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Abstract

Background and Objective: It has been reported that medical treatment with cilostazol
(cilo) as an antiplatelet may increase a substance P level in the striatum to shorten the latent
time of swallowing reflex (LTSR). We undertook a pilot study to confirm whether cilo
administration to patients with cerebral infarction is effective in increasing their plasma
substance P level and then in ameliorating the status of LTSR.

Methods and Subjects: Eligible subjects were recruited, after informed consents, from 20
hospitalized patients with acute-phase cerebral infarction within 72 hours from the onset. At
the start of treatment, the subjects were assigned at random to those given aspirin alone (non-
cilo group) and those given aspirin plus cilo (cilo group). Plasma substance P levels and LTSR
values were measured at the starting point (baseline), 28 days after, and 180 days after.

Results and Discussion: No significant time-dependent change in plasma substance P level
was found probably because of large individual differences but, 28 days after the start of
treatment, this value tended to become higher in cilo group than in non-cilo group (P<0.10).
Whereas, in terms of fold changes of LTSR in cilo group, there was a significant between-term
difference at P<0.05, indicating that this medication is effective in ameliorating the swallowing
function is improved in the long run.

Conclusion: The LTSR values was significantly shortened within 180 days after the start
of cilo treatment, but the result was not well explained by substance P levels as far as these
were measured using the plasma, probably because this substance had diluted during blood
circulation. However, it will become clinically usable as a single swallowing index, if in the
future some ingeneus method of its measurement is developed. A larger-scale study would also
be needed to confirm our conclusion from this pilot study.
(J Nippon Med Sch 2013; 80: 50―56)
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Introduction

Stroke still remains a major health problem
worldwide. Patients with stroke confront high risks
of specific medical complications such as
psychological and neurological disorders, infections,
thromboembolism, and pains 1. Among them,
pneumonia occurs as one of the most serious
complications in approximately 22% of patients after
the onset of stroke2, and influences the patient’s
subsequent prognosis3. It was reported that
cilostazol (cilo) as an antiplatelet drug controlled the
onset of geriatric aspiration-associated pneumonia
caused by cerebral infarction4 and its own
preventing effect on recurrent cerebral infarction
can be inferred from as a result of a subgroup
analysis in the large-scale clinical study (Cilostazol
Stroke Prevention Study: CSPS)3―5. Zhang et al.6 have
carried out an experiment with chronic cerebral
hypoperfusion model rats and suggested that cilo
could be protective against pneumonia at a chronic
stage of stroke; this may be based on its potencies to
modulate dopamine and substance P levels in the
striatum for improved swallowing reflex. A
mechanism of improving the swallowing function by
cilo may also be its inhibition of decreasing
dopamine and substance P levels through activating
the intracellular signal transmission system via
phosphorylation of cyclic adenosine monophosphate
responsive element binding protein (CREB)7―9.
Moreover, papers10,11 have described that cilo
improved the LTSR in post-stroke patients by
increasing their plasma substance P level, while no
such effect was found in aspirin used together.
Because angiotensin converting enzyme (ACE)

inhibitors have been reported to be efficacious in
prevention of aspiration-associated pneumonia by
increasing a substance P level, cilo may also have
the same mechanism to prevent the pneumonia
caused by cerebral infarction11―13. However, no
information is available regarding the changes in
substance P level in patients with acute-stage
cerebral infarction and there has been no paper on
an effect of cilo to increase the substance P level in
patients during hospitalization. In the present study,

we evaluated the influence of cilo treatment on
plasma substance P levels and LTSR values in
patients with acute-stage cerebral infarction by a
randomized open-label controlled method.
This study purposes confirming whether there is

a correlation between substance P level and
swallowing function in patients with cerebral
infarction. In detail, cilo-treated patients with an
acute-stage cerebral infarction were investigated for
time-dependent changes in their plasma substance P
level and latent time by use of Simple Swallowing
Provocation Test (S-SPT) as abbreviated LTSR11,14,15.

Subjects and Methods

Patients with acute-phase cerebral infarction
(excluding cardiogenic cerebral embolism), who
could receive anti-platelet test drugs within 72 hours
after the onset of cerebral infarction were recruited
as subjects eligible for randomization treatment.
They were enrolled in this clinical study between
August 2008 and March 2009.
Patients were excluded from this study in the

following cases: (1) having swallowing difficulty due
to dysphagia before the onset of cerebral infarction
at a food aspiration difficulty level of less than or
equal to the clinical severity classification criteria17;
(2) prescribing ACE inhibitors or capsaicin with an
influence on substance P level11―13; (3) having cerebral
bleeding or a tendency of intracerebral hemorrhage;
and (4) gastrointestinal ulcer or congestive heart
failure. Other exclusion criteria included the case of
hypersensitivity or anaphylaxis to test drugs
administered, and also included women who were
pregnant or child-bearing and so judged to be
inappropriate for the enrollment.
The study was approved by the Ethical

Committee of this hospital. Written informed
consents were obtained from all the patients after
the study protocol had been fully explained prior to
study participation.
Twenty-one inpatients with cerebral infarction

were found to meet all these inclusion criteria, with
no exclusion criterion included in this randomized
open-label controlled study. Eligible subjects were
randomized to the two treatment groups: the cilo
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Fig.　1　Study design.

group in which each one was orally given cilo at 100
mg�day and aspirin 100 mg�day concominatly for
180 days and the non-cilo group in which each was
given aspirin alone at 100 mg�day similarly. The
outline of this study protocol is shown in Figure 1.
By the way, the combination use of other
medications, e.g. tissue plasminogen activator,
edaravone, argatroban hydrate, and ozagrel sodium,
were not specified to be excluded during this study.
The names of concomitant drugs and the periods of
their use were recorded.
For plasma substance P measurement, blood

samples were collected and the plasma fractions
were taken. Each of 250 mL aliquots was dispersed
in a designated holder containing an additive for
stabilization, prior to freezing and storing below
-40℃. Frozen samples were sent to SRL, Inc.
(Tokyo, Japan) within 2 weeks after their
preparation. The samples were then kept below
-70℃ and measured for substance P by use of
monoclonal antibody11. On the other hand, LTSR in
each subject was induced by bolus injection of 0.4
mL distilled water into oropharynx from nasal cavity
through a 5-Fr small nasal catheter at the supine
position11. LTSR values were obtained during the
time from the injection to the onset of swallowing
reflex. This procedure was conducted twice at the
interval of 1 minute. The results were presented as
fold changes, i.e., LTSR values on 28 or 180 days

divided by those at baseline, and shown as means ±
standard deviations.

Statistics

Baseline characteristics and demographics of
patients are shown Table 1. The qualitative baseline
data tabulated were contrasted using Fisher’s exact
test and shown as median values ± their biases
obtained by Mann-Whitney test. Also, between-term
differences and between-group differences in plasma
substance P level and those in fold change of LTSR
(Fig. 1) were analyzed by Student’s t-test, with their
statistical significance considered at P< 0.05.
Incidentaly, we also used the data after stratification
of the subject according to whether their LTSR
values were >10 seconds or �10 seconds in
consideration of the reports presented by Teramoto
et al11,14,15, and analyzed the stratified data for
statistical significance.

Results

When the National Institute of Health: Stroke
Scale (NIHSS) of the non-cilostazol group and that of
the cilostazol group were compared in terms of
facial palsy as well as palsies of upper and lower
extremities at baseline, no significant between-group
difference was found in mean ± standard deviation:
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Table　1　Baseline characteristics in patients

Characteristic Non-cilostazol group 
(n=10)

Cilostazol group 
(n=10)

Demographics
Male/female 4/6 6/4
Age, years1) 74 (53―85) 65 (48―80)
Current smoker 3 3
Subtype of cerebral infarction
(lacunar infarction, atherosclerosis)

(6, 4) (7, 3)

Modified Rankin Scale (0, 1, 2, 3) (8, 2, 0, 0) (6, 1, 2, 1)
Complications/past histories
Hypertension 6 3
Diabetes mellitus 1 3
Dyslipidemia 6 5

1)Shown as median values with their ranges.
No between-group difference detected at P<0.05 in any characteristic by Fisher’s 
exact test or Mann-Whitney test., or both.

Fig.　2　Time-dependent comparison between the 
groups of plasma levels of substance P.

2.5 ± 1.9 vs 2.5 ± 1.6. To evaluate the effect of cilo
treatment of all the subjects (n=14) on their plasma
substance P level, clinically eligible subjects (n=14)
out of all the recruited ones (n=20) were assigned at
random. This randomization was found appropriate,
since the mean value in the cilo group and that in
the non-cilo group were almost similar to each other
at baseline (Fig. 2). At the endpoint of the first term,
i.e., 28 days after the start (Fig. 1), there was the
tendency that the substance P level in the cilo group

became higher than that in the non-cilo group (P<
0.10), with the result that the occurrence of a little,
though not statistically significant, effect of cilo
administration on substance P induction. However,
the effect was mitigated at the endpoint of the
second term, i.e., 180 days after (Fig. 1) for some
unidentified reason. By the way, we failed to find
any between-term significance because of large
individual differences in terms of standard
deviations of mean values. Even the statistical
analysis applied to the two stratified subjects with
LTSR >10 and LTSR �10 gave no significant
between-group difference (data not shown).
Next, fold changes in LTSR was analyzed, with

the result that, although there was no significant
between-group difference, a significant between-
terms difference (P<0.05) was found in the case of
the cilo group (Fig. 3). Incidentally, the distinct
substance P decreases in both group (Fig. 2) may be
due to a natural process taking place over period of
180 days; the substance P decreasing effect of
cilostazol remains unclear because it was used at the
half amount. Also, the LIST was safely conducted all
the way ; neither cerebral hemorrhage nor
microbleeds occurrence was observed.

Discussion

It is likely that plasma substance P levels in
patients after the onset of cerebral infarction vary
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Fig.　3　Time-dependent decrease in latent time of 
the swallowing reflex (LTSR).
＊: significant; and N.S.: not significant

depending on many factors and thus their
swallowing functions change accordingly. Capsaicin
and ACE inhibitors as dopaminergic agonists induce
substance P through dopamine
supplementation11 ― 13,19 ― 22 and prevent aspiration
pneumonia as a complication of cerebral
infarction 1,2,19. Biochemically, substance P is
synthesized in cervical nerve clause of a vagus
nerve sensory branch and then released to reach
pharynx and trachea. It may be essential to keep
swallowing function and cough reflex normal via
adjustment by the dopamine nervous system in
basal ganglia. It deserves to note that cilo effectively
improves swallowing function by activation of
tyrosine hydroxylase through striatal CREB
phosphorylation in the case of chronic cerebral
hypoperfusion model rats whose substance P level
and LTSR values differing from our observations
(Fig. 2 and Fig. 3). Which probably means that the
effect of the increase in substance P level on day-28
remains to reduce the LTSR value on day-180. This
suggests that the plasma substance P level may not
directly reflect any genuine value of this compound
in the brain. Using a method of S-SPT, Teramoto et

al.11,14,15,28 measured LTSR and defined it’s critical
value at 3 seconds; their studies employed only male
patients with non-cardiogenic embolism in 1―6
months from the onset of symptom. They also used
cilo at 200 mg�day. Whereas, we used it at 100 mg�
day concomitantly in combination with 100 mg�day
aspirin (Fig. 1), providing new data on the effect of
cilo administration. Considering that the use of the
two drugs in combination may be a risk factor for
cerebral hemorrhage29, we used cilostazol at the half
amount (100 mg�day) instead of using it at a normal
level (200 mg�day). There are often issues to be
considered according to Guidelines for the
Management of Community-Acquired Pneumonia in
Adults30, evaluation of dysphagia involves water
swallowing test, repetitive saliva swallowing test31,
and simple swallowing provocation test32 as simple,
conventional radiography-videofluoroscopic swallow
examination33,34, nasopharyngeal fiberscope-
scintigraphy as more detailed examinations.
Although they are already established laboratory
procedures, no information is an available regarding
a standard value of latent time. Asymmetric
dimethyl arginine may be another factor of interest
which is an endogenic nitric monoxide synthase
inhibitor causing vascular endothelium
dysfunction35,36. In considering all these factors
related to swallowing function, it is important to put
forward the effect of cilo as one of potential LTSR
improves to gradually elicit a swallowing reflex-
improving activity.

Conclusions

The LTSR value we observed in the present
study was not distinctly correlated to the substance
P level as far as it was measured with the plasma
fraction of blood, not with the striatum as reported6,
probably because this substance had diluted during
the circulation before measurement, although the
tendency existed that the level became higher in the
cilo group than in the non-cilo group 28 days after
the start of treatment. Since the full LTSR decrease
was found in the cilo group 180 days after the start,
the plasma substance P level may be clinically
usable as a simple swallowing reflex index on the
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condition that some ingenious method for
measurement gets available in the future. Also, some
larger-scale investigation would confirm our
conclusion from this pilot study.
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