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Polar Fraction of Punica granatum L. peel extract 

increased osteoblast number on ovariectomized rat bone 

 
Anton Bahtiar, Sunarmi Arifin, Amalia Razalifha, Nurul Qomariah, Puspita E. 
Wuyung, Ade Arsianti 
 
ABSTRACT 
The effects of Polar fraction of Punica granatum (L) peel extract on bone loss in ovariectomized (ovx) rats 
model of osteoporosis were investigated. Forty two 6 weeks old female Sprague–Dawley rats were randomly 
assigned to seven groups as followed, sham-operated, OVX, OVX-Estradiol (0.5 mg/kgBW), OVX-
Tamoxifen (50 mg/kg BW), OVX-Punica fraction (PF) 50 mg/kg BW, OVX-PF 100 mg/kg BW and OVX-
PF 200 mg/kg BW for 4 weeks. The administration of Punica fraction was given orally using a stomach 
tube. The results demonstrated that the administration Punica fraction 50, 100, and 200 mg/kg BW 
significantly prevented bone loss in OVX rats which these effect equivalent to Tamoxifen. These effects 
were described in increased mineral content of calcium. On histology data shown that fraction could 
increased osteoblast number. This result indicated that polar fraction of ethanolic extract of pomegranate 
have potential as a drug for osteoporosis. 
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1. Introduction 
Osteoporosis is one of the major health problems, and expected to increase dramatically in the 
recent decades and the majority of these patients are women. Recent epidemiological studies 
have suggested that the incidence of osteoporosis is a complex interaction due to many factors 
such as variety of genetic, geographic, and ethnic factors [1]. Estrogen deficiency is generally not 
one of the major of the main risk factors for osteoporosis, but it is indirect and strongly related 
with the many recognized osteoporosis risk factors especially in women such as thin, advanced 
age, postmenopausal, amenorrhea, and more drinking alcohol [2]. 
Several line of evidence reported the importance of estrogen in bone remodeling and 
metabolism. Furthermore, the evident from the clinical used that the administration of hormone 
replacement therapy (HRT) in a dose dependent manner effectively prevents bone loss in 
postmenopausal women [3] and reduces the incidence of osteoporosis [4]. Unfortunately, the use 
of HRT for long term caused several unwanted side effect associated with these powerful 
steroids and increased risk for breast and endometrial cancers [5, 6]. Therefore, further 
exploration of alternatives and/or adjunctive approaches that can produce clinically relevant 
prevent bone loss like in osteoporosis would be interest. Non-hormonal therapy or natural 
product therapy may more acceptable for the treatment and prevent osteoporosis. Recently, 
much attention has been focused on phytoestrogens, especially isoflavone, as a potential safe 
alternative for pharmaceutical HRT [7, 8]. Phytoestrogen is one of the natural alternatives that 
appear to offer the most potential for the prevent bone loss. Phytoestrogen is non-steroid plant-
derived compounds which structurally similar to estrogen and possesses both weak estrogenic 
and antiestrogenic effects [9, 10]. Previous study in animals showed that phytoestrogen had a 
protective effect against bone loss due to estrogen deficiency. The consumption of natural 
phytoestrogen from soybean instead of a casein-based diet had been demonstrated to prevent 
bone loss in ovariectomized (OVX) rats [11]. Similarly, genistein, a phytoestrogen found 
predominantly in soybean, prevented bone loss in OVX rats [12]. 
Both in vitro and in vivo studies have shown that daidzein, genistein, and their glycosides exert 
a weak estrogenic effect [13]. In addition, raloxifene showed the positive effects of selective 
estrogen receptor modulators in animals and humans. Because of their similarity to raloxifene in 
conformational binding to estrogen receptors, genistin have selective actions in bone. Other 
studies demonstrated that human dietary studies shown the effects of isoflavone-rich soy protein 
diets on markers of bone turnover and preventing bone loss as measured from bone mineral  
density (BMD) and content.
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Recent studies indicate that oral administration of daidzin, genistin, 
genistein and their succinyl derivatives significantly prevents bone 
loss in an ovx model of osteoporosis [13]. 
Punica granatum (L) is one of the natural plant contain some 
phytoestrogens. Many years, Punica juice known and use for 
traditional medicine such as dried pericarp and the juice of the 
fruits are employed as orally medication in the treatment of colic, 
colitis, leucorrhea, menorrhagia, oxyuriasis, paralysis, and external 
application to caked breast and to the nape of the neck in mumps 
and headache. Pomegranate juice is rich in antioxidants which 
general possess numerous important biological properties against 
cholesterol oxidation, protection against atherogenesis, anti-
inflammatory, anti-aging, and protection against Alzheimer’s 
disease and diabetes [14]. However, the estrogenic effect of 
phytoestrogen as Selective Estrogen Receptors Modulator from 
Punica granatum (L) have not been investigated especially the 
tannin compound of pomegranates. Therefore, there is a great 
interest to investigate the effect and action of Tannins-contain 
fractions of pomegranate on bone and reproductive tissue on 
osteoporosis model rat. 
 
2. Materials and Methods 
2.1 Plant and Chemical Materials 
Punica granatum (L) used in the present study were collected from 
“Kampoeng Djamoe Organic” PT Martha Tilaar Ethanol 96%, 
methanol p.a, ethyl acetate p.a and petroleum ether p.a. were 
obtained from Sigma (St. Louis, MO, USA). Estradiol were 
purchased from Sigma (St. Louis, MO, USA). All other reagents 
were of analytical grade. 
 
2.2 Preparation of Polar fraction of Punica granatum  
The dried powders of peel of Punica granatum were extracted by 
soxhlet using methanol. Further, the residue that obtained was 
fractionated using etil acetat and hexane. All the fraction was 
evaporated to obtain concentrated fraction. The extractive value of 
methanol from dried powders was calculated as % w/w yield and 
was found to be 3.71%. 
 
2.3 Animals 
Female Sprague–Dawley rats, aged 42 days, were purchased from 
Litbangkes. The animals were grouped and housed in polyacrylic 
cages with one animal per cage and maintained under standard 
laboratory conditions (temperature 25 ± 2°C) with dark and light 
cycle (12/12 h) and allowed free access to commercial pellet diet 
and water ad libitum. 
 
2.4 Administration Procedure 
Rats were acclimatized to laboratory condition for 1 week before 
commencement of experiment. All procedures described conducted 
in accordance with Guideline for Care and Use of Faculty of 
Medicine, University of Indonesia. At 50 days of age, bilateral 
ovariectomy was performed via a dorsal midline incision under 
ketamine injection. Upon recovery from anesthesia, animals were 
assigned to experimental groups, normal (sham-operated), OVX, 
OVX-estradiol, OVX-Tamoxifen, OVX-FR 50, OVX-FR 100, and 
OVX-FR 200, with six animals per group, per experiment. Twenty 
days after ovariectomy, all the rats were allowed controlled access 
to a commercial standard pellet and free access to deionized water 
for 20 days. Normal (sham-operated) and OVX rats were sacrified 

under light anesthesia to determine the baseline at 70 days. From 
70 days, estradiol (0, 1 mg/kg BW), FR (50, 100 and 200 mg/kg 
BW/day) was given orally using a stomach tube for 4 weeks. The 
food intake of all rats was measured everyday. 
On the day after the last dose, the rats were blood collected from 
orbital plexus after and sacrified under light anesthesia. The uterus 
was removed and the wet weight, was determined. The femurs and 
tibiae were also removed immediately for bone analyses. 
 
2.5 Mineral content 
The femurs were also removed immediately after sacrified for bone 
analyses. The right and left femurs were freed of soft tissue. The 
removed right femurs were freed of soft tissue using small scissors, 
tweezers and cotton gauze. Then the bones were dehydrated and 
defatted in acetone and anhydrous ether, dried for 12 h at 110 °C 
and reweighed to obtain the dry bone weights. Bone calcium 
content in ash bone were determined by atomic absorption 
spectrophotometry (AAS). 
 
2.6 Histological Analysis 
The uterus and mammary glands were fixed in 10% buffered 
formalin for 48 hr. Uterine were cut for three cross section per area. 
Mammary glands were cut to obtain sections from the nipple 
through the fat pad toward the abdominal muscles. All samples 
were embedded in paraffin and 3-μm thick sections were cut, 
mounted, and stained with hematoxylin and eosin (H&E) for 
microscopic analysis 
 
2.7 Statistical Analysis 
Data from the animal experiments were expressed as the mean ± 
S.E.M. The statistical significance of differences between the 
groups were assessed with a one-way ANOVA, followed by 
Bonferroni or LSD post-hoc test analysis using software SPSS. p 
values of less than 0.05 were considered to indicate significant 
differences. 
 
3. Results 
3.1 Body and Uterine Weights 
The effect of Pomegranate fraction (PF) on average body weight 
gain and uterus are presented in table 1. As described in table 1, 
ovariectomized caused atrophy of uterus. This effect was prevented 
by the administration of estradiol and tamoxifen but not by PF 50, 
100 and 200 mg/kg BW. In other hand, ovariectomy increased 
average daily body weight gain. This effect also was prevented by 
the administration of estradiol and tamoxifen and also by PF 50, 
100 and 200 mg/Kg BW. The effect of PF 200 mg/kg BW was 
greater than estradiol and tamoxifen. This result indicated that PF 
work on body fat but not on uterine cell, this also indicated that PF 
works specifically on each type estrogen receptor. 
 
3.2 Calcium Content of the Bone 
The activities of Pomegranate Fraction on bone were demonstrated 
in table 2. The result demonstrated that OVX caused bone loss 
which determined by decreased bone density, content of calcium 
bone. The results shown that the administration of Pomegranate 
Fraction(PF) 50, 100 and 200 mg/kg BW for 28 days capable to 
increase calcium content in bone as well as the density of bone. 
The effect of PF on dose 100 mg/kg BW were same effect with 
tamoxifen and estradiol for calcium content.
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Table 1: Body and uterine weight Values are means± S.E.M., n = 6 rats. Within a column, values with a superscript are significantly 
different: # p, 0.05 compared with sham rats; *p<0.05 compared with OVX rats.

Groups Initial Body  
weight (g) Final Body weight (g) Average body  

weight gain (g/day) 

Uterine 
Weight 

(g) 
Sham 178.60 + 8.98 198.27 + 8.71 0,54 319.35 ± 76.68 
OVX 196.85 + 19.31 212.47 + 24.28 1,04* 112.9 ± 57.73* 
EST 193.22 + 17.02 203.62 + 17.72 0,14# 194.2 ± 135.65# 
TAM 197.63 + 16.43 180.47 + 20.68 -0,34# 143,1 ± 20.27# 

PF 50 mg/kgBW 196.77 + 22.71 201.28 + 17.38 0,32# 111.1 ± 5.22# 
PF 100 mg/kgBW 203.38 + 16.94 205.53 + 21.52 0,02# 103.08 ±11.64# 
PF 200 mg/kgBW 179.17 + 7.52 177.00 + 19.38 -0,24# 81.56 ± 18.56# 

 
 

 
Table 2: Bone mineral content Values are means± S.E.M., n = 6 rats. Within a column, values with a superscript are significantly different:  

# p, 0.05 compared with sham rats; *p<0.05 compared with OVX rats. 

Groups Bone ash content of calcium 
Sham 27.32 ± 3.69 
OVX 16.52 ± 1.53* 
EST 23.02 ± 1.53# 
TAM 24.24 ± 4.51# 

PF 50 mg/kg BW 20.96 ± 2.83# 
PF 100 mg/kg BW 21.27 ± 2.91# 
PF 200 mg/kg BW 19.94 ± 3.89 

 
 

 
 

 

 
Fig 1: Uterine morphology. A). Sham-operated rat, B). Ovariectomized rat, C). Estradiol, D). Tamoxifen, E) FD 50 mg/Kg BW, F). FD 

100 mg/kg BW, G). FD 200 mg/kg BW. 
 
 
 

 
 
 

3.3. Effects of Pomegranate Fraction on Histomorphometry of 
Mammary Gland and Uterine wall. 
Figure 1 shows morphology of uterus taken from one animal per 

treatment group. In ovariectomized rats the uterus showed decrease 
in size and become atrophy. The administration of estradiol could 
reverse the uterine, But the administration of Tamoxifen and 
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Punica Fraction only reverse the size of uterus without any effect 
on uterine wall as shown in Figure 2 and Table 4 
 
 

3.4. Effects of Pomegranate Fraction on bone 
Table 5 shows that Pomegranate fraction could increase osteoblast 
number of ovx rat, this finding seem could be the reason prevention 
of pomegranate fraction in bone.

 
 
 
 

 
 
 

 
 

Fig 2: Photomicrographs of representative uterus walls sections A). Sham-operated rat, B).Ovariectomized rat, C). Estradiol, D). 
Tamoxifen, E) FD 50 mg/Kg BW, F). FD 100 mg/kg BW, G). FD 200 mg/kg BW. 

 
 

 

 
Table 3: Quantification of Endometrium wall thickness and Uterine wall thickness Values are means± S.E.M., n = 6 rats. Within a column, 

values with a superscript are significantly different: # p, 0.05 compared with sham rats; *p<0.05 compared with OVX rats 
 

Groups Endometrium wall 
thickness (μm) 

Uterine wall thickness 
(μm) 

Sham 22,01 ± 5,37 34,01 ± 7,87 

OVX 11,27 ± 3,96 18,40 ± 7,05 

EST 16,00 ± 4,34 22,44 ± 5,56 

TAM 9,57 ± 1,10 14,40 ± 1,42 

PF 50 mg/kg BW 10,97 ± 1,49 15,42 ± 2,24 

PF 100 mg/kg BW 10,09 ± 2,16 16,55 ± 4,11 

PF 200 mg/kg BW 7,93 ± 1,18 12,90 ± 2,58 
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Table 4: Quantification of Endometrium wall thickness and Uterine wall thickness Values are means± S.E.M., n = 6 rats. Within a column, 
values with a superscript are significantly different:  # p, 0.05 compared with sham rats; *p<0.05 compared with OVX rats 

 

Groups Osteoblast number Osteoclast number 

Sham 38,55 ± 3,87 5,2 ± 1,15 

OVX 32,97 ± 4,21* 7,4 ± 1,20 

EST 41,33 ± 2,91# 9,2 ± 5,09 

TAM 37,33 ± 1,28# 7,5 ± 0,64 

PF 50 mg/kg BW 36,4 ± 0,28# 6,4 ± 0,1 

PF 100 mg/kg BW 39,3 ± 0,42# 9,0 ± 2,54 

PF 200 mg/kg BW 38,8 ± 0,1# 7,2 ± 0,1 

 
 
 
4. Discussion 
The aims of this work were to investigate the effects of the 
pomegranate fraction on bone protection and effects on 
reproductive organs. 
Ovariectomized rats are classically used as an animal model for 
studying the effect of postmenopausal bone loss. Furthermore, they 
may provide a useful model for investigating the biological effect 
of PF on bone loss in ovariectomized rats. Pomegranate Fraction 
from polar part of Punica granatum (L) extract contain tannins 
especially Ellagic acid [115, 16]. 
Previous study shown that ellagic acid prevent bone loss by 
increasing mineralization of bone through osteoblast. And others 
studies shows ellagic acid has no effect on epithelial cell of uterus 
and antiestrogenic on MCF7 cell lines. The present study was 
investigated the potential preventive effects of tannin-content 
pomegranate fraction of Punica granatum L. which contain ellagic 
acid to prevent bone loss in animal model of osteoporosis. The 
administration of PF prevented OVX-induced increase average 
body weight gain in rats. This results also support by previous 
study that compound that prevented OVX-induced uterine atrophy 
and increases in body weight gain, abdominal fat, serum total 
cholesterol and triglyceride. In addition, other study also reported 
that soybeans-rich isoflavones dietary interventions effectively 
reduce cholesterol serum in OVX-induced increased cholesterol 
serum in rats. 
According with previous report, rats in the OVX group had lower 
densities of the right femur and tibiae because of reducing the 
ovariectomy-induced increase in bone resorption. The 
administration of Pomegranate fraction 50, 100 and 200 mg/kg BB 
effectively prevented OVX-induced lowering bone density. These 
observations are supported by previous study that ellagic acid 
significantly prevented bone loss in OVX rats by increasing 
mineralization of bone.  
Further studies are needed to investigate the efficacy of that ellagic 
acid in humans. 
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