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Donepezil Can Improve Ischemic Muscle Atrophy by
Activating Angiomyogenic Properties of Satellite Cells
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Background: Saving more limbs of patients with peripheral arterial disease (PAD) from amputation by accelerating
angiogenesis in affected limbs has been anticipated for years. We hypothesized that an anti-Alzheimer drug, done-
pezil (DPZ), can activate angiomyogenic properties of satellite cells, myogenic progenitors, and thus be an addi-
tional pharmacological therapy against PAD.

Methods and Results: In a murine hindlimb ischemia model, we investigated the angiogenic effects of a clinical
dose of DPZ (0.2mg-kg"'-day~") and its combination with cilostazol, a platelet aggregation inhibitor and a conven-
tional therapeutic drug against PAD. The combination therapy most effectively improved skin coldness and most
effectively upregulated vascular endothelial growth factor (VEGF)-producing satellite cells in ischemic hindlimbs.
Computed tomography revealed that DPZ remarkably attenuated ischemic muscle atrophy and induced super-
restoration in affected hindlimbs. The in vitro study with human aortic endothelial cells showed that DPZ or its com-
bination with cilostazol effectively upregulated the expression of pAkt, hypoxia inducible factor-1a, and VEGF protein.
Likewise, in primary cultured satellite cells, DPZ, alone or in combination, upregulated the expression of VEGF,
interleukin-1p, and fibroblast growth factor 2 protein.

Conclusions: The present results suggest that a clinical dosage of DPZ accelerates angiomyogenesis by directly
acting on both endothelial and satellite cells. Therefore, DPZ is a potential additional choice for conventional drug

therapy against PAD. (Circ J 2014; 78: 2317-2324)
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sclerotic disease that involves the arteries of the en-

tire body, with the exception of the coronary and in-
tracranial arteries. Intermittent claudication is the earliest and
most common symptom observed in patients with PAD.! In
the advanced stages, patients often suffer from skin ulcers and
necrosis of the toes, a pathological phenotype of PAD referred
to as critical limb ischemia.?

There are several therapeutic strategies currently available
for PAD, including pharmacological therapy using antiplatelet
agents and vasodilators, endovascular treatment, and surgical
bypass grafting.!:> To accelerate neovascularization, autologous
transplantation of bone marrow cells® and intramuscular vas-
cular endothelial growth factor (VEGF) gene transfer*® have
been tried for years, but it remains to be proven whether these
are appropriate for the treatment of vascular diseases.? Recently,

P eripheral arterial disease (PAD) is a recognized athero-

the induction of angiogenesis using thermal therapy or prosta-
cyclin therapy has been reported.®’ In addition to clinically
available therapies, novel neovascularization-accelerating
therapies have been anticipated.

Our previous study demonstrated that a large dosage (S5mg-
kg'-day!) of donepezil (DPZ), an acetylcholinesterase in-
hibitor, upregulated a non-neuronal cholinergic system in the
vasculature to efficiently accelerate angiogenesis, and that such
angiogenic effects were not mediated by a cholinesterase-in-
hibitory mechanism.? In that study, we focused on the effects
of DPZ on vascular cells; however, our preliminary studies
thereafter have suggested that these DPZ-induced angiogenic
signals are derived from cells other than endothelial cells.

Satellite cells, candidate skeletal muscle stem cells, are lo-
cated in a specific niche between the plasma membrane (sar-
colemma) of the myofiber and the basal lamina,” and are
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strikingly close to capillaries.!’ These cells are normally qui-
escent in adult skeletal muscle cells, but will be activated after
myotrauma, and then drive myogenesis (ie, proliferation and
self-renewal) through VEGF, fibroblast growth factor (FGF),
interleukin (IL)-1f, hepatocyte growth factor, and platelet-
derived growth factor,!'-'3 finally differentiating into multinu-
cleated myofibers.!1* It has been reported that the endothelial
cells enhance satellite cell growth through FGF and VEGF,!°
and that satellite cells undergoing differentiation also acceler-
ate angiogenesis by secreting VEGF.!5 Therefore, it is consid-
ered that angiogenesis and myogenesis share VEGF as a co-
regulatory factor.!®” We hypothesized that DPZ-enhanced
VEGEF protein expression by satellite cells would promote not
only angiogenesis but also myogenesis, and thus improve
critical limb ischemia. Therefore, in the present study using a
murine hindlimb ischemia model, we examined whether DPZ
targeted skeletal muscle, in particular, myogenic satellite cells.
Moreover, we evaluated whether or not DPZ exhibited a syn-
ergistic effect with cilostazol (CSZ), which is a type IIl phos-
phodiesterase inhibitor possessing antiplatelet potency and
widely used for intermittent claudication caused by PAD.181%
Whereas a large dosage of DPZ was used in our previous in
vivo study,® a clinical dosage of 0.2mg-kg!-day! was se-
lected for the present in vivo studies.

Methods

All experimental animals received humane care in strict ac-
cordance with the guiding principles of the Physiological So-
ciety of Japan. All experimental designs and surgical proce-
dures were approved by the Animal Research Committee of
Kochi Medical School (Permit Number: F-00072). All surger-
ies were performed under sodium pentobarbital anesthesia or
isoflurane, and all efforts were made to minimize suffering.
Mice were killed quickly by cervical dislocation and organs
were excised for further experiments.

Human Aortic Endothelial Cell (HAEC) Culture Study

As reported previously,® HAECs were cultured in EGM-2
culture medium (Lonza, Walkersville, MD, USA) according
to the manufacturer’s instructions. Pharmacologic experiments
were performed in 3 groups, and the final concentrations of
each reagent were as follows: 10umol/L of CSZ (Otsuka
Pharmaceutical, Tokushima, Japan), 1 ymol/L of DPZ (Eisai,
Tokyo, Japan), and the combined treatments (CSZ+DPZ).
CSZ was dissolved in dimethyl sulfoxide and DPZ was dis-
solved in distilled water. HAECs were treated with each re-
agent for 12-24h.

Primary Satellite Cell Culture Study

Primary satellite cells were isolated from the hindlimbs of
male C57BL/6 mice (SLC, Hamamatsu, Japan) by enzymatic
dissociation, according to a previously described technique.?”
The cells were cultured in Dulbecco’s modified Eagle’s me-
dium (Sigma-Aldrich, St. Louis, MO, USA) supplemented with
4.5¢g/L of glucose, 20% horse serum, 4 mmol/L of L-gluta-
mine, 10mmol/L HEPES, antibiotics and 3% chick embryo
extract prepared using 9-day-old eggs of a TOSA-JIRO chick-
en (Shimasaki Chicken Farm, Kochi, Japan) in our laboratory.
We had been previously confirmed that the cells were positive
for immunoreactivity of paired box 7 (Pax7), a marker spe-
cific to satellite cells, and that they underwent terminal dif-
ferentiation into muscle fibers with a lower serum concentra-
tion. Similar to the HAEC study, the effects of CSZ and DPZ
on satellite cells were investigated. In addition, to investigate

the signal transduction of DPZ through PI3K/Akt, satellite
cells were pretreated with a PI3K inhibitor, LY294002 (Cell
Signaling, Beverly, MA, USA), followed by treatment with
DPZ.

Unilateral Hindlimb Ischemia Model

Male C57BL/6 mice aged 9—10 weeks were administered
pentobarbital sodium (30 mg/kg IP) and the left common fem-
oral artery was ligated proximally to create a hindlimb isch-
emia model. The mice were randomly assigned to 3 treatment
groups: no treatment (control), CSZ (30mg-kg-!-day~'), and
CSZ+DPZ (0.2mg-kg!-day'). All drugs were orally admin-
istered for 6 weeks in the drinking water. CSZ was initially
suspended in 0.5% carboxymethyl cellulose sodium salt and
mixed with drinking water because it is not water soluble. In
a preliminary experiment, the daily drinking volume was esti-
mated to be approximately 3ml. In an additional experiment
with a VEGF receptor tyrosine kinase inhibitor, axitinib,
hindlimb ischemia mice were divided into 3 groups: no treat-
ment (control), DPZ (0.2 mg-kg!'-day!), and DPZ + axitinib
(10mg/kg twice daily, IP, Abcam, Cambridge, MA, USA). The
dosage of axitinib was selected according to in vivo experi-
ments previously reported.?1-?2

Thermography Study
Heart rate and blood pressure were measured noninvasively in
conscious mice by a tail cuff method (Softron, Tokyo, Japan).
As detailed previously,? the skin temperature of the hindlimbs
was repeatedly measured at 1, 3, and 5 weeks after ligation.
The laterality of skin temperature between the ischemic and
nonischemic hindlimbs was calculated.

At 6 weeks after ligation, the mice were humanely killed
and the femoral quadriceps muscles were excised for immu-
nohistochemical, western blot, and PCR analysis.

Immunohistochemical Analysis

As reported previously,® samples of hindlimb muscles were
prepared for immunohistochemistry. Pax7 and VEGF immu-
noreactivities were identified with a monoclonal anti-Pax7 an-
tibody at 1:200 dilution (Abcam) and a polyclonal anti-VEGF
antibody at 1:100 dilution (Santa Cruz, CA, USA), respec-
tively.

Western Blotting

HAECs were harvested with sample buffers after the 12- and
24-h treatments. Satellite cells were also harvested after a 24-h
treatment. Cell lysates were fractionated by SDS-PAGE and
transferred onto membranes. Muscle cell lysates were taken
from the quadriceps of ischemic hindlimbs and similarly pro-
cessed for western blot analysis. The blotted membranes were
incubated with primary antibodies against pAkt (Cell Signaling,
Beverly, MA, USA) at 1:2,000 dilution, hypoxia inducible fac-
tor (HIF)-1a (Novus, Littleton, CO, USA) at 1:300 dilution,
VEGEF (Santa Cruz) at 1:1,000 dilution, FGF2 (Santa Cruz) at
1:1,000 dilution, and «-tubulin (Lab Vision, Fremont, CA,
USA) at 1:2,000 dilution. After the reaction, membranes
were washed, followed by conjunction with IR Dye conju-
gated goat anti-mouse IgG or anti-rabbit IgG antibodies (Li-
Cor, St. Lincoln, NE, USA). They were then scanned with an
infrared imaging system (Odyssey, Li-Cor). As previously re-
ported,? the HIF-1« protein level was quantified by immunob-
lotting.

Reverse Transcriptase PCR
As described previously,? total RNA (0.5 ug) was isolated from

Circulation Journal Vol.78, September 2014



Donepezil as Possible PAD Therapy

2319

A 4
5 %% % x
e *
S
8 21
x
i ) ’_'_I ’_'_I
12 24
Time after treatment (hours)
B 31
=~ 2
= —
m‘ *% !
S
L1 i
12 24
Time after treatment (hours)
C 31
OVehicle 0OCSZ
EDPZ [ CSZ+DPZ
2% . i
s
L
A 14
w
’ H H
0 1) B
12 24
Time after treatment (hours)
Figure 1. Effects of cilostazol (CSZ), donepezil (DPZ), and
their combination (CSZ + DPZ) on the expression of pAkt (A),
hypoxia inducible factor (HIF)-1a (B), and vascular endothe-
lial growth factor (VEGF) protein (C) in human aortic endothe-
lial cells (n=8 for each treatment group). Values are normal-
ized by amount of a-tubulin. *P<0.05, **P<0.01 from control.
a.u., arbitrary units. See text for details.

muscle cells and reverse-transcribed to obtain single-stranded
cDNA. The synthesized cDNA was amplified with gene-spe-
cific primers for VEGF and GAPDH. The sense and antisense
gene-specific primers were as follows:

VEGEF (sense), 5’-CCAGCACATAGGAGAGATGAGCTTC-3’
VEGEF (antisense), 5’-GGTGTGGTGGTGACATGGTITAATC-3
GAPDH (sense), 5’-CGTATGGGCGGCTGGTCACCAG-3’
GAPDH (antisense), 5’-GACCTTGCCCACAGCCTTGGCAG-3’

The optimal annealing temperature and the number of cycles
for each template were as follows: 68°C, 30 cycles for VEGF
and 69°C, 30 cycles for GAPDH. The ratio of the RT-PCR
product for VEGF was quantified and compared with that of
GAPDH.

Computed Tomography (CT) Study
The effect of treatment on hindlimb muscle mass was evalu-
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Figure 2. Effects of cilostazol (CSZ) alone and in combination
with donepezil (DPZ) on thermal laterality at 1, 3, and 5 weeks
after treatment. n=15 for each treatment group. *P<0.05 from
control. See text for details.

ated by CT (LCT-200, Hitachi Aloka, Tokyo, Japan) in 4 groups
as follows: no treatment (control), CSZ (30mg-kg'-day"),
DPZ (0.2mg-kg'-day!), and CSZ+DPZ. For each animal,
the mass of the gastrocnemius-soleus muscles distal to the knee
joint was repeatedly measured at 2, 3, 4, and 5 weeks after
treatment.

Statistical Analysis

Statistical analysis was performed with JMP (SAS, Cary, NC,
USA) and STATA (StataCorp, College Station, TX, USA)
software packages. Differences among 3 or 4 treatment groups
were analyzed by the Kruskal-Wallis H test and the Steel-
Dwass test. Because the Shapiro-Wilk W test indicated that
values of the muscle mass ratio were assumed to be normally
distributed, we performed multiple regression analysis to re-
veal whether there were significant relationships for the mus-
cle mass ratio among 4 treatment groups. Data are presented
as mean*SE, and differences were considered statistically
significant at P<0.05.

Results

HAEC Culture Study

All 3 treatments significantly increased the expression level of
pAktin 12 and/or 24 h compared with vehicle (Figure 1A). A
significant increase in HIF-1a protein expression was observed
between DPZ and vehicle at 24 h after treatment (Figure 1B).
VEGEF protein expression levels were significantly increased
in both the DPZ and CSZ+ DPZ groups at 24 h after treatment
(Figure 1C).

Thermography Study

There were no effects of CSZ, DPZ or the combination thera-
py on heart rate or blood pressure. The effects of treatment on
thermal laterality are shown in Figure 2, where values were
calculated by subtraction of nonischemic skin temperature from
ischemic skin temperature. At 3 weeks after ligation, laterality
was attenuated by 16+£9.8% in the CSZ group and significantly
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Figure 4. Effects of cilostazol (CSZ) alone
and in combination with donepezil (DPZ)
on the expression of vascular endothelial
growth factor (VEGF) mRNA (A) and pro-
tein (B). n=8 for each treatment group.
For mRNA measurement, values are nor-
malized by amount of GAPDH; for protein
measurement, values are normalized by
amount of a-tubulin. *P<0.05 and **P<0.01
from control. a.u., arbitrary units. See text
for details.
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Figure 5. Effects of cilostazol (CSZ), donepezil (DPZ), and
their combination (CSZ + DPZ) on protein expression of VEGF
(A, n=10 for each treatment group), interleukin (IL)-13 (B, n=7
for each treatment group), and fibroblast growth factor (FGF)
2 (C, n=7 for each treatment group) in satellite cells. Values
are normalized by amount of a-tubulin. *P<0.05 and **P<0.01
from control. a.u., arbitrary units. See text for details.

decreased to 4619.1% in the CSZ+DPZ group. These results
suggested that the combination treatment was more effective
in improving hindlimb ischemia than conventional treatment
with CSZ alone.

Satellite Cells in Ischemic Hindlimbs

Some of the small round-shaped cells that were located adja-
cent to capillary endothelial cells among muscle fibers were
labeled with Pax7 (Figure 3A). In terms of their morphology
and immunohistochemistry, these Pax7-positive cells were re-
garded as satellite cells. VEGF signals were often observed in
satellite cells as well as endothelial cells. The ratio of VEGF-
positive to Pax7-positive cells was significantly higher in the
CSZ (6944.5%) and CSZ +DPZ (9113.5%) groups than in the
control group (5316.7%) (Figure 3B). A significant difference
in the number of VEGF-positive cells per single muscle fiber
was observed between the control and CSZ groups. Further-
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#

DPZ DPZ+LY294002
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Figure 6. Effects of donepezil (DPZ) and its combination with
LY294002 on hypoxia inducible factor (HIF)-1a protein ex-
pression. Statistical significance was observed between DPZ
alone and LY294002 + DPZ (n=4 for each treatment group).
*P<0.05 from control, #P<0.05 from DPZ alone. a.u., arbitrary

units. See text for details.

more, the combination therapy increased the number of VEGF-
positive cells per single muscle fiber (P<0.01 from control,
P<0.05 from CSZ).

The effects of CSZ and DPZ on VEGF expression in isch-
emic muscle are shown in Figure 4. Compared with the con-
trol group, VEGF mRNA expression in the ischemic hindlimb
was significantly high in the CSZ (1.97£0.10 arbitrary units
[a.u.]) and CSZ+DPZ (2.2440.20 a.u.) groups. Western blot
analysis also showed a significant upregulation of VEGF pro-
tein in the CSZ (1.5420.14 a.u.) and CSZ+DPZ (1.6310.16

a.u.) groups.

Satellite Cell Culture Study

Compared with the vehicle group, VEGF protein expression
was significantly enhanced in the CSZ (1.7440.22 a.u.), DPZ
(2.0810.31 a.u.), and CSZ+DPZ (1.60£0.27 a.u.) groups at
24h after treatment (Figure 5A). Protein expression for a
myogenic factor, IL-1f, was significantly upregulated in the
CSZ (2.2840.50 a.u.), DPZ (5.51+1.07 a.u.), and CSZ+DPZ
(3.4840.63 a.u.) groups (Figure 5B). Similarly, FGF2 expres-
sion was significantly higher in the CSZ+DPZ group (2.84x
0.57 a.u.) than in the vehicle group (Figure 5C).

Effect of DPZ on HIF-1a Protein Expression

Primary cultured murine satellite cells treated with DPZ
(1 ymol/L) showed increased HIF-1« protein expression (1.23+
0.04 a.u.) even under normoxic conditions; however, this in-
crement in the HIF-1« protein level was blunted with a PI3K/

Circulation Journal Vol.78, September 2014
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Figure 7. Effects of cilostazol (CSZ), donepezil (DPZ), and
their combination (CSZ + DPZ) on ischemic muscle atrophy.
Values are the muscle mass ratio of the ischemic to nonisch-
emic hindlimb. A statistically significant relationship between
muscle mass ratio and DPZ treatment was observed (P<0.01).
n=6 for each treatment group. See text for details.

Akt inhibitor, LY294002 (50 umol/L) (0.49+0.04 a.u.) (Figure 6).

CT Study of Ischemic Hindlimbs

Figure 7 shows the muscle mass ratio of the ischemic to non-
ischemic hindlimbs. In the DPZ group, the mean muscle mass
ratio remained >1 after 3 weeks of treatment. Multiple regres-
sion analysis revealed a statistically significant relationship
between muscle mass ratio and DPZ treatment (P<0.01), sug-
gesting that DPZ attenuated ischemia-induced muscle atrophy
and induced super-restoration in the affected limb.

Mechanism of Anti-Atrophy Effect of DPZ

The inhibitory effect of DPZ on muscle atrophy was canceled
by a selective tyrosine kinase inhibitor of the VEGF receptor,
axitinib, as evaluated by thermal laterality: DPZ 126+19% vs.
DPZ +axitinib 5£18% (P<0.05). Representative images are
shown in Figure 8.

Discussion

Our previous study® confirmed that the angiogenic actions of
DPZ target vascular endothelial cells, leading to suppression
of ischemia-induced muscle atrophy. In the present study,
therefore, we investigated the effects of DPZ on satellite cells
and ischemic muscle atrophy with careful consideration of
the following points. First, although a large dosage of DPZ
(5mg-kg!'-day!) was used in our previous studies, we se-
lected a clinical dosage of 0.2mg-kg!-day~! in the current in
vivo study. Second, a synergistic effect of DPZ with other
conventional PAD drugs was investigated for clinical applica-
tion of DPZ to PAD. Monotherapy with DPZ was not investi-
gated in the present study, because maintenance of skin tem-
perature and upregulation of VEGF expression in DPZ-treated

Ischemic side

Nonischemic side

Control

DPZ

DPZ + Axitinib

Figure 8. Effects of axitinib on the donepezil-induced anti-
muscle atrophy effect. Representative images suggest that

axitinib inhibits the effect of donepezil.

ischemic hindlimbs has been reported.?

DPZ alone and in combination with CSZ increased VEGF
protein expression in HAECs. Phosphorylation of Akt was
also increased by CSZ, DPZ, and their combination. More-
over, HIF-1« protein expression was elevated, particularly by
DPZ, via a PI3K/Akt pathway, which sustained protein stabi-
lization. These results suggest that the combination therapy
had a synergistic angiogenic effect on endothelial cells. Such
effects of DPZ on endothelial cells were confirmed in the in
vivo study. Mice treated with the combination therapy showed
the least laterality in skin temperature, suggesting that DPZ
protected the affected hindlimb from ischemia. Immunohisto-
chemical studies indicated that the number of VEGF-positive
satellite cells in the ischemic skeletal muscle was increased by
CSZ, and more effectively when combined with DPZ. These
results suggest that satellite cells were recruited to the isch-
emic muscle, and were activated to produce VEGF protein, by
CSZ and DPZ.

Differences among treatments over the time course of chang-
es in skeletal muscle mass of hindlimbs after ischemic insult
were revealed by the CT scan study. DPZ prevented loss of
skeletal muscle and induced super-restoration. Such a benefi-
cial effect of DPZ could be the result from its action on satel-
lite cells, and thus, DPZ is expected to be a novel therapeutic
agent against ischemic muscle atrophy.

To clarify the cellular mechanism of the beneficial effect of
DPZ on ischemic muscle atrophy, we investigated the effect
of DPZ on primary cultured murine satellite cells. DPZ also
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upregulated expression of all angiogenic factors (ie, VEGF,
IL-18, and FGF2) in satellite cells in vitro. DPZ-induced up-
regulation of angiogenic and myogenic factors was potenti-
ated by CSZ. These results suggested that DPZ improves isch-
emic muscle atrophy by activating the angiomyogenic properties
of satellite cells. Therefore, DPZ could be a promising option
for concomitant drug therapy with CSZ.

In contrast to our previous studies, a recent study by
Miyazaki et al reported that DPZ attenuated angiogenesis
through inhibition of the PI3K/Akt pathway in a murine
hindlimb ischemia model.?* They administered 10mg-kg~'-
day~! of DPZ to mice, which is 100-fold higher than the sug-
gested clinical dosage, and the dose was higher than what they
referred to as the usual dose for rodents.2s Therefore, their
experimental findings should be interpreted carefully. In our
studies, we never used a dosage larger than Smg-kg!-day-!,
because chronic overdosage of DPZ resulted in growth retar-
dation and weight loss because of anorexia and diarrhea (un-
published observations). In addition, we had already investi-
gated VEGF expression in vitro and in vivo with higher doses
of DPZ (10 ymol/L) in both HAECs and murine ischemic skel-
etal muscles (10mg-kg'-day'), and confirmed that even at
these higher doses DPZ did not attenuate angiogenesis at all.
Our in vivo study with 10mg-kg!-day-! DPZ did not alter the
expression of angiogenic factors and its-related cytokine, un-
like Miyazaki et al reported. Indeed, the reason for the discrep-
ancy between the 2 studies is unexplainable, but we believe
that appropriate selection of dosage is important in transla-
tional research.

From the current study, it could not be completely concluded
that myogenesis is a cause or consequence of angiogenesis
during DPZ treatment. However, as with the previous study
by Kuwabara et al,>® we speculate that a muscle-derived an-
giogenic factor plays an important role in the hindlimb isch-
emia model, which is also supported by Tateno K et al.!! There-
fore, we speculate that DPZ could inhibit skeletal muscle loss
in hindlimb ischemia to sustain muscle volume and stimulate
myogenesis through increased Pax7-positive cells, both result-
ing in activation of the angiogenic mechanism of skeletal
muscle, that is, satellite cells. Because the DPZ effects appear
evident within the first week, much earlier than the time point
when a non-treated ischemic hindlimb shows a nadir of sub-
jected skin temperature, this result also suggests that DPZ
salvages skeletal muscle and accelerates angiogenesis.

As shown by our previous studies, it is unlikely that the
angiogenic effect of DPZ on endothelial cells results from its
inhibitory action on cholinesterase. In our preliminary study,
DPZ (1 ymol/L) upregulated angiomyogenic factors in primary
cultured satellite cells even with an excessive concentration of
physostigmine (100umol/L). Therefore, the angiomyogenic
effect of DPZ on satellite cells is independent of cholinester-
ase inhibition. Such a mechanism of action is a pharmaco-
logic merit for the clinical use of DPZ for PAD. If angio-
myogenic effect of DPZ on satellite cells is dependent of
cholinesterase inhibition alone, it must require a large dosage
of DPZ in skeletal muscle. But we consider “NOT”. As de-
scribed above, the effect of donepezil is independent of cho-
linesterase inhibition. Therefore, we can expect promising
effect of clinical dosage of DPZ against PAD patients without
concerns about a cholinesterase inhibitor’s adverse effect.
Recent clinical studies by us?”-*® and Nordstrom et al?® support
our proposal for the clinical use of DPZ for PAD. These stud-
ies showed that a clinical dosage of DPZ for Alzheimer’s
disease reduced the risk for myocardial infarction, which shares
risk factors with PAD. Taken together, these experimental and
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clinical findings suggest favorable effects of DPZ on PAD, and
thus provide the rationale for a clinical study of DPZ to treat
PAD.

Study Limitations

A murine hindlimb ischemia is a model for acute limb isch-
emia, not for chronic PAD; there are few suitable small animal
models of human PAD. Therefore, our present findings should
be applied to clinical situations with careful consideration. In
the near future, a case-control study is expected to be per-
formed.

Conclusions

The present study demonstrated that a clinical dosage of DPZ
can suppress ischemic muscle atrophy by activating the angio-
myogenic properties of satellite cells. Therefore, DPZ, based
on this novel concept consolidated by our basic studies, could
be a potential adjunct to conventional drug therapy against
PAD.
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