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[Purpose] Sex hormones deficiency leads to dramat-
ically bone loss in particular postmenopausal women.
Royal jelly has anti-osteoporosis effect due to maintain
bone volume in that condition. We hypothesized that
royal jelly protein (RJP, a latent residue after extracting
royal jelly) also prevents bone deficient in ovariecto-
mized (OVX) female rats, the animal model of post-
menopausal women.

[Methods] Female Sprague-Dawley rats (n = 30, 6
weeks age old) were sham operated (Sham; sham
operated group, n = 7), OVX control group (OC, n =
7), OVX with low RJP intake group (ORL, n = 8), and
OVX with high RJP intake group (ORH, n = 8) during
8 weeks experimental periods. In the end point of this
experiment, the bone samples (lumbar spine, tibia,
and femur) were surgically removed under anesthesia.
These bone samples were evaluated bone mineral
density (BMD) and bone strength.

[Results] BMD of lumbar spine in RJP intake groups
(ORL, ORH) were higher than that in OC group (p < 0.05
and p < 0.01) in RJP intake volume dependent man-
ner. BMD of tibial proximal metaphysis and diaphysis in
RJP intake groups were also higher than these in OC
group (p<0.01and p<0.01/p<0.05and p <0.001).
In addition, breaking force of femur in RJP intake
groups were significantly increase compared with that
in OC group (p < 0.001 respectively).

[Conclusion] These findings indicate that RJP contrib-
ute to prevent sex hormone related bone abnormality.
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INTRODUCTION

Bone is responsible organ for physical function (e.g. support, exercise,
and protection) while changing its morphology due to bone resorption
and bone formation. The dynamically metabolism by osteoclast and os-
teoblast is named “bone remodeling”. The imbalance of bone remodeling
leads to the development of progressive osteopenia with consequent pain
and functional limitations'. Various nutritional interventions were stud-
ied to reduce fracture risk and prevent bone loss?. On the other hand, it
still being discussed whether supplements of nutrients can improve bone
health remains unknown for most nutrients.

Osteoporosis is a systemic skeletal disorder characterized by low bone
mass, micro-architectural deterioration, and bone strength deterioration.
This phenomenon accompanied with abnormal bone remodeling (ex-
cessive bone resorption compared with bone formation) is particularly
developed in postmenopausal women®. On the other hand, various phar-
macological therapies with novel mechanisms were considered to reduce
the risk of fractures (e.g. raloxifene, teriparatide, and dehydroepiandros-
terone*®). However, some medications have suspected influence on can-
cer risk, heart attack, and stroke®. Thus, it is required a new therapeutic
nutritional supplements for management and promotion of bone health.

Phytochemicals with preventive effects against bone deteriorations
have recently received increasing attention since they are potentially
more suitable for long-term use than traditional therapeutic chemical
compounds?. Royal jelly (RJ), a product secreted by young honeybee
workers has several physiological activities such as anti-hypertension, an-
ti-tumor, and anti-microbial™®, RJ prevents ovariectomy (OVX) induced
bone loss through the inhibition of RANKL (receptor activator of nuclear
factor-kB (NF-kB) ligand)-induced osteoclastogenesis®. In contrast, royal
jelly protein (RJP) is a latest source of fresh royal jelly™. It may have
possibilities such as osteoblast activation' and osteoclast differentiation
through attenuating the induction of nuclear factor of activated T cells
(NFAT) cl (a key transcription factor for osteoclast differentiation)® like
a RJ ingestion. Thus, RJP may also have the beneficial effects of bone
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health, whereas the effectiveness is not well known. If RJP
can prevent bone fragility, the latent residue may be used as
a food material with the similarly effect as RJ.

The purpose of this present study is to investigate the
effect of RJP on bone properties (bone mineral density and
strength) in OVX rats. We hypothesized that RJP also inhib-
its bone deterioration in these animal models. If we reveal
that RJP prevent OVX-induced bone loss, the results con-
tribute to nutritional treatment for postmenopausal osteopo-
TOSIS.

METHODS

Experimental design

Schematic diagram of the experimental design is shown
in Figure 1. Female Sprague-Dawley rats (n = 30, 6 weeks
age old) were purchased from CLEA Japan (CE-2, CLEA
Japan, Inc., Japan). They were preliminary breeding during
6 days, and they were surgically sham operated (Sham;
sham operated group, n = 7) or ovariectomized (n = 23)
based on our previous study®. OVX group were random-
ized into three groups: OVX Control group (OC, n = 7),
OVX with low RJP intake group (ORL, n = §), and OVX
with high RJP intake group (ORH, n = §). Other protein
component is casein. These rats were fed a low calcium
diets (0.3% calcium, 0.3% phosphate) during the 8 weeks
experimental periods. RJP were added on this diet (ORL
group; 0.48% / protein (0.48g RJP / 100g diet), ORH group;
30% / protein (5.4g RJP / 100g diet)) after 3 weeks. These
rats were housed in individual single cages, and they could
freely access to food and distilled water in ad-libitum. Food
intake and body weight gain were measured every second
day. The room was maintained at 23 + 1°C (humidity, 50 +
5%) under a 12 : 12 h light-dark cycle (light 8:00 to 20:00).
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Animal care and experimental procedures were approved
by the Experimental Animal Committee of the University
of Tsukuba. All animal groups were fasted in the day before
the dissection. The femurs, tibias, and lumber spine were
collected after euthanasia, and these samples were stored in
70% ethanol after cleaned of soft tissue. Animal care and
experimental procedures were approved by the Experimen-
tal Animal Committee of the University of Tsukuba (07-
038).

BMD measurement

BMD of the tibias and lumber spine were evaluated dual
energy X-ray absorptiometry (DXA; Aloka, DCS-600R, To-
kyo, Japan) referenced as previous study'2. Briefly, the tibias
were separated into five divisions. The first division was
considered proximal metaphysis site, it mainly composed
as the cortical bone. And, the second to third divisions were
regarded the diaphysis site.

Bone strength testing

The bone strength of the femoral midshafts were evalu-
ated by a three-point bending test (DYN-1255; 110 DENKI,
Tokyo, Japan) using previously described methods (distance
between the fulcrum 1 cm, plunger speed 100 mm/minute,
full scale 50 kg, chart speed 120 cm/min)’®. “Breaking
force” refers to the loading weight (gravitational acceler-
ation) required for bone breaking. (workload was moved
when a power of 1 dyn was applied).

Statistics

All data were expressed as the mean + standard error (SE)
and were analyzed with SPSS (version 18.0 J; SPSS Inc.,
Chicago, IL). One-way analysis of variance (ANOVA) was
used to test for statistically significant differences among
groups. If a significant difference was detected among
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groups, these groups were further evaluated using the Fish-
er's F-test for multiple comparisons. The significance level
for major effects was set at p <0.05.

RESULTS

Final body weight, body weight gain, food intake, and
food efficiency are shown in Table 1. These parameters in
OC group were significantly increased than these in sham

group (p <0.001).

Table 1. Final body weight, Body weight gain, food intake, and food
efficiency after experiment periods.

Sham 2749+75 156+0.08 1542+049 0.10+0.00
OC 390.3 +9.9"* 2.95+0.16"* 19.69 + 0.48™* 0.15+ 0.01***
ORL 400.0+82 330+0.16 20.40+0.56 0.16+0.00
ORH 3936+116 3.09+023 20.30+0.69 0.15+0.01

Values are meanzSE. °Food efficiency was calculated by "body
weight gain / food intake".  p<0.001 vs sham group.

There were not significantly differences the BMC of
lumbar spine, BMC of tibial proximal metaphysis between
these groups (Table 2). On the other hand, BMC of tibial
diaphysis in OVX group (OC, ORL, ORH group) were
higher than that in sham group (p <0.01, p <0.01, p <0.001,
respectively, Table 2).

Table 2. BMC of lumbar spine, BMC of tibial proximal metaphysis,
and BMC of tibial diaphysis.

Sham  0.238 + 0.009 0.102 £ 0.003 0.099 £0.118
OC  0.234+0.005 0.097 £ 0.003 0.114 + 0.002**
ORL  0.233 + 0.004 0.098 + 0.003 0.114 £ 0.003**
ORH  0.236 + 0.004 0.100 + 0.003 0.120 + 0.003***

Values are meantSE. aI{god efficiency was calculated by "body
weight gain / food intake".  p<0.001 vs sham group.

The BMD of lumber spine and tibia at proximal me-
taphysis in OC group was significantly decrease compared
with these in sham group (p < 0.01, Figure 2A-B), whereas
that at diaphysis in OC group was higher than that in sham
group (p < 0.05, Figure 2C).

On the other hand, the BMD of these bone parts in ORL
and ORH groups were significantly increase these in sham
group in a RJP concentration-dependent manner (p < 0.05,
Figure 2A-C).

The breaking force of femurs in OC group was higher
than that in sham group (p < 0.001, Figure 3), these in ORL
and ORH groups were also significantly increase these in
sham group (p < 0.001, Figure 3).
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DISCUSSION

Osteoporosis is a bone disorder that increases fracture
risk in particular post-menopausal women. Various nu-
tritional intervention trials are debated to reduce fracture
risk?. RJ is one of the effective treatments since it has di-
verse physiological functions such as improvement of bone
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metabolism™. However, it was not well known whether a
latent residue of RJ (RJP) also has anti-osteoporosis effects.
Thus, we investigated that RJP inhibits OVX induced bone
loss using postmenopausal women model rats. As present
results, we confirmed RJP suppressed decrease in BMD and
bone strength according to OVX. These results indicate that
RJP prevent bone abnormality caused by sex hormonal defi-
ciency.

It is well known that OVX induce dramatically trabec-
ular bone loss due to imbalance of bone remodeling'®'8. In
contrast, RJ inhibits the architectural breakdown of trabecu-
lar bone due to suppressing the differentiation of osteoclasts
under sex hormonal deficient condition®. Moreover, RJP
enhance a proliferation of osteoblast-like MC3T3-E1 and
increase bone ash contents in animal model™. We also ob-
served the RJP prevents a decreasing BMD levels at lumber
spine and proximal tibia in OVX group. These findings indi-
cate that RJP is possible to suppress trabecular bone loss in
OVX rats.

Breaking force of femur in OC group is higher than
Sham group, and RJP intake groups (ORL, ORH) is even
higher in RJP concentration-dependent manner. Bone
strength is determined not only by total of hydroxyapatite
volume but also by collagen crosslink'. Actually, bone
fragility is strongly related with collagen metabolism in
post-menopausal women'®, In contrast, it is reported that RJ
could contribute bone quality due to modulating the post-
translational modification of type I collagen™. Then, RJP
might involve bone strength via other factor of bone volume
such as collagen metabolism, but that possibility needs fur-
ther consideration.

BMD of tibial diaphysis (mainly composed by corti-
cal bone) may be more susceptible than that of proximal
metaphysis (mainly composed by trabecular bone) due to
mechanical-loading'®. The results of this study observed
BMD of tibial diaphysis in OC group was higher than that
in Sham group despite the opposite result in BMD of tibial
proximal metaphysis. Similar trends have been observed
in our previous studies that also used OVX rats'. These
findings indicate that tibial diaphysis may be more sensitive
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than proximal metaphysis.

This study has two limitations to investigate the rela-
tionship of RJP and bone properties in OVX rats. First, the
physiological basis of RJP was not evaluated, in particular
bone remodeling. Then, it is unknown why OVX induced
bone loss was suppressed and whether the phenomenon are
based on a mechanism similar to previous study such as os-
teoclastgenesis®. This study needs to focus on the molecular
biological approach in the future. Second, strict RJP intake
was not controlled because this experiment was designed
by ad-libitum intake to avoid the effects of food restriction.
Hence, it is undeniable that the effect of RJP may have an
error within the group. Third, the composition of RJP is not
evaluated in detail. Therefore, it is unknown which content
of RJP affected the bone.

In conclusion, we evaluated the effect of RIP on OVX in-
duced bone abnormality. RJP inhibited decreased BMD and
bone strength in various bone parts. These findings indicate
RJP is useful to prevent sex hormone related bone fragility.
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