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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 RI/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 pRI-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 IGE-1R is Akt, and pR]
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 pRJ, 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/pRI 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% RI), diet with 5% weight RJ (5% RJ), diet -

~ with 1% weight pRJ (1% pRJ), and diet Tth 5% pRI (5%
pRJ). Three mice in the controls, one mouse in the 1% RJ o

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 welght increased s1mﬂarly in RJ/pRJ-treated

groups and: control groups (men, 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 hody 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 thé hind-limb muscles of one leg, named one-legged
muscle, per body weight-in 5% RJ, 1% pRJ, and 5% pRJ
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% pRIJ-
treated groups were significantly greater than those of the
controls (Figure 3E), whereas the numbers of the satellite
cells per muscle weight were notdifferent 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 RIJ/pRJ on the
muscle mass, the 5% RJ- and 5% pRJ-treated groups hung
for longer duration than did the controls, suggesting that
RI/pRIT 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% RIJ- 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 ‘fjc:forc and
after the treatment period, These data suggestectthat RJ/pRJ
treatment prevented the progression of atrophy in muscle
weight and function in the aged mice. -

RJ/pRJ Treatment Accelerated the Regeneianon of
Injured Skeletal Muscles :
We. next exammed the effect of ?RJ/pRJ” Lreatment on

- muscles 5 days after the”carchotoxm mjecnon‘ and ubJected
them to staining. Hematoxylin and eosin stalnmg
~ greater amounts of muscle fibers in the RI/pRT groups than

showed

in the controls (Figure 4A, upper panels) To confirm the
regenerating capacity of the skeletal muscles, we immu-
nohistochemically stained the muscles for eMyHc, 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 RI/pRJ groups
than in the controls (Figure 4B). These results suggested
that RJ/pRJ treatment accelerated the regeneratlon of the
injured skeletal muscles,

RJ/pRJ Treatment Increased Serum IGF-1 Levels

Because RT has been suggested to have an anti-inflamma-
tory effect, we examined the effect of RI/pRJ treatment on
serum proinflammatory mediator levels in the aged mice.
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Figure 3. Effects of R]/pRJ 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 RT (5% RI), diet with 1% weight pRY (1% pRI), or diet with 5% pRJ (5% pRJ) for following 3 months, (A) Control, RJ, or pRI treatment did not show
changed body weight. (B) RIJ 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 pR-treated groups had greater numbers of satellite cells in the hind-limb
muscles than did controls. (F) RJ or pRJ treatment did not change the numbers of satellite cells per muscle weight (g). (G) Five% RJ- and pRI-treated mice hung for

longer durations than did controls. (H) Five% RI- and pRJ-treated mice hung more times than did controls. Columns are mean * SD, n 2 5 in each group. *p < .05,
#%p < .01, and *#%p < .0001 compared with control.
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Figure 4. RI/pRI treatment accelerated the regeneration of the injured skeletal muscles in aged mice. After 3 months of RI/pRI treatment, we isjecied cardio-
toxin into the tibialis anterior muscles of the aged mice to injure the muscles and isolated them 5 days later, (A) Hematoxylin and eosin staining *tp panels) and
immunohistochemical staining for eMyHC (middle panels) or DAPI (bottom panels) of the injured tibialis anterior muscles. Upper lines, scale bac, 50 pm; middle
and lower lines, scale bar, 100 pm. (B) The graph shows the data calculated from quaritification of the percentage of eMyHe-immunoreactive area per field for each
group (10 randomly selécted fields at x200 magnification per sample were quantified). Columns are mean +SD, 1 > 3 it each group. *p < .05, and **#p < .0001

compared with controls:

We chose IL-1q, IL-1B, IL-6, and tumor necrosis fagtor-o
as proinflammatory mediators, as previously shown (31,32),
and measured their levels in serum. The levels of these
mediators were not significantly different between RJ-/pRJ-
treated groups and controls, but the serum IL-10. concentra-
tion tended to be lower in the RI/pRJ groups than in the
controls (Figure 5A). Because IGF-1 plays a central role in
stimulating satellite cells, we measured the serum levels of
IGF-1. The serum levels of IGE-1 were greater in the 5%
RJ- and pRJ-treated groups than in the eontrols (Figure 5B).

DIsCUSSION -

In this study, using aged mice, we showed that RJ/pRJ
treatment increased the number of satellite cells, the skel-
etal muscle weight, grip strength, regenerating capacity of
injured skeletal muscles, and the serum IGE-1 levels com-
pared with controls in vivo. In vitro, compared with con-
trols, pRJ treatment increased the cell proliferation rate,

promoted differentiation, and activated the Akt-signaling
pathway in the satellite cells of the aged mice. '
RJ/pRI treatment increased the number of satellite cells
of the aged mice, promoted their differentiation compared
with controls, which could be the mechanisms by which the
skeletal muscle weight and grip strength were increased,
and accelerated the regeneration of injured skeletal muscles
in aged mice compared with controls. Because these effects
antagonized the loss of muscle mass and strength, the results
suggested that RI/pRJ treatment might improve sarcopenia
in aged mice. The RJ-/pRJ-treated groups hung for longer

* durations' than. did the controls, bit when we compared
- between before and after the treatment period within the

same groups, the hanging duration did not change in the
RJ-/pRJ-treated groups, whereas the hanging duration
decreased after the same period in controls, suggesting that
RJ/pRJ treatment might not improve but rather attenuated
the progression of the decrease in grip strength. Therefore,
the effects of RI/pRJ on skeletal muscles might be
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Figure 5. RI/pRJ treatment increased the serum IGF-1 levels but did not affect the serum proinflammatory mediator levels, ELISA determined serum levels of
proinflammatory mediators and TGF-1 in aged mice treated with RJ/pRT for 3 months. (A) RJ/pRT treatment did not change the serum levels of the proinflammatory
mediators. (B) Five% RI and 5% pRJ treatment significantly increased the seram IGF-1 levels. Columns are mean = SD, n = 5 in each group. *p < .05 compared

with controls.

attenuating the atrophy rather than improving the muscle
mass and strength in aged mice.

pRJ increased the number of satellite cells of the aged
mice in vivo and in vitro, whereas RJ increased the number
of the satellite celld in vivo but not in vitro. The presence
of protease treatment in pRJ and its absence in RJ might
explain this discrepancy. Protease is present in vivo, which
indicates that all the RJ is treated with protease after their
intake in vivo, whereas protease is not present in vitro.

Because IGF-1 has favorable effects on satellite cells,
the skeletal muscles, and sarcopenia, the increased serum
levels of IGF-1 after RJ/pRJ treatment might be one of the
mechanisms of the effects of RI/pRJ treatment. However,
the increases in the levels of IGF-1 after RI/pRJ treatment
were moderate. Therefore, RI/pRJ treatment may have
other mechanisms besides increasing IGF-1. Previous stud-
ies indicated that nutrition plays a central role in the reg-
ulation of the IGF-1 levels (33). The serum IGF-1 levels
decline in an age-dependent manner and are a reliable index
of protein-energy malnutrition in elderly patients (34-36).
Increased serum levels of IGF-1 after RI/pRJ treatment may
suggest that RI/pRJ treatment improved the malnutrition in
the aged animals. Many nutritional components in RJ/pRJ

such as vitamins, minerals (Table 1), and amino acids might
have contributed to preventing sarcopenia, Because this is a
single study, we could not evaluate the contribution of each
comporent to the prevention of sarcopenia, However, the
results suggested that whole RJ/pRJ improved sarcopenia
in aged mice. ‘

Akt-signaling pathway plays a central role in mvscle pro-
tein synthesis and in inhibiting muscle proteolysis. Akt acti-
vation prevents muscle atrophy including sarcopenia (37).
Moreover, the activation of Akt in myoblasts increased their
cell proliferation rate and rescued them from cell death (22).
In vitro, pRJ activated the Akt-signaling pathway in satellite

cells of the aged mice. Because pRI contains a wide vari- -

ety of components (9), it is not clear which component(s)
activated Akt. However, the activation of Akt, possibly by
IGE-1, suggests that one of the mechanisms of the effects
of RJ/pRJ was via Akt. Furthermore, because RJ and pRJ
are natural products, some natural factors such as seasonal
or environmental factors may affect the percentage or qual-
ity of ingredients in RJ/pRJ. Further studies are required to
identify the mechanisms of action of RJ/pRIJ.

Some studies reported that IGF-1 deficiency extended life
spans in mammals (38,39). Because we did not assess life
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spans in this study, the effect of increased levels of IGF-1
by RI/pRJ treatment on life span was not clear. However,
previous studies reported that RJ/pRJ extended the life span
in mice and Caenorhabditis elegans (10,11). Further stud-
1ies are required to evaluate the effects and mechanisms of
RJ/pR7J on life span.

Dietary supplementation with 1%-5% RJ/pRJ would be
too great in an amount and would not be feasible for humans,
Generally, dietary supplementation intake in animals cannot
be directly converted into human dietary intake. Thus, we did
a pilot study to examine the effect of RJ on muscle strength
and physical performance in free-living elderly patients
(Identifier: UMINO00004057, Trial Registration: http:/
www.umin.acjp/ctr/index.htm), We found that the intake of
R7T (low dose: 1.2 g/day; high dose: 4.8 g/day) for 3 months
improved muscle strength and physical performance in the
elderly patients. Based on this pilot study, we are performing a
randomized, double-blinded, placebo-controlled trial to con-
firm the effects of RJ on muscle strength and physical perfor-
- mance of the elderly patients (Identifier: UMIN000009648,
Trial Registration: http://www.umin.ac.jp/ct/index.him).

In conclusion, in vivo; RJ/pRJ treatment increased the
muscle weight, grip.strength, regenerating capacity of
injured muscles, and serum IGF-1 levels compared with
controls in aged mice. In vitro, pRJ increased the cell prolif-
eration rate, promoted the cell differentiation, and activated
Akt-signaling pathway compared with controls in isolated
satellite cells from aged mice. These findings suggest that
RI/pRI treatment may have a beneficial effect on the pre-
vention of age-related sarcopenia through increasing the
systemic IGF-1 levels and activating Akt-signaling path-
ways in satellite cells.
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Article history: Sarcopenia is characterized by the age-related loss of muscle mass and strength, which results in higher mortality
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inaged people. One of the mechanisms of the sarcopenia is the loss iri the function and number of muscle satellite
cells. Chronic low-grade inflammation plays a central role in the pathogenesis of age-related sarcopenia, Accu-
mulating evidence suggests that coffee, one of the most widely consumed beverages in the world, has potential
pharmacological benefits such as anti-inflammatory and anti-oxidant effects, Since these effects may improve
sarcopenia and the functions of satellite cells, we examined the effects of coffée on the skeletal muscles in an an-
imal model using aged mice. In vivo, coffee treatment attenuated the decrease in the muscle weight and grip
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Aged mice diator levels compared to controls, In vitro, using satellite. cells isolated from aged mice, coffee treatment in-

Sarcopenia creased the cell proliferation rate, augmented the cell cycle, and increased the activation level of Akt intra-

iatémte cells cellular signaling pathway compared to controls, These findings suggest that the coffee treatment had a beneficial
ortee

effect on age-related sarcopenia,
Inflammation levels

Lo © 2013 Elsevier Inc, All rights reserved.
Akt signaling

1. Introduction satellite cells form myoblasts, fuse together and generate new fibers

(Clemmons, 2009). The age-related functional disability and decrease
in the number of satellite cells contribute to the development of
sarcopenia (Welle, 2002). Thus, maintaining the functions of satellite
cells and their numbers might reduce sarcopenia and, furthermore,
might improve the regenerating capacity of the skeletal muscles in
aged people.

Chronic low-grade inflammation plays a central role in the patho-
genesis of age-related sarcopenia (Beyer et al,, 2012), With aging, the

The population of aged people over 60 years old is currently growing
at the rate of 2.6% per year, which is more than twice the rate of the total
population in the world (United Nations, 2009). In general, aging is ac-
companied by frailty, functional limitations, and disabilities that interfere
with the activities of daily life. These factors reduce the quality of life of
aged people 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 limitations in daily living, disabilitias,
and finally, a higher mortality rate in aged people (Altun et al,, 2012).
Satellite cells are resident myogenic progenitors in the skeletal mus-
cles. They play a central role in the growth and regeneration of the skel-
etal muscles (Hawke and Garry, 2001). In response to stimulation,

Abbreviations; TNF-c;, tumor necrosis factor-alpha; 1L-6, interleukin 8; TA, tibialis
anterior; eMyHC, embryonic myosin heavy chain,
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levels of seriim pro-inflammatory mediators such as tumor necrosis
factor-alpha (TNF-ot) and interleukin 6 (IL-6) increase, and are inversely
related to muscle mass, muscle strength, and disability in aged people
(Cohen et al,, 1997; Ferrucci et al, 1999; Greiwe et al,, 2001; Visser
etal, 2002). TNF-o. decreases the expression levels of MyoD messenger
RNA, a well-established skeletal muscle-specific transcription factor
that directly regulates the expression of myogenic proteins and
resulting in ruscle wasting (Cai et al., 2004; Guttridge et al, 2000). IL-
6 induces skeletal muscle atrophy in mice (Haddad et al, 2005;
Tsujinaka et al, 1996).



Coffee is one of the most widely corjsumed beverages in the world,
and it has been considered to have beni%ﬁcial capacities to one's health,
Accurnulating evidence suggests that coffee intake has numerous po-
tential pharmacological benefits, such as antioxidant (Sato et al,
2011), antitumor (Franco, 2008), anti-diabetic (Ong et al, 2012), and
_ anti-inflammatory effects (Chang et al, 2010; Shen et al,, 2010).

Since the above effects of coffee might have the potential to improve
sarcopenia and the functions of satellite cells (Macaluso and De Vito,
2004; Meng and Yu, 2010; Schaap et al, 2006; Sriram et al, 2011;
Strasser et al, 2007), we hypothesized that coffee intake might have a
beneficial effect on the prevention of sarcopenia, Furthermore, we hy-
pothesized that this effect might involve inflammation. To the best of

our knowledge, few studies have examined the effect of coffee intake

on muscles in aged people or aged animals, or the relationship between
coffee intake and pro-inflammatory mediator levels. Thus, in the
present study, v- examined the effects of coffee treatment on muscle
weight, muscle strength, satellite cell functions, regenerating capacity
of the skeletal muscles in vivo and in vitro, and the involvement of
pro-inflammatory mediators in an animal mode! using aged mice.

2. Material and methods
2.1, Mice and drink treatment

Male C57BL/6 mice were obtained from Clea Japan (Tokyo, Japan)
and maintained under specific pathogen-free conditions with unre-
stricted access to food and water. Experiments were carried out in ac-
cordance with the guidelines established by the Tohoku University
Committee on Animal Research, At the age of 27-months, mice were di-
vided into 2 groups according to the beverages provided for each group
and maintained for the next 4 weeks, with 12 mice in each group. The 2
groups were: normal water (controls) and coffee. Ready-to-drink coffee
(Clear®) was purchased from Nescafe (Sizuoka, fapan) and diluted with
distilled water at 1:2 dilutions. In this study, all of the coffee products
were from the same lot number. Japan Food Research Laboratories
(Tokyo, Japan) analyzed the main components of the coffee, The coffee

used in this study contained: coffee bean, ~2.5 g/100 m}; chlorogenic -

acid, 0.07 mg/ml; anhydrous caffeine, 045 mg/ml; polyphenols,
1.4 mg/ml; specific gravity, 1.005 (at 20 °C). The water and coffee
were changed every day. The mice had unrestricted access to food and
water, Two mice in the control and one mouse in the treatment group
died of natural causes during the treatment period. After 4 weeks of

treatment, 4 mice from the control group and 5 mice from the coffee

group were anesthetized, sacrificed, their sera were collected, and the
weights of the hind limb muscles were measurﬁd. The hind limb mus-
cles included the tibialis anterior muscle (TA), triceps surae muscle,
quadriceps muscle, biceps femoris muscle, gluteus maximus muscle,
and iliopsoas muscle. For evaluation of the myogenic progenitor prolif-
eration and differentiation and fusion capacity of injured skeletal mus-
cles, mice were sacrificed 3 or 5 days after the injury, respectively, 3
mice in each group.

2.2, Isolation and culture conditions of satellite cells and cell proliferation
assay

Satellite cells were isolated from untreated, 28-month-old mice ac-
cording to our previous study (Niu et al,, 2013). Briefly, the hind limb
muscles including the TA, triceps surae muscle, quadriceps muscle, bi-
ceps femoris muscle, gluteus maximus muscle, and iliopsoas muscle
were isolated, non-muscle tissues were removed, and then the muscles
were subjected to enzymatic dissociation with 0.2% collagenase type
I (Worthington Biochemical Corporation, Lakewood, NJ, USA) for
60 min, then with 0.04 U/ml dispase (Gibco BRL, Grand Island, NY,
USA) for 45 min. The cell suspension was filtered through a cell strainer
(BD Bioscience, Franklin Lakes, Nj, USA), incubated with anti-mouse
© CD16/CD32 monoclonal antibody (mAb, 24G2, BD Bioscience) to

o
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block Fc receptors, then with the followiri:g antibodies: FITC-labeled
anti-CD31, anti~CD45 (BD Bioscience), anti-€D11b, and anti-Sca-1 anti-
bodies (eBioscience, San Diego, CA, USA); PE-labeled anti-Integrin o7
(MBL, Nagoya, Japan); Alexa 847-labeled anti-CD34 (BD Bioscience).
The cells were sorted by a FACSAria™ 11 flow cytometer (BD Bioscience)
as previously described (Niu et al,, 2013),

Sorted satellite cells were cultured in growth medium containing
high-glucose Dulbecco's modified Eagle's medium (HG-DMEM) with
20% fetal bovine serum (FBS) (MP Biomedicals, Morgan Irvine, CA,
USA), 2.5 ng/ml basic fibroblast growth factor (bEGE, Invitrogen,
Eugenie, OR, USA), 100 U/ml penicillin, and 100 pg/ml streptomycin
(Sigma, St. Louis, MO, USA). Satellite cells under 8 passages were used
in this study, Diluted coffee solution was sterilized by a filter then
added to the culture medium at the following concentrations: 10, 30,
50, or 100 pg/ml, The cells were cultured for 72 h, and the number
of cells was determined by a water-soluble tetrazolium-8 (WST-8,

DOJINDO, Tokyo, Japan) assay using a cell counting kit (Okazaki et al,,
2008). .

2.3. Locomotor activity recordings

Freely moving locomotor activity was recorded by an infrared ray
sensor system (SUPERMEX®; Muromachi-Kikai, Tokyo, Japan) that
consisted of 12 small compartments divided by walls on a large shelf,
Each cornpartment (width: 40 cm x depth: 50 cm x height: 35 cm)
was equipped with a ceiling sensor that can detect heat energy radiated

. from a mouse. The system detected mouse movement by recording

changes in heat energy in the covered field, Mice were individually
placed in a plastic cage (width: 19 cm x depth: 27.5 cm X height:
17 cmm) and then put into the system shelf. Counts were measured
every 10 min (Inoue et al,, 1996). Locomotor activity was consecutively
measured on days 0~1, 5-6, 10-11, and-19-20,

24, Grip strength test

Grip strength was measured by an electronic grip strength meter
(MK-380; Muromachi Kikai). Mice were put on the fence and pulled
back slowly. The point at which mice released the fence was determined
as the grip strength, The measurements were repeated 3 times and

maximal readings were taken (Arai et al, 2001). The grip strength was '
measured twice a week.

2.5, Cell-cycle analysis by flow cytometry

DNA synthesis in cells was evaluated by measuring BrdU incorpora-
tion (BrdU Flow Kits; BD Biosciences, Sanjose, CA, USA) by flow cytorn-
etry. Briefly, 5 x 10° cells were cultured overnight, Then, the cells were
stimulated for the next 72 h with 10, 30, 50, or 100 ug/ml coffee bean
extract sterilized with a 0.22 pm filter. The cells were labeled with
BrdU during the final 2 h of stimulation. The cells were then perme-
abilized, fixed, and stained with an anti-BrdU antibody coupled with
FITC according to the manufacturer's protocol, Flow cytometry data
were colleeted using a logarithmic scale, and the percentage of BrdU-
positive cells was determined (Niu et al, 2012).

2.6, Muscle injury model

After 4 weeks of the coffee treatment, the mice were anesthetized
and cardiotoxin from Naja mossambica mossambica (Sigma) dissolved
in 100 y phosphate-buffered saline (PBS) (10 yM) was injected into
the TA, Three or five days later, the mice were sacrificed, the TA muscles
were isolated, frozen in 2-methylbutane precooled in liguid nitrogen,
and stored at —80 °C for the following histological analysis (Uezumi
et al, 2010).
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2.7, Immunohisto1hemistry and immunocytochemistry

Frozen muiscle tissues were sectioned from a region approximately
3 mm from the top of the TA (8 pm in thickness) using a cryostat. For
embryonic myosin heavy chain (eMyHC) staining, frozen sections
were fixed with acetone/methanol (50%/50%) for 30 s at —20 °C Spec-
imens were blocked with 1% BSA, 0.1% Triton X-100 in PBS at room tem-
perature for 45 min, then incubated with anti-eMyHC antibody (F1.652,
DSHB, lowa City, 1A, USA) ata 1:2 dilution at 4 °Covernight, followed by
Rodamine conjugated-secondary antibody staining (Chemicon Interna-
tional, Ternecula, CA, USA) at room temperature in the dark for 1 h, F-
nally, the sections were mounted in Vectashield Mounting Medium
with 4/,6-diamidino-2-phenylindole (DAPI) (Vector labs, Burlingame,
CA, USA). In vivo, the regenerating capacity of the injured skeletal
muscles was evaluated by quantifying the percentage of eMyHc-
immunoreactive area per field (Fukada et al,, 2012). Ten randomly se-
lected fields at x200 magnification were measured in each sample,
Image] software was used to quantify the eMyHC-immunoreactive
areas per fiell. For ki-67 staining, after quenching endogenous
peroxidase with 3% Hy0, in PBS for 15 min, the sections were incubated
with primary antibodies at 4 °C overnight (anti-ki67 antibody, 1:40
dilution; DAKO, Tokyo, Japan), followed by incubation with biotinylated
anti-rabbit immunoglobulin G antibody using Histofine (Max-PO
(Multi), Nichirel Bioscience, Osaka, Japan) according to the man-
ufacturer's instructions. Then, the antibody complex was visualized
with 3,30-diaminobenzidine tetrahydrochloride (MERCK, Darmstadt,
Germany) (Niu et al, 2012), Images were taken using a phase-
contrast and fluorescence microscope BZS000 (Keyence, Osaka, Japan)
(Asada et al., 2009).

2.8. Western blot analysis

Akt and phosphorylated-Akt (phospho-Akt) proteins of the satellite
cells were detected by western blot analysis, Some cells were serum-
starved overnight, then stimulated with 10 nM insulin (Sigma), which
is a potent activator of Akt, for 5 min as a positive control, Western
blot analysis was performed with a SDS-PAGE Electrophoresis System
as describe previously (Yamanda et al, 2009). In brief, the cells
were rinsed twice with ice~cold PBS and lysed using RIPA Lysis Buffer
(Upstate, Temecula, CA, USA), The extracted protein fraction was elec-
trophoresed in a sodium dodecyl sulphate-10% polyacrylamide gel and

then transferred onto an Immobilon transfer membrane (Millipore,

Bedford, MA, USA). The amount of protein loaded onto the gels was
36 ug per well, The membranes were immunoblotted with the primary
antibodies to Akt and ﬁhospho-Akt (Cell Signaling, Boston, MA, USA) at
1:1000 dilutions. Then the membranes were incubated with horseradish
peroxidase-conjugated anti-rabbit immunoglobulin G (Celi Signaling) at
1:25,000 dilution and the protein bands were detected with an enhanced
chemilurninescence detection kit (Amersham, Buckinghamshire, UK)
(Yamanda et al, 2009).

2.9, Enzyme-Linked Immunosorbent Assay (ELISA)

Sera were isolated from the inferior vena cava of the mice (Okazaki
et al,, 2007), The sérum levels of IL-1c, 1L-1@, IL-6, TNF-v, and IGF-1
were measured using a specific ELISA kit (R&D Systems) according to
the manufacturer's instructions, respectively (Okazaki et al, 2007).
The minimum detectable levels were 2.5, 3.0, 1.6, 5.1, and 3.5 pg/m!
for IL~1cy, IL~1B, IL-6, TNF-cy, and IGF-1, respectively.

2,10, Statistical analysis

To determine the sample size, a power analysis was performed
based on the resuits of previously performed research (Niu et al,
2013) and a preliminary experiment. The mean hind limb muscle-
weight divided by the body weight of 28-month-old mice was 0.000.

We estimated >20% L{standard deviation: 0,0005) difference between
the control and coffee groups in the hind limb muscle-weight divided
by the body weight. Assuming an alpha error of 0,05 with a power of
0.90, we calculated a necessary sample size of 3 to show a significant ef-
fect. Based on this calculation and to ensure reasonable data, we in-
creased the sample size to 4 or 5 in this study. The same calculation
was applied to determine the sample size of myogenic progenitor pro-
liferation and regenerating capacity test in vivo, Based on previously
performed research (Niu et al,, 2013) and a preliminary experiment,
we estimated >30% (mean Ki67-positive cell number per field in con-
trol group = 40 cells, SD = 3.5) and =70% (mean relative eMyHc pos- -
itive area in control group = 9%, SD =~ 1.8) difference in the myogenic
progenitor proliferation and regenerating capacity test, respectively, be-
tween the control and coffee treatment groups. Assuming an alpha error
of 0.05 with a power of 0.90 we calculated.a necessary sample size of 3
to show a significant effect both in the myogenic progenitor prolifera-
tion and regenerating capacity test,

Data were presented as mean = standard error (SE). Differences
were analyzed by one-way analysis of variance (ANOVA) test (Post
hoc, Tukey). The Spearman correlation coefficient (r) was calculated
to evaluate the relationship between two continuous variables, All the
tests for statistical significance were 2 sided, and p < 0.05 was consid-
ered statistically significant, All in vitro experiments were repeated at
least 3 times. In this study, the main experiments such as grip strength
measurement, cardiotoxin injection, and histological quantifications
were blindly carried out,

3. Resulis

3.1. Coffee-treated mice had greater muscle weight and grip strength than
controls

To examine the effects of coffee treatment on aged mice in vivo, we
divided 27-month-old mice into 2 groups and treated them with either
normal water (controls) or coffee for 4 weeks. Two mice in the contro!
and one mouse in the treatment group died of natural causes during
the treatment period. These mice were excluded from the analysis.
During the intervention period, the body weight changed similarly in
the coffee-treated and control groups (Fig. 1A) (p value > 0.89). The
amounts of daily diet intake and drink were not different between the
groups (Fig. 1B and C). We also examined the effect of coffee on locomo-
tor activity in the aged mice. Experiments were performed under light:
dark cycles of 12 h:12 h. Locomotor activity was not different between
the groups (Fig, 1D). A pléwous study compared hind limb muscles-
weight divided by body weight between 2, 8, and 24 month old mice
and showed progressive loss of hind: limb muscles-weight / body
weight with aging, suggesting the progression of sarcopenia with
aging (Niu et al,, 2013). The hind limb muscles included the TA, triceps
surae, quadriceps, biceps femoris, gluteus maximus, and iliopsoas mus-
cles. Coffee treatment significantly increased the hind limb muscle-
weight compared to controls (Fig. 1E). Similarly, we measured the
weight of the bilateral hind limb muscles and divided by the body
weight. Coffee treatment increased the weight of the hind limb muscles
per body weight compared to control by 13.1% (0.011 % 0.0005 for the
coffee treatment group vs 0,0098 = 0,0007 for the control group,
mean + SE, Fig. 1F). To examine the effect of coffee on the muscle
strength, we performed the grip strength test. Consistent with the effect
of coffee on the muscle mass, the coffee group had greater grip strength
than the controls, suggesting that coffee improved the grip strength
(Fig. 1G), Furthermore, a comparison between before and after the
treatment period within the controls showed that grip strength de-
creased after the treatment period compared to before, suggesting the
progression of age-related atrophy in muscle function during this peri-
od. In contrast, no significant changes were observed within the coffee
group during the treatment period. These data suggested that coffee
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Fig. 1. Effects of coffee treatment on aged mice in vivo, Twenty-seven month-old mice were treated with coffee for 4 weeks, (A-C) Coffee treatment did not change bedy weight (A), the
amount of the daily diet intake (B), or the volume of water intake (C). (D) Coffee did not change the daily locornatar activity levels, (E) The coffee-treated group had greater hind limb

muscle-weight than the controls. (F) The coffee-treated group had greater hind limb muscles-weight per body weight than the controls, (G) The coffee-treated group had greater grip
strength than controls, Columns are mean = SE, n 2 4 in each group. *p < 0.05 compared with contzol,

treatment prevented the progression of atrophy in muscle weight and
function in the aged mice. ‘

3.2. Coffee treatment accelerated the regeneration of injured skeletal
muscles '

We next examined the effect of coffee treatment on the regenerating
capacity of the skeletal muscles in aged mice in vivo by injuring the TA
muscles with cardiotoxin injection and observed their regeneration.
We isolated the muscles 3 or 5 days after the cardiotoxin injection. To
determine the effect of coffee on the cell proliferation rate, we
immunohistochemically stained muscle tissues for the cell proliferation
marker Ki67 three days after the injury (Fig, 2A, left panels). The num-
ber of Ki67 immunoreactive cells was greater in the coffee group than
that in controls, suggesting a greater cell proliferation rate in the coffee

group (Fig, 2A, right panel). To confirm the regenerating capacity of the
skeletal muscles, we immunohistochemically stained the muscle tissues
for eMyHc, which is a marker of immature myotubes including
regenerating miscles, 5 days after the injury (Fig. 2B, left panels). Quan-
tification of the eMyHc immunoreactive area showed greater immuno-
reactive areas in the coffee group than in the controls (Fig, 2B, right
panel). These results suggested that coffee treatment accelerated the re-
generation of the injured skeletal muscles.

3.3. Coffee treatment decreased serum pro-inflammatory mediator levels

Since coffee has been suggested to have an anti-inflammatory effect,
we examined the effect of coffee treatment on serum pro-inflammatory
mediator levels in the aged mice. We chose IL-1ct, IL-1B, IL-6, and TNF-o
as pro-inflammatory mediators (Okazaki et al, 2003, 2009), and



Y. Guo et al. / Experimental Gerontology 50 (2014) 1-8 - 5

" eMyHe (zedl)

Coffes

P (5lae)

90
4 &0 1 £
W
3o 1
&,;, Eg, 50
o g 30
W 40
i 30
& 20
A 10
i+ :
Contrel  Coffes
ht:
9 g
§ 15
§ I
.‘}é g 12
8 &8
et
Z B é
) 3
&
oL » -
Cordrol  Coffee

Fig. 2, Coffee treatment accelerated the regeneration of the injured skeletal muscles in aged mice. After 4 weeks of coffee treatment, we injected cardiotoxin into the tibialis anterior mus-
cles of the mice to injure the muscles and isolated thern 3 days later for (A) or 5 days later for (B). (A) The left panels are immunohistochemical staining for ki67 of the injured tibialis
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per sample were quantified). (B) The left panels are immunohistochemical staining for eMyHC and DAP! of the injured tibialis anterior muscles, The right graph is quantification of the
percentage of eMyHc-immunoreactive area per field for each group (10 randomly selected fields at x200 magmﬁcatlon per sample), Scale bars, 100 um, Columns are mean 4 SE,

n = 3 in each group, *p < 0.05 and **p < 0.01 compared with controls.

measured their levels in the serum, The levels of IL-1¢, IL-6, and TNF-c.
were decreased in coffee treated group compared to controls (Fig. 3A).
The correlation coefficients suggested a relationship between the
serum pro-inflammatory mediator levels and the giip strength
(r=-—038r=—034,r1=~042 and r = ~0.36 for [l-1cv, IL-1B,
1L-6, and TNE-q, respectively [p < 0.05 for all})). The correlation coeffi-
cients also suggested a significant relationship between several serum
pro-inflammatory mediator levels and the muscle weight (r = —0.52,
r=—039 r=—069 and r = —063 for IL-1a, IL-1B, IL-6, and
TNE-, respectively [p < 0.05 for IL-6 and TNE-a]). Since IGF-1 plays a
central role in stimulating satellite cells, we also measured the serum
levels of IGF-1. The serum levels of IGF-1 were not different (Fig. 3B).

3.4, Effects of coffee on the satellite cells of the aged mice in vitro

To examine the effect of coffee on the proliferation rate of the satel-
lite cells of the aged mice in vitro, we isolated satellite cells from aged
mice and stimulated them with coffee in growth medium for 72 h
(Fig. 4A). Under the growing condition, coffee treatment increased the
" number of proliferating satellite cells compared to controls in a dose-
dependent manner in vitro. Next, to examine the effect of coffee on

the cell cycles of the satellite cells, we cultured the satellite cells for -

72 h with coffee and measured DNA synthesis by.BrdU incorporation
using flow cytometry (Fig. 4B), The coffee-treated group had a greater
BrdU incorporation rate than the controls (Fig. 4C), These results sug-
gested that coffee enhanced the DNA synthesis of the proliferating sat-
ellite cells of the aged mice. The Akt signaling pathway plays a key
role in the proliferation and cell cycle progression of the satellite cells
(Giovannini et al, 2008; Kandarian and Jackman, 2008). Therefore, we
next examined the activation level of Akt by western blot for Akt and
the activated form of Akt, phosphorylated Akt Coffee treatment in-
creased the intensity of the bands of phosphorylated Akt compared to

controls, which suggests that coffee treatment increased the activation
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Fig. 3, Coffee treatment decreased the serum pro-inflammatory mediator levels, but did
not affect the serum IGF-1 levels, ELISA determined serum levels of pro-inflammatory me-
diators and IGF-1 in aged mice treated with coffee for 4 weeks, (A) Coffee treatment sig-
nificantly decreased the serum levels of IL-1¢, 11-6, and TNF-o; compared to controls,
(B) Coffee treatment did not change the serum levels of the IGF-1 levels, Columns are
mean = SE, >4 in each group, *p < 0.05, and **p < 0.01 compared with control,
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Pig. 4, Effects of coffee on the satellite cells of aged mice in vitro, (A) The satellite cells of aged mice were treated with the indicated concentrations of coffee bean extract for 72 h and the
cell proliferation rate was measured, (B) Bromodeoxyuridine (BrdU)/7-AAD incorporation was evaluated by flow cytometry after stimulating the cells with water or indicated concentra-
tions of coffee for 72 h, The regions were set on the G0/G1, S phase and G2/M populations, Representative data are shown, (C) The satellite cells of aged mice were cultured for 72 hwith or
without the indicated concentrations of coffee, and BrdU-positive percentages were calculated. (D) The satellite cells of aged mice were pretreated with coffee for 72 h, then the western
blot analysis detected activated form of Akt (phospho-Akt) and total Akt, The densitometry quantified the band intensities, The graph shows the phospho-Akt band intensities normalized
to the Akt band intensities, Representative of 3 independent experiments, Columns are mean = SE, *p < 0,05, **p < 0,01, and ***p < 0.0001, compared with control,

level of Akt (Fig. 4D). As a positive control, we activated Akt in satellite
cells with insulin (Fig. 4D). These results suggested that coffee treat-
ment ixlcreased the proliferation rate and augmented DNA synthesis
through the Akt signaling pathway in the satellite cells isolated from
aged mice in vitro.

4, Discussion

In this study, using aged mice, we showed that coffee treatment in-
creased the skeletal muscle weight, grip strength, regenerating capacity
of injured skeletal muscles, and decreased the serum pro-inflammatory
mediator levels compared to controls in vive. In vitro, coffee treatmneit
increased the cell proliferation rate, augmented DNA synthesis, and ac-
tivated the Akt signaling pathway compared to controls in the satellite
cells of aged mice,

Coffee treatment increased the number of proliferating satellite cells
isolated from aged mice and augmented their cell cycle compared to
controls, which could be the mechanism responsible for the increase
in the skeletal muscle weight and grip strength, and accelerated the re-
generation of injured skeletal muscles compared to controls. Since these
effects possibly antagonized the loss of muscle mass and strength, the
results suggested that coffee treatment might improve sarcopenia in
aged mice, The coffee-treated group had greater grip strength than the

controls. However, cormnparison between before and after the treatment
period with‘in the same groups showed:that the grip strength did not
-change in the coffee-treated groups, whereas the grip strength de-
creased after the same period in the controls. This result suggested
that coffee treatment did not improve but rather attenuated the pro-
gression of the decrease in muscle strength, Therefore, the effects of cof-
fee on skeletal muscles might be attenuating the atrophy rather than
improving the muscle mass and strength in aged mice, Satellite cells
play an essential role in the regeneration of skeletal muscles (Lepper
etal, 2011), Although skeletal muscle has the capacity to regenerate it-
self, this process is not activated in the gradual age-related loss of mus-
cle fibers, The endocrine, autocrine, and paracrine environment in old
muscle is less supportive of the activation, proliferation, and differenti-
ation of satellite cells than in young muscle (Welle, 2002). The current
results showed that coffee treatment increased the number of prolifer-
ating satellite cells, augmented their cell cycle in vivo and in vitro, and
accelerated the differentiation and regeneration in vivo, These results

- suggested that coffee augmented the satellite cell activation, The de-

- creased inflammatory levels by coffee treatment may contribute to the
prevention of sarcopenia, as well. The combination of augrmented satel-
lite cell activation and decreased inflammatory levels by coffee treat-
ment might antagonize the degenerative environment in old muscles
and might prevent the sarcopenia.
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Inflammation plays an important role in age-relatpd sarcopenia
(Beyer etal,, 2012, Jensen, 2008). Therefore, the decrease.i serum levels
of pro-inflammatory mediators after coffee treatment might be one of
the mechanisms of the effects of coffee. Results from several experimen-
tal studies showed that coffee extracts inhibited inflammation in animal
models (J.Y. Kim et al,, 2006; Paur et al 2010). A human clinical trial
also dernonstrated that coffee intake had beneficial effects on subclinical
inflammation (Kempf et al, 2010). Our findings are consistent with
these observations. Coffee contains many components and some of
them have immunomodulatory effects, For example, a component of
coffee, kahweol, inhibited the effect of TNF-a-induced protein and
mRNA expression of the adhesion molecules, vascular cell adhesion
molecule 1 and intercellular adhesion molecule 1, in human endothelial

cells in vitro (H.G. Kim et al,, 2006). Kahweo] also inhibited the inflamn-.

matory response induced by carrageenan in‘a rat using an acute air
" pouch inflammation'model (J.Y. Kim et al,, 2006), These results strongly
suggested that some components in coffee have significant anti-
inflammatory effects in vitro and in vivo, Moreover, accumulating evi-
dence suggests that coffee is a good source of antioxidant (Svilaas
et al, 2004), Because-oxidative stress causes inflammation (Butt and
Sultan, 2011}, the decrease in inflammation by coffee may be partly me-
diated through the antioxidant mechanism. Furthermore, some studies
also reported that caffeine can increase skeletal muscle contractions by
increasing calcium ion release (Olorunshola and Achie, 2011). Since this
is a study of a complex product, we could not evaluate the effect of each
component in the prevention of sarcopenia. However, the results sug-
gested that whole coffee improved sarcopenia in aged mice, Further
studies are required to evaluate theeffects and mechanisms of the com—
ponents of coffee on sarcopenia.

In vitro, coffee activated the Akt signaling pathway in satellite-cells
isolated from aged mice, Since coffee contains a wide variety of compo-
nents, it is not clear which component(s) activated Akt. However, the
effect of coffee on Akt activation is controversial, In several types of can-
cer cells, coffee decreased the Akt activation level (Choi et al, 2011; Oh
et al,, 2009), In contrast, in the cells of a Parkinson's disease model, cof-
fee activated Akt and prevented apoptotic cell death (Nakaso et al,

2008). Combined with previous studies, our results suggested that the

effect of coffee on Akt activation level might depend on the cell type.
Since most satellite cells in aged animals are in a quiescent state, coffee
might not activate Akt in vivo, However, satellite cells are activated by
increased muscle loading and some of these cells fuse with apparently
undamaged myofibers as part of the hypertrophy process (Adams,
2006), Furthermore, a recent study identified apoptotic cells as a new
promoter of myoblast fusion (Hochreiter-Hufford et al, 2013), There-
fore, some satellite cells might be in an active state in aged animals
and coffee treatment might augment their Akt activation in vivo.

Several studies showed that exercise alone did not affect muscle
function in aged animal models (Derbre et al, 2012; Leiter et al,, 2011,
2012). A previous study indicated that the systemic environment of

old animals is a crucial factor for maintaining and improving the func-
tion of satellite c2lls (Brack et al, 2007). In fact, another study suggested
that nitric oxice and exercise together promoted muscle function in
aged mice (Leiter et al,, 2012). Therefore, the effect of exercise on mus-
cle function in aged mice may depend on systemic and/or muscle envi-
ronments. The decreased systemic inflammatory levels of the aged mice
by coffee treatment may be one reason for the discrepancy in the effects
on muscle function between exercise and coffee treatment,

Previous studies suggested that caffeine intake increased physical
activity and energy metabolism, and decreased body weight (Magkos
and Kavouras, 2004). However, in the present study, coffee intake did
not change these parameters. The difference in age might partly explain
this discrepancy.

A limitation of this study was that we could not clearly rule out
whether caffeine, a major biological active component of coffee, or
whole coffee itself produced stimulatory effects on proliferation in sat-
ellite cells, Several studies have shown that caffeine affected the

proliferation rate and activation levels of Akt and inhibited retctive 0X-~
ygen species i other cell types including epithelial, neuronal, cancer,
and vascular smooth muscle cells (Mercer et al, 2012; Miwa et al,,
2011,.2013; Nakaso et al,, 2008; Sahu et al,, 2013; Sarobo et al,, 2012).
Further study is required to clarify the exact effects and-mechanisms
of caffeine or other coffee components on the functions of satellite
cells'isolated from aged mice.

In conclusion, invivo, coffee treatment increased the muscle weight,
grip strength, regenerating capacity of injured muscles, and decreased
serum pro-inflammatory mediator levels compared to controls in aged
mice. In vitro, coffee increased the cell proliferation rate, augmented
the cell cycle, and increased the activation level of the Akt signaling
pathway compared to controls in satellite cells isolated from aged
mice, These findings suggested that coffee treatment might have a ben-
eficial effect on the prevention of age-related sarcopenia through de-
creasing the systemic inflammation and activating the Akt signaling
pathway in satellite cells,
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The Great East Japan earthquake and tsunamj caused immense damage over a wide area of eastern Japan. Hence, ma1y survivors’
are at high risk for posttraumatic stress disorder (PTSD). This randomized, observer-blinded, controlled trial examined the efficacy
and safety of the traditional Japanese herbal formula saikokeishikankyoto (SKK) in the treatment of PTSD among survivors of this
disaster. Forty-three participants with an Impact of Bvent Scale-Revised (IES-R) score 2 25 were randomized into SKK (n = 21)
and control (n = 22) groups. The primary endpoint was the change in IES-R scores from baseline till after 2 weeks of treatment.
Intergroup statistical comparisons were performed. The magnitude of changes in total [ES-R scores differed significantly between
the two groups (P < 0.001), Post hoc analysis showed that the total IES-R score improved significantly in the SKK group from 49.6
+ 119 to 25.5 £ 17.0 (P < 0.001). Subscale scores improved significantly in the SKK group (avoidance, P = 0.003; hyperarousal,
P < 0.001; intrusion, P < 0.001). Two-week treatrent with SKK significantly improved IES-R scores among PTSD patients. This
traditional medicine may be a valid choice for the treatment of psychological and physical symptoms in PTSD patients.



1. Introduction

Two years have passed since March 11, 2011, the day the
Great Bast Japan earthquake and tsunami claimed 20,000
lives in a flash. Although people have been able to move
from shelters to temporary housing, heaps of rubble and
radioactive pollution prevent the rehabilitation of many
areas. While some commercial fishing has resumed, inshore
fish are polluted with radiation and cannot be sold. The
towns and cities inundated by the tsunami are, even now, a
wasteland. The disaster caused posttraumatic stress disorder
(PTSD) in many people [1]. Many patients have visited our
clinic for PTSD treatment, but psychotherapists are in short
supply. We attempted to treat them using mood stabilizers,
antidepressants, and hypnotics, but these medications are
not always effective; some of these patients then suffer from
intractable drug dependency. A Chinese herbal formula was
reported to be effective for patients with PTSD after the
Sichuan earthquake in 2008 [2]. Saikokeishikankyoto (SKK,
Chaihu-Guizhi-Ganjiang-Tang in Chinese) is a traditional
Japanese-Chinese herbal formula that has a marked effect on
some PTSD patients. We therefore conducted a randomized
observer-blinded trial of the efficacy and safety of SKK for the
treatment of PTSD.

2. Methods

2.1, Participants. Subjects were recruited from the outpatient
clinic at the National Sendai-Nishitaga Hospital in Sendai,
Japan. The required sample size was calculated as 20 subjects
for each arm, with an alpha error of 0.05 and power of 0.8.
All participants completed an intake assessment that included
medical history, physical examination, and standard blood
examination as well as an Impact of Event Scale-Revised score
(IES-R) (see thé following pattern) to assess the severity of
PTSD at baseline.

Scoring the Impact of Event Scale-Revised Questionnaire
Impact of Event Scale-ReviLed Questionnaire

Instructions. Below is a list of difficulties people sometimes
have after stressful life events. Please read each item, and then
indicate how distressing each difficulty has been for you dur-
ing the past seven days with respect to
which occurred on oo How much were you dis-
tressed or bothered by these difficulties?

Ttem Response Anchors are as follows: 0 =notatall;1=34
little bit; 2 = moderately; 3 = quite a bit; 4 = extremely,

The Intrusion subscale is the mean item response of items
1,2, 3,6,9 14, 16, and 20. Thus, scores can range from 0 to 4.
The avoidance subscale is the mean item response of items 5,
7, 8,11, 12, 13, 17, and 22. Thus, scores can range from 0 to 4.
The hyperarousal subscale is the mean item response of items
4,10, 15, 18, 19, and 21, Thus, scores can range from 0 to 4,
Consider the following, '

(1) Any reminder brought back feelings about it.
(2) T had trouble staying asleep.

Evidence-Based Compler\entary and Alternative Medicine

(3) Other things kept making me think about it.
(4) Ifelt irritable and angry.

(5) I avoided letting myself get upset when I thought
about it or was reminded of it. )

(6) 1 thought about it when I did not mean to.
(7) T felt as if it had not happened or was not real.
(8) I stayed away from reminders of it,
(9) Pictures about it popped into. my mind.
(10) I'was jumpy and easily startled,
(11) 1 tried not to think about it.

(12) I was aware that I still had alot of feelings about it, but
1 did not deal with them.

(13) My feelings about it were kind of numb.

(14) T found myself acting or feeling like I was back at that
time,

(15) T had trouble falling asleep.

(16 ) Thad waves of strong feelings about it.
(17) T tried to remove it from my memory.
(18) T had trouble concentrating.

(19) Reminders of it caused me to have physical reactions,
such as sweating, trouble breathing, nausea; or a
pounding heart.

(20) Thad dreams about it.
(21) 1 felt watchful and on-guard.
(22) I tried not to talk about it.

Total IES-R score: —ooommeee,

The inclusion criteria were as follows: (1) survivors of the
Great East Japan earthquake and tsunami who were older
than 20 years and diagnosed with PTSD according to the
Diagnostic and Statistical Manua‘[l (DSM)-IV TR; (2) IES-R
score 2 25 (cutoff point). .

Exclusion criteria were as follows: (1) majr medical
illness such as neoplastic disease, acute inflammation, or any
other disease that would most likely prevent the completion
of this study; (2) psychosis due to other disorders such as
schizophrenia, depression, and/or dementia; (3) delirium due
to drugs, alcohol, metabolic intoxication, or inflammation;
and (4) use of neuroleptics, antianxiety drugs, antiepileptic
drugs, antidepressants, or herbal remedies during the past 2
months,

Participants underwent a complete diagnostic assess-
ment, including medical history, physical examination, lab-

. oratory tests, and the Structured Clinical Interview for DSM-

IV TR and IES-R. Eligible subjects were randomized into
either the SKK or control group. Random numbers were
generated using computer software. Treatment codes were
held by the corresponding investigator, who was isolated from
the patients and outcome data.

The study protocol was performed with the intention to
treat, SKK extract was prescribed to the patients in the SKK
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group. The SKK extract (T7-11) was processed by Tsumura
(Tokyo, Japan), and it contained the following mixture of
dried herbs: Bupleuri Radix (6g), Trichosanthis Kirilowi
. (3g), Cinnamomi Casstae (3 g), Radix Scutellariae Baicalensis
(3g), Concha Ostreae (3g), Glycyrrhizae Radix (2g), and
dried Zingiberis Rhizoma (2 g). These herbs are registered
in the Pharmacopoeia of Japan version 15. Each participant
in the SKK group received 2.5g of SKK powder (117g
extract) 3 times a day for 2 weeks. The processes involved
in the production and supply of SKKcomply with Good
Manufacturing Practices for Kampo products and are also
approved by the Ministry of Health, Labour, and Welfare of
Japan.

i Participants understood that those randomized into the
control group could receive any treatment after completion of
the whole trial if they wanted. Patients were free to withdraw
at any time. Clinical assessments were performed at the
baseline and at the endpoint.

The primary clinical outcome measure was the severity
of PTSD symptoms as measured by the total IES-R. The
secondary outcome measures were 3 IES-R subscale scores as
defined below. The intrusion subscale is the mean response
to items 1, 2, 3, 6, 9, 14, 16, and 20. The avoidance subscale is
the mean response to items 5, 7, 8, 11, 12, 13, 17, and 22. The
hyperarousal subscale is the mean response to items 4, 10, 15,
18,19, and 21.

2.2. Statistical Analysis. Analyses were performed as a modi-
fied intention to treat. If a patient dropped out, all outcome
measures were assessed within a week. Statistical analysis
was performed using the SPSS software (version 16, SPSS
Japan Inc., Tokyo, Japan). Measurements of the mean and
SD were calculated at the baseline and at the endpoint for
all continuous primary and secondary measures. Baseline
comparisons of group differences were conducted using
independent samples t-tests for continuous variables and chi-
square test for categorical variables. Comparisons between
the SKK and the control group were performed by the two-
way %nalysis of variance (ANOVA). The changes in each
group from baseline to endpoint were compared using the
paired t-test when the intergroup difference was significant
(P < 0.05) according to the post hoc test.

This study was carried out in compliance with the
ethical principles embodied in the Helsinki Declaration.
Written informed consent was obtained from each partici-
pant prior to participation in this study. The study protocol
was approved by the Institutional Review Board of Sendai-
Nishitaga National Hospital in Sendai; Japan, and registered
with the UMIN clinical trial registry (UMINOOOOIO890,
http//wwwumin.ac,jp/ctr/index.htm).

3, Results

Of the 48 enrolled subjects, 5 were excluded according to
the exclusion criteria. The remaining 43 participants were
randomized into SKK {(n = 21) and control (n = 22)
groups. The background factors for each group are shown
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TaBLE 1: Background factors for SKK and control groups.
Group Pvalue
SKK Control
7 ) 21 . 22
Sex (m/f) 9/12 13/9 ) 0.45
Age (year) 523£13.0 48.0 £20.9 - 042
IES-R (baseline) 49.6 £ 11.6 437 £13.7 014
70 = P < 0,001 n.s,
)
60 -
50 -
£ 20
=]
3
5 30
=]
20 A
10 4
Baseline Eqdpcint’ Baseline |} ‘dpo'i‘m
0 T o !
SKK Control

F1eurE 1: Changes in the total IES-R scores. The two-way analysis
of variance (ANOVA) showed a significant difference between the
groups (P < 0.001) and post hoc testing showed that total IES-R
scares were significantly improved only in-the SKK group.

in Table I, with no significant difference excépt for the IES-

R hyperarousal subscale score. One participant in the SKK
group withdrew from the study on the third day because of

coughing; all participants in the control group completed the
study.

3.1 Changes in Total IES-R Scores. Two-way ANOVA analysis
showed that the changes in total IES-R scores differed
significantly between groups (P < 0.001). The post hoc
testing showed that the total IES-R score was significantly
improved from 49.6 £ 11.9 to 25.5 % 17.0 in the SKK group
(P < 0.001) but decreased from 43.7+13.7 t0 39:3+ 12,4 in the
control group, The latter trend was not significant (Figure 1),

3.2. Changes in IES-R Subscale Scores. The changes inn IES-R
subscale scores are shown in Figures 2(a), 2(b), and 2(c). Two-
way ANOVA showed significant differences between groups
(P = 0.025 for avoidance, P+ = 0.005 for hyperarousal,
and P = 0.001 for intrusion), although there were baseline
differences in scores on the hyperarousal subscale. The post
hoc testing showed that all subscales improved significantly
from baseline to the endpoint in the SKK group ((a) P =
0.003, (b) P < 0.001, and (c) P < 0.001), whereas only
avoidance showed a significant change in the control group
((a) P = 0.032, (b) n.s,, and (c) n.s.).
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25 = P <4.001 ns.
1 1
20
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F1gURE 2: (a) Change in the IES-R avoidance subscale score, (b) Change in the IES-R hyperarousal subscale score, (c) Change in the IES-R
intrusion subscale score. Two-way ANOVA showed that each subscale differed significantly between the groups ((a) P = 0.025, (b) P = 0.005,
(c) P = 0.001). Post hoc testing showed that all subscale scores changed significantly from baseline to the endpoint in the SKK group ((a)
P = 0.003, (b) P < 0.001, and (c) P < 0.001), whereas in the control group, only the avoidance subscale score showed a significant change

((a) P = 0.032, (b) n.s,, and (¢) n.s.).

3.3. Significant Improvements in BEach Item in the IES-R.
The IES-R items that differed significantly between groups
were as follows: “any reminder brought back feelings about
it" (QL, P < 0.001); “other things kept making me think
about it” (Q3, P = 0.005); “I thought about it when
I.did not mean to” {(Q6, P < 0.001); “I found myself
acting or feeling like I was back in that time” (Ql4, P =
0.003); “reminders of it caused me to have physical reactions,
such as sweating, trouble breathing, nausea, or a pounding
heart” (Q19,.P = 0.001); “I had dreams about it” (Q20,
P = 0.002); and ‘T felt watchful and on-guard” (Q2L,
P =0.001).

3.4. Adverse Events and Follow-Up. No participant showed
any abnormal change in the blood examination results. One
participant in the SKK group withdrew from the study on the
third day because of light coughing, The cough was minor
and continued for 3 days. When he came back to the clinic
2 weeks later, he showed no symptoms or signs. The rela-
tionship between the treatment and the cough is unknown.
After the trial, some participants in the control group were
treated using traditional medicines according to the rules
of the traditional Chinese-Japanese medical decision. They
were treated with different medicines, including SKK. No
systematic data are available,
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4. DiscusLion

The present study showed that SKK significantly improved
PTSD caused by the disaster. A recent study showed that
PTSD was strongly suspected in about 10% of all high
school students in the city of Sendai at 9 months after the
Great East Japan earthquake [3]. Both psychological and
pharmacological treatments are effective for PTSD, but there
is a severe shortage of psychologists and psychotherapists in
the disaster-stricken area. General physicians and primary
care doctors must routinely care for PTSD patients. Antide-
pressants, benzodiazepine, and antipsychotics are used to
treat PTSD, but these medications have adverse effects. Drug
dependency is common with the use of benzodiazepine.
Selective serotonin reuptake inhibitors are also used to treat
PTSD, but continuous treatment is often necessary to prevent
relapse. Better pharmacological treatments that are both safe
and effective are thus needed. Since the disaster, we have tried
traditional herbal medicines, such as yokukansan (Yigan
San), known to be effective for the treatment of mental
disorders [4]. We observed that patients treated with SKK
showed very clear improvements in PTSD symptoms. These
clinical observationslead us to this trial. This study shows that
SKK treatment resulted in the marked, rapid, and tolerable
amelioration of PTSD symptoms in all participants, with no
severe adverse events. In particular, SKK improved patient
responses to the following items: “any reminder brought
back feelings about it,” “other things kept making me think
about i)’ “I thought about it when I did not mean to,” I
found myself acting or feeling like I was back in that time
“rerninders of it caused me to have physical reactions, such
as sweating, trouble breathing, nausea, or a pounding heart,
and “I felt watchful and on-guard.” These complaints may thus
be indications for trying this medication. SKK also improved
patient responses to “Thad dreams about it” Sleep disturbance
is commonly resistant to treatment [5] and can lead to drug
abuse [6].

Several pharmacological mechanisms underlying the
effects of SKK have been investigated [7-9]. Acute mod-
erate to high stress activates serotonergic neurons in the
hippocampus torrelease 5-hydroxytryptamine (5HT), 5SHT
then activates postsynaptic SHTIA receptors that inhibit
the process of hippocampal long-term potentiation (7]. The
repeated administration of SKK significantly increases the
SHT level in the hippocampus and the corpus striatum and
of NE and 5HT in the hippocampus [8]. SKK also regu-
lates plasma interleukin-6 and soluble interleukin-6 receptor
concentrations and improves depressed mood in climacteric
women with insomnia [9]. These findings may partially
explain the mechanisms of SKK action in the treatment of
mental disorders,

4.1 Limitations. The present study has some limitations.

First, we could not include a placebo for comparison.

Japanese law requires that if a placebo is used, it must be
produced using the same procedures as the actual drug.
Placebo preparation is thus impractical in Japan for a small
pilot study like ours. Placebo effects may have influenced our
data, The number of participants in this study was rather

5

small but nonethelLss reached the statistically targeted sample
size. The observation time was short (14 days), because this

. was the maximum waiting time allowed for participants in

the control group. No serious adverse events were observed in
the present study, which is noteworthy when considering that
Radix Scutellariae Baicalensis is suspected of causing inter-
stitial pneumonia [10; this relationship is unclear because
incidents are rare, Hypokalemia caused by Glycyrrhiza root is
well known, and it is observed in 6% of elderly subjects [11].
Clinical signs should be carefully monitored because SKK
contains these herbs. More elaborate studies are required in
the future to elucidate the effect and mechanism of SKK on
patients,

Despite these limitations, the present study reports that
the familiar herbal medicine SKK is significantly efficacious
for the treatment of PTSD, with no serious adverse events.
This information may be valuable for general physicians and
primary care doctors who care for PTSD patients in Japan
because SKK is a well-known traditional herbal medicine.
The history of its clinical use in eastern countries dates back
to 2 AD. We previously reported that traditional medicine
was beneficial in the disaster-stricken area, where the modern
medical system and its infrastructures, such as electricity,
hospitals, clinics, and logistics, were entirely destroyed [12-
14]. In such a situation, traditional medicine could be used
to treat daily symptoms that manifest as physical findings
among evacuees, Traditional medicine should be considered
as a powerful tool for the practice of disaster medicine.

5, Conclusions

SKK significantly improved IES-R scores after 2 weeks of
treatment, This traditional medicine may be a freatment

choice for psychological and physical symptoms in PTSD
patients.
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