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the estimated absorbed dose in the gallbladder was 20
times lower than the estimate from human subject data
sets because we could not remove the gallbladder of the
mouse. Therefore, to evaluate the effective dose of [*SF]
FACT in target organs, a whole-body PET scan of hu-
man subjects may be preferable as compared with the
extrapolation from mouse experiments.

Clinical applicability of ['®FIFACT

The present whole-body PET study was performed using
healthy elderly subjects and not patients with AD. Previ-
ously, Koole et al. speculated that if brain uptake of 'SF
amyloid ligand increased by a factor of three, this will only
influence estimation of the effective dose within 1%; how-
ever, when the subject had taken medication that changed
the function of the hepatic metabolism, the estimated
effective dose will vary with a larger range [10].

In the present series of PET studies, brain PET scans
using the 3D mode were performed between the first
and the second emission scan. Therefore, the injected
dose for 2D whole-body scans was set to lower level
than usual, and the averaged injected activity of 160.8
MBq corresponded to a radiation dose of 2.99 mSv
per single administration. With regard to the optimal
injected activity that can ensure sufficient image quality
for clinical use, the peak noise-equivalent counts ratio
(NECR) is often used in its determination. It has also
been reported that the peak NECR in 2D mode was not
reached with an acceptable range of injected activity,
whereas in 3D mode, there was a distinct maximum for
the NECR for which the corresponding injected activity
was based on patient height and weight [19]. For the
scanner used in our study, the NECR peak in 3D mode
was reached at 4.44 kBq/ml using an 8,000-ml phantom
[13]. When the subject's height and weight were as-
sumed to be 170 c¢cm and 60 kg, respectively, this as-
sumption corresponded to the optimal injected dose of
about 260 MBq. In a real situation, there exists the effect
of the activity outside the axial FOV, and the optimal
injected dose would be much lower. Injected activity in-
dicates radiation dose; for example, 200 MBq indicates a
radiation dose of 3.72 mSv. ICRP 62 [20] recommended
that the maximum radiation dose that causes a ‘minor to
intermediate’ increase of risk levels while preserving so-
cial benefit levels that are ‘intermediate to moderate’ has
an effective limit of 10 mSv/year [20,21]. Thus, the max-
imum injectable activity is 537.6 MBq [**F]JFACT /year,
and this injection dose limit allows two or three PET
scans to be performed. Furthermore, amyloid imaging is
mainly undertaken in elderly patients aged >50 years,
even though for early detection of AD, patients aged <50
years will also have an amyloid PET scan. According to
the guidance on medical exposures in medical and bio-
medical research by the European Commission [22],
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dose restrictions for patients aged over >50 years are not
as strict as for younger patients. Therefore, considerably
more multiple PET scans may be possible.

Conclusions
The effective dose of the **F-labelled amyloid imaging agent,
[*®F]FACT, was found to be acceptable for clinical study.
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Royal Jelly Prevents the Progression of Sarcopenia in
Aged Mice In Vivo and In Vitro
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Sarcopenia is characterized by the age-related loss of muscle mass and strength. One of the mechanisms of sarcopenia is
the loss in the function and number of muscle satellite cells. Royal jelly (RJ) is a health food used worldwide. To obtain
better digestion and absorption than RJ, protease-treated R} (pRJ) has been developed. RJ and pRJ have been suggested
to have potential pharmacological benefits such as prolonging the life span and reducing fatigue. Because these effects
may improve sarcopenia and the functions of satellite cells, we examined the effects of RJ or pRJ treatment on the skel-
etal muscles in an animal model using aged mice. In vivo, RJ/pRJ treatment attenuated the decrease in the muscle weight
and grip strength and increased the regenerating capacity of injured muscles and the serum insulin-like growth factor-1
levels compared with controls. In vitro, using isolated satellite cells from aged mice, pRJ treatment increased the cell pro-
liferation rate, promoted cell differentiation, and activated Akt intracellular signaling pathway compared with controls.
These findings suggest that RJ/pRJ treatment had a beneficial effect on age-related sarcopenia.

Key Words: Aged mice—Sarcopenia—Satellite cells—Royal jelly—Insulin-like growth factor-1—Akt signaling.
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HE population of people aged 60 and older is currently

growing at the rate of 2.6% per year, which is more than
twice the rate of growth of the total population in the world
(1). In general, aging is accompanied by frailty, functional
limitations, and disabilities that interfere with the activities
of daily life. These factors reduce the quality of life of the
elderly patients and eventually cause their loss of autonomy
in daily life. Sarcopenia is the age-related loss of the muscle
mass and strength, which causes frailty, functional limita-
tions in daily living, disabilities, and, finally, a higher mor-
tality rate in the elderly patients (2).

Satellite cells are resident myogenic progenitors in the
skeletal muscles. They play a central role in the growth
and regeneration of the skeletal muscles (3). In response
to stimulation, satellite cells form myoblasts, fuse
together, and generate new fibers (4). The age-related
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functional disability and decrease in the number of sat-
ellite cells contribute to the development of sarcopenia
(5). Thus, maintaining the functions of satellite cells and
their numbers may reduce sarcopenia and, furthermore,
may improve the regenerating capacity of the skeletal
muscles in the elderly patients. However, to isolate satel-
lite cells, specific cell surface markers were not available
until recently (6).

Among the factors that stimulate satellite cells, insulin-
like growth factor-1 (IGF-1) plays a central role. IGF-1
stimulates satellite cell proliferation, their differentiation
into myoblasts, and, finally, their differentiation into
myotubes (4). IGF-1 is the most important mediator of
muscle growth and repair (7). Furthermore, a recent study
suggested the potential of IGF-1 to improve sarcopenia in
the elderly patients (7).
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Worker honeybees produce royal jelly (RJ) in their
hypopharyngeal and mandibular glands (8). RJ has been
used worldwide for many years as commercially avail-
able medical products and health foods and has been con-
sidered beneficial to health. These days, a modified RJ
product, protease-treated RJ (pRJ), has been developed to
improve digestion and absorption compared with regular
RJ. Accumulating evidence suggests that RJ is rich in a
wide variety of nutrients, including vitamins, minerals,
and more than 20 amino acids (9). RJ also has numerous
potential pharmacological capacities, such as prolong-
ing the life span (in mice and nematodes) (10,11) and
reducing fatigue (12), hypertension (13), and hypercho-
lesterolemia, as well as antioxidant and anti-inflammatory
effects (8,14-16).

Because these effects of RJ might have a potential to
improve sarcopenia and the functions of satellite cells
(17-21), we hypothesized that RJ might have a benefi-
cial effect on the prevention of sarcopenia. Furthermore,
we hypothesized that this effect might involve IGF-1. To
the best of our knowledge, few studies have examined the
effects of RJ on muscles in elderly patients or aged ani-
mals or the relationship between RJ and IGF-1. Thus, in
this study, we examined the effects of the RJ/pRJ on mus-
cle weight, muscle strength, satellite cell functions, the
regenerating capacity of the skeletal muscles in vivo and
in vitro, and the involvement of IGF-1 in an animal model
using aged mice.

METHODS

Culture Conditions of Satellite Cells and Cell
Proliferation Assay

Sorted satellite cells from untreated, aged mice were
cultured in growth medium containing high-glucose
Dulbecco’s modified Eagle’'s medium with 20% fetal
bovine serum (MP Biomedicals, Morgan Irvine, CA), 2.5
ng/mL basic fibroblast growth factor (Invitrogen, Eugene,
OR), 100U/mL penicillin, and 100 pg/mL streptomycin
(Sigma, St. Louis, MO). Satellite cells under eight pas-
sages were used in this study. Differentiation was induced
as previously shown with some modifications in differen-
tiation medium containing high-glucose Dulbecco’s modi-
fied Eagle’s medium, 5% horse serum (Sigma), penicillin,
and streptomycin for several days (22). RJ and pRJ were
dissolved in water, sterilized by a filter, and then added to
the culture medium at the following concentrations: 100,
200, 500, or 1000 pg/mL. Some cells were serum starved
for overnight and then stimulated with 10nM insulin
(Sigma), which is a potent activator of Akt, for 5 minutes.
The cells were cultured for 24, 48, or 72 hours, and the
number of cells was determined by water-soluble tetrazo-
lium-8 (WST-8, DOJINDO, Tokyo, Japan) assay using a
cell-counting kit (23,24).

Mice and Dietary Treatment

Male C57BL/6 mice were obtained from Clea Japan
(Tokyo, Japan) and maintained under specific pathogen-
free conditions with unrestricted access to food and water.
Experiments were carried out in accordance with guidelines
established by the Tohoku University Committee on Animal
Research. At the age of 21 months, mice were divided into
five groups according to the diets provided for each group
and maintained for the next 3 months, with 10 mice in each
group. The five groups of diets were normal diet (controls),
diet mixed with 1% weight RJ (1% RJ), diet mixed with
5% weight RJ (5% RJ), diet mixed with 1% weight pRJ
(1% pRJ), and diet mixed with 5% pRJ (5% pRIJ). All diets
were manufactured by Oriental Yeast Co., Ltd. (Chiba,
Japan), stored at 4°C, and sealed in plastic bags in vacuo
until use to avoid oxidation. The base diet was composed
of 20% milk casein, 0.3% cystine, 39.7% starch, 13.2%
a-starch, 10% sucrose, 0.0014% cellulose, 1% vitamins,
3.5% mineral mixture, 0.25% choline bitartrate, and 0.5%
tert-butylhydroquinone. The amounts of milk casein and
starch were adjusted to equalize total proteins and calories
between the groups in accordance with the amounts of
added RJ/pRIJ. Therefore, total energy and protein levels
per weight were the same in all the diet groups. However,
the amino acid contents were different among the groups.
Dried RJ and pRJ powder was supplied by Institute for Bee
Products & Health Science (Okayama, Japan). The vitamin
and mineral components of RJ and pRJ were analyzed by
Japan Food Research Laboratories (Tokyo, Japan) and are
shown in Table 1. The mice had unrestricted access to food
and water. After 3 months of the diet treatment, the grip
strength was measured. Then, 25 mice (five mice from each
group) were anesthetized and sacrificed, their sera were
collected, and skeletal muscle samples were isolated. The
other 19 (2 3 mice from each group) mice were sacrificed
for evaluation of the regenerating capacity of injured
skeletal muscles at 5 days after the injury.

Wire Hang Test

A wire mesh grid (10 x 10 cm) was used to assess the mus-
cle strength. The mouse was placed on the wire mesh, then
the mesh was inverted, and the mouse was forced to hang
on the wire using its four limbs. The longest hanging time
was recorded as the duration. The previously mentioned
measuring process was repeated until the mouse could not
hang on the wire mesh after the inversion. The number of
repeated times is shown as the number of times (25).

Muscle Injury Model

After 3 months of the diet treatment, mice were anes-
thetized, and cardiotoxin from Naja mossambica mossam-
bica (Sigma) dissolved in 100 pL phosphate-buffered saline
(PBS) (10 pM) was injected into the tibialis anterior (TA)
muscle. Five days later, the mice were sacrificed; and the
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Table 1. Vitamin and Mineral Composition of Royal Jelly Products

(mg/100g)
Protease-Treated
Components Royal Jelly Royal Jelly
Minerals
Sodium 402 2050
Phosphorus 662 580
Tron 321 28
Calcium 40.6 44.8
Potassium 814 766
Magnesium 90.9 74.3
Copper 1.34 0.91
Zinc 6.61 5.62
Manganese 0.22 0.17
Selenium >0.005 0.006
Vitamins
Thiamine 0.96 0.84
Riboflavin 2.03 1.92
Vitamin B6 1.12 0.63
a-Tocopherol 0.1 >0.1
Folic acid 0.12 0.06
Pantothenic acid 12.8 14.5
Biotin 0.0467 0.0722
Inositol >2 41
Niacin 14.8 154
Choline 620 480

TA muscles were isolated, frozen in 2-methylbutane pre-
cooled in liquid nitrogen, and stored at —80°C for following
histological analysis (26).

Measurements of Muscle Weight and Isolation of
Satellite Cells

The satellite cells were isolated according to a previ-
ous study (6) with some modifications. The large hind-
limb muscles of mice including the TA muscle, triceps
surae muscle, quadnceps muscle, biceps femoris mus-
cle, gluteus maximus muscle, and 1110psoas muscle were
isolated, and the welghts of the muscles were measured.
Next, nonmuscle tissues were removed under a dissec-
tion microscope; the muscles were subjected to enzymatxc
dissociation with 0. 2% collagenase Type II (Worthmgton
Biochemical Corporatlon Lakewood NI) for 60 minutes
and then with 0.04U/mL dlspase (Gibco BRL, Grand
Island, NY) for 45 minutes. The cell suspension was fil-
tered through a cell strainer (BD Bioscience, Franklin
Lakes, NJ), incubated with antimouse CD16/CD32 mono-
clonal antibody (mAb, 2.4G2, BD Bioscience) to block
Fc receptors and then with the following antibodies: fluo-
rescein isothiocyanate-labeled anti-CD31, anti-CD45
(BD Bioscience), anti-CD11b, and anti-Sca-1 antibodies
(eBioscience, San Diego, CA); PE-labeled anti-integrin-
o7 (MBL, Nagoya, Japan); and Alexa 647-labeled anti-
CD34 (BD Bioscience). The cells were counted and sorted
by FACSAria Il flow cytometer (BD Bioscience) as previ-
ously shown (27).

Immunohistochemistry and Immunocytochemistry

Frozen muscle tissues were sectioned from a region
approximately 3 mm from the top of the TA muscle (8 um
in thickness) using a cryostat. For embryonic myosin heavy
chain (eMyHC) staining, frozen sections or cultured cells
were fixed with acetone/methanol (50%/50%) for 30 seconds
at —20°C. Specimens were blocked with 1% bovine serum
albumin and 0.1% Triton X-100 in PBS at room temperature
for 45 minutes and then incubated with anti-eMyHC anti-
body (F1.652, DSHB, Towa City, IA) at 1:2 dilution at 4°C
overnight, followed by Rodamine-conjugated secondary
antibody staining (Chemicon International, Temecula, CA)
at room temperature in the dark for 1 hour. For PAX7 stain-
ing, cultured cells were fixed with PBS containing 4% para-
formaldehyde at room temperature for 20 minutes and then
blocked with 1% bovine serum albumin and 0.1% Triton
X-100 in PBS at room temperature for 45 minutes. After
blocking, the cells were incubated with anti-Pax-7 antibody
(R&D Systems, Minneapolis, NE) at 1:50 dilution at 4°C
overnight followed by Alexa 488—coupled antimouse IgG
antibody (Invitrogen) at 1:200 dilution at room temperature
for 1 hour. Finally, the sections or cells were mounted in
Vectashield Mounting Medium with 4’,6-diamidino-2-phe-
nylindole (DAPI) (Vector labs, Burlingame, CA). In vivo,
the regenerating capacity of the injured skeletal muscles
was evaluated by quantifying the percentage of eMyHc-
immunoreactive area per field (28). Ten randomly selected
fields at x200 magnification were measured in each sample.
Imagel software was used to quantify the eMyHC-immu-
noreactive areas per ﬁeld In vitro, the degree of differentia-
tion of satelhte cells of the aged mice was evaluated by the
maximum diameter of the cells by Adobe Photoshop CS2
software (San Jose, CA) The muscle sections were stained
for hematoxylin and eosin also. Imaoes were taken using
a phase-contrast and fluorescence microscope BZ9000
(Keyence, Osaka, Japan) (29).

Western Blot Analyszs

PAX7, Type I IGF receptor (IGF IR), Akt, and
phosphorylated Akt (phospho—Akt) proteins were detected
by Western blot analysis. In brief, the cells were rinsed
twice with ice-cold PBS and lysed using RIPA Lysis
Buffer (Upstate, Temecula, CA). The extracted protein
fraction was electrophoresed in a sodium dodecyl sulfate
and 10% polyacrylamide gel and then transferred onto an
Immobilon transfer membrane (Millipore, Bedford, MA).
The amount of protein loaded onto the gels was 36 pg
per well. The membranes were immunoblotted with the
primary antibodies to PAX7 (DSHB) at 1:100 dilution,
GAPDH, IGF-IR, Akt, and phospho-Akt (Cell Signaling,
Boston, MA) at 1:1000 dilution. Then, the membranes
were incubated with horseradish peroxidase—conjugated
antirabbit immunoglobulin G (Cell Signaling) at 1:25,000
dilution, and the protein bands were detected with an
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enhanced chemiluminescence detection kit (Amersham,
Buckinghamshire, UK) (30).

Enzyme-Linked Immunosorbent Assay

After RJ/pRJ treatment, the mice were anesthetized with
diethyl ether, and blood samples were isolated from the infe-
rior vena cava. The serum levels of interleukin-1o (IL-1¢a),
IL-1, IL-6, tumor necrosis factor-a, and IGF-1 were meas-
ured using a specific ELISA kit (R&D Systems) according
to the manufacturer’s instructions, respectively (22).

Statistical Analysis

Data are presented as mean =+ standard deviation.
Differences were analyzed by one-way analysis of variance
test (Post hoc, Tukey). A level of p < 0.05 was accepted
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as statistically significant. All in vitro experiments were
repeated at least three times.

RESULTS

Isolation and Characterization of Satellite Cells

As an initial step, we tried to identify the effect of RJ/
pRJ on satellite cells. The characterization of satellite cells
by cell surface markers has been established only very
recently (6). Therefore, according to that study, we first tried
to isolate satellite cells with some modifications. We enzy-
matically dissociated mononuclear cells from the mouse
hind-limb muscles (Figure 1A, circle: upper muscles were
isolated from a right leg, and lower muscles were isolated
from a left leg, from left to right, TA, triceps surae, quadri-
ceps, divided biceps femoris into two, gluteus maximus, and
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Figure 1. The isolation and characterization of the satellite cells. (A) A flow cytometer sorted the satellite cells from the hind-limb muscles after enzymatic dis-
sociation (shown in circle on the left: upper muscles were isolated from a right leg and lower muscles were isolated from a left leg; from left to right: tibialis anterior,
triceps surae, quadriceps, divided biceps femoris into two, gluteus maximus, and iliopsoas muscles) by gating for 7-AAD negative, then for CD31, CD45, CD11b,
and Scal negative, and finally for integrin-o7 and CD34 positive. Numbers in the gates show percentage of the cells in each gate among total cells. (B) The light
phase-contrast microscopy shows the morphology of the isolated satellite cells cultured in proliferation medium for the indicated time periods. Scale bars: 50 pm
(left three panels) and 25 pm (right two panels). (C) The sorted cells were immunoreactive with satellite cell marker Pax7 and nucleus marker DAPI after 2 days in
the proliferation medium (left two panels: Pax7 in green and DAPI in blue). After 3 days in the differentiation medium, some cells formed tube-like shapes (the third
panel from the left) and some cells were immunoreactive with an immature myotube marker eMyHc (right panel: eMyHc in red and DAPI in blue). Scale bars: 20 pm
(left two panels) and 50 pm (right two panels). (D) Western blot analysis shows the levels of PAX7 protein in the satellite cells after the induction of differentiation

for the indicated time periods. The GAPDH protein is a loading control.
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iliopsoas muscle) and sorted them according to the cell sur-
face markers (Figure 1A). We characterized satellite cells as
7-AAD (a dead cell marker) negative, CD31 (an endothe-
lial cell marker) negative, CD45 (a pan-hematopoietic cell
marker) negative, CD11b (a myeloid cell marker) negative,
Scal (a mesenchymal cell marker) negative, and integrin-o7
and CD34 positive (Figure 1A). We cultured the sorted cells
in growth medium for several days and noted the prolifera-
tion of these cells, which suggested that these cells had the
potential to re-enter the cell cycle (Figure 1B). After 2 days
in the growth medium, the sorted cells were immunoreactive
with satellite cell-specific transcriptional factor Pax7 and
nucleus marker DAPI (Figure 1C, two panels in the left).
To examine the potential of these cells to differentiate into
myotubes, we cultured the cells in differentiation medium
for 3 days (Figure 1C, two panels in the right). The cells
fused and were immunoreactive with an immature myotube

marker embryonic myosin heavy chain (eMyHc, Figure 1C,
the right panel), suggesting that the cells differentiated into
myotubes. The sorted cells were cultured in the differentia-
tion medium, and the expression levels of Pax7 gradually
decreased in a time-dependent manner after the induction
of differentiation (Figure 1D). These data suggested that the
sorted cells had the characteristics of satellite cells and the
potential to differentiate into myotubes.

Effects of RJ/pRJ on the Satellite Cells of the Aged Mice
In Vitro

To examine the effect of RJ/pRJ on the proliferation
rate of the satellite cells of the aged mice in vitro, we iso-
lated satellite cells from aged mice and stimulated them
with RJ/pRIJ for 24 hours (Figure 2A, left panel), 48 hours
(Figure 2A, center panel), or 72 hours (Figure 2A, right
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Figure 2. Effects of RJ/pRJ on the satellite cells of aged mice in vitro. (A) The satellite cells of the aged mice were treated with the indicated concentrations of
RJ or pRIJ for 24, 48, or 72 h, and the cell proliferation rate was measured at each time point. (B) The satellite cells of aged mice were cultured in differentiation
medium with pRJ or without pRJ (control) for 5 days, then immunohistochemically stained for eMyHC in red and for DAPI in blue to evaluate their differentia-
tion into myotubes. The maximum diameter of each myotube was marked with a green line (upper panels). We randomly selected 50 myotubes per field at x400
magnification, measured the maximum diameter of each myotube for 10 randomly selected fields per sample, measured the diameter, and calculated for each group
(lower panel). Scale bars: 100 pm. (C) The satellite cells of aged mice were pretreated with pRJ (500 p1g/mL) for 48 h, then the Western blot analysis detected IGF-1
receptor (IGF-IR), GAPDH, activated form of Akt (phospho-Akt), and total Akt. Insulin (10 nM) was used as a positive control. The densitometry quantified the band
intensities. The graphs show the IGF-IR band intensities normalized by the GAPDH band intensities, and phospho-Akt band intensities normalized by the Akt band
intensities. This figure is the representative of three independent experiments. Columns are mean + SD. *p < .05, **p < .01, and ***p < .0001, compared with control.
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panel) in growth medium. pRJ treatment at high concentra-
tions (500 and 1000 pg/mL) for 48 and 72 hours increased
the proliferation rate of the satellite cells compared with
controls and RJ treatment (Figure 2A). Next, to examine the
effect of RJ/pRJ on the differentiation of the satellite cells
of the aged mice in vitro, we cultured the satellite cells in
differentiation medium for 5 days and immunohistochemi-
cally stained them for eMyHC (Figure 2B). The pRJ-treated
group had more eMyHc immunoreactive areas than did the
controls (Figure 2B, upper panel). The mean maximum
diameter of the myotubes was greater in the pRIJ-treated
group than in the controls (Figure 2, lower panel). These
results suggested that pRJ promoted the differentiation of
the satellite cells of the aged mice. We next examined an
intracellular signaling pathway of IGF-1 by Western blot
analysis. pRJ treatment increased the intensity of the band
of IGF-1R compared with controls (Figure 2C). One of the
downstream signaling pathways of IGF-IR is Akt, and pRJ
treatment increased the intensity of the band of phosphoryl-
ated Akt, which is an activated form of Akt, compared with
controls (Figure 2C). Similar to pRIJ, the increased activa-
tion of Akt was also observed in satellite cells treated with
10nM insulin (Figure 2C). These results suggested that pRJ
increased the proliferation rate, promoted differentiation,
and activated the Akt-signaling pathway in the satellite cells
from the aged mice compared with the controls in vitro.

RJ-/pRJ-Treated Mice Had Greater Numbers of
Satellite Cells, Muscle Weight, and Grip Strength
Than Did Controls

To examine the effects of RJ/pRJ treatment on aged mice
in vivo, we divided 21-month-old mice into five groups
and treated them with five kinds of diets for 3 months,
respectively: normal diet (controls), diet mixed with 1%
weight RJ (1% RJ), diet with 5% weight RJ (5% RIJ), diet
with 1% weight pRJ (1% pRJ), and diet with 5% pRJ (5%
pRJ). Three mice in the controls, one mouse in the 1% RJ
group, and one mouse in the 1% pRJ group died of natural
causes during the treatment period. These mice were
excluded from the analysis. During the intervention period,
the body weight increased similarly in RJ/pRIJ-treated
groups and control groups (Figure 3A) (p value > .73;
effect size < 0.01). The amount of daily diet intake was
not different between the groups (Figure 3B). Comparison
of the hind-limb muscle weight per body weight between
2-, 8-, and 24-month-old mice showed progressive loss of
muscle weight with aging, suggesting the progression of
sarcopenia with aging (Figure 3C). The combined weights
of the hind-limb muscles of one leg, named one-legged
muscle, per body weight in 5% RJ, 1% pRJ, and 5% pRIJ
groups were greater than those of controls (Figure 3D). The
selected muscles included the TA, triceps surae, quadriceps,
biceps femoris, gluteus maximus, and iliopsoas muscles. To
examine the effect of PJ/pRJ on the numbers of satellite

cells in vivo, we counted the cells. The numbers of satellite
cells in the hind-limb muscles in the 5% RJ- and 5% pRJ-
treated groups were significantly greater than those of the
controls (Figure 3E), whereas the numbers of the satellite
cells per muscle weight were not different among the groups
(per gram; Figure 3F). These results suggested that PJ/pRJ
treatment increased the total numbers of satellite cells.

To examine the effect of pRJ on the muscle strength,
we performed the wire hang test and measured the maxi-
mum duration that the mice could hang on the inverted
wire mesh. Consistent with the effect of RJ/pRJ on the
muscle mass, the 5% RJ- and 5% pRIJ-treated groups hung
for longer duration than did the controls, suggesting that
RJ/pRJ improved the grip strength of the skeletal muscles
(Figure 3G). To examine the effect of RJ/pRJ on muscle
fatigue, we measured how many times the mice could
hang from the wire mesh. The 5% RJ- and 5% pRIJ-treated
groups could hang more times than the controls, suggesting
that RJ/pRJ improved the fatigue of the skeletal muscles
(Figure 3H). Furthermore, within the controls, comparison
of the before and after treatment period showed decreased
hanging duration and times after the treatment period than
before, suggesting the progression of age-related atrophy in
muscle function. In contrast, no significant changes were
observed within the RJ/pRJ groups between before and
after the treatment period. These data suggested that RJ/pRJ
treatment prevented the progression of atrophy in muscle
weight and function in the aged mice.

RJ/pRJ Treatment Accelerated the Regeneration of
Injured Skeletal Muscles

We next examined the effect of RIJ/pRJ treatment on
the regenerating capacity of the skeletal muscles in aged
mice in vivo by injuring the TA muscles with cardiotoxin
injection and observing their regeneration. We isolated the
muscles 5 days after the cardiotoxin injection and subjected
them to staining. Hematoxylin and eosin staining showed
greater amounts of muscle fibers in the RJ/pRJ groups than
in the controls (Figure 4A, upper panels). To confirm the
regenerating capacity of the skeletal muscles, we immu-
nohistochemically stained the muscles for eMyHe, which
is a marker of immature myotubes including regenerating
muscles but not of mature muscles (Figure 4A, middle line
panels). Quantification of the eMyHc immunoreactive area
showed greater immunoreactive areas in the RJ/pRJ groups
than in the controls (Figure 4B). These results suggested
that RJ/pRJ treatment accelerated the regeneration of the
injured skeletal muscles.

RJ/pRJ Treatment Increased Serum IGF-1 Levels

Because RJ has been suggested to have an anti-inflamma-
tory effect, we examined the effect of RJ/pRJ treatment on
serum proinflammatory mediator levels in the aged mice.
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Figure 3. Effects of RI/pRIJ treatment on aged mice in vivo. Twenty-one-month-old mice were treated with a diet mixed with 1% weight RJ (1% RJ), diet with
5% weight RJ (5% RJ), diet with 1% weight pRJ (1% pRJ), or diet with 5% pRJ (5% pRJ) for following 3 months. (A) Control, RJ, or pRJ treatment did not show
changed body weight. (B) RJ or pRJ did not change the amount of the daily diet intake. (C) The progressive loss of muscle weight with aging. (D) RJ- and pRJ-treated
groups had greater hind-limb muscle weights per body weight than did controls. (E) RJ- and pRJ