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The bone strengthening effects of propolis in ovariectomized
female white rats as models for postmenopause
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ABSTRACT
Osteoporosis is a bone disease characterized by decreased quality and strength of bones
so that it becomes porous and fracture. Propolis is known to have many pharmacological
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menopause, the form of an ovariectomy postmenopausal model. The rats were divided into 5 groups:
ovariectomy. positive control group (subjected to ovariectomy), negative control group (not subjected
to ovariectomy, and treatment groups that were subjected to ovariectomy and given
propolis at a dose of 180 mg/kg BW, dose 360 mg/kg BW and dose 720 mg/kg BW. Propolis
was administered orally for 30 days. Bone impact strength testing was undertaken after
30 days using an impact testing machine. Research data were analyzed via one-way
ANOVA and continued with the Duncan’s Multiple Range Test. From the test results,
we noted that propolis administration had an effect on the value of bone strength, with
the dose of 720 mg/kg BW and 360 mg/kg BW having a significant effect, compared with
others. With an increase in dose, propolis can provide an increase in the value of bone
strength in rat bones.
INTRODUCTION

Osteoporosis is a disease characterized by abnormalities
of bone tissue and changes in bone microarchitecture that
can affect the strength of bone impact and cause fractures
[1]. It is estimated to affect 200 million women worldwide
— about one-tenth of all women aged 60, one-fifth of all
women aged 70, two-fifths of all women aged 80, and two-
thirds of all women aged 90. Around the world, one in every
three women over the age of 50 will experience osteoporosis
fractures, as will one in every five males over the age of 50
[2]. This disease often occurs especially in women who are
menopausal. Two out of five women in Indonesia have a
greater risk of osteoporosis [2,3].

Women have a risk of decreasing bone mass faster than
men [5,6]. This is due to the reduced production of the
estrogen hormone, especially in women who have expe-
rienced menopause [6,7]. This hormone is very necessary
in the formation of osteoblasts and the prevention of the
activity and division of osteoclast cells. Its activity is against
osteoclast receptors [7,8].
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A commonly used herbal medicines is propolis. Propolis
is a natural resin or gum substances collected by bees from
exudates of certain tree species, with source determining its
chemical composition. One of its pharmacological effects
can prevent osteoporosis [10]. The main components of fla-
vonoids and phenolic acids in propolis are known to enhance
bone health [11].

Flavonoid compounds contained in propolis include
pinocembrin, quercetin, naringin, galanin and chrysin.
Phenolic acid compounds include Caffeic Acid Phenethyl
Ester (CAPE) [12]. Flavonoids can promote bone health
by five reaction mechanisms, namely, reducing bone resorp-
tion through antioxidant activity, anti-inflammatory activity,
increased osteoblastogenesis activity, suppression of osteo-
clastogenesis activity, and increased osteo immunologicals
activity [13]. Flavonoid activity of antioxidants, namely fla-
vonoids, will increase the differentiation of osteoblasts and
decrease apoptosis from these cells by enhancing the effect
of bone-forming enzymes such as Alkaline Phosphatase,
collagen I and other bone matrix proteins. In osteoclasts,
flavonoids will reduce its differentiation and increase its
apoptosis by reducing the amount of Receptor Activator
of Nuclear factor Kappa-B Ligand (RANKL), as well as
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by limiting the amount of Acid Phosphatase and Cathepsin
K protease. In osteocyte cells, flavonoid compounds will
decrease RANKL, increase the production of Osteoprote-
gerin (OPG) and decrease Sclerostin and Dicckoph [14].
High numbers of osteoclasts result in the risk of osteopo-
rosis [15].

Propolis is easily found in Indonesia and its use as
herbal medicine is widely practiced. However, for the full
understanding of the osteoporosis effect, research is still
limited. Hence, it is necessary to undertake anti-osteoporo-
sis research with regard to propolis administration. In our
work, we did so by administering various doses of propolis
to ovariectomized female white rats, and measuring the
strength of bone impact using the Impact Testing Machine.

MATERIALS AND METHODS

This study was conducted at the Pharmacology Labora-
tory, Faculty of Pharmacy and the Mechanical Metallurgy
Laboratory of Mechanical Engineering Department, Faculty
of Engineering, Andalas University, Padang, West Sumatra.

The experimental animals used were 25 female white
Wistar rats with 150-200 gram weight and 3 months of age.
All experiments were carried out according to the National
Institute of Health Guidelines for the care and use of labo-
ratory animals and the European Council Directive on 24
November 1986 for Care and Use of Laboratory Animals
(86/609/EEC), and approved by The Committee of Research
and Ethics in the Faculty of Medicine, Andalas University
(No. 146/KEP/FK/2020). The sample used is the brand “X”
propolis concentration of 150 mg/mL, with different doses.

The animals were first acclimatized for 7 days, then ovari-
ectomy was performed on 20 rats. The rats were divided
into five treatment groups, namely, negative control group,
positive control group and three treatment groups (dose180
mg/kgBW, 360 mg/kgBW and 720 mg/kgBW). Observa-
tions from ovariectomy procedure were carried out for 1
day (24 hours), then propolis doses were given according
to the treatment group.

Group I were ovariectomy rats and administered propolis
at a dose of 180 mg/kg BW. Group II were ovariectomy
rats and administered propolis at a dose of 360 mg/kg BW,
Group III were ovariectomy rats and administered propolis
at a dose of 720 mg/kg BW. Group IV were the negative
control, non-ovariectomy rats only given food and drink.
Group V were the positive control, ovariectomy was per-
formed but the rats were not adminstrated propolis. All
group were treated for 30 days.

On the 31st day, the rats were killed and dissected and the
right femur was collected and stored in 10% formaldehyde
solution. Each rat was tested for only 1 bone. The impact
strength of the bone were measured using the Impact Testing
Machine Setra BL-4100L.

Femur bone retrieval was carried out for 5 days. The time
of taking the femur bone until the impact test was carried
out was 1-14 days after the femur bone was taken. The
impact strength was calculated by comparing the impact
energy obtained with the cross-sectional area of the sample
that was previously measured. All data was analyzed via
one-way ANOVA. Differences between measurements were
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considered as significant when p <0.05. Duncan’s Multiple
Range test were used to statistically verify the results pre-
sented in this study.

RESULTS AND DISCUSSION

The results obtained from the rat bone impact strength
are shown in Table 1. The analysis obtained a significance
value of p <0.05, meaning that there are significant results
in the treatment groups. Based on the results, we found that
the average impact strength is quite diverse. In the negative
control group, the mean value of bone impact strength
showed the highest number — 3.9655 J/mm?. In the positive
control group, the value of bone impact strength (in general)
had the lowest value — 3.2231 J/mm?.

Table 1. Results of femoral bone impact strength from treatment
group

Impact Strength of Bone (J/mm?)
Treatment Group
Animal 1 | Animal 2 | Animal 3 | Animal 4 | Animal 5

Dose 180 mg/kg BB| 3.2513 3.3201 2.9586 3.5735 3.3470
Dose 360 mg/kg BB| 3.2749 3.7658 3.4568 3.4827 3.5044
Dose 720 mg/kg BB| 3.6364 3.9966 3.6316 3.7607 4.0270
Negative control 4.3808 4.2454 4.0286 3.4327 3.7399
Positive control 3.4568 3.3867 3.7384 2.4422 3.0982

In the treatment group with a dose of 180 mg/kg body
weight, 360 mg/kg body weight, and 720 mg/kg body
weight, the average strength of bone impact values was
3.2901 J/mm?, 3.4969 J/mm?, and 3.8105 J/mm?, respec-
tively (Table 2 and Figure 1). In order to see the difference
in each treatment group, Duncan’s test was applied.

Table 2. Mean value of femoral bone impact strength from five
treatment groups

Treatment Group Mean value of Impact Strength + SE

Dose 180 mg/kg BB 3.2901+0.2213¢

Dose 360 mg/kg BB 3.4969+0.1757°

Dose 720 mg/kg BB 3.8105+0.1912°

Negative control 3.9655+0.3839

Positive control 3.2231+0.49252

Note: a = significant difference found compared to negative control
(p<0.05); b = no significant difference compared to negative control
(p>0.05)
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Figure 1. A bar chart of the average strength values of femoral
bone impact strength from five treatment groups
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Based on the Duncan’s test results as seen in Table 2,
three different subsets were obtained. In the first subset,
there was a positive control group, a dose group of 180
mg/kg body weight and a dose group of 360 mg/kg body
weight, with a significant value of 0.215 (p >0.05). In the
second subset, there was a dose group of 360 mg/kg body
weight and a dose group of 720 mg/kg body weight, with a
significant value of 0.135 (p >0.05). In the third subset there
was a dose of 720 mg/kg BW and negative control, meaning
that the two treatment groups were not significantly differ-
ent, having a significant value of 0.450 (p >0.05).

On assessing the results of observations from the average
impact strength values, we can say that we obtained quite
a diverse set of data between the types of treatments given.
From these values, it can be concluded that there are dif-
ferences in the average value of bone impact strength from
negative controls, a dose of 180 mg/kg BW, a dose of 360
mg/kg BW, a dose of 720 mg/kg BW and positive control.
It should be noted that the value of bone impact strength
is influenced by the physiology of the body, bone size,
number of bone-forming cells, and the amount of bone
mineralization.

In bone strength testing using an impact testing machine,
we saw differences in the average impact strength values
of the various test groups, when compared with the control
group. In the negative control group (not on ovariectomy
and not given propolis), the average value of bone impact
strength showed the highest rate of 3.9655 J/mm?. This is
because the experimental animals used were not in meno-
pause condition, thuse the estrogen hormone was still being
produced by the ovaries, so the highest bone impact strength
values are generally found in this group. In the positive
control group (in ovariectomy, but not given propolis), the
value of bone impact strength, in general, has the lowest
value of 3.2231 J/mm?. According to Mustafa S. (2011),
this is caused by a decrease in estrogen hormone content
due to menopause — a factor that triggers osteoblast cell
formation in the myeloid tissue of red marrow [16]. Herein,
bone strength is influenced by the bone quality, bone density
and bone remodelling process played by osteoclasts and
osteoblasts [17].

In the treatment group with a dose of 180 mg/kg BW,
the average bone impact strength of 3.2901 J/mm? was not
significantly different from positive control, and there was
only a slight increase in bone strength when propolis was
administered. According to Domazetovic (2017), propolis
works as an antioxidant. This has the opposite effect of
Reactive Oxidative Stress (ROS) [14].

At a dose of 360 mg/kg BW group, the average value
of bone impact strength was 3.4969 J/mm?. This dose is a
general dose commonly prescribed to treat osteoporosis, and
the value of bone impact strength is quite different when
compared to positive control and the dose of 180 mg/kg
body weight. It can be said that it has a fairly maximal effect.
In postmenopausal women, the amount of estrogen will
decrease because the ovaries (which are one of the produc-
ers of this hormone) are no longer functioning. The estrogen
hormone plays a key role in maintaining the balance in the
number of osteoblasts and osteoclasts in the bone [18].
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The dose of 720 mg/kg BW (which is the highest dose
given) shows a significantly higher impact strength value
of 3.8105 J/mm?. This is higher than the positive control
and is also higher than that of a dose of 180 mg/kg BW
and 360 mg/kg BW, but lower than the outcome of the
negative control. At a dose of 720 mg/kg BW, this protec-
tive effect comes about due to maintenance of the balance
of bone remodelling so that the process of the bone forma-
tion increases. This can be seen from its value — which is
almost close to the negative control. Estrogen plays a very
important role in bone metabolism by allowing a balance of
bone-forming cells (osteoblasts) and bone-destroying cells
(osteoclasts) [19].

In research conducted by Al-Qtaitat (2014), the adminis-
tration of propolis can maintain the stability of the skeletal
bones of experimental animals that are ovariectomized. This
is because the flavonoid compounds in propolis have similar
characteristics to selective estrogen receptor modulators
(SERMs) that can prevent bone resorption by osteoclasts and
increase the formation of osteoblasts so that they can prevent
osteoporosis [10]. Herein, it should be recalled that bone
impact strength is influenced by mineral content in bone,
bone size, bone structure, and balance of bone remodelling
by osteoblasts and osteoclasts [20].

After applying the Duncan Multiple Range test, three
different subsets were obtained. If the treatment group is
in the same subset, this means that the group is not signifi-
cantly different from the p value >0.05. The Duncan test
indicates that a significant difference exists in the outcome
of doses of 180 mg/kg body weight and doses of 720 mg/kg
body weight, meaning that the effect of these two treatment
groups was significantly different with regard to the strength
of the rat bone impact.

As bone strength and hardness are also determined
by calcium phosphate, collagen fibril, and other mineral
crystal availability, an increase in the impact strength of
femur bones in the experimental animals given propolis at
different doses is, we believe, brought about by the amount
of flavonoids and polyphenols that are present in the rat
body. These have antioxidant activity [21]. Flavonoids in
propolis like pinocembrin, naringenin, CAPE, myricetin,
etc. are compounds that are noted for having antioxidant
activity, as opposed to ROS, where antioxidants will increase
osteoclastogenesis [22].

CONCLUSION

In the form of a postmenopausal ovariectomized model,
administration of propolis at a dose of 360 mg/kg BW,
and a dose of 720 mg/kg BW demonstrate a bone strengthen-
ing effect on femur bones in female white rats.
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