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Cilostazol possesses pharmacological restrictions, such as its absorption being limited by its 
dissolution rate, and formulation studies must be employed accordingly to generate an optimized 
formulation. A drug-excipient compatibility analysis is conducted to determine any interactions 
that may affect the formulation in order to guarantee the stability, bioavailability, and 
manufacturability of solid dosage forms. To identify any incompatibilities, cilostazol alone and 
in combination with the individual excipients such as microcrystalline cellulose, crospovidone, 
magnesium stearate, isopropyl alcohol, sodium lauryl sulfate, polyvinylpyrrolidone K30, and 
corn starch were subjected to Fourier-transform infrared spectroscopy (FTIR) equipped with an 
attenuated total reflectance method and heat-flow differential scanning calorimetry (DSC) with 
a temperature ranging from 30–400 °C at 10 °C/min ramp rate. The FTIR analysis of cilostazol 
alone and combined with excipients revealed no evidence of chemical or physical instability. 
Minor changes in the appearance of the absorbance bands in the FTIR comparison can be seen 
primarily due to the chemical characterization of the excipients, but the characteristic peaks of 
cilostazol were still present. As for DSC compatibility analysis, the % difference in cilostazol's 
principal peak temperature alone and with excipients showed no significant change. This implies 
that no incompatibilities exist between cilostazol and the excipients.
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INTRODUCTION
Cilostazol is clinically used to reduce intermittent 
claudication symptoms of peripheral arterial disease 
but possesses pharmacological restrictions, wherein its 
absorption is dissolution rate limited as it is poorly soluble 
in water (Hiramoto et al. 2018). Formulation studies 
must be employed accordingly to generate an optimized 

formulation. A drug-excipient compatibility analysis is 
conducted to determine any instability that may affect 
the formulation (Veiga et al. 2018). This is the initial 
approach in preformulation studies of drug development 
to establish an optimal formulation that achieves desirable 
characteristics in terms of drug stability, bioavailability, and 
mass-producibility of solid dosage forms (Pani et al. 2012).

According to Teleginski and co-authors (2014), drug-
excipient compatibility testing is considered to be 
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the first step in developing a product. Understanding 
the physicochemical properties of both the active 
pharmaceutical ingredient (API) and other excipients 
is important to ensure the safety, efficacy, quality, 
and stability of the formulated drug. These tests are 
typically done during the preformulation stages of drug 
development, wherein the API’s characteristics such as 
melting point and functional groups are noted. Performing 
compatibility tests early in the development saves the 
manufacturers from wasting raw materials and time.

In a dosage form, the API and all excipients come in 
direct contact; thus, any physical or chemical interaction 
between these two components may negatively impact 
the stability of the drug, its efficacy, and its appearance. 
Excipients are added in dosage forms to serve as a 
vehicle for the API – making a way to administer and 
absorb the API (Singh et al. 2020). They are generally 
pharmacologically inert; however, excipients could 
sometimes affect the API chemically (e.g. degradation) 
or physically (e.g. increased dissolution time).

Pharmaceutical incompatibility means changes in 
physical, chemical, and therapeutic properties in a dosage 
form that occurred, and this was caused by the interaction 
between the API and the excipients (Dave et al. 2015). 
Determining pharmaceutical incompatibilities plays a very 
crucial part in formulating pharmaceutical preparations to 
be able to produce a robust and effective formulation that 
makes administration easier, improves patient compliance, 
promotes the release and bioavailability of the drug, and 
increases its shelf life (Patel et al. 2015).

Drug-Excipient Compatibility
Dosage forms contain API and excipients, which 
are intended to generate an ideal formulation and 
manufacturability of pharmaceutical products, thereby 
enabling a much safer and more effective administration 
(Wang et al. 2021). Pharmaceutical excipients are 
ideally inactive and have no impact on the stability 
or therapeutic effect of the active ingredient. On the 
other hand, there are studies that have presented that 
some excipients are just allegedly described as inactive 
(Katrajkar et al. 2019; Reker et al. 2020; Wang et al. 
2021). Some excipients have the capacity to affect drug 
efficacy by affecting its pharmacokinetics (Narang et al. 
2015). Apart from the impact on the drug's therapeutic 
efficacy, a frequent occurrence of drug-excipient 
incompatibility is the effect of chemical or physical 
interactions on the drug’s stability (Gorain et al. 2018). 
Excipients can affect the physical and chemical form 
of pharmaceuticals by several factors such as hydrogen 
bond interaction, polymorphic conversion, and others 
(Zhang et al. 2018). Accordingly, drug-excipient 
compatibility should be conducted so as to determine 

any drug-excipient interactions that may obstruct the 
stability, bioavailability, and manufacturability of 
pharmaceutical dosage forms (Chadha and Bhandari 
2014; Patel et al. 2015).

Cilostazol structure. The structure of cilostazol (Figure 
1) consists of a lactam that is 3,4-dihydroquinolin-2(1H)-
one with a 4-(1-cyclohexyl-1H-tetrazol-5-yl)butoxy group 
substituted on the hydrogen at carbon 6 (NCBI 2021).

Figure 1. Structure of cilostazol.

Excipients. Excipients are additive substances used to 
improve the bulkiness, disintegration, dissolution rate, 
and bioavailability of a formulation. These must be 
physiologically and chemically stable, must not have any 
incompatibility with the API, and must meet the standards 
of regulatory requirements, as per Karthik (2016).

The proposed formulation consists of excipients like 
disintegrants, lubricants, wetting agents, fillers, and 
a granulating agent specific for wet granulation. The 
disintegrants used in the formulation of cilostazol, 
according to Sawafta and co-authors (2021), are 
crospovidone and microcrystalline cellulose (MCC). 
Crospovidone or cross-linked vinylpyrrolidone is a 
water-insoluble superdisintegrant made by polymerizing 
vinylpyrrolidone. Unlike other disintegrants, which 
mainly work by swelling, crospovidone facilitates rapid 
disintegration by wicking or absorbing liquid (i.e. saliva) 
into the tablet, and due to its highly porous nature, it also 
swells in water rapidly without gelling (Mohanachandran 
et al. 2011). MCC, with the brand name Avicel, is a diluent 
with great binding properties and the preferred binder 
for direct compression. It is self-disintegrating due to its 
high intraparticle porosity, and it has a low coefficient 
of friction, making it easier to form into a tablet. MCC 
is sensitive to hydrophobic lubricants like magnesium 
stearate (MgSt), which is also common in tablet 
formulation (Thoorens et al. 2014). MgSt is widely used 
as a lubricant, an important part of tablet formulations, 
due to its excellent properties and its capability to form 
films on other pharmaceutical excipients, which extends 
the drug liberation time and increases disintegration 
time, as per Zarmpi and co-authors (2020). In line with 
this, Calahan (2020) stated that lubricants are commonly 
added in order to prevent granule adherence and improve 
granule flow properties.

Moreover, isopropyl alcohol (IPA) is used as a granulating 
agent, and it was shown that the permeability and 
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compressibility results of IPA indicate that it creates more 
porous granules and has superior compressibility to water 
granules (Chaudhari and Dave 2015). For sodium lauryl 
sulfate (SLS), which is also used as a tablet lubricant 
and wetting agent, incorporating it into the formulation 
was found to considerably increase the dissolution rate 
of a drug, as stated by Alshora and co-authors (2022). 
While polyvinylpyrrolidone (PVP) is a water-soluble 
synthetic polymer that is inert, non-toxic, pH stable, 
and temperature-resistant, which can be used for both 
hydrophilic and lipophilic API (Dun et al. 2018; Kurakula 
and Rao 2020). The grade of PVP used in the formulation 
is K30. As a tablet filler used to make up the volume of 
the tablet, if the tablet is inadequate to produce the desired 
volume, corn starch is commonly used for its nontoxic 
and non-irritant properties at a low cost, making it one 
of the most used diluents in tablet formulation (Builders 
and Arhewoh 2016).

FTIR and DSC analysis. Fourier-transform infrared 
spectroscopy (FTIR) is a technique for determining 
variations within the mixture of drug excipients. In this 
analysis, the position of the functional groups and their 
structure observed in the active ingredient and studied 
excipients are compared (Budiul et al. 2017; Canbay et 
al. 2019). The disappearance of an absorption peak, peak 
intensity reduction, or the appearance of additional peaks 
will all indicate the presence of interactions of cilostazol, 
the API, with the excipients being studied (Segall 2019).

On the other hand, differential scanning calorimetry 
(DSC) is a thermoanalytical method that determines the 
variation in energy supplied for the sample substance and 
the temperature-dependent reference material, enabling 
the evaluation of changes in enthalpy when being heated 
or cooled (Dourado 2019; Xie et al. 2022). 

MATERIALS AND METHODS

Study Design
This study used quantitative-experimental research as 
its approach, in which numerical data produced from the 
experiments were gathered and analyzed.

Chemicals and Reagents
The procurement of the active ingredient and excipients 
used for the FTIR and DSC were purchased, as shown in 
Table 1 with their grades and sources.

FTIR 
Perkin-Elmer Spectrum Version 10.03.05 (Spectrum Two, 

PIKE Technologies) at Chemistry Laboratory of Adamson 
University in Ermita, Manila, Metro Manila was used 
to obtain the FTIR spectra through the attenuated total 
reflectance (ATR) method (Zapata et al. 2021). The ATR 
crystal was cleaned with IPA and Kimwipes™ before 
placing a small amount of freshly prepared cilostazol alone 
and in combination with excipients on top of the crystal. 
The screw-type pressure head was used to apply a small 
amount of pressure, except for the sample of cilostazol 
with IPA since it is a liquid sample. 

DSC
The cilostazol alone and in combination with excipients 
were subjected to a heat-flow DSC (Perkin-Elmer DSC 
4000) at the ADMATEL-DOST (Advanced Device and 
Materials Testing Laboratory–Department of Science and 
Technology) in Bicutan, Taguig, Metro Manila. These 
individual samples were freshly prepared and weighed 
using an analytical balance of approximately 5.0 mg. The 
pressure regulator was adjusted to maintain purge gas 
pressure at 2.0–3.0 bar. The temperature was set ranging 
from 30–400 °C at 10 °C/min ramp rate. The samples were 
then loaded into the DSC chamber to analyze, and the data 
were processed using the Pyris Software. The following 
formula of the relative percentage difference (RPD) 
was used for the determination of any incompatibilities 
(Govindaraja et al. 2023):

RPD = 
2

R1 − R2

R1 − R2 x 100

where:

Table 1. List of raw materials/chemicals/reagents used.

Raw materials/ 
chemicals/ reagents

Grade Source

Cilostazol (raw 
material)

United States 
Pharmacopeia 
(USP)

Xi’an Henrikang 
Biotech Co., Ltd.

Microcrystalline 
cellulose (MCC)

USP Pharmatechnica 
Laboratory Inc.

Crospovidone N/A Compact 
Pharmaceutical

Magnesium stearate 
(MgSt)

Extra pure Aishite Trading 
Corp.

Isopropyl alcohol 
(IPA)

Analytical grade Belman Laboratories

Sodium lauryl sulfate 
(SLS)

85% Extra pure Belman Laboratories

Polyvinylpyrrolidone 
K30 (PVP K30)

N/A Pharmatechnica 
Laboratory Inc.

Corn starch N/A Belman Laboratories
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R1 = peak of the standard (cilostazol)
R2 = peak of the sample (cilostazol with the individual 
excipients)

Data Analysis
Descriptive statistics was used for the presentation of the 
data collected in FTIR and DSC. 

RESULTS

FTIR Analysis
The FTIR spectrum graph of cilostazol alone showed 
C-H stretch peaks starting from 2935–3175 cm–1, 
which correspond to both aliphatic and aromatic groups 
in cilostazol (Fernandes et al. 2020). The vibration 
peaks around 3175 cm–1 indicate the N-H stretching of 
quinolone. The prominent peak at 1666 cm–1 corresponds 
to the C=N bond of the tetrazole. At 1504 cm–1, the N=N 
bond present in tetrazole can be observed. Additionally, 
the peak at 1243 cm–1 corresponds to the C-O stretch 
present in cilostazol (Flourence et al. 2020).

Figure 3. FTIR comparison of cilostazol and cilostazol-MCC.

Figure 4. FTIR comparison of cilostazol and cilostazol-
crospovidone.

Figure 5. FTIR comparison of cilostazol and cilostazol-MgSt.

Figure 6. FTIR comparison of cilostazol and cilostazol-IPA.

Figure 7. FTIR comparison of cilostazol and cilostazol-SLS.

Figure 8. FTIR comparison of cilostazol and cilostazol-PVP K30.

Figure 9. FTIR comparison of cilostazol and cilostazol–corn starch.

Figure 2. FTIR spectrum of cilostazol.
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The FTIR comparison of cilostazol alone and cilostazol 
in combination with the individual excipients (MCC, 
crospovidone, MgSt, IPA, SLS, PVP K30, and corn starch) 
showed minor changes in the appearance and position 
of the absorbance bands, which can be primarily due 
to chemical characterization of the excipients, but the 
characteristic peaks of cilostazol were still present. 

Specifically, Figure 2 shows the spectra of cilostazol 
alone and Figure 3-9 for cilostazol in combination with 
the excipients. In MCC, the vibration peaks around 3250–
3400 cm–1 are present due to surface hydroxyls present in 
MCC. A noticeable change in the peak around 2800–2934 
cm–1 is due to stretching vibration of C-H in the pyranoid 
ring, and 1037–1155 cm–1 peaks are due to the C-O 
stretch of MCC (Wu et al. 2014). There are no significant 
changes in the peaks between cilostazol and cilostazol-
MCC combination; thus, it can be assumed that there are 
no incompatibilities between cilostazol and MCC. No 
significant changes in the peaks between the cilostazol and 
cilostazol-crospovidone combination are observed, which 
means that there are no incompatibilities, as the vibration 
peaks at 3424–3455 cm–1 in the cilostazol-crospovidone 
spectrum are due to O-H stretching, and the peaks around 
2950 cm–1 demonstrated the occurrence of asymmetric 
stretching of CH2 present in crospovidone (Mireles et 
al. 2020). The broad band at 3452 cm–1 in the cilostazol-
MgSt spectrum is due to OH stretching vibrations present 
in the combined carboxyl of MgSt. Noticeable peaks at 
2918–2850 cm–1 are primarily due to C-H stretching in 
the CH2-CH3 bond present in the molecule of MgSt. In 
the twin peaks at 1567 and 1464 cm–1, the occurrence 
of an asymmetric and symmetric stretching vibration, 
respectively, is evident that corresponds to the carboxylate 
(COO-) group (Nep and Conway 2011). Thus, it still 
indicates the absence of interaction between the cilostazol-
MgSt combination. 

Furthermore, the spectrum of IPA and cilostazol shows 
no significant interactions as the noticeable peaks around 
3178 cm−1, according to Smith (2018), corresponding 
to the O-H stretch present in IPA, and no significant 
band changes are observed except for the peaks in the 
fingerprint region. As per cilostazol and SLS, its spectrum 
shows prominent peaks between 2849 and 2916 cm−1 
corresponding to the aliphatic C–H stretching in dodecyl 
(Nandiyanto et al. 2019). Additionally, SLS demonstrated 
a definite peak of a sulfate group –OSO3- stretching at 
1217 and 1081 cm−1. The appearance of a distinct peak at 
1243 cm−1 indicates the presence of molecular interaction. 
This implies that the –S=O groups of SLS interacted with 
the C-O groups of cilostazol since SLS includes electron-
donating centers and the C-O of cilostazol has potential 
electron-accepting centers, as per Zuo and co-authors 
(2017). In the spectra of cilostazol alone and cilostazol-PVP 

K30, the vibration peaks around 3400 cm–1 are due to the 
presence of O-H stretch in PVP K30, which indicates the 
moisture was detected, showing the hygroscopic nature of 
PVP K30 (El Maghraby and Elsergany 2014). Slight changes 
in the peak around 1600 cm–1 are due to the carbonyl group 
present in PVP K30. No significant changes were observed 
in the spectra; hence, there are no incompatibilities between 
cilostazol and PVP K30. Lastly, the peaks between cilostazol 
and cilostazol–corn starch combination have elicited 
vibration peaks around 3299–3450 cm–1, which are present 
due to hydroxyl groups present in the corn starch. The peaks 
around 1000–1154 cm–1 are due to the C-O bonds in C-O-H 
and C-O-C groups in the anhydroglucose ring of the corn 
starch (Kibar and Us 2014). 

DSC Analysis
In Figure 10, the DSC spectra of cilostazol alone (A) 
and in combination with the excipients – MCC (B), 
corn starch (C), MgSt (D), SLS (E), PVP K30 (F), and 
crospovidone (G) – showed a main endothermic peak 
at 161.85 °C, which corresponds to the melting point of 
cilostazol. As per Table 2, the % RPD in the main peak 
of cilostazol in combination with the excipients (MCC, 
crospovidone, MgSt, SLS, PVP K30, and corn starch) as 
compared with cilostazol alone are as follows: cilostazol-
MCC having 0.56% RPD, cilostazol-crospovidone having 
1.76%, cilostazol-MgSt having 0.89%, cilostazol-SLS 
having 2.45%, cilostazol-PVP K30 having 4.11%, and 
cilostazol–corn starch having 0.51%. However, cilostazol 
in combination with IPA was not done in the DSC analysis 
since the sample may evaporate prior to completing the 
analysis, as pure IPA has a boiling point lower than water 
and has a tendency to evaporate at room temperature.

Table 2. Thermal behavior of cilostazol and cilostazol + excipients.

Ingredient Main peak temperature 
(endothermic) % RPDa

Cilostazol 161.85 oC –

Cilostazol + 
microcrystalline cellulose

160.95 °C 0.5576

Cilostazol + crospovidone 164.73 °C 1.7637

Cilostazol + magnesium 
stearate

160.42 °C 0.8875

Cilostazol + sodium 
lauryl sulfate

157.94 °C 2.4454

Cilostazol + 
polyvinylpyrrolidone K30 
(PVP K30)

168.64 °C 4.1091

Cilostazol + corn starch 161.03 °C 0.5079
aRelative percentage difference
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DISCUSSION
The FTIR spectra comparison of cilostazol-alone 
and in combination with the excipients showed no 
significant changes or differences – only minor changes 
that correspond to the chemical characteristics of the 
excipients. Thus, it can be assumed that there are no 
incompatibilities between cilostazol and the excipients. 

As for the DSC analysis, the RPD percent of the cilostazol’s 
principal peak temperature alone and in combination with 
its excipients also showed no significant change (Raam 
Dheep and Sreekumar 2018; ASEAN 2018). This indicates 
that cilostazol did not decompose, degrade, or react 
poorly in combination with the excipients. Thus, it can 
be concluded that there are no incompatibilities between 
cilostazol and the individual excipients. 

Hence, the results in both FTIR and DSC mean that 
cilostazol – when combined with the excipients MCC, 
crospovidone, MgSt, IPA, SLS, PVP K30, and corn starch 
– revealed no incompatibilities. 

CONCLUSION
Cilostazol is compatible with the following excipients: 
MCC, crospovidone, MgSt, IPA, SLS, PVP K30, and 
corn starch. No incompatibilities between the API and the 
excipients mean they can be formulated together to produce 
a stable and good-quality pharmaceutical preparation that 
ensures consistency in terms of stability, bioavailability, and 
manufacturability of cilostazol dosage forms. 
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