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Abstract

Androgens play a very important role in building the skeleton in young adults and help to prevent bone loss and
osteoporosis in aging men. In addition, in hypogonadism or elderly men, bone mass has been related to estrogen levels rather
than to testosterone. Estrogen replacement therapy has therefore been proposed to prevent bone loss in males as well as in
females. Estrogen, however, has been considered to be one of the hormonal risk factors for benign prostatic hyperplasia and
prostate cancer and also has other side effects. Young coconut juice (YCJ) presumably containing phytoestrogen was inves-
tigated in the present study for its possible beneficial effects on delaying osteoporosis using a male rat model, and by this to
test the possibility that it might be able to replace estrogen replacement therapy without side effects. In this study, mandibular
cancellous bone was used as the osteoporotic model. Using the same model, we have previously found that total cartilage
thickness particularly the hypertrophic zone of mandibular condylar cartilage was thicker in the sham-operated rats receiving
YCJ orally fed for a 14 day period, compared with sham, orchidectomized animal, orchidectomized rats receiving estradiol
benzoate, and orchidectomized rats receiving YCJ. The present study confirmed our former study that mandibular cancellous
bone in the sham-operated rats and in the orchidectomized rats receiving YCJ orally fed for a 14–day period were thicker than
those of the sham and orchidectomized rat groups. This study results are novel and they indicate that YCJ may have beneficial
effects in the treatment of osteoporosis in andropause men.
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1. Introduction

Osteoporosis has become a major healthcare problem
because of a rapidly increasing aging population. Osteoporo-
sis is characterized by low bone mass and deterioration of
bone  tissue  with  susceptibility  to  fractures  in  vertebrae,
appendicular extremities and also jaw bones (White and
Rudolph, 1999; Dervis, 2005; Lee and White, 2005). It has

been calculated that by 2020 osteoporosis in American men
and women is expected to rise to more than 61 million because
of increasing longevity (Foundation National Osteoporosis,
2002). In Thailand, the prevalence of osteoporosis among
Thai men in 2005 was 4.6% and 12.6% for the lumbar spine
and femoral neck, respectively (Pongchaiyakul et al., 2006),
and this is expected to increase as the population ages.

Animal models have been used to define the relation-
ship between systemic and oral bone loss. Rats have been the
most widely used animal model for osteoporosis (Egermann
et al., 2005). Studies on the dentulous mandibles of estrogen
deficient rats caused by overiectomy (ovx) showed a thinning
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of the alveolar bone and the interradicular septum of the first
molar (Tanaka et al., 2002). The trabecular bone in both the
mandible and the tibia in rats 16 weeks after ovx was micro-
architecturally altered (Yang et al., 2003). A decrease in bone
mass in the mandible of male rats was also associated with
orchidectomy (orx) (Lerouxel et al., 2004).

In male rats, orx produce an androgen deficiency that
was associated with an accelerated bone turnover and im-
balance between bone resorption and bone formation, result-
ing in bone loss. In adult or aged rats, orx induce a high-
turnover of cancellous osteopenia (Erben et al., 2000) and
cortical osteopenia with cortical porosity and a decrease of
periosteal bone formation (Prakasam et al., 1999). In normal
elderly  men,  however,  one  study  has  demonstrated  that
estrogen  was  the  dominant  sex  steroid  regulating  bone
resorption  rather  than  testosterone  (Falahati-Nini  et  al.,
2000). These results indicated that estrogen also plays an
important role in regulating the aged male skeleton. Estrogen
replacement therapy has therefore been proposed to prevent
bone loss in males as well as in females (Ockrim et al., 2003).
Estrogen, nevertheless, has been considered to be one of the
hormonal risk factors for benign prostatic hyperplasia and
prostate cancer, the most frequent cancerous tumor in males
(Mercier and Inoue, 1981; Mohajery and Brooks, 1988). It is
possible that phytoestrogen derived from plants may be an
alternative  source  of  estrogen  for  hormone  replacement
therapy and might also help prevent osteoporosis and other
risk factors associated with estrogen therapy.

Phytoestrogens are considered to be an effective al-
ternative estrogenic substance that can prevent bone loss
caused by the deficiency of either estrogen and/or androgen
(John and Sandford, 1997). There have been many research
reports that have used female animal models that have de-
monstrated a preventive effect on bone loss by phytoestro-
gen e.g. soy bean (Albertazzi, 2002; Ishimi et al., 2002; Button
and Patel, 2004), Pueraria lobata (Fanti et. al., 1998; Ishida
et al., 1998; Ishimi et al., 2000; Picherit et al., 2000; Wang et
al., 2003). In contrast, there have been only a few studies in
male animal models e.g. Urasopon et al. (2007) who found
that P. mirifica extracts inhibited absolutely the bone loss
found in orx male rats. In this study, we have investigated
other plant products from Cocos nucifera that are known to
contain phytoestrogens for bone therapy.

According to folk medicine, coconut juice (Cocos
nucifera L., Arecaceae), contains several active compounds
with various therapeutic properties. Phytoestrogens seems
to have beneficial effects that include enhancement of cuta-
neous  wound  healing.  Among  the  constituents  of  phyto-
estrogens  are  flavonoids,  like  kaemferol,  isoflavones,
luteoline and apigenin (Spilkova and Hubik, 1992; Havsteen,
2002). Our previous studies have demonstrated that young
coconut juice (YCJ) had a wound healing effect (Sayoh et
al., 2008; 2011 submitted) and also indicated that one of the
active compounds is likely to be a member of the flavonoid
group.  Furthermore,  our  previous  study  showed  that,  YCJ
increased  the  thickness  of  mandibular  condyle  cartilage

(Yusuh et al., 2010). The aim of this study, therefore, was to
investigate any role for YCJ that presumably contains phyto-
estrogen,  for  its  possible  beneficial  effects  on  delaying
osteoporosis in male rats.

2. Materials and Methods

2.1 Plant material

Throughout  this  study,  young  coconut  juice  was
collected from 6-month old fruits from one area (100 square
yards) in Tungngai District, Hat Yai, Songkhla, Thailand.
A large quantity of YCJ was freeze dried and the powder was
kept at -30°C until used. This powder was freshly reconsti-
tuted and prepared for oral feeding every day. The complete
description of YCJ, including its preparation and administra-
tion, is provided in a previous publication (Radenahmad et
al., 2006).

2.2 Animals

All  animals  used  were  adult  two-month  old  male
Wistar rats weighing approximately 230 g. The animals were
housed in a controlled environment at 25±1°C with an illumi-
nation schedule of 12 hrs light/12/hrs dark. Rats had un-
restricted access to standard pellet food and water. The study
was  approved  by  the  Ethics  Committee  on  Animal  Care,
Reference  07/51,  and  was  carried  out  in  accordance  with
the Guiding Principles for the Care and Use of Research
Animals promulgated by Prince of Songkla University.

2.3 Experimental design

There were five groups of rats (6 per group) included
in  this  study.  The  first  group  consisted  of  sham-operated
rats, the second group consisted of orx rats, and the third
group  consisted  of  orx  rats  injected  intraperitoneally  with
exogenous estrogen (2.5 g/kgBW of estradiol benzoate, EB)
five days a week for two weeks. The fourth group consisted
of orx rats that received YCJ (100 mL/kgBW/day) and the
fifth group was sham-operated rats receiving YCJ (100 mL/
kgBW/day). The dose of EB and YCJ in this study was also
the same as in our earlier study (Radenahmad et al., 2006).
In this study, the administration of EB and YCJ was started
two weeks after orchidectomy was performed. Rats belong-
ing  to  the  first  and  second  groups  were  forced  fed  with
deionized water.

2.4 H and E staining of the mandibular cancellous bone and
morphological analysis

After sacrifice, the left mandibles were dissected, fixed
in 10% formalin and decalcified with 10% formic acid solution
for 30 days. Saturated ammonium oxalate solution was used to
determine the completeness of decalcification. After routine
histological laboratory procedures, tissues were blocked in
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paraffin and coronal sections of 5 m were cut and stained
with H and E for histological examination. Three sections
from the middle part of a mandible were selected for this study.
Histomorphometric analysis from six random areas on each
section using a trabecular bone volume (%) formula was
measured as described by Parfitt (1988) and Parfitt et al.
(1987) as follows:

area of trabeculaeBone volume (%) 
area of  trabeculae  marrow space




Measurements  were  performed  using  an  optical
microscope (Axioskop 40) coupled to a digital video camera
(NOPL-A662, Media Cybernetics, Silver Spring, MD, USA)
and connected to an image analysis system (Image Pro Plus
5.0 for Window, Media Cybernetics, Silver Spring, MD, USA).
Slides were viewed by a researcher who had no knowledge of
their origins. Readings from the three sections from each rat
were then added and the average was determined.

2.5 Serum estradiol and testosterone

All the rats were sacrificed on the first day of the fifth
week. Their serum was collected for estradiol (E2) and test-
osterone measurements using the chemiluminescent immuno
assay  (CIA)  technique,  as  set  out  by  the  manufacturer
(ECLIA, Modular E 170C, Estradiol II 03000079 122, Roche,
Germany)  and  (ECLIA,  Modular  E 170C,  testosterone
11776061 122, Roche, Germany), respectively. Details of the
CIA technique have been explained in our previous publica-
tion (Radenahmad et al., 2009).

2.6 Statistical analysis

Statistical analysis was performed using the Kruskal-
Wallis and the Mann-Whitney U-tests available in the statis-
tical program SPSS version 11.5. The Altman’s nomogram for
sample size calculations was used to determine the sample
size. Random selection of the microscopic fields was achieved
using a computer generated list of random numbers (Excel
version 5.0). Results were reported as means ± SEM. P<0.05
was considered to be significantly different.

3. Results

3.1 Serum E2 levels

Our results showed that the sham or orx rat groups
that received YCJ had serum E2 levels that were not signifi-
cantly (P>0.05) different from the orx or sham operated groups
(Figure 1). The serum E2 level of the orx+EB group was sig-
nificantly higher (p<0.05) when compared with the other
groups (Figure 1).

3.2 Serum testosterone level

Our results showed that the sham group or the sham

group receiving YCJ had serum testosterone levels signifi-
cantly higher than the other groups at p<0.01 and p<0.05,
respectively. Forced feeding of YCJ to the sham group caused
an  approximate  40%  reduction  in  the  testosterone  level
compared to that of the sham group (Figure 2).

3.3 Effects of YCJ on histological changes of rat mandibular
bone

There was no evidence that orx by itself had any effect
on the measured bone volume of mandibular cancellous bone
of  the  male  rats.  After  14  days  of  treatment  with  YCJ,  the
mandibular cancellous bone measured as a percentages of
bone volume (%BV) was thicker in the sham+YCJ, orx+YCJ

Figure 1. Serum estradiol (E2) levels (mean±SEM) in the five groups
of male rats examined. Sham: sham-operated group; orx:
orchidectomized group; orx+EB: orchidectomized group
receiving estradiol benzoate; orx+YCJ: orchidectomized
group receiving young coconut juice; sham+YCJ: sham-
operated group receiving young coconut juice. n=6 in
each group. *p<0.05 compared with sham, orx, orx+YCJ,
and sham+YCJ groups. Note, data has been previously
reported in Yusuh et al. (2010) for a different purpose.

Figure 2. Serum testosterone levels (mean±SEM) in the five groups
of male rats examined. Sham: sham-operated group; orx:
orchidectomized group; orx+EB: orchidectomized group
receiving estradiol benzoate; orx+YCJ: orchidectomized
group receiving young coconut juice; sham+YCJ: sham-
operated group receiving young coconut juice. n=6 in each
group. *p<0.05, **p<0.01 compared with orx, orx+EB,
and  orx+YCJ  groups.  Note,  data  has  been  previously
reported in Yusuh et al. (2010) for a different purpose.
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and orx+EB groups than that of the sham and orx groups
(Figure 3 and 4). The %BV of the orx+EB group was signifi-
cantly higher than that of the sham group at p<0.05. The
%BV of the orx+YCJ and sham+YCJ groups was significantly
higher than that of the orx group at p<0.05 (Figure 3 and 4).

4. Discussion

Elderly men or men with hypogonadism are likely to
suffer from osteoporosis and the number has been increas-
ing. Estrogen, one of the treatments given, has been reported
to  have  some  risk  factors  such  as  development  of  benign
prostatic hyperplasia and prostate cancer (Harkonen and
Makela, 2004; Soronen et al., 2004). Therefore, many studies
have investigated the estrogenic effects of phytoestrogen for
alternatives treatments for osteoporosis.

The present study was designed to evaluate the effect
of YCJ, presumably containing phytoestrogen, on protecting
male rats against orchidectomy-induced bone loss. In this
study, estrogen and testosterone levels were measured using
a CIA technique. The results were discussed in our previous
publication (Yusuh et al., 2010). Feeding of  YCJ to sham and
orx rats improved trabecular volume to a level that was not
significantly different from the group fed with EB. The per-
centages of bone volume (%BV) of the orx+YCJ and sham+
YCJ groups were also significantly higher than those of the
orx group. This study has provided similar results to previous
studies that used different plant materials. For example, Wang
et al. (2005) studied the metaphysis of the femur, and found
that Puerariae radix (Chinese herbal medicine) did prevent
bone loss at a low dose and increased the percentages of

Figure 3. Histomorphometric analysis (% bone volume) of mandi-
bular cancellous bone. The percentage of bone volume
(%BV) of the orx+EB group was higher than that of the
sham operated group at p <0.05. The percentage of bone
volume (%BV) of the orx+EB, sham+YCJ, orx+YCJ
groups were higher than that of orx group at p<0.05. Sham:
sham-operated group; orx: orchidectomized group; orx+
EB: orchidectomized group receiving estradiol benzoate;
orx+YCJ: orchidectomized group receiving young coco-
nut  juice;  sham+YCJ:  sham-operated  group  receiving
young  coconut  juice.  n=6  in  each  group.  *,  +  p<0.05
compared with sham and orx groups, respectively.

Figure 4. Coronal sections of rat mandibular bone (magnification x
50). The sections were stained with hematoxylin and eosin.
The percentage of bone volume (%BV) of the orx+EB,
orx+YCJ, and sham+YCJ groups were larger than that of
the sham and orx groups. The bottom right picture shows
an area of cancellous bone (C) and bone marrow (M) of a
“sham” rat mandibular bone. Sham: sham-operated group;
orx: orchidectomized group; orx+EB: orchidectomized
group receiving estradiol benzoate; orx+YCJ: orchidecto-
mized group receiving young coconut juice; sham+YCJ:
sham-operated group receiving young coconut juice  Scale
bar=100 mm for all pictures.

bone volume/total volume (BV/TV) to levels higher than those
of a high dose in a sham operated group. In agreement with
the present study, those preventive effects of P. radix on
bone loss were similar to those of E2 in orx animals. Urasopon
et al. (2007) found that Pueraria mirifica can prevent bone
loss and its preventive effect was significant and comparable
to 17-ethinylestradiol. Devareddy et al. (2007) found that
blueberry juice prevented bone loss in experimental animals
by inducing osteoclast apoptosis and suppressing osteo-
clastogenesis, thereby reducing bone resorption and a similar
effect was observed with soy isoflavones. Ishimi et al. (2002)
found that genistein, a soybean isoflavone, affected bone
marrow lymphopoiesis and prevented bone loss in castrated
male mice. Furthermore, our previous study confirmed that
YCJ could have effects on increasing the mandibular bone
volume by increasing the thickness of mandibular condyle
cartilage, particularly the hypertrophic zone (Yusuh et al.,
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2010), that is composed of differentiated chondrocytes and
are the main sources of the subchondrol bone (Furseth,
1996). A similar study has been reported in orx young rats
that showed a rapid decrease in cancellous bone volume in
age-matched rats and that a lower bone mass was detected
as early as 4-5 weeks after the surgery (Turner et al., 1989;
Gunness and Orwoll, 1995). That decrease in bone volume
may  be  attributed  to  both  increased  bone  resorption  and
reduced bone formation.

Although orx produces an androgen deficiency, the
direct substances controlling the bone metabolism seems to
be estrogens. The preventive effects of bone loss by specific
phytoestrogens, daidzein and genistein, on the cortical part
were previously reported in cortical bone cultures of female
rats by an increasing calcium content and alkaline phos-
phatase  activity  in  the  bone  tissue  (Gao  and  Yamaguchi,
1999).

Using a radioimmunoassay technique, Pungmatharith
(1988) found that 1 mL of coconut juice contained 2.45 pg of
17-estradiol and other sex hormone-like substances. Results
from thin-layer chromatography studies have also confirmed
that YCJ contains substances similar to estrone, such as 17-
estradiol,  and  -sitosterol  (Punghmatharith,  1988).  Such
studies also found that subcutaneous injection of an ethereal
extract of YCJ reconstituted at a dose equivalent to 7,500 mL
of young coconut juice/kgBW/day for three consecutive days
significantly increased the uterine wet weight of immature
rats. Furthermore, YCJ has been found to contain -sitosterol
as well as other sterols like stigmastatrienol, stigmasterol,
fucosterol etc. -sitosterol is structurally related to animal
cholesterol,  and  could  possibly  act  as  a  precursor  of  sex
steroids (Moghadasian, 2000). In the present study, -sito-
sterol and stigmasterol (plant sterols known to be precursors
of steroid hormones in vivo) could be responsible for the
estrogenic effect of the YCJ. This remains to be confirmed.

YCJ may, however, not work in male animals in which
their testes are still intact and secrete testosterone. It can be
seen in Figure 2 that the testosterone levels in sham and
sham+YCJ groups are much higher than in either the orx,
orx+EB,  or  orx+YCJ  groups.  The  effect  of  YCJ  may  be
counteracted by the presence of testosterone or some un-
known substance secreted by the testis. It is known that in
elderly  men  the  testosterone  level  decline  gradually  but
slowly during their last stage of life. It means that the elderly
men  still  have  some  certain  level  of  testosterone  in  their
blood and the treatment with YCJ may not work. However,
YCJ may work in castrated men or hypogonadism men, who
have very low level of testosterone.

Estrogenic  compounds  express  their  activities  by
binding to different estrogen receptors (ERs), ER and ER.
ER  dominates  in  a  few  specific  tissues  whereas  ER  is
expressed in other tissues including bone (Gustafsson, 1999).
While endogenous or exogenous estrogens are specific to
ER  rather  than  to  ER,  YCJ  presumably  containing
phytoestrogen reacts specifically with ER rather than ER
(Kuiper et al., 1998; Sayoh et al., 2008; 2011 submitted).

Subsequent  studies  on  the  immunochemistry  of  both  ER
receptors are needed to confirm this. Specific change patterns
of other bone types: axial bones and long bones are being
prepared for further investigations.

Conclusions

The novel data provided in this report demonstrates
that  biomarkers  for  osteoporosis  in  living  animals  can  be
influenced by compounds derived from a plant (namely YCJ)
with possible estrogen-like ingredients. Based on the avail-
able  data  from  this  study,  YCJ  might  be  as  effective  for
preventing bone loss caused by hormone deficiency as is
hormone replacement therapy and might be a future alter-
native choice for treating osteoporosis in elderly or andro-
pause men.
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