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Abstract: Raynaud's Phenomenon (RP) results from exaggerated cold-induced vasoconstriction. RP
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patients suffer from vasospastic attacks and compromised digital blood perfusion leading to a triple
color change at the level the fingers. Severe RP may cause ulcers and threaten tissue viability. Many
drugs have been used to alleviate the symptoms of RP. These include calcium-channel blockers,
c¢GMP-specific phosphodiesterase type 5 inhibitors, prostacyclin analogs, and angiotensin receptor
blockers. Despite their variety, these drugs do not treat RP but rather alleviate its symptoms. To

date, no drug for RP has been yet approved by the U.S Food and Drugs Administration. Cilostazol is
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blood perfusion in RP patients.

a selective inhibitor of phosphodiesterase-III, originally prescribed to treat intermittent claudication.
Owing to its antiplatelet and vasodilating properties, cilostazol is being repurposed as a potential
drug for RP. This review focuses on the different lines of action of cilostazol serving to enhance
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Cold-induced vasoconstriction.

1. INTRODUCTION

Reincarnation of old drugs to emerge as potential
candidates for novel indication stems from the fact of
promiscuity of drugs and their interaction with multiple
molecular targets. This process has become a hallmark
in the drug development strategy due to the high attri-
tion rate of newly developed medicinal entities. As-
signing a new task for an outdated or an already ap-
proved drug is also known as drug repurposing or repo-
sitioning.

A striking example is a case of acetylsalicylic acid,
mentioned in the old Pharaonic medicinal papyrus,
which recommended salicylic extracts as a painkiller to
reduce fever [1]. Acetylsalicylic acid had to wait until
the 19" century to be commercialized by Bayer as As-
pirin. The popularity of Aspirin (acetylsalicylic acid)
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grew faster in the 20" century with the discovery of its
antiplatelet activity. Since then, Aspirin has become a
frontline medicinal agent currently used all over the
world in patients with increased risk of Cardiovascular
Disease (CVD) [2]. As such, it is now established that
the on or off-target effect of a drug is a proof-of-
concept of polypharmacology, which is the ability of a
therapeutic application to interfere with multiple dis-
ease pathways [3]. These effects are often discovered
by serendipitous observations of post-marketing obser-
vations. Alternatively, drugs' effects may be inferred
from wet laboratory experiments or during clinical
studies. Thus, drug repurposing can revive a previously
withdrawn drug.

A relevant example is the case of thalidomide,
whose side effects impacted the pharmaceutical indus-
try for years. Thalidomide showed teratogenic activi-
ties in fetuses worldwide and caused severe birth de-
fects in pregnant women [4]. In fact, thalidomide was
first prescribed for sleep disorders and morning sick-
ness. Later, researchers accidentally discovered its anti-
angiogenic and immunomodulatory properties, leading
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to the official approval of thalidomide as a treatment
for leprosy and multiple myeloma [5, 6]. Furthermore,
a repurposing success story is the case of sildenafil
(Viagra®), a drug developed primarily for the treatment
of pulmonary hypertension and coronary artery disease
[7]. Unexpectedly, sildenafil treatment improved erec-
tile function in the early phases of trials. This observed
side effect through the inhibition of phosphodiesterase-
5 (PDE-5) resulted in a novel indication of sildenafil,
now a blockbuster drug prescribed for erectile dysfunc-
tion [8]. Another drug, minoxidil, a potassium channel
opener and originally developed as an antihypertensive
indication, is now successfully indicated in males with
alopecia.

2. RAYNAUD'S PHENOMENON

A growing body of evidence supports the notion of
drug repurposing in CVD, the leading cause of morbid-
ity and mortality worldwide [9]. Particularly, the drug
repurposing approach may be employed in the hunt for
a more efficacious treatment for several cardiovascular
diseases including Raynaud's Phenomenon (RP). RP is
a CVD with no Food and Drug Administration (FDA)-
approved drug [10, 11]. It is a pathological condition
caused by exaggerated cold-induced vasoconstriction
[12]. RP patients suffer from vasospastic attacks and
triple color change (pallor, cyanosis, and erythema),
primarily at the level of digits [13]. Based on the etiol-
ogy of disease, clinicians classify RP into primary or
secondary [14]. Primary RP occurs in the absence of
any associated disease. By contrast, secondary RP is
related to an underlying pathological condition or the
use of certain drugs (Table 1) [13, 15-17]. In certain
cases, such as in systemic sclerosis-related RP, patients
can develop digital ulceration, scarring, or gangrene
[12, 18, 19].

Evidence indicates that RP results from increased
vascular sensitization to cold mediated by neuronal
(norepinephrine) and local effectors [20, 21]. The latter
are alpha adrenergic receptors (a-ARs) on vascular
smooth muscle cells (VSMCs) of cutaneous arterioles
[20, 21]. These VSMCs express two types of a-ARs:
0;-ARs and a,-ARs. The inhibition of a;-ARs did not
affect cold-induced vasoconstriction, ruling out the im-
plication of these receptors in RP [22].

Apha-2 ARs, on the other hand, are further subdi-
vided into A, B, and C subtypes, with only A and C
subtypes being expressed in human cutaneous VSMCs
[23]. Notably, inhibiting o ,c-ARs, but not a ,4-ARs,
abolished cold-induced vasoconstriction [22]. This
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suggests that the entirety of cold-induced vasoconstric-
tion is solely mediated via a,c-AR. In fact, o,c-AR is
distinctively characterized by its intracellular localiza-
tion [24]. We have previously shown that in response
to certain stimuli, such as cold, a,c-ARs are translo-
cated to the plasma membrane [25, 26]. We have also
shown that the secondary messenger, cyclic AMP
(cAMP), not only increases expression but also poten-
tiates cell-surface localization of a ,c-ARs in human
arteriolar smooth muscle cells [27, 28]. This spatial
mobilization functionally rescues a »c-ARs, allowing
them to bind to their ligands thus provoking vasocon-
striction [26].

Several traditional and nontraditional drugs or ap-
proaches have been used to alleviate the symptoms of
RP (Table 2) [16]. These include calcium channel
blockers, which are indeed the first line of treatment
[29]. These agents act by preventing the calcium-
induced contraction of VSMCs and subsequently alle-
viate vasoconstriction [30]. However, evidence of their
efficacy is not overwhelming, and their use is associ-
ated with several adverse events [31, 32]. Indeed, two
recent Cochrane reviews show that the use of CCBs for
primary RP, although better than that for secondary RP,
remains moderately effective in treating some aspects
of the disease but ineffective in others [31, 32].

Other vasodilators have also been employed for the
management of RP. These include inhibitors of the cy-
clic guanosine monophosphate (cGMP)-specific phos-
phodiesterase type-5 (PDES). These drugs, the most
known of which is sildenafil, cause the accumulation of
cGMP in VSMCs leading to their relaxation [33]. In-
terestingly, the efficacy of these drugs was similar to
that of the widely used CCBs [34].

Other drugs that interfere with the angiotensin-II-
induced vasoconstriction have also been utilized in the
management of RP [33]. Indeed, angiotensin convert-
ing enzyme-I (ACE) inhibitors and angiotensin-II re-
ceptor blockers, which prevent the formation of angio-
tensin-II or block its receptor, respectively, have also
been employed [33, 36]. In clinical trials, both classes
of drugs show variable efficacy, with inconsistent re-
ports regarding their therapeutic value in RP [16].

Activators or analogues of prostaglandin and
prostacyclin have been documented to impart a thera-
peutic value owing to their antiplatelet and vasodilatory
capacities. In specific, iloprost, which activates Prosta-
glandin E2 (PGE2) and Prostacyclin 12 (PGI2) recep-
tors, shows promising potential as a treatment for se-
vere non-responsive RP [33].



Repurposing Cilostazol for Raynaud's Phenomenon

Current Medicinal Chemistry, 2021, Vol. 28, No. 12 2411

Table 1. List of the most common diseases, conditions, and drugs responsible for the development of secondary RP [13,

16, 35].

Category

Examples

Drug-induced cin, methysergide, and cocaine.

Beta-blockers, cisplatin, polyvinyl chloride, interferon-alpha, nicotine, cyclosporine, clonidine, bleomy-

Rheumatological disorders inflammatory myopathies.

Systemic sclerosis, vasculitis, systemic lupus erythromatosus (SLE), Sjogren’s syndrome, and idiopathic

Hematological disorders

Polycythemia, cryoglobulinemia (thickening of plasma due to presence of antibodies known as cryo-
globulins), cryofibrinogenemia (the precipitation of fibrinogen and related products in the blood), para-
proteinemia, and angiocentric lymphoma.

Structural disorders .
sclerosis.

Thoracic outlet syndrome, Takayasu’s arteritis, Buerger’s disease, carpal tunnel syndrome, and athero-

Others

of Jackhammers.

Endocrinological disorders (hypothyroidism), fibromyalgia, and prolonged manual vibration through use

Table 2. The most commonly used pharmacological interventions for RP, their underlying mechanisms, indications for

use, and associated adverse effects.

VSMCs

Drug class Mechanism of action Indication/ Effectiveness in RP Adverse effects References
. Hypotension, headaches,
Calcium channel block- B}OCk .the influx ofeed Orally administered as first line dizziness, tachycardia,
cium into VSMCs and . . . [30-32, 37]
ers (CCBs) revent thei@ibaractiid treatment/Effective facial and generalized
p edema
Promote the accumula- o . . .
tion of cGMP and en- Orally administered if CCBs fail/ Headache, flushing,
PDE-5 inhibitors hance the relaxation of nausea, vomiting, facial [33, 34, 37]

Similar effectiveness to CCBs

and generalized edema

Block the enzyme that
converts angiotensin-I
into the vasoactive angio-
tensin-11

ACE inhibitors

-/Controversial effectiveness

Renal dysfunction, hy-
perkalemia, cough, hy-
potension

[16, 33, 36, 38]

Angiotensin-II receptor
blockers

Inhibit the receptors that
transduce the vasocon-
strictive effects of angio-
tensin-11

May be orally administered to
patients that do not tolerate
CCBs/

Controversial effectiveness

Fatigue, dizziness, diar-
rhea, headache

[16,33,35-37]

Iloprost (PGE 2 and

Precipitates antiplatelet

IV administered in severe RP
that does not respond to CCBs

Hypotension, rash, phle-
bitis, diarrhea, flushing,

. ; [33,37]
PGI2 agonist) and vasodilatory effects and PDE-5 inhibitors/Effective headache
Besides these traditional pharmacological ap- treatment. Contextually, to date, no specific drug has

proaches, nontraditional ones that include Botulinum
toxin type A injection, leaser treatment, and acupunc-
ture have also been employed [16]. Moreover, several
lifestyle changes are recommended to reduce the fre-
quency of attacks. These changes include keeping the
extremities warm, smoking secession, refraining from
the consumption of certain medications, and avoiding
emotional stressors [37].

Despite the variability of the aforementioned ap-
proaches/drugs, none has been used as a definitive RP

been yet approved the by the U.S. FDA to treat RP
[11]. This may be due to several challenges. First, the
multi-etiology of the disease (local, neuronal, and hor-
monal basis) hinders a complete, or at least a sufficient,
understanding of RP pathophysiology, thus presenting
a real challenge in designing the appropriate treatment
[11, 39]. Furthermore, a,c-AR, the key player in medi-
ating RP, is expressed in many brain regions and is im-
plicated in the presynaptic regulation of the heart.
Therefore, drugs targeting a.,c-AR will likely interfere
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with brain and heart functions, causing deleterious side
effects [16]. In addition, the absence of an animal
model for RP further increases the level of the chal-
lenge [16]. Given these limitations, drug repurposing
appears as a window of opportunity in the realm of RP
treatment.

3. CILOSTAZOL REPURPOSED

Cilostazol (PubChem ID: 2754), a quinolinone de-
rivative, is a drug known for its vasodilatory and anti-
platelet effects [40]. These effects are attributed to the
drug's function as a reversible inhibitor of the cyclic
adenosine monophosphate (cAMP) phosphodiesterase
III (PDE-3) [40]. Cilostazol was first approved by the
FDA in 1999 to treat intermittent claudication (IC), a
condition of calf muscle pain prevalent in patients with
the peripheral arterial disease (PAD). Currently, this
drug is available in two formulations 50 mg and 100
mg oral tablets [41].

Several clinical studies have been conducted to
evaluate the efficiency of cilostazol in alleviating IC
symptoms. A meta-analysis reported that cilostazol
significantly increased maximal walking distance and
pain-free walking distance by 50% and 67% respec-
tively [42]. In addition, a recent Cochrane review rein-
forced this cilostazol-enhanced walking distance in IC
patients [43]. The documented improvement is attrib-
uted to the role of cilostazol in granting adequate blood
supply to the lower extremities of the body [44].

Furthermore, cilostazol is adopted in Japan as part
of secondary prevention of cerebral infarction plans
and stroke management guidelines [45]. This use is
backed-up by extensive evidence on the effectiveness
and safety of cilostazol in the aforementioned situa-
tions. In fact, a large randomized controlled trial
showed that cilostazol is slightly more effective
than/Aspirin in stroke prevention and elicited greater
safety that the latter concerning risk of hemorrhage
[45]. These findings were further reinforced by a
metanalysis of similar clinical trials [46] . This cilosta-
zol-induced enhancement of blood perfusion in differ-
ent pathologies prompted further investigation on the
possibility of using the drug to treat other blood flow
conditions. Indeed, studies have proven the efficiency
of cilostazol in prophylaxis against symptomatic intrac-
ranial arterial stenosis [47] and in ameliorating ische-
mia-induced injury [48]. As such, cilostazol may pre-
sent a potential drug for vascular insufficiency condi-
tions, such as RP.

Evidence shows that cilostazol opposed vasospastic
contractions in RP patients [40]. Due to its PDE-3 in-
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hibitory function, cilostazol resulted in the accumula-
tion of cAMP, thus inducing vasodilation (Fig. 1) [40].
This cAMP-mediated vasorelaxant effect is elicited
mainly via two distinct pathways. One relies on the
cAMP-dependent secretion of nitrogen oxide (NO) by
vascular endothelial cells [49]. The other signaling
pathway is endothelium-independent and involves the
direct effect of cilostazol on VSMCs. In fact, cyclic-
AMP build-up in these cells induces PKA-dependent
activation of the calcium-dependent potassium channel
(BKCa), ultimately leading to vasorelaxation [50]. Ad-
ditional mechanisms underlying the vasodilatory ef-
fects of the cilostazol have been recently highlighted.
For instance, cilostazol was shown to inhibit another
phosphodiesterase, namely the cyclic guanosine mono-
phosphate (cGMP)-specific phosphodiesterase or phos-
phodiesterase V (PDE-5) [51]. This inhibition, al-
though mild, can contribute to the vasorelaxant proper-
ties by promoting the accumulation of cGMP in
VSMCs [51]. Furthermore, cilostazol attenuates adeno-
sine uptake by several cell types, thereby leading to
adenosine build-up in the interstitial fluid and vascular
circulation (Fig. 1) [52]. It is this increase in extracellu-
lar adenosine that potentiates adenosine receptor A2
activity in endothelial cells, eventually causing arterial
dilatation [53]. It is worth mentioning that the
concentrations of cilostazol needed to inhibit adenosine
uptake or to block PDE-3 are very similar [51] .

Modulation of platelet activity is another route by
which cilostazol favorably alleviates symptoms of RP.
It has been reported that platelet hyperactivity is asso-
ciated with reduced perfusion in both primary RP and
that secondary to systemic sclerosis [54]. Contextually,
cilostazol significantly lowered the number of activated
platelets as well as decreased the concentrations of
soluble adhesion molecules and platelet microparticles
(PMPs) [55]. This effect is mediated via cAMP-
dependent inactivation of thromboxane A2 (TXA,) in-
side the platelets, thus preventing their activation [56].

Cilostazol presents several characteristics making it
selectively more attractive than other PDE-3 inhibitors,
at least in the context of RP. Indeed, when compared to
milrinone, another PDE3 inhibitor, cilostazol, was
found to have a more pronounced effect on platelets
and vascular cells [57]. In addition, cilostazol spares
cardiac myocytes from cAMP-induced positive
ionotropic effects that are otherwise prevalent with
other PDE-3 inhibitors (Fig. 1) [57]. These diminished
ionotropic effects are linked to the cilostazol-induced
accumulation of adenosine, which can activate Al
adenosine receptors present on cardiac myocytes [51].
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These Al receptors, along with their associated inhibi-
tory G protein (Gj) can counteract the cAMP elevation
induced by PDE-3 inhibition [51, 53] . Thus, this de-
creased cardiac side effect of cilostazol is especially
appealing in the context of RP treatment due to the al-

Platelets
Inactivation

Cardiac myocyte
Minimal contraction

Adenosine

Nucleotide (
transporter \o/"
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ready established associations between RP and danger-
ous cardiac events such as angina [58]. The various
signaling mechanisms initiated or inhibited by cilosta-
zol are illustrated in Fig. (1).

Vascular smooth
b muscle cell
Relaxation

Vascular endothelial cell
Increased NO production

— Activates

Several types of cells — Inhibits
Inhibition of adenosine uptake | ~  .---- 4 Partially inhibits

Fig. (1). Mechanisms of action of cilostazol.

Cilostazol activates or inhibits several pathways in various cell types to induce vasodilatation and enhance blood perfusion.
Cilostazol induces NO release by endothelial cells and activates calcium-dependent potassium channels in VSMCs, leading to
vasodilation. In addition, cilostazol leads to adenosine build up in interstitial fluid consequently activating adenosine receptor
A2 in endothelial cells, and eventually causing arterial dilatation. Furthermore, cilostazol attenuates the activation of platelets
and lowers PMPs concentration, thus facilitating blood perfusion. (4 higher resolution / colour version of this figure is avail-

able in the electronic copy of the article).
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Clinical trials testing the efficacy and the applicabil-
ity of the future use of cilostazol to treat RP are lim-
ited; however, they seem to be encouraging. Indeed, in
a randomized trial, 30 subjects (19 patients with pri-
mary RP and 21 patients with secondary RP) received
100 mg cilostazol or placebo twice daily for 6 weeks,
after which several parameters related to vascular cir-
culation were measured [59]. A significant increase in
the diameter of the brachial artery was described; how-
ever, no associations with flow mediated dilation
(FMD) or with the frequency and severity of vasospas-
tic attacks were reported [59]. The strength of this trial
lies in the use of a placebo group and the conduction of
the trial over two winter seasons to account for any
possible confounding variations between the seasons.
A drawback of this study is that the frequency and se-
verity of attacks before starting the trial were not re-
ported, especially that these parameters may be used as
an important reference to evaluate the progress. An-
other clinical trial included 21 patients presented with
RP secondary to systemic sclerosis [60]. They all re-
ceived 100 mg of cilostazol twice daily for 12 months,
and different parameters pertaining to the vasculopathy
of RP were measured pre- and post-treatment [60].
This study showed a statistically significant increase in
the brachial artery diameter with a 36% + 11% drop in
the total number of attacks and a 46% + 12% drop in
their mean duration [60]. Although this study compares
the parameters before and after treatment and tests the
statistical significance of observed changes, the ab-
sence of a control group that can totally rule out the
spontaneous resolution of symptoms presents a major
limitation of the study. That said, these studies provide
the justification for the increased attention to cilostazol
as a potential drug being repurposed for RP.

On the other hand, several studies conducted on
cilostazol, whether RP-related or not, suggest that the
drug can precipitate a number of adverse events. The
most common side effect is headache, affecting 35% of
the patients receiving cilostazol versus zero in the con-
trol group [48]. This sequel, which is attributed to the
vasodilatory action of cilostazol, can be alleviated by
decreasing the initial dose of the drug or by increasing
the dosage rate [61]. Another commonly reported un-
desired reaction is palpitations, which in turn are at-
tributed to the previously mentioned ionotropic effect
of the drug [61]. Importantly, the company that pro-
duced the initial patented product, Pletal, warned that
these palpitations can lead to angina pectoris in patients
at risk [62]. The addition of beta blockers to the treat-
ment regimens of these patients is recommended [61].
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A third reported event is epistaxis, which is anticipated
to be a result of cilostazol’s antiplatelet capacity [45].
Other occasionally reported adverse events of cilosta-
zol include diarrhea, vomiting, and bloating [48, 49].
Finally, although the drug does not show significant
cardiovascular events in normal subjects, its use is con-
traindicated in patients with congestive heart failure.
This contraindication is inspired by the increased mor-
tality risk posed by similarly-acting drugs on patients
with advanced-level heart failure [61]. Other contrain-
dications include pregnancy and peptic ulcer disease or
other pathologies that predispose patients to bleeding
[62]. Being a PDE inhibitor, cilostazol should not be
used with topical nitrates at the same time [63]. This
precaution is especially important to avoid hypoten-
sion, peripheral edema, and other serious auditory and
visual complications [63]. Therefore, cilostazol, just
like any other medication, has certain adverse effects
and contraindications that need to be taken into consid-
eration when prescribing the drug in a clinical setting.

CONCLUSION

In summary, current RP treatments are still insuffi-
cient, and preventive measures are by far the most ef-
fective way to reduce RP symptoms. Interestingly,
cilostazol appears to be a promising treatment in the
war against RP. However, conclusive well-structured
trials with a large sample size are warranted to validate
the efficacy of cilostazol in this context. As such, fur-
ther investigation and research in this domain are of
utmost importance. In addition, the cooperative and
collaborative efforts of researchers and clinicians must
be enhanced to document and analyze the emerging
results. This is important, especially that a 20-year
analysis showed that RP is associated with a 1.6-fold
increase in CVD-related morbidity [58], suggesting
that RP may present a sign of pre-clinical cardiovascu-
lar disease [13, 58].

LIST OF ABBREVIATIONS

ACE = Angiotensin Converting Enzyme

AMP = Adenosine Monophosphate

AR = Adrenergic Receptor

BKCa = Calcium-dependent Potassium Channel
cAMP = Cyclic Adenosine Monophosphate
CCB = Calcium Channel Blocker

cGMP = Cyclic Guanosine Monophosphate
CVD = Cardiovascular Disease
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FDA = Food and Drug Administration
FMD = Flow Mediated Dilation

GMP = Guanosine Monophosphate

IC = Intermittent Claudication

NO = Nitric Oxide

PAD = Peripheral Arterial Disease
PDE = Phosphodiesterase

PGE2 = Prostaglandin E2

PGI2 = Prostacyclin 12

PKA = Protein Kinase A

PMP = Platelet Microparticles

RP = Raynaud’s Phenomenon

SLE = Systemic Lupus Erythromatosus
TXA, = Thromboxane A2

VSMC = Vascular Smooth Muscle Cell
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