observed in the
OVX control versus the sham group. Low-dose E'Jiao supplementation counteracted these changes.
Besides, E’Jiao at all doses increased skeletal catalase and superoxide dismutase activities but lowered
glutathione levels in the OVX rats. Skeletal malondialdehyde level was not affected by ovariectomy but
was lowered with E’Jiao supplementation. However, peroxisome proliferator-activated receptor gamma
protein expression was not affected by ovariectomy or any treatment.

Conclusion: E'Jiao, especially at the low dose, prevented body composition changes and bone marrow
adiposity due to ovariectomy. These changes could be mediated by the antioxidant actions of E’Jiao. It has
the potential to be used among postmenopausal women to avoid adiposity.

Keywords: adipocytes; body composition; fat mass; lean mass; traditional Chinese medicine; oestrogen deficiency

Introduction

A decrease in lean mass (LM) and an increase in ~ common after ovariectomy due to hyperphagia [4-6].
fat mass (FM) have been observed after the cessation = An international study revealed that women lost an
of oestrogen production during menopause [1-3].  average of 0.5 % or 0.2 kg LM annually, but gained
This observation has been replicated in animal 1.7% or 0.45 kg FM annually during menopausal
studies, wherein increased body weight and FM are  transition [3]. Oestrogen deficiency also changes fat
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distribution [7], subsequently contributing to weight
gain. A cross-sectional study in Malaysia reported
that 60.5% of the middle-aged and elderly women
surveyed had increased waist circumference (= 80 cm)
[8], highlighting it is a common problem in ageing
women.

Since oestrogen upregulates cellular antioxidant
enzyme levels [9], its deficiency increases oxidative
stress in the body [10]. As evidence, circulating
biomarkers of oxidative stress were found to be
higher in postmenopausal women than in
premenopausal women [11]. Furthermore, oestrogen
has been shown to attenuate oxidative stress in the
adipose tissue of female mice [12], suggesting that
oxidative stress triggered by oestrogen deficiency
may be a significant contributor to increased adiposity
and subsequent weight gain. Others demonstrated
that oxidative stress upregulated the expression of
peroxisome proliferator-activated receptor-gamma
(PPARy), CCAAT/enhancer-binding protein alpha
(C/EBPa), and aP2, which are adipogenic markers, in
human mesenchymal stem cells and mouse 3T3L1
pre-adipocytes [13].

Besides, bone marrow adiposity occurs
following oestrogen deficiency due to ovariectomy or
menopause [14]. Adipose is a type of heterogeneous
tissue. White and brown adipose tissue are
functionally different from bone marrow adipose
tissue (BMAT), which influences systemic and bone
metabolism [15,16]. Many illnesses, including
osteoporosis, diabetes, and obesity, are linked to bone
marrow adipogenesis [15].

Caloric restriction and physical activity are the
first-line treatments for weight loss [17]. The efficacy
of these interventions is hindered by the low
compliance of the subjects, and the stringent regime
required before noticeable weight reduction [18]. The
current Food and Drug Administration-approved
weight loss drugs for reducing fat absorption (e.g.,
orlistat) have significant gastrointestinal adverse
effects, ranging from nausea, vomiting, stomach
aches, diarrhoea and steatorrhea. Centrally acting
appetite suppressants, such as phentermine, lorca-
serin and bupropion, have been linked to an increased
risk of cardiovascular diseases, valvulopathies,
sleeplessness, and the development of drug tolerance
[19]. Although bariatric surgery results in better
weight loss in obese patients with a body mass index
(BMI) = 35 kg/m?, the risks of postoperative or late
consequences must be considered [20]. Many dietary
supplements have been proposed to prevent weight
gain, among which calcium, a nutrient associated
with bone health, has demonstrated some promising
results. A meta-analysis reported that calcium
supplementation could reduce body weight in specific

populations [21]. A low calcium diet has been
reported to increase adipogenesis by stimulating the
activities of PPARy and its downstream enzymes,
such as glyceraldehyde 3 phosphate dehydrogenase
and lipoprotein lipase in rats [22]. Many individuals
are seeking alternative therapy for weight
management, including traditional Chinese medicine
(TCM).

Through modern pharmacology research, TCMs
have demonstrated various regulatory effects on fat
metabolism, ranging from its absorption, synthesis,
catabolism and transport, as well as the physiological
process of appetite control [23]. E'Jiao is made from
gelatine of stewed and soaked donkey skin. It is a
common TCM with a high collagen content that
supports blood nutrient levels, as well as bone and
joint health [24,25]. A recent study demonstrated that
E’Jiao can suppress high bone remodelling in female
rats with oestrogen deficiency [26]. Another study
revealed that E’Jiao could promote haematopoietic
stem cells, bone formation units and colony-forming
units in mice with myelosuppression [27]. The
influence of E’Jiao on stem cells’ differentiation
prompts the hypothesis that it could regulate
adipogenesis and body composition. However,
evidence on this aspect is lacking. To bridge this
research gap, the effects of E'Jiao on weight gain and
bone marrow adiposity were investigated in this
study using ovariectomised (OVX) rats.

Materials and methods

Treatment preparation

Shandong Dong-E-E-Jiao Co., Ltd (Dong-e,
China) sponsored the E’Jiao used in the current study.
The product sheet indicates that the recommended
daily dose of E'[iao for adults is 6 g (or 0.1 g/kg/day
for a 60-kg person). The animal equivalent dose using
the body surface ratio [28] was 0.53 g/kg for adult rats
(400 g body weight). In this study, 0.26 g/kg (low
dose; half the recommended dose), 0.53 g/kg
(medium dose; the recommended dose), and 1.06
g/kg (high dose; 2 times the recommended dose) of
E’Jiao were given to the rats to establish a
dose-dependent effect. Distilled water was used to
dissolve the E'Jiao before it was given orally to the
animals. Calcium carbonate powder (1 g) was
dissolved in 100 mL tap water and given to the
positive control group. Calcium carbonate was chosen
because it has a higher bioavailability compared to
calcium citrate [29].

Sample size calculation

The sample calculation was performed using
G*Power  (Universitdit Diisseldorf, Diisseldorf,
Germany) based on the difference in fat mass two
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months post-surgery between sham and OVXrats in a
similar study [30]. The following values were entered
into the software: tails=2; effect size=2.07; alpha error
probability=0.5; power=0.8 and ratio between
groups=1. The final calculated sample size for each
group was 5 per group but we added 1 rat in
anticipation of unexpected death during the
experiment.

Animals

Approval from the Animal Ethics Committee of
Universiti Kebangsaan Malaysia was obtained before
the start of the experiment (Approval code: FAR/
FP/KOK  YONG/25-MAR./1088-MAR.-2020-FEB.-
2022).

Female Sprague-Dawley rats (n=42, aged three
months old) were sourced from the Laboratory
Animal Resource Unit, Universiti Kebangsaan
Malaysia, and housed under the regular settings of
the laboratory (temperature 27°C; 8:16 light-to-dark
cycle; free access to tap water and food). After
conditioning for 7 days, 3 groups of rats were created,
i.e. baseline (n=6), sham (n=6), and OVX groups
(n=30). The OVX rats were assigned randomly to
groups that received calcium carbonate, low,
medium, or high doses of E'Jiao, as well as distilled
water (as a negative or OVX control). The baseline
was sacrificed in the absence of interventions. The
OVX groups underwent bilateral ovariectomy while
the sham group underwent laparotomy without
ovary removal. The supplementation was initiated 7
days post-surgery. The sham and negative control
groups received tap water, the calcium-supplemented
groups received 1 % calcium carbonate (w/v) in tap
water, whereas the E'Jiao-supplemented groups
received E'Jiao solution at 0.26 (low), 0.53 (medium),
and 1.06 (high) g/kg/day via oral gavage. Body
composition was assessed at baseline (month 0), one
month and two months later. The rats were
euthanized after two months of treatment. The left
and right tibias were stored at -80°C for subsequent
study, while the left and right femurs were extracted
and preserved in 10% neutral buffered formalin.

Body composition assessment

Discovery Wi Dual-energy X-ray Densitometer
(DXA; Hologic, MA, USA) was used to determine the
body composition of the rats. The whole-body scans
were analysed using 13.5.3 analysis software [31]. The
rats were sedated with ketamine/xylazine/Zoletil
cocktails (0.1 mL/100 g) and placed ventrally on the
scanning table. The parameters derived were total
body mass (TBM), fat mass (FM), fat percentage (FP),
and lean mass (LM).

Bone histomorphometry

The left femur was divided into halves
longitudinally after being stripped of soft tissue. A
portion of the bone tissue was decalcified at ambient
temperature  for 30 days using  10%
ethylenediaminetetraacetic acid (EDTA). Following
decalcification, the femur was embedded in paraffin
and cut into sections of 5 um thickness with a
microtome (Leica RM2235, Nussloch, Germany). To
deparaffinise the tissue, the sections were rinsed with
xylene and rehydrated with decreasing strength of
alcohol. Haematoxylin and eosin were used to stain
the rehydrated tissues. Subsequently, dehydration of
the sections with increasing concentrations of alcohol
and xylene was performed. A light microscope (Zeiss
Primo Star, Germany) was used to examine the slides.
The images were acquired at a magnification of 100
using the Zen 2.6 lite software.

The remaining half of the femur underwent 72
hours of decalcification in 10% EDTA at 37°C. After
rinsing in distilled water, they were kept overnight at
-80°C. Next, tissues were embedded in an optimal
cutting temperature compound. The cryostat
microtome (Thermo ScientificTM HM525 NX
Cryostat, UK) was used to section the frozen femur
tissues into 5 um thick sections, which were then put
on Polysine® glass slides. The sections were stained
with Oil Red O dye (Sigma-Aldrich, St. Louis, MO,
US), for 10 minutes, and then counterstained with
hematoxylin. A light microscope was used to capture
the images (Olympus BX53, Tokyo, Japan). Using
ImageJ 1.52a software (National Institutes of Health,
USA), the red colour-stained area was analysed to
determine the number of adipocytes per tissue area
(N.Ac/T.Ar).

Skeletal PPAR-y levels

The left tibia was ground to powder with liquid
nitrogen and the protein content was extracted using
RIPA buffer. Using the Bradford test, the lysate's total
protein content was measured. PPAR-y levels in the
bone were measured using an enzyme-linked
immunoassay (Cat number: E-EL-R072; Lot number:
AK11V4V665) per the manufacturer's instructions.
The protein input in each well was standardised to 2
mg/mL.

Skeletal redox status

Sample preparation

The samples were prepared following the
protocols by Ekeuku et al., (2015). Each 0.5 g of right
tibia tissue was macerated in 5 mL of 0.15 M Tris
buffer (pH 7) or 3 mL of 0.15 M phosphate buffer (pH
7.4) respectively. The phosphate-buffered

https://www.medsci.org



Int. J. Med. Sci. 2023, Vol. 20

1714

homogenate was centrifuged for an hour at 3000 rpm
at 4°C. The Tris buffer homogenate was centrifuged
for 30 minutes at 4°C. After being collected, the
supernatant was stored at -80°C.

Total protein level estimation

The total protein content of each sample was
calculated using the Bradford method with bovine
serum albumin standards. A 96-well microplate was
quickly filled with 290 pL of Bradford reagent.
Following the addition of 10 pL of phosphate or Tris
bone tissue homogenate, The mixture's absorbance
was measured at 595 nm, after being stirred and
incubated for 5 minutes at room temperature.

Glutathione (GSH) assay

The procedure was modified from Ekeuku et al.,
(2015). Briefly, 60 pL of Tris homogenate was added to
a 96-well plate, followed by 30 pL of Ellman's reagent
(19.8 mg 5,5'-dithio-bis-(2-nitrobenzoic acid)/0.1%
sodium nitrate). Subsequently, 180 pL of 0.2 M
phosphate buffer (pH 8) was incorporated into the
mixture. The content of the wells was thoroughly
mixed and incubated for 5 minutes at 25°C. The
absorbance of the mixture was measured at 412 nm.
GSH concentration was represented as mmol/mg
protein.

Superoxide dismutase (SOD) assay

The procedures were modified from the studies
by Ekeuku et al., (2015) and Khare et al., (2019).
Briefly, 60 pL of 50 mM sodium carbonate, 24 uL of 25
M nitroblue tetrazolium, 12 uL of 0.1 mM EDTA, and
30 pL of Tris tissue homogenate were mixed in a
96-well plate. After that, 48 uL of 1 mM hydroxyl-
amine hydrochloride was incorporated into the
mixture. After 2 minutes, the absorbance of the
mixture was determined at 560 nm. SOD activity was
reported as U/mg protein.

Catalase (CAT) assay

The catalase assay was carried out with minor
modifications as per Ekeuku et al., (2015) and Khare et
al., (2019) with slight modifications. Briefly, 190 pL of
0.05 M phosphate buffer (pH 8), 10 pL of
phosphate-buffered bone tissue homogenate and 100
uL of 0.03 M hydrogen peroxide were added into a
96-well plate. The absorbance of the mixture was
recorded at 612 nm every 30 seconds for 2 mins.
Catalase activity was represented as mmol/mg of
protein.

Malondialdehyde (MDA) assay

Lipid peroxidation was quantified following the
study by Ekeuku et al., (2015) with minor changes.
Briefly, 40 puL of 10% trichloroacetic acid, 20 pL of

0.9% saline (w/v), and 20 uL of Tris homogenate were
combined in a 2 mL microcentrifuge tube. The
samples were centrifuged at 3000 rpm and 25°C for 10
minutes. A microcentrifuge tube holding 10 uL of 1%
thiobarbituric acid received a total of 40 uL of
supernatant. The tubes were immersed in a 95°C
water bath for one hour of incubation. The test tubes
were taken out of the water bath, and their contents
were transferred to a 96-well plate. The absorbance of
the mixture was read at 532 nm. The levels of MDA
were expressed as nmol/g wet tissue.

Statistical analysis

The statistical analysis was performed
using Statistical Package for Social Sciences version
23.0 (IBM Armonk, USA). The Shapiro-Wilk test was
employed to determine whether the data were
normal. In analysing normally distributed data with a
timexgroup design, mixed-design analysis of variance
(ANOVA) with small effect analysis was performed.
To analyse normally distributed data with endpoint
design, one-way ANOVA was utilised along with
Tukey's post hoc test. Skewed data were analysed
using the Kruskal Wallis test and the Mann-Whitney
U-test with Bonferroni correction. Data that were
normally distributed were represented using the
mean and standard error of the mean (SEM). The
skewed data were depicted using the median and
interquartile range (IQR). Statistical significance was
defined as a p-value<0.05

Results

Body composition assessment

Except for the control and calcium carbonate
groups, all groups demonstrated a significant rise in
TBM over time. TBM significantly increased in month
1 and 2 compared to month 0 in the negative control
group (p<0.001 at both time points) and E'Jiao
supplemented groups (low: p=0.002 at both time
points; medium: p=0.001 in month 1, p=0.001 in
month 2; high: p=0.001 at both time points). TBM was
significantly higher in the medium- (p=0.002) and
high-dose E’Jiao supplemented groups (p=0.004) as
well as the negative control group (p=0.001) at month
2 compared to month 1. The between-group
comparison revealed that TBM was significantly
higher in the negative control group in month 2
compared to the sham group (p=0.014), and in the
high-dose E'Jiao supplement group in month 1 and 2
compared to the sham group (p=0.043 and p=0.014)
(Figure 1A).

In the negative control, a significant time-
dependent increase in FM was observed in month 2
versus month 0 (p=0.0047) and month 1 (p<0.001). FM
increased in the low-dose E'Jiao-supplemented group
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in month 2 compared to month 0 (p=0.019). There was
a time-dependent increase in FM for the
medium-dose E'Jiao-supplemented group in month 1
and 2 compared to month 0 (p=0.027 and p<0.001,
respectively). At each time point, there was no
discernible variation in FM across all study groups
(p>0.05). (Figure 1B).

A significant time-dependent increase in FP was
seen in the negative control in month 2 compared to
month 0 (p=0.022) and month 1 (p=0.004). In addition,
the rats supplemented with medium-dose E'Jiao
demonstrated a time-dependent rise in FP from
month 0 to month 1 and 2 (p=0.049 and 0.003,
respectively). At each time point, there was no
discernible variation in FP across all study groups
(p>0.05) (Figure 1C).

Except for the sham and calcium-supplemented
groups, all groups displayed a significant rise in LM
over time. In comparison to month 0, there was a
significant time-dependent increase in LM in the
E'Jiao-supplemented groups (low: p=0.003 in month 1
and p=0.006 in month 2; medium: p=0.006 in month 1
and p=0.002 in month 2; high: p<0.001 at both time
points) and negative control (p<0.001 at both time
points). A time-dependent increase in LM was also
seen in the high-dose E'Jiao-supplemented group in
month 2 compared to month 0 (p=0.025). The
between-group comparison revealed that LM was
significantly higher in the high-dose E'iao-
supplemented group than in the sham group in
month 0 (p=0.008). Low- (p=0.034) and high-dose
E'Jiao supplementation reduced LM in month 0 when
compared to the negative control (p=0.001). In month
0, the ETiao-supplemented groups displayed
decreased LM in comparison to the calcium-
supplemented group (E'Jliao -L: p=0.012; E'Jiao-M:
p=0.031; and E'Jiao-H: p=0.0002). In month 1, the low
and medium-dose E'Jiao-supplemented groups
showed significantly lower LM compared to the
negative control (p=0.022 and p=0.021), while the
high-dose E'Jiao-supplemented group showed
significantly higher LM compared to the sham
(p=0.001 and p=0.009). In month 2, the calcium-
supplemented, high-dose E'Jiao-supplemented, and
negative control groups all displayed higher LM
compared to the sham group (p=0.001, 0.044, and
0.001, respectively). The high-dose E'Jiao-supple-
mented group had LM that was significantly higher
than the low-dose E'Jiao-supplemented group at the
same time point (p=0.029), while the low-dose
E'liao-supplemented group had LM that was
significantly lower than the negative control (p=0.023)
(Figure 1D).

Bone marrow adiposity and PPAR-y
expression

Multiple lipid droplet shapes were visible in the
OVX rats' bone marrow after haematoxylin and eosin
staining. Oil red O staining, which gave the droplets a
red colour, confirmed this observation (Figure 2).
When compared to the baseline and the sham group,
the rats in the negative control group and those
receiving high-dose E'Jiao supplementation had
higher N.Ac./T.Ar (p<0.001 for all comparisons).
Compared to the negative control and high-dose
E'Jiao-supplemented groups, the calcium, low- and
medium-dose E'Jiao-supplemented groups revealed a
significant decrease in N.Ac./T.Ar (p<0.001 for all
comparisons) (Figure 20).

PPAR-y protein level

The PPAR-y protein level was lower in the sham
group versus the baseline group (p=0.002). However,
the PPAR-y protein level was unaffected by
ovariectomy. Rats treated with calcium (p=0.017),
low-(p=0.006) and medium-dose E'Jiao (p=0.005) also
showed decreased PPAR-y protein levels compared to
the baseline group, but not with OVX control (p>0.05)
(Figure 2P).

Skeletal markers of redox status

Compared to the baseline and the sham group,
GSH level was higher in the calcium-supplemented
group (versus baseline: p<0.001; sham: p=0.001) and
negative control group (versus baseline: p<0.001;
sham: p=0.001). In comparison to the negative control
and calcium-supplemented group, treatment with
low- (p<0.001 for all comparisons), medium- (p=0.010;
calcium carbonate: p=0.004), and high-dose E'Jiao
(p=0.021; calcium carbonate: p=0.008) reduced GSH
level in the rats. In comparison to the baseline group,
GSH levels were higher in the medium- (p=0.016) and
high-dose E'Jiao-supplemented groups (p=0.007)
(Figure 3A).

No significant change in CAT activities was
observed after OVX induction and calcium treatment
(versus the baseline and sham group). However,
treatment with low-, medium- and high-dose E’Jiao
significantly increased CAT activities in OVX rats in
comparison to baseline, sham, negative control and
calcium carbonate group (p<0.001 for all
comparisons) (Figure 3B).

SOD level was reduced in the negative control
(p<0.001 for both comparisons), calcium (p<0.001 for
both comparisons), medium- (baseline: p=0.010;
sham: p=0.018) and high-dose E’ Jiao groups
(baseline: p=0.010; sham: p=0.017) compared to the
baseline and sham groups. However, low- (p<0.001),
medium- (p=0.008) and high-dose E’Jiao (p=0.009)
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increased SOD levels in OVX rats (Figure 3C).

MDA level was not affected by OVX. However,
E’Jiao treatment at all doses reduced MDA levels
compared to baseline (low: p=0.027; medium:
p=0.002; high: p=0.019) and sham (low: p=0.010;

A 320 -
310 A

300 1
5290 -
2 280 -

270 -

medium: p=0.001; high: p=0.007). The MDA level of
rats supplemented with medium-dose E'Jiao
(p=0.046) was lower compared to rats supplemented
with calcium (Figure 3D).

MO

—o—Sham
—=o—Cal
—eo—EJ]-M

M1 M2

Negative Control
—e—FEJ-L
=e—EJ-H

Figure 1. Body composition analysis of the rats during the study, showing total body mass (A), fat mass (B), fat percentage (C), and lean mass (D). The data were reported as
mean * standard error mean (n=6/group). Using mixed-design ANOVA and Tukey post hoc pairwise comparison, statistical significance was assessed. A significant difference (p
< 0.05) is denoted by ‘a’ vs the sham; ‘b’ vs negative control; ‘C’ vs calcium; ‘d’ vs EJ-L; ‘e’ vs EJ-M at the same time point; * vs M0 within the same group; # vs M1 within the same
group. Abbreviations: Cal, calcium carbonate; EJ-L, E’Jiao -low dose; EJ -M, E’Jiao -medium dose; EJ -H, E’Jiao -high dose; M0, month 0; M1, month 1; M2, month 2; %, percentage.
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Figure 2. Micrograph of femur sections stained with oil red O (A-G) at 100x and with haematoxylin and eosin (H-N) at 100x. PPAR-y level (P) and the number of adipose cells
(O) in the rat femur's bone marrow are measured. The data are reported as mean standard error mean (n=6/group). One-way ANOVA with Tukey post hoc pairwise
comparison was used to assess the statistical significance. The letter ‘a’ denotes a significant difference (p<0.05) vs baseline, ‘b’ vs sham, ‘c’ vs negative control, ‘d’ vs calcium, ‘¢’
vs EJ-L, and ‘f vs EJ-M. The arrows indicate possible adipocytes in the bone marrow. Abbreviations: Cal, calcium; EJ-L, E’Jiao-low dose; EJ-M, E’Jiao-medium dose; EJ-H, E’Jiao-high
dose; N.Ac./T.Ar., number of adipose cells per tissue area; PPAR-y, peroxisome proliferator activator gamma.
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Figure 3. The redox status of the rats is reflected by GSH level (A), CAT activities (B), SOD level (C) and MDA level (D). The data are reported as mean * standard error mean
(n=6/group). One-way ANOVA with Tukey post hoc pairwise comparisons was used to assess the statistical significance. The letter ‘a’ denotes a significant difference (p<0.05)
vs ‘a’ baseline, ‘b’ sham, ‘c’ negative control, ‘d’ vs calcium, ‘e’ vs EJ-L and ‘f vs EJ-M. Abbreviations: Cal, calcium; EJ-L, E’Jiao-low dose; EJ-M, E’Jiac-medium dose; EJ-H, E’Jiao-high
dose; FW, femur’s weight; GSH, glutathione; CAT, catalase; SOD, superoxide dismutase; MDA, malondialdehyde.

Discussion

The current study demonstrated that TBM, LM,
FM, and FP levels increased with time in the OVX
groups, despite a lack of significant difference in FM
and FP compared with the sham group. In addition,
bone marrow adiposity increased with ovariectomy.
E'Jiao at a low dose, however, suppressed the rise in
LM. Low- and medium-dose E’Jiao also prevented
bone marrow adiposity. Increased CAT activities and
SOD levels were noted in groups treated with E’Jiao.
GSH level was increased in the OVX group, maybe
due to a physiological response to increased oxidative

stress, but it was reduced with E’Jiao. However, E’Jiao
did not affect FM and FP significantly in OVX rats.
The skeletal PPARY levels did not change significantly
with ovariectomy and treatments.

DXA is a validated imaging method to assess
body composition. It can accurately characterise LM
and FM, as well as bone mineral density in rodents
and humans [34-36]. In the present study, the OVX
rats had significantly higher TM and LM than the
sham group 8 weeks after castration. The OVX rats
also experienced a significant time-dependent
increase in FM and fat percentage, which was not
experienced by the sham group. Avelin et al. reported
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that FM and LM increased in OVX Wistar rats
significantly versus after 8 weeks [6]. Similarly, Chen
and Haiman showed that FM and LM increased
significantly in OVX Sprague-Dawley rats versus the
sham groups 35 days after the surgery [37]. Thus, the
changes in body composition in the OVX rats in this
study agreed with the previous studies. Despite the
lack of effects on TM, FM and FP, low- and
medium-dose E’Jiao  suppressed OVX-induced
increase in LM. The exact mechanism for this
observation was not known at this moment, since the
food intake and energy metabolism of the rats were
not determined.

The physiological function of BMAT remains
elusive but it is morphologically similar to white
adipose tissue. They can secrete adipokines,
inflammatory cytokines and receptor activator of
nuclear factor kappa- B ligand (pro-osteoclastogenesis
factor) [38]. However, it has been demonstrated that
they are resistant to lipolysis and insulin actions [39].
Under pathophysiological conditions, expansion of
BMAT has been observed with ageing, osteoporosis,
anorexia nervosa and obesity [40]. Recent studies also
highlighted that BMAT might shape the bone
microenvironment for cancer progression [41].

Oestrogen deficiency has been found to increase
BMAT [42,43]. Several reports have demonstrated
increased bone marrow adiposity in female rats
[44,45] and rabbits [46] following castration. The
present study concurred with the previous studies,
wherein the OVX rats had high marrow adiposity
evidenced by increased N.Ac/T.Ar. in comparison to
the sham group. Low-, medium- and high-dose E’Jiao
suppressed the increase in N.Ac/T.Ar in OVX rats,
suggesting that it could prevent bone marrow
adiposity.

PPAR-y is a nuclear hormone receptor that is
essential for adipocyte differentiation [47]. PPAR-y
activation has been shown to stimulate adipogenesis
and BMAT formation [48]. As a result, inhibiting
PPAR-y expression appears to be a logical approach
to preventing bone marrow adiposity after meno-
pause [49]. In this study, skeletal PPARYy levels were
not altered by ovariectomy and treatments
significantly. It has been demonstrated that E'Jiao
promotes the development of hematopoietic stem
cells, hematopoietic progenitor cells, and bone
marrow nucleated cells [27]. However, its effects on
mesenchymal stem cell differentiation, where
adipocytes are derived, have not been determined.
Thus, EJiao could modulate bone marrow
adipogenesis through mechanisms other than
regulating PPARYy expression.

Antioxidants could regulate bone marrow
adiposity by inhibiting adipogenesis and increasing

adipocyte apoptosis derived from human bone
marrow mesenchymal stromal cells [50,51]. E’Jiao
possesses antioxidant effects, wherein it reduced
oxidative stress in D-galactose-induced ageing mice
by increasing SOD, CAT and glutathione peroxidase
activities, while reducing MDA levels [52]. Similarly,
in the present study, E Jiao supplementation
increased SOD levels and CAT activities, while
reducing MDA levels. GSH levels were increased by
OVX but decreased by E’Jiao supplementation. The
increase in GSH levels may be a physiological
response to the increased oxidative stress due to
oestrogen deficiency, which was prevented by E’Jiao.
This observation indicates that E’Jiao’s effects in
suppressing bone marrow adiposity could be partially
attributed to its antioxidant potential.

In the present study, calcium supplementation
reduced bone marrow adiposity but did not affect
body composition and skeletal PPAR-y level
compared to the negative control group. Goudarzi et
al.  (2018) reported calcium inhibited the
differentiation of adipose-derived mesenchymal stem
cells into adipocytes, implying that calcium may be
exerting an inhibitory effect on adipogenesis [53]. This
is supported by in vitro studies reporting the
inhibitory effects of calcium or calcium channel
regulators on adipogenic differentiation in murine
and human preadipocytes [54-57]. However, several
other studies have reported reduced PPAR-y levels,
fat deposition and fat content following calcium
supplementation [56,58,59], which was not shown in
the current study. The exact reason for the
discrepancy is not known.

Several limitations of this study should be noted.
In rats, a lack of oestrogen frequently causes
hyperphagia and weight gain [60], but food intake
was not measured in this study. The effects of
castration and treatments on visceral fats, adipokines
and anti-/ pro-inflammatory cytokines of
physiological importance were not determined. The
effects of E’Jiao and calcium could be more obvious
with an increased treatment period. Both agents were
not supplemented in wuncastrated animals to
investigate their effects under a physiological level of
oestrogen. Future studies should also use biochemical
methods to support the changes in body composition
and BMAT in ovariectomised rats. These aspects
could be considered in future studies. Nonetheless,
this study presents preliminary data on E’Jiao as a
therapeutic agent for increased bone marrow
adiposity associated with oestrogen deficiency.

Conclusion

E'liao improved
decreased oxidative stress

status and
which

antioxidant
in OVX rats,
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prevented the growth in body mass and bone marrow
adiposity. The potential use of E’Jiao in this regard
can reduce the healthcare burden due to adiposity,
such as cardiovascular diseases and diabetes mellitus.
However, to verify this impact, a thorough
investigation into the mechanism by which E'Jiao
controls adipocyte differentiation will be necessary. A
well-planned clinical trial would also be required to
validate the effects of E’Jiao in postmenopausal
women.

Acknowledgements

The authors thank Mr. Azlan Mohd Arlamsyah
and Mr. Fadhlullah Zuhair Japar Sidik from the
Department of Pharmacology, Faculty of Medicine,
Universiti Kebangsaan Malaysia for their technical
assistance. The authors also thank Universiti
Kebangsaan Malaysia for funding the study.

Funding

This study is funded by Universiti Kebangsaan
Malaysia via Fundamental Research  Grant
FF-2020-145.

Institutional Review Board Statement

The animal study protocol was approved by the
Animal Ethics Committee of Universiti Kebangsaan
Malaysia before the start of the experiment (Approval
code: FAR/FP/KOK YONG/25-MAR./1088-MAR .-
2020-FEB.-2022).

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Donato GB, Fuchs SC, Oppermann K, Bastos C, Spritzer PM. Association
between menopause status and central adiposity measured at different cutoffs
of waist circumference and waist-to-hip ratio. Menopause 2006; 13:280-285.

2. Rolland YM, Perry HM, Patrick P, Banks WA, Morley JE. Loss of appendicular
muscle mass and loss of muscle strength in young postmenopausal women.
Journals of Gerontology - Series A Biological Sciences and Medical Sciences
2007; 62:330-335.

3. Greendale GA, Sternfeld B, Huang MH, Han W, Karvonen-Gutierrez C,
Ruppert K, Cauley JA, Finkelstein ]S, Jiang SF, Karlamangla AS. Changes in
body composition and weight during the menopause transition. JCI Insight
2019; 4:€124865.

4. Bollag AE, Guo T, Ding K-H, Choudhary V, Chen X, Zhong Q, Xu J, Yu K,
Awad ME, Elsalanty M, Johnson MH, McGee-Lawrence ME, Bollag WB, Isales
CM. Monomethylfumarate protects against ovariectomy-related changes in
body composition. Journal of Endocrinology 2019; 243:15-26.

5. Zidon TM, Padilla J, Fritsche KL, Welly R], McCabe LT, Stricklin OE, Frank A,
Park Y, Clegg DJ, Lubahn DB, Kanaley JA, Vieira-Potter V]. Effects of ERp and
ERa on OVX-induced changes in adiposity and insulin resistance. Journal of
Endocrinology 2020; 245:165-178.

6. Aveline P, Cesaro A, Mazor M, Best TM, Lespessailles E, Toumi H.
Cumulative Effects of Strontium Ranelate and Impact Exercise on Bone Mass
in Ovariectomized Rats. Int ] Mol Sci 2021; 22:3040.

7. Dubnov-Raz G, Pines A, Berry EM. Diet and lifestyle in managing
postmenopausal obesity. Climacteric 2007; 10:38-41.

8.  Chin KY, Chan CY, Subramaniam S, Muhammad N, Fairus A, Ng PY, Jamil
NA, Aziz NA, Ima-Nirwana S, Mohamed N. Positive association between
metabolic syndrome and bone mineral density among Malaysians. Int ] Med
Sci 2020; 17:2585-2593.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Strehlow K, Rotter S, Wassmann S, Adam O, Grohé C, Laufs K, Bohm M,
Nickenig G. Modulation of antioxidant enzyme expression and function by
estrogen. Circ Res 2003; 93:170-177.

Bonaccorsi G, Piva I, Greco P, Cervellati C. Oxidative stress as a possible
pathogenic cofactor of post-menopausal osteoporosis: Existing evidence in
support of the axis oestrogen deficiency-redox imbalance-bone loss. Indian
Journal of Medical Research 2018; 147:341-351.

Agarwal A, Doshi S. The role of oxidative stress in menopause. ] Midlife
Health 2013; 4:140-146.

Bourgonje AR, Abdulle AE, Al-Rawas AM, Al-Magbali M, Al-Saleh M,
Enriquez MB, Al-Siyabi S, Al-Hashmi K, Al-Lawati I, Bulthuis MLC, Mulder
DJ, Gordijn SJ, van Goor H, Saleh J. Systemic oxidative stress is increased in
postmenopausal women and independently associates with homocysteine
levels. Int ] Mol Sci 2020; 21:314.

Puri N, Sodhi K, Haarstad M, Kim DH, Bohinc S, Foglio E, Favero G, Abraham
NG. Heme induced oxidative stress attenuates sirtuinl and enhances
adipogenesis in mesenchymal stem cells and mouse pre-adipocytes. J Cell
Biochem 2012; 113:1926-1935.

Veldhuis-Vlug AG, Rosen CJ. Clinical implications of bone marrow adiposity.
J Intern Med 2018; 283:121-139.

Zhu L, Xu Z, Li G, Wang Y, Li X, Shi X, Lin H, Chang S. Marrow adiposity as
an indicator for insulin resistance in postmenopausal women with newly
diagnosed type 2 diabetes - an investigation by chemical shift-encoded
water-fat MRI. Eur ] Radiol 2019; 113:158-164.

Pham TT, Ivaska KK, Hannukainen JC, Virtanen KA, Lidell ME, Enerbick S,
Mikeld K, Parkkola R, Piirola S, Oikonen V, Nuutila P, Kiviranta R. Human
bone marrow adipose tissue is a metabolically active and insulin-sensitive
distinct fat depot. Journal of Clinical Endocrinology and Metabolism 2020;
105:2300-2310.

Montan PD, Sourlas A, Olivero J, Silverio D, Guzman E, Kosmas CE.
Pharmacologic therapy of obesity: mechanisms of action and cardiometabolic
effects. Ann Transl Med 2019; 7:393-393.

Bray GA, Friihbeck G, Ryan DH, Wilding JPH. Management of obesity. The
Lancet 2016; 387:1947-1956.

Gadde KM, Apolzan JW, Berthoud HR. Pharmacotherapy for patients with
obesity. Clin Chem 2018; 64:118-129.

Piché ME, Auclair A, Harvey J, Marceau S, Poirier P. How to Choose and Use
Bariatric Surgery in 2015. Canadian Journal of Cardiology 2015; 31:153-166.

Li P, Fan C, Lu Y, Qi K. Effects of calcium supplementation on body weight: A
meta-analysis. American Journal of Clinical Nutrition 2016; 104:1263-1273.
Das S, Choudhuri D. Effect of Dietary Calcium on Adipogenesis Program and
Its Role in Adipocyte Dysfunction in Male Wistar Rats. Proceedings of the
National Academy of Sciences, India Section B: Biological Sciences 2020;
90:631-639.

Fan Q, Xu F, Liang B, Zou X. The Anti-Obesity Effect of Traditional Chinese
Medicine on Lipid Metabolism. Front Pharmacol 2021; 12:696603.

Wang YC, Chiang JH, Hsu HC, Tsai CH. Decreased fracture incidence with
traditional Chinese medicine therapy in patients with osteoporosis: A
nationwide population-based cohort study. BMC Complement Altern Med
2019; 19:42.

Li X, Shi F, Gong L, Hang B, Li D, Chi L. Species-specific identification of
collagen components in Colla corii asini using a nano-liquid chromatography
tandem mass spectrometry proteomics approach. Int J] Nanomedicine 2017;
12:4443-4454.

Ekeuku SO, Chin KY, Qian J, Zhang Y, Qu H, Mohd Ramli ES, Wong SK,
Mohd Noor MM, Ima-Nirwana S. Suppression of high bone remodelling by
E’Jiao in ovariectomised rats. Biomedicine and Pharmacotherapy 2022;
152:113265.

Zhang Y, Ye T, Hong Z, Gong S, Zhou X, Liu H, Qian J, Qu H. Pharmacological
and transcriptome profiling analyses of Fufang Ejiao Jiang during
chemotherapy-induced myelosuppression in mice. J Ethnopharmacol 2019;
238:111869.

Nair A, Jacob S. A simple practice guide for dose conversion between animals
and human. ] Basic Clin Pharm 2016; 7:27.

Wang H, Bua P, Capodice J. A comparative study of calcium absorption
following a single serving administration of calcium carbonate powder versus
calcium citrate tablets in healthy premenopausal women. Food Nutr Res 2014;
22:58.

Sharp JC, Copps JC, Liu Q, Ryner LN, Sebastian RA, Zeng GQ, Smith S, Niere
JO, Tomanek B, Sato M. Analysis of ovariectomy and estrogen effects on body
composition in rats by X-ray and magnetic resonance imaging techniques. J
Bone Miner Res 2000; 15:138-146.

Subramaniam S, Mohamad NV, Chan CY, Soelaiman IN and Chin KY.
Calculating In-vivo Short-term Precision Error of Dual-Energy X-ray
Absorptiometry in Human and Animal: A Technical Report. Med Health 2020;
15:70-77.

Ogechi Ekeuku S, Nwabueze Okechukwu P, Akyirem Akowoah G, Swee Sen
T, Namatama Siyumbwa S, Ruth Anisah Froemming G. Plasma Glucose
Lowering Activity of Palmatine and its Effect on Liver, Kidney and
Antioxidant Enzymes Parameters in STZ Induced Diabetic Rat Model. Curr
Bioact Compd 2015; 11:256-263.

Khare P, Kishore K, Sharma DK. Catalase and superoxide dismutase (SOD)
activity in swiss albino mice treated with ethanolic leaf extract of madhuca
longifolia. Res ] Pharm Technol 2019; 12:4434-4437.

https://www.medsci.org



Int. J. Med. Sci. 2023, Vol. 20

1721

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Tanvig M, Vinter CA, Jorgensen ]S, Wehberg S, Ovesen PG, Lamont RF,
Beck-Nielsen H, Christesen HT, Jensen DM. Anthropometrics and Body
Composition by Dual Energy X-Ray in Children of Obese Women: A
Follow-Up of a Randomized Controlled Trial (the Lifestyle in Pregnancy and
Offspring [LiPO] Study). PLoS One 2014; 9:89590.

Brommage R. Validation and calibration of DEXA body composition in mice.
Am ] Physiol Endocrinol Metab 2003; 285:E454-E459.

Norcross J, Van Loan MD. Validation of fan beam dual energy x ray
absorptiometry for body composition assessment in adults aged 18-45 years.
Br J Sports Med 2004; 38:472-476.

Chen Y, Heiman ML. Increased weight gain after ovariectomy is not a
consequence of leptin resistance. Am ] Physiol Endocrinol Metab 2001;
280:E315-E322.

Hardouin P, Rharass T, Lucas S. Bone Marrow Adipose Tissue: To Be or Not
To Be a Typical Adipose Tissue? Front Endocrinol (Lausanne) 2016; 7:85.
Scheller EL, Khandaker S, Learman BS, Cawthorn WP, Anderson LM, Pham
HA, Robles H, Wang Z, Li Z, Parlee SD, Simon BR, Mori H, Bree A]J, Craft CS,
MacDougald OA. Bone marrow adipocytes resist lipolysis and remodeling in
response to B-adrenergic stimulation. Bone 2019; 118:32-41.

Nandy A, Rendina-Ruedy E. Bone marrow adipocytes - Good, bad, or just
different? Best Pract Res Clin Endocrinol Metab 2021; 35:101550.

Hernandez M, Shin S, Muller C, Attané C. The role of bone marrow adipocytes
in cancer progression: the impact of obesity. Cancer and Metastasis Reviews
2022; 41:589-605.

Aoki T, Yamaguchi S, Kinoshita S, Hayashida Y, Korogi Y. Quantification of
bone marrow fat content using iterative decomposition of water and fat with
echo asymmetry and least-squares estimation (IDEAL): Reproducibility, site
variation and correlation with age and menopause. British Journal of
Radiology 2016; 89:20150538.

Beekman KM, Zwaagstra M, Veldhuis-Vlug AG, Van Essen HW, Den Heijer
M, Maas M, Kerckhofs G, Parac-Vogt TN, Bisschop PH, Bravenboer N.
Ovariectomy increases RANKL protein expression in bone marrow adipocytes
of C3H/He] mice. Am J Physiol Endocrinol Metab 2019; 317:E1050-E1054.
Fonseca H, Bezerra A, Coelho A, Duarte JA. Association between visceral and
bone marrow adipose tissue and bone quality in sedentary and physically
active ovariectomized wistar rats. Life 2021; 11:478.

LiuH, Li W, Ge X, Jia S, Li B. Coadministration of puerarin (low dose) and zinc
attenuates bone loss and suppresses bone marrow adiposity in ovariectomized
rats. Life Sci 2016; 166:20-26.

Liu Y, Tan H, Huang C, Li L, Wu S. Olive oil effectively mitigates
ovariectomy-induced marrow adiposity assessed by MR spectroscopy in
estrogen-deficient rabbits. Acta Radiol 2022; 63:245-252.

Grygiel-Gérniak B, Mosor M, Marcinkowska J, Przystawski J, Nowak J. Impact
of the PPAR gamma-2 gene polymorphisms on the metabolic state of
postmenopausal women. ] Biosci 2016; 41:427-437.

Bradley CA. PPARy controls marrow adiposity. Nat Rev Endocrinol 2018;
14:3.

Beekman KM, Veldhuis-Vlug AG, van der Veen A, Heijer M Den, Maas M,
Kerckhofs G, Parac-Vogt TN, Bisschop PH, Bravenboer N. The effect of PPARy
inhibition on bone marrow adipose tissue and bone in C3H/He] mice. Am ]
Physiol Endocrinol Metab 2019; 316:E96-E105.

Ali D, Chen L, Kowal JM, Okla M, Manikandan M, AlShehri M, AlMana Y,
AlObaidan R, AlOtaibi N, Hamam R, Alajez NM, Aldahmash A, Kassem M,
Alfayez M. Resveratrol inhibits adipocyte differentiation and cellular
senescence of human bone marrow stromal stem cells. Bone 2020; 133:115252.
Casado-diaz A, Rodriguez-ramos A, Torrecillas-baena B, Dorado G, Quesada-
g6émez JM, Galvez-moreno MA. Flavonoid phloretin inhibits adipogenesis and
increases opg expression in adipocytes derived from human bone-marrow
mesenchymal stromal-cells. Nutrients 2021; 13:4185.

Wang D, Liu M, Cao J, Cheng Y, Zhuo C, Xu H, Tian S, Zhang Y, Zhang J,
Wang F. Effect of Colla corii asini (E’jiao) on D-galactose induced aging mice.
Biol Pharm Bull 2012; 35:2128-2132.

Goudarzi F, Mohammadalipour A, Khodadadi I, Karimi S, Mostoli R,
Bahabadi M, Goodarzi MT. The Role of Calcium in Differentiation of Human
Adipose-Derived Stem Cells to Adipocytes. Mol Biotechnol 2018; 60:279-289.
Jensen B, Farach-Carson MC, Kenaley E, Akanbi KA. High extracellular
calcium attenuates adipogenesis in 3T3-L1 preadipocytes. Exp Cell Res 2004;
301:280-292.

Shi H, Halvorsen Y Di, Ellis PN, Wilkison WO, Zemel MB. Role of intracellular
calcium in human adipocyte differentiation. Physiol Genomics 2000; 2000:75-
82.

Sun C, Wang L, Yan J, Liu S. Calcium ameliorates obesity induced by high-fat
diet and its potential correlation with p38 MAPK pathway. Mol Biol Rep 2012;
39:1755-1763.

Sun C, Qi R, Wang L, Yan ], Wang Y. p38 MAPK regulates calcium
signal-mediated lipid accumulation through changing VDR expression in
primary preadipocytes of mice. Mol Biol Rep 2012; 39:3179-3184.

Das S, Choudhuri D. Calcium supplementation shows a hepatoprotective
effect against high-fat diet by regulating oxidative-induced inflammatory
response and lipogenesis activity in male rats. ] Tradit Complement Med 2020;
10:511-519.

ZhangF, Ye ], Meng Y, Ai W, Su H, Zheng ], Liu F, Zhu X, Wang L, Gao P, Shu
G, Jiang Q, Wang S. Calcium supplementation enhanced adipogenesis and
improved glucose homeostasis through activation of camkii and PI3K/Akt
signaling pathway in porcine bone marrow mesenchymal stem cells (pBMSCs)

60.

and mice fed high fat diet (HFD). Cellular Physiology and Biochemistry 2018;
51:154-172.

Witte MM, Resuehr D, Chandler AR, Mehle AK, Overton JM. Female mice and
rats exhibit species-specific metabolic and behavioral responses to
ovariectomy. Gen Comp Endocrinol 2010; 166:520-528.

https://www.medsci.org



