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Abstract

Background: The aim of the study was to evaluate the suitability of triclosan (TCS) and flurbiprofen (FLB) with poly-
ε-caprolactone (PCL), chitosan (CS), and Kolliphor® P188 (KP) for possible application in the design of nano-
formulations.

Results: Differential scanning calorimetry (DSC), X-ray powder diffraction (XRPD), and scanning electron microscopy
(SEM) revealed the physical characteristics of the various sample compositions without any apparent interaction.
The Fourier transform infrared spectroscopy (FTIR)’s spectra of the physical mixtures showed their characteristic
absorption bands with broadening and overlapping of bands in some instances, but no appearance of new bands
was observed.

Conclusion: The study revealed the physical form stability of the evaluated components after the storage period
and lack of definite pharmaceutical incompatibility between them. Thus, the selected drugs and excipients could
be used for the development of pharmaceutical nano-formulations.
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Background
Development of a rational and ideal pharmaceutical
product should encompass the preformulation study of
the active pharmaceutical ingredients (APIs) against its
intended formulation excipients. Preformulation is an in-
vestigation carried out during drug product development
to assess physicochemical properties of the drug candi-
date, either alone or in combination with excipients for
effective drug delivery [1–5]. Preformulation helps gen-
erate useful information as per the API, excipient, for-
mulation parameters, and delivery method to guide the

formulation scientists to develop an efficient and stable
dosage form. Importantly, detection of incompatibilities
between excipients and the active medicament repre-
sents a vital and integral part of the preformulation, and
therefore, must be conducted at the early stage of drug
product development [6–8]. In a drug formulation, the
active molecules and excipients may interact during the
processing stage and consequently, may affect the chem-
ical nature, quality, stability, therapeutic efficacy, bio-
availability, and safety profile of the final product [9–13].
Incompatibility between an API and excipient may arise

from hydrogenation, hydrolysis, photodegradation, oxida-
tion, dehydration, elimination, isomerization, cyclization,
ionic complexation, and denaturization [14]. Hydrogen-
ation reactions may occur via hydrogen-donating func-
tional groups of an API, resulting in drug-excipient
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interaction [15]. Ionic interactions may occur in solution
between counter ions brought by ionizable and soluble ex-
cipients and ionizable API, resulting in insoluble products
[15–17]. Many factors such as pH, temperature, light, oxy-
gen, and moisture act as catalysts for initiating the drugs-
excipients incompatibility reaction [14]. Based on the
aforementioned facts, it becomes very imperative to evalu-
ate any possible incompatibility that may arise from any
new formulation design.
Till date, there is no clear cut as per the universally ac-

cepted protocol for drug-drug or drug-excipient com-
patibility testing [7, 15, 18, 19]. However, the simple and
most commonly employed procedure for this purpose is
combining the drug substance with the excipient(s) that
are intended for the formulation to form a binary, tern-
ary, or multiple-component physical mixture systems,
with or without moisture, and their subsequent storage
under normal or stress conditions for a specific period
[7, 20, 21]. This is usually followed by evaluations using
various analytical techniques such as differential scan-
ning calorimetry (DSC), Fourier transform infrared spec-
troscopy (FTIR), X-ray powder diffraction (XRPD), high-
performance liquid chromatography (HPLC), scanning
electron microscopy (SEM), etc., to estimate the poten-
tial incompatibilities, degradation pathways, and impur-
ities [14, 21–24]. The DSC or other rapid thermal
analysis technique like thermogravimetry can detect pos-
sible physical interactions [25, 26]. DSC can reveal drug-
excipient interactions through the endothermal or exo-
thermal effects, by the appearance, shift, or disappear-
ance of thermogram peak(s) [25, 27].
Similarly, complementary techniques such as XRPD

and SEM are commonly employed as a supplement of
DSC study [21]. FTIR and nuclear magnetic resonance
(NMR) are also being employed to study incompatibili-
ties of drug–excipient physical mixtures, especially for
the detection of any possible chemical interactions [7, 9].
Other analytical techniques such as HPLC and liquid
chromatography-mass spectrometry are used to detect
impurities through evaluation of the peaks and the elu-
tion time [6, 28–30]. Various researchers have recently
reported compatibility studies for the physical mixtures
of drugs-excipients in 1:1 ratio, using these analytical
techniques [31–33].
The present study investigates compatibility screening

based on binary or multiple combination mixtures of the
drugs, i.e., triclosan (TCS) and flurbiprofen (FLB), with
poly-ε-caprolactone (PCL), chitosan (CS) and Kolliphor®
P188 (KP) as the excipients. The physical forms of the
selected components where reported as crystalline pow-
der for TCS and FLB [34], semi-crystalline for PCL [35,
36] and KP [37], and amorphous for CS [20, 38, 39].
However, we could not find any reported data for the ef-
fects of storage under specified conditions, on the

physical stability of these components, and hence, it is
desirable to provide this data.
A suitable formulation of TCS and FLB combination

would be highly desirable for periodontal therapy, owing
to the therapeutic efficacy of the drugs. TCS is a broad-
spectrum antimicrobial agent with a recognized efficacy
against several plaque-forming bacteria and has been
used extensively in various products for many decades
[40, 41]. Studies have shown that the broad-spectrum
antimicrobial effect of TCS covered a wide range of
Gram-positive and Gram-negative bacteria found in the
oral cavity [42, 43]. On the other hand, FLB belongs to
non-steroidal anti-inflammatory drugs (NSAIDs) class of
drugs that has been well investigated during the last two
decades, as a modulator of the inflammatory response of
the host having periodontitis [44, 45]. Studies have re-
vealed evidence which indicated that supplementing
periodontitis treatment with NSAIDs can have a positive
effect on the outcome of the therapy [44, 46–51]. Look-
ing at these potential benefits of TCS and FLB, it is
worthwhile to establish a compatibility profile of their
combination for the design of formulation that can be
used to treat oral cavity diseases such as periodontitis.
The objective of this study was to evaluate possible in-
compatibilities/interaction between drug-drug, drug-
excipient, drugs-excipients, and excipient-excipient for
possible nano-formulation design, using DSC, HPLC,
XRPD, and FTIR techniques. The present study also
employed these techniques to provide data for the effect
of storage of TCS, FLB, PCL, CS, and KP at ambient
temperature, on their respective physical forms.

Methods
Chemicals and reagents
Triclosan was purchased from Bio Basic Canada Inc.
(Markham Ontario, Canada). Flurbiprofen was from
FDC Limited (Mumbai, India). Potassium bromide,
acetonitrile, and methanol of HPLC grade were pur-
chased from Merck Darmstadt, Germany. Chitosan with
a molecular weight of 190–310 kDa and degree of deace-
tylation of 85%, poly-ε-caprolactone, and Kolliphor®
P188 were purchased from Sigma-Aldrich, USA. Dis-
tilled water was produced in-house by the Favorit W4L
water system (Genristo Ltd, England). All reagents and
chemicals were of analytical grade.

Samples preparations and compatibility study
Binary, ternary, or multi-combination mixtures of drug-
drug, drug-excipient, drugs-excipients, or excipient-
excipient were prepared in 1:1 (w/w) ratios as presented
in Table 1. Briefly, the samples were weighed accord-
ingly, mixed to form physical mixtures, uniformly com-
minuted with a mortar and pestle, and then transferred
into airtight light-resistant glass containers (6 cm height
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× 2.5 cm diameter). To ensure homogeneity and even
particle size distribution, each mixture was adequately
grounded and passed through sieve number 120 (125
μm) and subsequently observed under optical micro-
scope before its transfer into the container. In the case
of PCL, which comes as hard pellets, a laboratory mill
(mrc, UK) was used to size reduced it to fine particles
before mixing with the other component. The physical
mixtures in the containers were stored at ambient
temperature for 30 days. The individual pure drugs and
excipients were also stored separately under the same
conditions of the physical mixtures to serve as controls.
The prepared samples were characterized using DSC,
XRPD, and FTIR. The HPLC analysis was performed to
validate the samples through the elution times and the
ordinate of peaks. SEM was conducted to examine the
polymorphic forms of the drugs.

Samples characterizations
Differential scanning calorimetry
DSC analyses of the individual pure drugs and excipients
and their physical mixtures were conducted using differ-
ential scanning calorimeter (Pyris 6 DSC, Perkin Elmer,
The Netherland). Briefly, the DSC system was previously
calibrated using pure indium. About 3–5 mg of samples
were weighed in aluminum pans (Perkin Elmer), sealed
using Perkin Elmer DSC sealer, and then analyzed
against a reference empty aluminum pan. The analysis
was carried out under nitrogen purging, flowing at 20
mL min−1 and at a heating rate of 10 °C min−1 over a
temperature range of 20–300 °C. The thermograms were
analyzed by Pyris software (Perkin Elmer).

Fourier transform infrared spectroscopy
FTIR analysis of each pure drug, pure excipient, and
their physical mixtures were performed using a Thermo
Nicolet NEXUS 470 FTIR spectrometer (Thermo Fisher
Scientific Inc., USA). The machine was equipped with a
deuterated triglycine sulfate detector. The detector was
fitted with a potassium bromide (KBr) window. Each
FTIR sample was prepared by compressing a uniform
mixture of about 1 mg of solid sample and 100 mg of
KBr (IR spectroscopy grade) using a hydraulic press
(Beckman®, USA) to form a thin pellet. The spectra were
recorded using the KBr pellets over a range of 4000–400
cm−1, with a resolution of 4 cm−1. The data acquisition
and interpretation were conducted using OMNIC® soft-
ware version 9.2.86 (Thermo Fisher Scientific Inc., USA).

Scanning electron microscopy
To assess the solid-state of the pure drugs, their surface
morphology were investigated using a Leo Supra 50 VP
field emission scanning electron microscope (Carl-Ziess
SMT, Oberkochen, Germany). The machine was oper-
ated under high vacuum mode at an accelerating voltage
of 10–15 kV, and it was attached to an Oxford Inca-X
energy dispersive X-ray microanalysis system (Oxford
Instruments, UK). Prior to the analysis, the samples were
mounted on a brass stage using double-sided adhesive
carbon tape and then sputter-coated (Polaron SC515
sputter coater, Fison instruments, Sussex, UK) with
gold-palladium alloy to enable electric conductivity. The
surface morphology of the samples was recorded at dif-
ferent magnifications by SEM software (Oxford Instru-
ments, UK).

Table 1 Individual drugs and excipients and their physical mixtures for compatibility study. The assay results indicated recoveries of
drugs only

S/No. Sample Drug content (% recovery), ± SD, n = 3 % RSD

1 TCS 100.30 ± 1.54 0.60

2 FLB 99.65 ± 2.06 0.12

3 PCL – –

4 CS – –

5 KP – –

6 TCS + FLB 101.49a ± 0.80a & 99.71b ± 1.19b 0.16a & 0.33b

7 PCL + CS + KP – –

8 TCS + PCL 97.73a ± 2.72a 1.61a

9 TCS + CS 100.27a ± 1.22a 0.56a

10 TCS + KP 101.83a ± 1.55a 0.98a

11 FLB + PCL 97.04b ± 2.18b 1.38b

12 FLB + CS 98.11b ± 4.05b 0.32b

13 FLB + KP 100.01b ± 0.79b 0.64b

14 TCS + FLB + PCL + CS + KP 98.37a ± 3.50a & 98.74b ± 0.76b 1.20a & 0.47b

Triclosan (TCS; a); flurbiprofen (FLB; b); Kolliphor® P188 (KP); chitosan (CS); standard deviation (SD); poly-ε-caprolactone (PCL); relative standard deviation (RSD)
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X-ray powder diffraction
A Bruker X-ray diffractometer D8 Advance (Karlsruhe,
Germany) was used to perform the XRPD analysis in
order to investigate the effect of the binary and multi-
combination mixtures of drugs-excipients on the crystal-
linity of the drugs. The machine was equipped with a
copper X-ray tube and a flat-plate sample holder. The
sample powders were irradiated with X-ray beam (wave-
length = 1.54060 Å) with an applied voltage and current
of 40 kV and 40 mA, respectively. All measurements
were performed under the run time of 25.5 min and
over diffraction angle (2 Theta) range of 1.5° to 50°, at a
scanning rate of 0.020° 2 Theta/step size. The XRPD
patterns of pure drugs, pure excipients, a physical mix-
ture of drugs, and physical mixtures of drugs-excipients
were recorded and interpreted using the Bruker’s Dif-
frac.suite eva software (Karlsruhe, Germany).

High-performance liquid chromatography analysis
HPLC analysis was conducted for the samples containing
APIs only, to determine the drug content after the 30 days
of storage. For sample preparation, an amount of each
sample containing nominal API content equivalent to 2
mg was dissolved in methanol up to 20 mL. The mixture
was vortexed for 2 min and then centrifuged at 10,000
rpm for 20 min. The supernatant was filtered through a
0.45 μm polytetrafluoroethylene membrane syringe filter
and then analyzed using our previously developed HPLC
method [52–54]. Briefly, the HPLC analysis was per-
formed using a Shimadzu (Japan) HPLC system. For the
chromatographic separations, an Agilent column, ZOR-
BAX SB-C18 (5 μm, 4.6 × 250 mm) (USA) was used at a
set temperature of 30 °C. The mobile phase was a mixture
of acetonitrile and 0.001 M citric acid (pH 3), at a ratio of
90:10, v/v, respectively. The flow rate was set at 0.3 mL
min−1 under isocratic elution mode. Injection volume of
the sample solutions was 10 μL, and for each injection, a
run time of 20 min was allowed. All the mobile phase used
for the analysis was filtered through a nylon filter (0.45
μm) containing a titan membrane disc (Sun Sri, USA) and
degassed using Power Sonic 405 sonicator (Seoul, Korea)
prior to their use.

Results
Visual observations
There were no significant visual changes observed in the
samples as per the organoleptic parameters (color, tex-
ture, or gas formation) during and after the storage
period.

Differential scanning calorimetry
DSC thermograms of each selected drug, excipient, and
the combined physical mixture of all components are
shown in Fig. 1. The initial main thermal event

registered in all samples was an endothermic peak in the
range of 53 to 114 °C. TCS, FLB, and KP exhibited endo-
thermic peaks at 58.1 °C, 114.3 °C, and 53.6 °C, respect-
ively. These sharp melting peaks corresponded with
enthalpy or heat of fusion (ΔHfus) of 62.3, 76.9, and 93.9
J g−1 for TCS, FLB, and KP, respectively. The endother-
mic melting peak of PCL was at 63.1 °C while that of CS
stretched between 29 and 98 °C.
The melting endotherms of TCS, KP, and PCL were

slightly broadened, overlapped, and shifted toward the
lower temperature range (starting from 42.4 °C and end-
ing at 52.1 °C) which arose merely because of mixing ef-
fect of the components [55]. The melting peak of FLB
was not detected in the drugs-excipients physical mix-
ture. Similar thermal events were observed in 1:1 phys-
ical mixtures of FLB + KP, TCS + PCL, and TCS + KP,
with the disappearance of FLB melting peak in FLB and
KP combination (Fig. 2A), and broadening and/or shift-
ing of melting peaks toward the lower temperatures in
the case of TCS + PCL and TCS + KP, as shown in Fig.
2B and C, respectively. However, no extra endothermic
peaks could be observed to indicate any possible incom-
patibility in all these thermograms.
For the 1:1 w/w physical mixture of the drug sub-

stances, the melting peaks were a simple superimpos-
ition (Fig. 3). However, a decrease in the onset
temperature (Tonset) from 111.8 to 78.5 °C and broaden-
ing of melting peak was observed in the case of FLB
(Fig. 3) which could be associated with partial miscibility
between the two drugs due to the mixing [28, 55].
TCS and FLB exhibited another broad endothermic

peak at 236 and 249 °C, respectively (Fig. 3), which could
be assigned to their structural decomposition at these
temperatures.
The DSC curve of a ternary physical mixture of se-

lected excipients (KP, PCL, and CS) showed sharp and
reasonably sharp endothermic peaks at 52.5 and 62.8 °C
corresponding to the characteristic endotherms of pure
KP and PCL, respectively (Fig. 4). In the case of CS, no
endothermic peak was observed, probably due to its
amorphous nature. This suggested that the selected ex-
cipients are compatible with each other.
In the DSC curves of 1:1 w/w physical mixtures of TCS

+ CS, FLB + CS, and FLB + PCL, as shown in Fig. 5A, B,
and C, respectively, all the endothermic melting peaks of
the components were well preserved and matched their
respective pure component. The characteristic endo-
therms of each component have appeared in these mix-
tures, thus demonstrating lack of physical interactions. As
indicated in Fig. 5C for the physical mixture of FLB +
PCL, the area and ΔHfus of the endothermic melting peak
of FLB significantly decreased from 346.2 to 9.3 mJ and
76.9 to 1.2 J g−1, respectively. These changes in the endo-
therm melting peak may be due to the mixing process.
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Although most of the thermal events of the physical
mixtures of the selected drugs and excipients did not
show any evidence of pharmaceutical incompatibility,
some physical mixtures suggested the possibility of
solid-state interaction, hence the need for further studies
to corroborate this findings.

Fourier transform infrared spectroscopy
The 1:1 w/w physical mixture of the drugs revealed that
their FTIR spectra are a simple superimposition and
their original bands were well preserved (Fig. 6).
The TCS spectrum exhibits the characteristic absorp-

tion bands at 1599, 1578, 1508, 1470, 1413, and 1351
cm−1 which mostly appeared as a pair of bands corre-
sponding to C=C stretching of the aromatic ring vibra-
tions [56]. The C–H stretching of TCS that occurred
above 3000 cm−1 indicated the multiplicity of weak
bonds, and the additional peaks at 910 and 857 cm−1

represent C–H bending [57]. The characteristic strong
phenol group (O–H) stretching peak of TCS was ob-
served as broadband at 3313 cm−1, while those between
1200 and 950 cm−1 were for C–O stretching [18]. The
noted peak of TCS at 754 cm−1 was assigned to the C–
Cl stretching bond [57, 58]. These observed bands were
also reflected in the spectrum of the physical mixture of
TCS and FLB. On the other hand, the FLB spectrum

shows characteristic sharp peaks at 1708 cm−1 and 1212
cm−1 corresponding to stretching of C=O and C–F, re-
spectively, and characteristic broad vibrations in the fin-
gerprint region of 3200–2500 cm−1 due to hydrogen
bonding [59, 60]. These bands were also present in the
spectrum of blends of the drugs. The benzene ring (C=
C) vibrations of FLB between 1580 and 1200 cm−1 was
also noted. The vibrations at the lower frequencies in
the deformational region were observed in both drugs’
spectrum in their pure and combined forms (Fig. 6). The
small C–H stretching at 2948 cm−1 observed in the
spectrum of pure TCS was not seen in the spectrum of
the physical mixture of the drugs which may be due to
the formation of weak intermolecular hydrogen-bonding
with FLB.
The FTIR spectra of the physical mixtures of FLB +

KP, FLB + PCL, TCS + PCL, and TCS + KP are pre-
sented in Fig. 7.
The spectra of the selected excipients displayed their

characteristic absorption vibrations in the region be-
tween 3600 and 2700 cm−1 due to C–H and O–H
stretching vibrations, with a strong broadband at 3430
cm−1 in the case of CS, because of the additional stretch-
ing vibrations from N–H bonds [18, 20]. The character-
istic strong absorbance peaks of PCL between 3000 and
2800 cm−1 and at 1728 cm−1 due to aliphatic CH2 and

Fig. 1 Differential scanning calorimetry’s thermograms of pure triclosan, flurbiprofen, Kolliphor® P188, poly-ε-caprolactone, chitosan, and physical
mixtures of all drugs and excipients
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Fig. 2 Differential scanning calorimetry’s thermograms of 1:1 w/w combinations of a flurbiprofen with Kolliphor® P188, b triclosan with poly-ε-
caprolactone, and c triclosan with Kolliphor® P188, along with their respective individual pure components for comparison
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carbonyl group (C=O) stretching, respectively, were
noted in the spectra of pure PCL and combination
forms. KP shows a prominent broad absorption band at
3494 cm+1 due to polymeric O–H stretching and other
peaks between 3000 and 2700 cm−1 and at 1474 due to

aliphatic CH3 and CH2 stretching and C–O–C stretch-
ing, respectively [61]. Interestingly, most of these ob-
served peaks in the individual pure excipients have also
appeared in their mixtures with co-excipients and drugs,
as displayed in Fig. 7 and Fig. 8.

Fig. 3 Differential scanning calorimetry’s thermograms of pure triclosan (TCS), flurbiprofen (FLB), and their 1:1 physical mixture

Fig. 4 Differential scanning calorimetry’s thermograms of pure Kolliphor® P188 (KP), poly-ε-caprolactone (PCL), chitosan (CS), and their 1:1
physical mixture
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Fig. 5 Differential scanning calorimetry’s thermograms of 1:1 combination of a triclosan with chitosan, b flurbiprofen with chitosan, and c flurbiprofen
with poly-ε-caprolactone, along with their respective individual pure components for comparison. The arrow indicated a small peak of flurbiprofen
(FLB) which decreased due to the dilution effect of the physical mixture
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The FTIR spectra of physical mixtures of FLB + CS and
TCS + CS (Fig. 8A) and PCL + CS + KP (Fig. 8B) were a
simple superimposition of their pure components, thus indi-
cating a lack of interactions. It is important to note that some
observed absorption bands of drugs and excipients in the

range of 3800–2800 cm−1 which were mainly due to O–H,
C–H, C–CH3, and CH2 groups, and NH2 group (in the case
of CS) are overlapped. Similarly, the spectra of a physical
mixture of drugs and excipients showed characteristic ab-
sorption bands of pure TCS, FLB, PCL, CS, and KP (Fig. 8C).

Fig. 6 Fourier transform infrared spectroscopy’s spectra of 1:1 w/w physical mixture of triclosan (TCS) and flurbiprofen (FLB), and their respective
pure forms

Fig. 7 Fourier transform infrared spectroscopy’s spectra of 1:1 w/w physical mixture of flurbiprofen (FLB) with Kolliphor® P188 (KP) and poly-ε-
caprolactone (PCL), respectively, and triclosan (TCS) with Kolliphor® P188 (KP) and poly-ε-caprolactone (PCL), respectively, and their respective
pure forms
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Fig. 8 Fourier transform infrared spectroscopy’s spectra of 1:1 w/w physical mixture of a chitosan (CS) with flurbiprofen (FLB) and with triclosan
(TCS), and their respective pure forms; b poly-ε-caprolactone (PCL) and chitosan (CS) and Kolliphor® P188 (KP), and their respective pure forms;
and (c) all drugs and excipients, and their respective pure forms

Aminu et al. Future Journal of Pharmaceutical Sciences           (2021) 7:148 Page 10 of 16



X-ray powder diffraction
The X-ray powder diffraction patterns of the pure compo-
nents (Fig. 9) of the present study showed major reflections
at the 2θ at 7.3, 10.9, 15.9, 20.7, 21.6, 23.8, and 29.7° for FLB;
at 8.2, 14.1, 15.5, 16.3, 21.6, 24.5, 25.3, and 29.5° for TCS; at
19.1 and 23.2° for KP; and at 21.5 and 23.8° for PCL.
The XRPD of 1:1 w/w physical mixture of TCS and

FLB (Fig. 9) presents all the major diffraction peaks of
both APIs. Similarly, the XRPD patterns of the other
physical mixtures reflected all the signature reflexes like
those of their respective individual pure components.

Furthermore, the diffraction patterns of drugs-excipients
mixture, i.e., all the components together (Fig. 9) showed es-
sential peaks exhibited by both API and excipients alone, es-
pecially the signature reflexes that confirm the identity of the
respective components at diffraction angles of 2θ = 15.4,
24.4, 25.4, and 29.5° (TCS); 7.2, 10.9, 15.6, 20.3, and 29.7°
(FLB); 21.5 and 23.9° (PCL); and 19.1 and 23.2° (KP).

Scanning electron microscopy
SEM photomicrographs of TCS (Fig. 10A) and FLB (Fig.
10B) demonstrated that the shape of the particles of both

Fig. 9 X-ray powder diffraction patterns of pure components of the present study, namely flurbiprofen (FLB), triclosan (TCS), chitosan (CS),
Kolliphor® P188 (KP), and poly-ε-caprolactone (PCL); 1:1 w/w physical mixture of triclosan (TCS) with flurbiprofen (FLB); and physical mixture of a
combination of all drugs with excipients of the present study
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APIs is crystalline, as stated in the United States Pharma-
copeia (USP) [34]. It was observed that the particles of
TCS are rhombohedral crystals (Fig. 10A), which clearly
differed from that observed for FLB, which revealed ir-
regular and mostly orthorhombic crystals (Fig. 10B).

High-performance liquid chromatography
The drug content results are presented in Table 1. For asses-
sing the compatibility, chromatograms of the mixtures were
compared with that of the pure components. The chromato-
grams of the mixtures (Fig. 11) showed a clear separation of
the respective components’ peaks, with no addition of peaks
that could be associated with degradation products. An over-
lap of retention time (tR) peaks was observed for the PCL
with KP mixture, which was expected since there is only
about 0.1 min difference between their tR. However, this
overlap did not interfere with the separation of other compo-
nents or assay of the drugs.
The recoveries and % RSD of all the mixtures with

drug content were in the range of 97.0 to 101.8% and
0.2 to 1.6, respectively, which are very much in agree-
ment with that of the respective pure drugs, and also
conformed with the assay criterion [62]. Moreover, the
established peaks’ parameters (sharpness and symmetry)
and tR at 10.1 and 12.5 min for FLB and TCS, respect-
ively, were well maintained, thus corroborating the

results of FTIR and XRPD, as well as confirming the
compatibility of the selected components.

Discussion
We carried out compatibility screening based on binary
or multiple combination mixtures of the drugs, namely
TCS and FLB, with polymers, namely PCL, CS, and KP,
to assess their suitability for the development of pharma-
ceutical nano-formulations.
The visual observations of the samples suggested ab-

sence of incompatibility between the selected drugs and
excipients as no significant visual changes were observed.
The DSC results revealed that TCS, FLB, and KP ex-

hibited sharp endothermic peaks that are attributable to
their respective melting points and indicated their exist-
ence in crystalline forms. PCL showed a reasonably
sharp melting peak with a moderately broad endother-
mal effect, suggesting its existence as semi-crystalline
substance. CS showed a wide endotherm due to the de-
hydration process of bound water and its amorphous na-
ture, and this was in agreement with the reported data
[20, 38, 39]. The observed broadening, overlapping and
shift of peaks toward the lower temperatures, and dis-
appearance of melting peak of FLB in the drugs-
excipients physical mixture may suggests the occurrence
of some physical interaction but not necessarily an

Fig. 10 Scanning electron microscopy’s photomicrograph of a triclosan at 200× and 1000× magnifications; b flurbiprofen at 500× and 5000× magnifications
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incompatibility. This phenomenon could be as a result
of mixing of the components together which in turn re-
duces their purity and hence their thermal behavior [55,
63, 64]. Another reason for the disappearance of FLB
melting peak could be due to its dissolution in the
melted TCS, PCL, and KP which have lower melting
points than the drug [55, 65]. The shape of DSC peaks
and enthalpy may change as a result of a change in the
purity of materials under analysis [63]. Therefore, all the
observed changes in the endothermic melting peaks
could be due to the mixing effect between the compo-
nents which alter their purity in the mixture and may
not necessarily indicate potential incompatibility [15,
63]. However, further analytical investigation such as
FTIR is warranted to prove whether any chemical inter-
action occurred.
FTIR spectroscopy is an essential analytical technique

covering a wide range of chemical applications such as
compound identification and chemical process monitor-
ing. The technique can discriminate materials according
to their type, and it is commonly employed in compati-
bility screening of APIs with excipients [18, 19, 28, 64].
FTIR spectroscopy study was conducted to find out
more information of the physical mixtures and to sup-
port the DSC results. All the essential absorption bands
for both TCS and FLB in their fingerprint regions were
well retained in the FTIR spectra of the physical mixture
of the drugs (Fig. 6), thus confirming their compatibility.
Contrary to the DSC results which pointed out possible
interaction in some mixtures such as FLB + KP, FLB +
PCL, TCS + PCL, and TCS + KP, the FTIR profile of
these combinations (Fig. 7) reveals characteristic bands

of each component. The minor observed changes in
these other mixtures, such as intensity reduction, broad-
ening, or slight shift of peaks, may be due to the mixing
and dilution effects [27]. An overlap of some peaks was
due to location similarity in the same spectral regions.
For example, the C=O sharp peak of PCL at 1728 cm−1

has disappeared due to overlapping with the N–H bonds
(amide group) bending vibrations between 1700 and
1600 cm−1 [18]. But there was no observed significant
change in the absorption bands that corresponded to
specific moieties of the individual components of the
physical mixtures. There was no appearance of new
bands in the spectra of the mixtures, indicating lack of
any significant structural changes in all the selected
components. Similar observations were reported by
Rojek and Wesolowski [66] and Meira and coworkers
[21] for their drug-excipients compatibility studies. Rojek
and Wesolowski [18] also reported an overlap of absorp-
tion bands of excipient (chitosan) and API (atenolol) in
the range of 1700–400 cm−1. Therefore, based on the
above FTIR results, the selected components were found
to be compatible with each other, thus there were no
chemical incompatibilities in drug-drug/drug-excipient
combinations.
The results of XRPD confirmed the solid-state of all

the components, where both APIs were found to be
crystalline, PCL and KP were found to be semi-
crystalline, while CS was an amorphous solid. Similar
diffraction patterns were obtained by other researchers
for TCS [56], KP [37], FLB, and PCL [60, 67]. Pure CS
showed an amorphous XRPD pattern due to its amorph-
ous nature [68], which was maintained in all of its

Fig. 11 Chromatograms’ overlay of a pure poly-ε-caprolactone, b pure chitosan, c pure Kolliphor® P188, d pure triclosan, e pure flurbiprofen, f a
physical mixture of triclosan with flurbiprofen, and g physical mixture of all components
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mixtures with other components. The physical mixture
of all the samples (Fig. 9) showed all the major diffrac-
tion peaks of each component, thus indicating lack of
solid-state interaction between them. The decreased in-
tensity of peaks was attributed to the dilution effect.
These XRPD results have suggested compatibility be-
tween the selected drugs and excipients for the present
study and confirmed the FTIR result.
SEM was performed to examine the physical state of

the selected APIs and both of them apparently appeared
as crystalline solids, confirming the DSC and XRPD re-
sults. HPLC analysis was conducted for all the mixtures
with API content to corroborate the DSC, FTIR, and
XRPD data and the results confirmed the compatibility
of the selected components.
A limitation of this study is the samples’ storage period

that was only 30 days. Although 30 days period or less
was reported for similar studies in the literature [1, 17,
20, 63], a longer storage period could possibly reveal po-
tential interaction that may occur between the selected
components if such exist. Moreover, this study did not
involve moisture, hence no revelation on the interaction
that may exist under moisture condition. Therefore, it
will also be interesting to investigate the compatibility of
the tested components by isothermal stress testing
method, i.e., under moisture condition and at elevated
temperature (50 °C).

Conclusion
For selecting suitable and compatible APIs and excipi-
ents for the development of pharmaceutical formulation,
drug-drug/drug-excipient/drugs-excipients/excipient-ex-
cipient compatibility studies were performed. APIs (TCS
and FLB) and excipients (PCL, CS, and KP) compatibility
studies were carried out for their physical mixtures by
visual observations, DSC, FTIR, XRPD, and HPLC. Fol-
lowing the storage period, the data of TCS and FLB
showed that both drugs are crystalline substances, as re-
ported in USP [34], with a well-defined fusion peak in
their DSC curves and sharp X-ray diffraction patterns
that were further confirmed by SEM images. PCL exhib-
ited semi-crystalline characteristics in both DSC and
XRPD data, while KP revealed a sharp peak in the DSC
curve and semi-crystalline behavior in the X-ray diffrac-
tion patterns, as previously reported in the literature [36,
37]. Data from DSC and XRPD confirmed the amorph-
ous nature of CS, as reported [38, 68]. These results in-
dicated that the evaluated components did not undergo
any physical changes during the study period. HPLC
analysis revealed satisfactory recovery of APIs from all
mixtures and their clear separation from excipients. The
combination of components has not shown any signifi-
cant physical and chemical instability. Therefore, the re-
sults of DSC, FTIR, XRPD, and HPLC studies ruled out

incompatibility between all the selected components,
hence, could be used for the development of pharma-
ceutical formulations, especially nano-formulation.
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