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Abstract

Objectives: Glucocorticoid-induced osteoporosis (dexa-
methasone) is a primary cause of secondary osteoporosis
by the decreasing formation and increasing resorption
activities. Previously, the in vitro study showed that 70%
ethanol and aqueous extract of deer antler have increased
alkaline phosphatase in osteoblast cell that known as
marker of bone formation. The mind of this study is to
analyze the effect of deer antlers in increasing the bone
trabecular density of osteoporosis-induced male mice.
Methods: This study used a post-test control group
design. A total of 54 healthy male mice were randomly
divided to nine groups, i.e., healthy control, osteoporotic,
positive control, 70% ethanol (4, 8, and 12 mg/kg BW), and
aqueous extracts (4, 8, and 12 mg/kg BW) of deer antler
groups. All of the interventions were given 1 mL of test
sample for 4 weeks orally. The bone densities were deter-
mined using histomorphometry by Image J and Adobe
Photoshop. The statistical data were performed using SPSS
23 and statistical significance was set at p<0.05.
Results: The results showed that alendronate group, 70%
ethanol, and aqueous extract groups increased bonedensity

and calcium levels in serum (p<0.05) compared to osteo-
porotic group in dose dependent manner. It indicated that
70% ethanol and aqueous extract of deer antler stimulating
bone turnover and aqueous extract showed the highest.
Conclusions: Dexamethasone induction for 4 weeks
caused osteoporotic mice and the administration of 70%
ethanol and aqueous extracts of deer antler from East
Kalimantan increased trabecular bone density and calcium
levels in dose dependent manner.

Keywords: bone density; bone turnover; calcium level;
deer antler.

Introduction

Osteoporosis is considered to be a skeletal problem due to
impaired bone strength that results in an increased risk of
fracture [1]. Novel epidemiological studies have shown that
osteoporosis becomes a primary public health problem not
only for women population, but also for men population. It
is estimated that the total amount of hip fractures in women
and men in 2025 will be alike [2, 3]. In men, the distribution
of osteoporosis prevalence is bimodal, showing that the
initial peak (<50 year old) is mostly due secondary osteo-
porosis, while the later peak (>60 year old) is mostly cate-
gorizedasprimaryosteoporosis [4]. Correspond to theWorld
Health Organization (WHO), by applying the standard from
The International Society for Clinical Densitometry, it is
estimated that 1–2 million men in the United States have
osteoporosis (T-score <−2.5) and 8–13 million have osteo-
penia (T-score between −1.0 and −2.5), or their prevalence
are 6% for osteoporosis and 47% for osteopenia [3, 5, 6]. In
aging population, morbidity and mortality from hip frac-
tures are higher in men than in women with fatality rates,
among over 75 years is 20.7% inmen vs. 7.5% in women [7].
The causes of osteoporosis in men are relative to hormonal,
genetics, environmental, other specific disease factors, and
along 50% of men with secondary osteoporosis [6, 8]. The
three primary causes of secondary osteoporosis in men are
glucocorticoid excess, hypogonadism, and alcohol abuse.
The precaution and therapy of osteoporosis disease
according to the Recommendation of American College of
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Rheumatology AdHoc Committee is using supplementation
with vitamin D and calcium, anti-resorptive agents, calci-
tonin, gonadal sex hormone replacement, and modifying
lifestyle risk factors [9]. Antiresorptive agents that are
currently widely used are nitrogenous bisphosphonates
which contain alendronate and risedronate, and also
calcitonin, estrogen, and raloxifene selective estrogen re-
ceptormodulators. These agents increase bone strength and
degrade the riskof fractures to varyingdegrees [10, 11]. Some
clinical evidences recommend a role for phytoestrogen in
the therapy of osteoporosis [12–15]. Previous studies showed
that 70% ethanol and aqueous extracts of deer antler from
East Kalimantan increased the alkaline phosphatase (ALP)
and mineralization activities of 7F2 cell that is an osteoblast
cell lines [16, 17]. These extracts contain several major con-
stituents such as protein, lipids, ash, calcium, collagen,
chondroitin sulfate andglucosamine [18, 19]. Based on these
data, it is necessary to prove whether the 70% ethanol and
aqueous extracts of deer antler can increase the bone den-
sity of osteoporotic mice.

Materials and methods

Materials

Deer antler ofRusaunicolorwas collected in themiddle ofMarch 2017 in
UPTD (Technical Implementation Service Unit) of East Kalimantan,
Indonesia and voucher specimens were deposited at the UPTD of East
Kalimantan, Indonesia. The experimental animal used was male mice
(Mus musculus) obtained from the Animal Laboratory of the Faculty of
Pharmacy, Universitas Airlangga, Surabaya (No.2.KE.176.09.2019). The
mice were 5 months old, healthy and weighed of 19.208 ± 10.265 g. The
materials were Dexamethasone tablets (Generic, Indonesia), Alendro-
nate® (Novell Pharma, Indonesia), Ethanol pro analysis (Merck,
Indonesia), HCl Ketamine (Kepro BV, Indonesia), and CMC-Na.

Extraction of R. unicolor antlers

R. unicolor antler powder was received fromUPTD of East Kalimantan,
Indonesia. The 991 g of powder was extracted with 70% ethanol –
water (2.0 L × 3) using maceration method. The 70% ethanol solution
was concentrated using BUCHI rotary evaporator to get 70% ethanol
extract (Et-TL, 35.0 g). In addition, the deer antler powder (430 g) was
extracted with 100% water (1.0 L × 3) by applying continuous perco-
lation method. The water solution was dried by freeze dried to get
aqueous extract (A-TL, 6.1 g).

Trabecular bone density and calcium levels in serum

This study applied a posttest control group design. The 54 healthy
male mice were randomly divided into nine groups. There were
healthy control group (without dexamethasone induction), osteopo-
rotic group (induction with dexamethasone and without extracts),

positive control group (alendronate suspension), the 70% ethanol
extract groups of deer antler (4, 8, and 12mg/kg BW), and the aqueous
extract groups of deer antler (4, 8, and 12 mg/kg BW). First of all, the
micewere inducted by 1mL dexamethasone (0.0029mg/20 g BW/day)
orally for four weeks to obtain osteoporotic conditions [20]. Then the
mice were carried out with or without 1 mL extracts orally for four
weeks. After 4 weeks, they were sacrificed with anesthesia using HCl
ketamine at 10 mg/g BW, i.p. [21] and their femur bones and blood
were taken. Blood sampling was performed to measure the calcium
levels in serum, whereas femoral bones were taken as the material for
histological preparations. The femoral bones were immediately fixed
in 10% neutral-buffered formalin and placed in decalcifying solution
for 24 h at 37 °C, continuous with being dehydrated and embedded in
paraffin. The proximal femur section was stained with a Hematoxylin-
eosin (HE) staining. Then, histomorphometry observations of the
percentage of trabecular bone density using the Optic Labmicroscope
and computer software of Image J and Adobe Photoshop were per-
formed [22]. Calculation of trabecular bone density was obtained by
dividing the area of observed trabecular bone (μm2) with the area of
entire measurement area (trabecular bone and bone marrow space).
The formula for calculating bone density was as follows [23]:

Trabecular Bone Density %BV/TV

= the area of  observed trabecular bone( T)
the area of  entire measurement area ( T+TS) x 100%

The observations were made in the metaphysical region that
approached epiphyseal line and it was in cortisol bone region [23]. The
bone density values were obtained in units of % BV/TV (% Bone
volume/Tissue volume).

Statistical analysis

The experiments were carried out for three more consecutive times
using similar sample. It was then presented as means ± standard de-
viations. The statistical data were performed using SPSS 23 and sta-
tistical significance was set at p<0.05.

Results

The result of dexamethasone induction for 4 weeks caused
osteoporotic occurred in mice due to decreased trabecular
bone density and characterized by a change in the verte-
brae posture into kyphosis (Figure 1). Changes in kyphosis

Figure 1: Healthy mice (A) and osteoporotic mice (B), arrow point
marks changes in vertebrate posture to kyphosis.
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posture occurred in all groups (O, A, Et, and EA) except the
healthy group (H).

The occurrence of osteoporosis in mice due to dexa-
methasone induction was not only observed visually, but
histomorphometry observation was also carried out on the
trabecular area of mice (Figure 2). It could be seen that the
trabecular femur area of osteoporotic group was narrower
than healthy group. Then, these results were measured in
percentage of trabecular bone density (Figure 3).

Dexamethasone induction for 4 weeks inmice reduced
the trabecular bone density (O) to 23.79 ± 1.23%, while the
healthy group (H) was 17.48 ± 1.57% (Figure 3). These re-
sults were statistically analyzed using SPSS 23 and the α
value was <0.05, it showed that osteoporotic mice group
suffered osteoporosis disease.

Observation of anti-osteoporosis activity test from 70%
ethanol and aqueous extracts of deer antlers was done
through histomorphometry calculation of the average
trabecular bone density (%). The results showed that
trabecular bone density of the osteoporotic, positive control,
70% ethanol extract at 4, 8, and 12 mg/kg BW and aqueous
extract at 4, 8, and 12mg/kg BW groups were 17.48 ± 1.57%;
35.09 ± 1.53%; 22.39 ± 2.36%; 26.42 ± 2.47%; 31.83 ± 3.84%;
30.66± 2.65%; 33.84± 1.53%; and35.64± 2.42%respectively
(Figure 3). Furthermore, a statistical analysis test was per-
formed using SPSS 23 (α <0.05) and the results showed that
70% ethanol extract and aqueous from deer antlers at three
concentrations had anti-osteoporosis activity by increasing
the value of trabecular bone density, significantly,
compared to the osteoporotic group.

Calcium levels in the obtained blood/serum were
measured by using a spectrophotometer, as shown in
Table 1. The results were analyzed using SPSS with a p
value of <0.05 and showed that the value of calcium levels
in serum increased in the 70% ethanol and aqueous extract
of deer antlers at dose dependent manner compared to the
osteoporotic group.

Discussion

Deer antlers have been highly used in traditional oriental
medicine and several studies have examined the benefits

Figure 2: Histomorphometry of the
trabecular area from control group (A) and
osteoporotic group (B) by hematoxylin-
eosin staining. T = Trabecular Bone,
ST = Bone Marrow, TK = Cortical Bone,
GE = Epiphyseal Line (100× Magnification).

Figure 3: Trabecular bone density levels of
several groups; healthy (H), osteoporotic
(O), positive control (A, alendronate), 70%
ethanol extracts (Et at 4, 8, and 12 mg), and
aqueous extracts (EA at 4, 8, and 12 mg)
after intervention, (*p<0.05 compare to
osteoporotic group).

Table: Calcium levels in serumof several groups after intervention
(*p<.).

Groups Calcium levels in serum, ppm

Healthy . ± .*
Osteoporotic . ± .
Positive control . ± .*
% ethanol extract
 mg/g BW . ± .*
 mg/g BW . ± .*
 mg/g BW . ± .*

Aqueous extract
 mg/g BW . ± .*
 mg/g BW . ± .*
 mg/g BW . ± .*
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of potential effects. An evaluation of the effect of deer
antler on physical growth and bone development is
necessary and relevant for the mount of bioactive sub-
stances in deer antler, which are assured to have bone-
strengthening assets [24]. Therefore, we assessed bone
development parameter (femoral bone densitometry) and
bone-related enzyme (calcium). Calcium in serum directly
affects bone calcification and dissolution and can be
measured as parameters related to bone metabolism.

Before anti-osteoporosis activity was carried out, mice
were induced by dexamethasone for 14 days so that the
mice suffered osteoporosis disease. Dexamethasone is a
glucocorticoid drug that can directly inhibit osteoblast
activity and inhibit the production of sex hormones that
affect bone formation. The use of dexamethasone for a long
time (4 weeks at a dose of 0.0029 mg/20 g BW rat/day)
causes a decrease in the average percentage of trabecular
bone density [20].

The effect of dexamethasone induction in this study
has been seen by changing the vertebrae posture into the
kyphosis bone, as in Figure 1, and was supported by his-
tomorphometry observations in the trabecular area of
mice, as in Figure 2. The figure showed that the trabecular
area of osteoporotic group was narrower than the area of
healthy group. Then, histomorphometry results were
measured in percentage of trabecular bone density, as in
Figure 3, that showed that there was a decrease in the per-
centage of trabecular bone density in osteoporotic group
compared with the healthy group. Low total bone density is
the causes of osteoporosis andhas several cytokines such as
IL, 1β-11, and TNFα that stimulate aromatase activity of
osteoblast cells [25] and have effect to intestinal metabolism
of phyto-testosterone [26]. Ma et al. (2011) reported that
glucocorticoid had increased the expression and signaling
activity of β2-adrenergic receptors in osteoblast. These
stimulations inhibited osteoblast proliferation, stimulated
osteoclastogenesis and increased regulation of nuclear
factor-кB ligand expression [27].

Dexamethasone-induced mice were given a test treat-
ment for 4 weeks, then their calcium levels in serum were
observed and histophotometry of their trabecular bone
densitywere examined. Calcium is amineral found in bones
(99%). In the study of ovariectomy osteoporotic rat models
showed that calcium levels in serum decreased to 7.26 mg/
dL compared to normal rat, which was 8.35 mg/dL [28].
Glucocorticoid induction can reduce calcium levels in serum
by decreasing the absorption of calcium from intestine and
inhibiting calcium reabsorption in kidney tubules thereby
increasing the excretion of calcium through urine [29].

Based on the statistical analysis, there were significant
differences of trabecular bone density between positive

control, the 70% ethanol extract and the aqueous extract
groups toward osteoporotic group. This study showed that
the level of trabecular bone density of osteoporosis group
(after intervention with dexamethasone for 4 weeks) was
lower than other groups. There was an increase of trabec-
ular bone density in positive control group. There is not too
much information regarding the mechanism but it is
possible that the alendronate mechanism of action may be
indirect. After 12 months of therapy, alendronate was
found to stimulate bone mass in femoral neck and lumbar
spine in androgen replacing men with long-term hypo-
gonadism. After 6 months of alendronate treatment, uri-
nary deoxypyridinoline which marker of bone resorption
was decreased significantly [30]. This condition will result
in the balance of bone remodeling and increase osteocalcin
as serum marker of bone formation [31].

Shimon et al. (2005) informed that alendronate at
10 mg daily in osteoporotic men with long-standing
hypogonadism for 6–12 months increased lumbar-spine
bone mineral density significantly (p<0.005) [30]. Alendr-
onate is an anti-resorptive agent that hampers farnesyl
diphosphate (FPP) synthase, thereby blocking the pre-
nylation of small signaling proteins that are important for
osteoclast function and viability [32, 33]. Revell (1986) re-
ported that histomorphometry method could be used to
show a great correlation between the actual bone volume
(0.998) [34].

Several components in deer antlers have started a
direct modulation effect on bone growth. Deer antlers have
been declared to contain essential amino acids, hyaluronic
acid, chondroitin sulfate, collagen, polysaccharides, gly-
cosaminoglics, a number of fatty acids (C18: 3-omega-6
fatty acids), phosphorus, zinc, iron, and calcium [35].
Chondroitin sulfate in deer antlers is a major glycosami-
noglycan [36, 37] which is water soluble and shows an
increased growth effect on osteoblast cells [38] and
believed to manage water storage, differentiation, and
proliferation of chondrocytes in cartilage tissue.

Overall, the positive effects observed from deer antler
extracts from East Kalimantan on bone development in
this study are appropriate with some fundamental of
traditional Chinese medicine. The proper mechanism of
action and the biologically active substances responsible
for these effects will involve further research to be
explained.

Conclusions

Dexamethasone induction for 4 weeks caused osteoporotic
mice, markedly by the occurrence of kyphosis and the
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narrowing of the trabecular area. The administration of
70% ethanol and aqueous extracts of deer antler from East
Kalimantan increased trabecular bone density and calcium
levels in dose dependent manner. Thus, the extracts
stimulated bone turnover.
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