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in aged people. One of the mechanisms of the sarcopenia is the loss in 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 coffee 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 treatrnent in-
Sarcopenia creased the cell proliferation rate, augmented the cell cycle, and increased the activation level of Akt intra-
Satellite cells cellular signaling pathway compared to controls. These findings suggest that the coffee treatment had a beneficial
Coffee effect on age-related sarcopenia.

Inflammation levels © 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

The popularion 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, disabilities,
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-qt, tumor necrosis factor-alpha; 1L-6, interleukin 6; TA, tibialis

anterior; eMyHC, erabryonic myosin heavy chain.
* Corresponding author at: Department of Nutrition and Food Science, School of Public
Health, Tianjin Meclical University, 22 Qixiangtai Road, Heping District, 300070 Tianjin, China.

E-mail address: nkj0809@gmail.com (K. Niu).

0531-5565/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
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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
levels of serum pro-inflammatory mediators such as tumor niecrosis
factor-alpha (TNF-o¢) 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-a 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 muscle wasting (Cai et al., 2004; Guttridge et al., 2000). 1L
6 induces skeletal muscle atrophy in mice (Haddad et al. 2005;
Tsujinaka et al., 1996),
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Coffee is one of the most widely consumed beverages in the world,
and it has been considered to have beneficial capacities to one's health.
Accumulating evidence suggests that coffee intake has numerous po-
tential pharmacclogical 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 cn the prevention of sarcopenia. Furthermore, we hy-
pothesized that this effect might involve inflammation. To the best of
our knowledge, faw 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, we 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 model 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, Japan) 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) aralyzed the main components of the coffee. The coffee
used in this study contained: coffee bean, ~2.5 g/100 ml; chlorogenic
acid, 0.07 mg/ml; anhydrous caffeine, 0.45 mg/ml; polyphenols,
14 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 measured. 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
11 (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 morioclonal antibody (mAb, 2.4G2, BD Bioscience) to

block Fc receptors, then with the following antibodies: FITC-labeled
anti-CD31, anti-CD45 (BD Bioscience), anti-CD11b, and anti-Sca-1 anti-
bodies (eBioscience, San Diego, CA, USA); PE-labeled anti-Integrin o7
(MBL, Nagoya, Japan); Alexa 647-labeled anti-CD34 (BD Bioscience).
The cells were sorted by a FACSAria™ Il 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 (bFGF, Invitrogen,
Eugene, 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 ug/ml. The cells were cultured for 72 h, and the nurnber
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 compartment (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: 275 cm x height:’
17 cm) 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, San Jose, CA, USA) by flow cytom-
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 pg/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 collected 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 pi phosphate-buffered saline (PBS) (10 M) 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 liquid nitrogen,

and stored at —80 °C for the following histological analysis (Uezumi
et al, 2010).
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2.7. Immunohistechemistry and immunocytochemistry

Frozen muscle tissues were sectioned from a region approximately
3 mm from the top of the TA (8 um 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, IA, USA) at a 1:2 dilution at 4 “C overnight, followed by
Rodamine conjugated-secondary antibody staining (Chemicon Interna-
tional, Temecula, CA, USA) at room temperature in the dark for 1 h. Fi-
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 200 magnification were measured in each sample.
Image] software was used to quantify the eMyHC-immunoreactive
areas per field. For ki-67 staining, after quenching endogenous
peroxidase with 3% Ho0, 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), Nichirei Bioscience, Osaka, Japan) according to the man-
ufacturer's inscructions. Then, the antibody complex was visualized
with 3,30-diarninobenzidine tetrahydrochloride (MERCK, Darmstadt,
Germany) (Niu et al, 2012). Images were taken using a phase-
contrast and fluorescence microscope BZ9000 (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 & 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 g per well. The membranes were immunoblotted with the primary
antibodies to Akt and phospho-Akt (Cell Signaling, Boston, MA, USA) at
1:1000 dilutions. Then the membranes were incubated with horseradish
peroxidase-corjugated anti-rabbit immunoglobulin G (Cell Signaling) at
1:25,000 dilution and the protein bands were detected with an enhanced
chemiluminescence detection kit (Amersham, Buckinghamshire, UK)
(Yamanda et af, 2009).

2.9. Enzyme-Linked Immunosorbent Assay (ELISA)

Sera were isplated from the inferior vena cava of the mice (Okazaki
et al., 2007). The serum levels of IL-1, IL-1R, IL-6, TNF-c, 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/ml
for IL-1ey, IL-1p, IL-6, TNF-c¢, and 1GF-1, respectively.

2.10, Statistical analysis

To determine the sample size, a power analysis was performed
based on the results 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 0.009.

We estimated =20% (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. Results

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 control
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 previous 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 rmuscle-
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 body weight (A), the
amount of the daily diet intake (B), or the volume of water intake (C). (D) Coffee did not change the daily locomotor 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 > 4 in each group. *p < 0.05 compared with control.

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. 24, 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 cf the
skeletal muscles, we immunohistochemically stained the muscle tissues
for eMyHc, which is a marker of immature myotubes including
regenerating muscles, 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-1¢, IL-1B, IL-6, and TNF-c&x
as pro-inflammatory mediators (Okazaki et al, 2003, 2009), and
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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 them 3 days later for (A) or 5 days later for (B). (A) The left panels are immunohistochemical staining for ki67 of the injured tibialis
anterior muscles. The right graph is quantification of the number of ki-67 positive cells per visual microscopic field for each group (10 randomly selected fields at x 200 magnification
per sample were quantified), (B) The left panels are immunchistochemical staining for eMyHC and DAPI 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 x 200 magnification per sample). Scale bars, 100 pm. Columns are mean = 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-o
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 grip strength
(r=—038r1r:==—034, 1= —042, and r = —0.36 for IL-1¢, IL-1p,
11-6, and TNF-w, 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-1e, IL-1R, IL-6, and
TNF-q, respectively [p < 0.05 for IL-6 and TNF-at]). 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 precliferating satellite cells compared to controls in a dose-
dependent mernner 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 coffiee 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, 2006). 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 inrtensity 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-inflanumatory 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-1ct, 1L-6, and TNF-cx compared to controls.
(B) Coffee treatment did not change the serumn levels of the IGF-1 levels. Columns are
mean 4 SE, =4 in each group. *p < 0.05, and **p < 001 compared with control.
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Fig. 4. Effects of coffec nn 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 Ii. The regions were set on the GO/G1, S phase and G2/M populations. Representative data are shown. (C) The satellite cells of aged mice were cultured for 72 h with 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 increased 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 vivo. In vitro, coffee treatment
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 entagonized 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, comparison between before and after the treatment
period within 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 augmented 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-related sarcopenia
(Beyer et al, 2012; Jensen, 2008). Therefore, the decreased 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 demonstrated that coffee intalce 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). Kahweol also inhibited the inflam-
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
compoenent in the prevention of sarcopenia, However, the results sug-
gested that whole coffee improved sarcopenia in aged mice, Further
studies are required to evaluate the effects 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). Combiried 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 cells (Brack et al., 2007). In fact, another study suggested
that nitric oxide 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 reactive ox-
ygen species in 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, in vive, 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 frorn 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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and risk of lobar hemorrhage to be identified but is an
indication of an association between occurrence of SCLH
and different apoA-1 plasma levels. Data regarding apoA-1
as a risk factor for SCLH could be more adequately
acquired using a prospective study design. Second, statisti-
cal power was poor because of the small sample size.

If these findings are confirmed in further studies with
larger samples and different designs, apoA-1 plasma level
could become a promising diagnostic and predictive mar-

- ker of CAA, as well as a potential target for prevention
strategies in CAA-related hemorrhage.
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EFFECT OF PRESS NEEDLES ON SWALLOWING
REFLEX IN OLDER ADULTS WITH
CEREBROVASCULAR DISEASE: A RANDOMIZED
DOUBLE-BLIND CONTROLLED TRIAL

To the Editor: The global population is aging.! Pneumonia
is a leading cause of death in elderly adults, especially
those with dysphasia and microaspiration.? Because aspira-
tion pneumonia is related to impairment of the swallowing
and cough reflex,” the development of preventive strategies
is needed to improve such protective reflexes to reduce the
incidence of pneumonia in older people. In Japan, pneu-
monia is the third leading cause of death.* It was previ-
ously reported that acupuzncture at two points on the legs
(ST36 and KI3) improved the swallowing reflex after
stroke’ and reduced pharyngeal retention and aspiration.®

To investigate the effectiveness of acupuncture with
press needles in improving the swallowing reflex in elderly
adults with cerebrovascular disease, a three-arm random-
ized double-blind controlled multicenter trial was con-
ducted by incorporating sham patches and sham points.
Individuals aged 65 and older who had had a stroke and
had dysphasia were recruited consecutively from two hos-
pitals and two nursing homes in Sendai, Japan. The pur-
pose and design of the study were explained to each
individual, and informed consent was obtained. The
Tohoku University ethics committee approved the study
protocol.

Twenty-nine individuals (10 men, 19 women; mean
age = SD 82.2 & 7.1) were recruited and assigned ran-
domly to three groups: group 1, press needles (Pyonex;
Seirin Corporation, Shizuoka, Japan) on the ST36 and
KI3; group 2, sham patches on the acupuncture points;
and group 3, press needles on sham points. The needles
were 0.2 mm in diameter and 0.6 mm long. The design of
the sham patch was identical to that of the press needle
except most of the needle had been cut off, so that only
the head of the needle remained in the resin. Patches were
applied and changed every day for 4 weeks. Latent time of
swallowing reflex (LTSR), plasma substance P (SP), Barthel
Index, Mini-Mental State Examination, and days of fever
were measured at baseline and 4 weeks later.

Table 1 shows the outcomes of this study. The pri-
mary outcome was change in LTSR. A statistically signifi-
cant shortening of LTSR was evident in Group 1
(6.9 &+ 2.3 vs 2.5 £ 0.3 seconds, P = .005), whereas no
statistically significant difference was observed in the other
two groups. There was a significant difference between the
three groups in change in LTSR (P = .009). Change in
LTSR in Group 1 was significantly different from that in
Group 2 (P = .008) but not Group 3 (P > .99). There was
a significant difference in LTSR at day 28 between Groups
1 and 2 (P =.001), but no significant difference between
Groups 1 and 3 (P = .51). Plasma SP did not change sig-
nificantly during the study in any group, and no differ-
ences in secondary outcomes were observed in any group
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Table 1. Primary and Secondary Outcomes

Group 1 vs Group 2 Group 1 vs Group 3

Quticome Group 1, n =10 Group 2, n = 10 Group 3,n=9 P-Valug?
Primary '
LTSR, seconds, mean (SE) .
Baseline 6.9(2.3) 40 (1.1) 14.9 (6.2)
Day 28 2.5 (0.3) 8.5 (2.8) 8.4 (3.4) .008P >99°
P-value -:005° ; .20¢ .26° :
Plasma substance P, pg/mL, mean(SE)
Baseline 709.4.(297.9). 809.5 (117.7) 483.4 (129.1)
Day 28 643.0 (245.2) 801.6 (104.2) 550.4 (121.2)
P-value 37° 919 77
Secondary outcomes
Barthel Index, mean (SE)
Baseline 15.5 (10.2) 17.5 (7.6) 83 (71)
Day 28 15.0(10.4) 18.0(7.7) 8.9 (7.7)
P-value 66° 32° .32¢
Mini-Mental State-Examination.Score, mean (SE).
Baseline 8.2 (2.8) 59 (2.7) 3.7 (2.2)
Day 28 8.3 (2.9) 6.1 (2.9) 3.7 (2.3)
P-value 869 41° >99°
Days of fever, mean {SE)
Baseline 50 3.1) 3.7 (1.5) 1.6 (0.7)
Day 28 7.0 (3.0) 56 (2.4) 1.2 (0.7)
P-value 29° .08° .26°¢
Body mass-index, kg/m* mean + SD
Baseline 192 +£ 14 158 £ 3.3 202 +£13
Day.28 16.6: £ 2.6 18.1 £ 3.1 203 £ 13
P-value 70 10° 67°

SE = standard error.

“Intergroup comparisons of change in latent time of swallowing reflex (LTSR).

YK ruskal-Wallis test.
“Wilcoxon signed rank test.
Paired-t test.

between baseline and Day 28. Peripheral blood tests were
performed to assess inflammatory and nutritional status.
No statistically significant differences were observed in
white blood cell count, C-reactive protein, total protein,
albumin, or total cholesterol between baseline and Day 28.
There were no significant differences in any parameters.
Neither press needle nor sham needle treatment caused
any side effects.

Attachrment of press needles at the two leg acupunc-
ture points improved the swallowing reflex of elderly
adults with cerebrovascular disease. Lack of a significant
difference between acupuncture points and sham points
indicates that the attachment of the fine needle itself has
some effect on the swallowing reflex. Even if the press nee-
dles are placed at positions that deviate from the acupoints
(e.g., sham points in this study), LTSR may improve,
which is clinically convenient. This type of acupuncture
may become a new adjuvant method for the prevention
and treatment of pneumonia in elderly adults.

The limitations of the present study were the small
sample size and short follow-up time. In addition, only
Group 3 included participants with extremely poor LTSR
at baseline, which could have been why there was no dif-
ference between Groups 1 and 3 in LTSR at Day 28. Fur-
ther studies are required to investigate the effect of the
press needle on swallowing function.
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