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Abstract The compatibility of aceclofenac with various
tableting excipients was investigated by means of differen-
tial scanning calorimetry (DSC) and Fourier transform
infrared spectroscopy (FT-IR). The excipients applied in
the direct pressing retard tablets were Carbopol 940,
hydroxypropyl-methyl-cellulose, microcrystalline cellu-
lose, Aerosil 200 and magnesium stearate. The ingredients
alone and their 1:1 (w/w) binary mixtures were investigated
before and after accelerated storage. An interaction was
observed only between aceclofenac and magnesium stearate.
The DSC and FT-IR examinations indicated formation of the
magnesium salt of aceclofenac. For the other mixtures, there
was no incompatibility between the components.
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Introduction

Compatibility of an active pharmaceutical ingredient (API)
with excipients is one of the key factors influencing the
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stability of a formulation, because the excipients can
interact with the active agent both chemically and physi-
cally. Chemical interactions between the API and the ex-
cipients result in a reduction of the quantity of the API,
which can influence the absorption and therapeutic effect.
Physical interactions can alter the physicochemical
parameters of the components, e.g. the solubility, the dis-
solution rate and finally the bioavailability. Investigation of
the incompatibility between the components of the dosage
form is critical in the early stages of the development of a
stable dosage form [1-3].

Differential scanning calorimetry (DSC) has been
widely used to assess incompatibility between formulation
components, because the method is fast and versatile, and
requires only a small quantity of sample [1, 4-9]. However,
caution needs to be exercised if the results of DSC alone
are interpreted. Whenever possible, other techniques such
as infrared spectroscopy (IR) and quantitative analysis after
storage under stressed conditions should be utilized in
conjunction with DSC [10]. As the thermoanalytical
methods do not yield direct chemical information, Fourier
transform infrared spectroscopic (FT-IR) investigations
were used in this work.

Aceclofenac (ACE) ([[[2-[(2,6-dichlorophenyl)amino]
phenyl]acetylJoxy]Jacetic acid) is a non-steroidal anti-
inflammatory agent with good tolerability and efficiency
(Fig. 1) [11]. Its pharmacodynamic properties allow its
application in retard solid dosage form for the treatment of
rheumatoid arthritis, osteoarthritis and spondylitis. This API
has a favourable side-effect profile [12—-15].

A number of literature articles describe possibilities of
producing retard preparations in solid or semisolid dosage
forms [16, 17], or of increasing the bioavailability of this
active ingredient, and some papers additionally reported on
stability investigations. Mutalik et al. prepared and studied
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Fig. 1 Chemical structure of aceclofenac

several sustained release tablet formulations. The compat-
ibility between the components was investigated by means
of IR and DSC [13]. Patel et al. studied the possibilities of
application of mixed surfactant systems in solid dispersions
in order to increase the solubility of the API. The solid
mixtures were characterized via IR and X-ray diffraction
examinations [18]. Vadher et al. investigated the dissolu-
tion enhancement effect of co-ground mixtures of ace-
clofenac and a novel porous carrier. The method was
suitable for the conversion of the crystalline API into the
amorphous form and stabilization of the latter, which was
confirmed by X-ray powder diffraction, DSC analysis and
FT-IR [19].

Before the production of solid dosage forms, the com-
patibility between the API and the excipients must be
investigated. In this paper, DSC and FT-IR studies were
carried out to evaluate the compatibility of aceclofenac and
several potential excipients for the direct pressing of retard
tablets.

Materials and methods
Materials

Aceclofenac was used as received from Tecoland (New
Jersey, USA). The examined additives in the retard tablets
were Carbopol 940 (Noveon Consumer Specialties, Ohio,
USA), hydroxypropyl-methyl-cellulose (HPMC, Vivap-
harm-JRS) (JRS Pharma, Weissenborn, Germany), micro-
crystalline cellulose (MCC, Vivapur-JRS) (JRS Pharma,
Weissenborn, Germany), magnesium stearate (Peter Gre-
ven Industries, Venlo, The Netherlands) and Aerosil 200
(Evonik Degussa GmbH, Frankfurt am Main, Germany).
Other materials, such as stearic acid and palmitic acid,
were purchased from Reanal Co., Hungary.

Preparation of products and storage conditions

Binary component mixtures in 1:1 mass ratio were pre-
pared in a porcelain mortar. The original components were
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investigated by means of DSC and FT-IR methods. The
mixtures were investigated immediately after the prepara-
tion and after accelerated storage period (40 °C/75% RH/
3 months). The mixture containing magnesium stearate
was stored for an additional 3-month period.

Differential scanning calorimetry

A Mettler Toledo DSC 821° thermal analysis system
(Mettler Inc., Schwerzenbach, Switzerland) was used for
thermal analysis of the drug-excipient mixtures. Data
analysis was performed with the STAR® thermal analysis
program V6.0. Approximately 2-5 mg of aceclofenac, an
excipient or their binary mixture was examined in the
temperature range between 25 °C and 300 °C, in a normal
covered 40 pL Al crucible (three pin holes were applied in
the cover). The heating rate was 10 °C min~'. Argon was
used as carrier gas at a flow rate of 10 L h™' during the
DSC investigation.

Hot-stage microscopy

Microscopic observations of thermal behaviour of materi-
als and their changes during heating were carried out with a
LEICA Thermomicroscope (LEICA MZ 6, Germany). The
samples were observed under the microscope by using a
scanning speed of 2 °C min~'. The magnification in the
photographs was 59.7x.

Fourier transform infrared spectroscopy

FT-IR spectra of the API and its binary mixtures were
recorded in the interval 4000-400 cm™' with an Avatar
330 FT-IR apparatus (Thermo Nicolet, USA), at 4 cm ™!
optical resolution. Standard KBr pellets were prepared
from IR grade KBr and 0.5 mg of aceclofenac, or 1.0 mg
of binary mixture. The spectra were recorded with the use
of Omnic V6.1a software, and all spectral manipulations
were performed with Thermo-Galactic’'s GRAMS/AI
V7.00 software.

Results
Differential scanning calorimetry

The DSC findings on aceclofenac, the excipients and the
binary mixtures after preparation and storage for 3 months
or 6 months are presented in Figs. 2, 3, 4, 5, 6 and 8.
The DSC curve of aceclofenac exhibited one sharp
endothermic peak at 153.1 °C, caused by the melting of
aceclofenac. Chemical decomposition was not detected
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Fig. 2 DSC curves of aceclofenac, Aerosil 200 and mixtures.
1 aceclofenac, 2 Aerosil 200, 3 mixture before storage, 4 mixture

after 3-month storage
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Fig. 3 DSC curves of aceclofenac, MCC and mixtures. / aceclofe-

nac, 2 MCC, 3 mixture before storage, 4 mixture after 3-month
storage
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Fig. 4 DSC curves of aceclofenac, Carbopol 940 and mixtures.
1 aceclofenac, 2 Carbopol 940, 3 mixture before storage, 4 mixture
after 3-month storage

after the melting; aceclofenac therefore has good thermal
stability and does not contain crystal water.

There was no sign of any thermal event in the DSC
curve of Aerosil 200. In the case of MCC, a broad
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Fig. 5 DSC curves of aceclofenac, HPMC and mixtures. / aceclofe-
nac, 2 HPMC, 3 mixture before storage, 4 mixture after 3-month storage
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Fig. 6 DSC curves of aceclofenac, magnesium stearate and mixtures.
1 aceclofenac, 2 magnesium stearate, 3 mixture before storage,
4 mixture after 3-month storage, 5 mixture after 6-month storage

endothermic peak was detected between 30 and 100 °C,
which denoted the presence of a small quantity of water
content. Similar phenomena were observed for Carbopol
940 and HPMC. Magnesium stearate displayed three
endothermic signals: a larger one with a peak temperature
of 104.5 °C, and two smaller ones at 89.2 and 203.5 °C.
None of the excipients gave any thermal signals near the
melting peak of aceclofenac, and it was therefore possible
to investigate the possibility of interactions between the
components of the binary mixtures by DSC. The results of
thermal analysis are presented in Table 1.

The onset, peak and endset temperatures and enthalpies
of the 1:1 binary mixtures before and after storage for
3 months storage (in the case of magnesium stearate,
storage for 6 months too are given in the Table 2).

After storage for 3 months, only one thermal signal was
observed in the DSC curve of the binary mixture of ace-
clofenac and Aerosil 200. The enthalpy change corre-
sponded to the ratio of the components, and the peak
temperature was similar to that of aceclofenac, though a
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Table 1 Onset, peak and endset temperatures and enthalphies of aceclofenac and tabletting excipients

1

Material Tonse/°C Tpeax/°C Tendse!°C Enthalpy/J g~
Aceclofenac 152.09 153.10 156.65 131.69
Aerosil 200 - - - -
McCC 32.56 66.29 107.19 56.27
Carbopol 940 38.06 72.21 107.32 169.40
HPMC 31.88 59.62 87.00 52.24
Magnesium stearate, peak I 79.90 89.21 94.98 8.86
Magnesium stearate, peak II 104.49 118.92 127.35 167.02
Magnesium stearate, peak III 199.34 203.48 206.30 343
Table 2 Onset, peak and endset temperatures and enthalphies of 1:1 binary mixtures
Materials 1 11

Tonset!°C  Tpeard°C  Tinase®C  Enthalpy/J ' Topset/°C Treard°C  Tinase°C  Enthalpy/J g™
ACE + Aerosil 200 (fresh) - - - - 151.94 153.21 155.79 46.60
ACE + Aerosil 200 (3 months) - - - - 145.18 152.04  157.23 64.87
ACE + MCC (fresh) 28.85 62.94 103.94 38.62 151.86 153.85  156.62 64.52
ACE + MCC (3 months) 32.90 59.60 99.63 43.46 151.87 154.13  158.02 56.40
ACE + Carbopol 940 (fresh) 37.43 68.94 102.48 66.18 152.60 154.19  157.67 72.50
ACE + Carbopol 940 (3 months) 43.70 62.10 96.47 24.83 152.04 155.10  159.11 65.18
ACE + HPMC (fresh) 28.42 56.96 84.96 27.80 128.14 150.01 154.52 45.48
ACE + HPMC (3 months) 30.39 62.09 87.47 53.88 148.32 153.28 15793 48.12
ACE + Magnesium stearate (fresh) - - - - 86.83 94.07  102.79 135.01
ACE + Magnesium stearate (3 months) 55.84 58.61 61.16 4.55 77.31 90.76 97.76 114.74
ACE + Magnesium stearate (6 months) 55.68 57.94 60.60 5.13 75.57 89.12 95.61 124.29

small extent of peak broadening was seen for the binary
mixture (Fig. 2).

The MCC containing physical mixture produced a broad
endothermic peak between approximately 30 and 100 °C,
demonstrating the water content in the product, similarly as
for the original excipient. The enthalpy required for
removal of the water corresponded to the weight ratio of
the product, and there was no significant increase during
storage. The other endothermic peak in the DSC curve was
identified with the melting point of aceclofenac and the
enthalpy corresponded to the 1:1 weight ratio of the com-
ponents. Neither the enthalpy, not the peak temperature
changed during storage for 3 months (Fig. 3).

Analysis of the Carbopol 940 containing mixture led to
similar results as for the MCC containing product. Both the
endothermic peak relating to the water content and the
melting peak of aceclofenac were detected. The melting
peak of the fresh mixture was slightly broadened after the
3-month storage. The storage did not alter the water con-
tent of the product either (Fig. 4).

Thus, the melting endotherm of aceclofenac was gen-
erally well preserved, with only slight changes in terms of
broadening or shifting towards lower temperature. These
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small changes could be due to the mixing of the compo-
nents, which lowers their purity and may not necessarily be
indicative of potential incompatibility [5].

The HPMC containing mixture contained small amounts
of water, similarly as for pure HPMC. The water content
increased slightly during storage. However, a more
appreciable change was detected in the endothermic signal
of the aceclofenac. The endothermic peak was broadened
and shifted to lower temperatures in the curves of both the
fresh and the stored mixtures (Fig. 5). This phenomenon is
presumably caused by some interaction between HPMC
and aceclofenac in the mixture [13].

Major alterations were observed in the case of the
magnesium stearate containing mixture. The endothermic
peak at the melting point of aceclofenac disappeared, and
the signals of magnesium stearate were changed. The
freshly prepared sample gave a broad endothermic peak
with an onset temperature of 86.8 °C, a peak temperature
of 94 °C, and an endset temperature of 102.8 °C. This peak
was fused with a smaller endothermic one with higher peak
temperature. This smaller peak disappeared during storage
and a new peak with low enthalpy appeared at 58.6 °C. The
DSC curve did not change during the further 3-month
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Fig. 7 HSM images of
aceclofenac + magnesium
stearate mixture. 1 80 °C,
290 °C, 3 100 °C, 4 120 °C

storage (Fig. 6). Hot-stage microscopy performed to
investigate the events occurring during temperature
increase indicated that the magnesium stearate melted first
and the aceclofenac crystals then slowly dissolved in the
melt (Fig. 7). This explained the disappearance of the
melting endotherm of aceclofenac, and the modification of
the peak of magnesium stearate.

The thermoanalytical investigations did not reveal any
interaction between aceclofenac and Aerosil 200, MCC or
Carbopol 940, whereas interactions may be assumed in the
case of HPMC and especially magnesium stearate. The
interactions of magnesium stearate with various APIs are a
known phenomenon in the literature. Ceschel et al
described the incompatibility of magnesium stearate and
acetylsalicylic acid. The decrease in the quantity of that
API was measured by HPLC, and the main degradation
products were determined [20]. Mura et al. reported that
ketoprofen and magnesium stearate formed a eutectic
mixture at a composition of about 50% (w/w). Such
eutectic behaviour generally does not mean pharmaceutical
incompatibility, even if it cannot always be overlooked,
since it might cause difficulties with a given composition
during processing. In this case, the interaction between the
components did not cause any chemical change in the
components [5].

As the commercial magnesium stearate used is a mixture
of magnesium salts of different fatty acids (mainly stearic
acid and palmitic acid, and minor proportions of other fatty
acids), the main component fatty acids were studied. The
DSC results are presented in Fig. 8. Both stearic and pal-
mitic acids gave one endotherm peak at their melting
points: 70.6 °C for stearic acid and 61.4 °C for palmitic
acid. Since the new endothermic peak for the aceclofenac—
magnesium stearate mixture corresponded to the melting
temperature of palmitic acid, we assumed the appearance

of this acid during the storage of the aceclofenac—magne-
sium stearate mixture.

Fourier transform infrared spectroscopy

For a better understanding of the chemical changes in the
binary mixtures, FT-IR spectra of the binary mixtures of
aceclofenac and the excipients were recorded immediately
after preparation and after storage for 3 months, and the
corresponding difference spectra were also calculated. The
spectra of the fresh mixtures were subtracted from those of
the stored ones, the ester carbonyl stretching band of ace-
clofenac at 1771 cm™" being used as reference. The spectra
were evaluated to assess the possible interactions of the
components.

The IR spectrum of pure aceclofenac shows characteristic
peaks at 966.21 cm™' (O-H bending out of plane),
3,319.10 cm ™" (secondary amine N-H stretching or O-H
stretching), 1770.40 cm”! (-C=0Ostretching), 1,578.7 cm_l,
1,508.1 cm™! (aromatic —C=C stretching), and some
prominent bands such as 1,344.2-1,257.4 cm™! -C-O
stretching).

Most of the difference spectra demonstrated that the
components of the binary mixtures did not influence each
other appreciably under the given conditions or during
storage. Slight shifts or slight changes in relative intensity,
e.g. as seen in Fig. 9, cannot be considered indications of
real interaction between the components, since the prepa-
ration of the fresh samples disturbed the physical state of
the components and the storage period allowed them to
return to the thermodynamically more stable state, which
left minor changes in the spectra. Such phenomena were
observed for the Aerosil 200, MCC or Carbopol 940 con-
taining mixtures after storage.
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Fig. 9 FTIR spectra of Aerosil 200 containing mixtures. A freshly
prepared mixture, B mixture after storage for 3 months,
A — B difference spectrum

The DSC curve of the aceclofenac-HPMC binary mix-
ture indicated a certain extent of physical interaction
between the components, but the FT-IR examination ruled
out any chemical change. The slight shifts and relative
intensity changes were somewhat similar to those for the
previous components (Fig. 10).

The only real exception was the mixture of aceclofenac
and magnesium stearate, where strong peaks either devel-
oped or disappeared during the storage period, as shown in
Fig. 11. The asymmetric stretching band of magnesium
stearate at 1578 cm™' was missing from the spectrum of
the stored mixture, whereas a new band appeared at
1540 cm™!. Since the 1:1 (w/w) mixture contains ace-
clofenac and magnesium stearate in a molecular ratio of
6:4, the total amount of the stearate ion can be replaced by
the carboxylate group of aceclofenac, while some of the
latter remains unreacted. The band at 1709 cm™' in the
difference spectrum, characteristic of free fatty acids,
supports the above explanation of the spectral changes.

@ Springer

- B

A-B

1800 1700 1600 1500 1400 1300
Wavenumbers/cm™

Fig. 10 FTIR spectra of HPMC containing mixtures. A freshly
prepared mixture, B mixture after storage for 3 months, A — B
difference spectrum

v C = O estheric v, COO™ Mg(Ste),
1771 l Vv, COO™ Mg-aceclophenac

-
I

Absorbance

1800 1700 1600 1500 1400 1300
Wavenumbers/cm™"

Fig. 11 FTIR spectra of magnesium stearate containing mixtures.
A freshly prepared mixture, B mixture after storage for 3 months,
A — B difference spectrum

Conclusions

This study related to the compatibility of aceclofenac and
excipients used for the preparation of retard tablets (1:1
w/w). The DSC curves and FT-IR spectra of aceclofenac,
the excipients alone, and their fresh and stored binary
mixtures were analyzed.

The DSC and FT-IR results indicated that the Aerosil
200, MCC and Carbopol 940 containing binary mixtures
were stable, and that there was no incompatibility between
aceclofenac and these excipients. The aceclofenac-HPMC
mixture displayed some physical interaction according to
the DSC results, but the FT-IR study ruled out any chem-
ical change. However, chemical change did occur in the
magnesium stearate containing mixture, which was
detectable in both the DSC and the FT-IR curves. The
absence of the endothermic peak of aceclofenac and the
modification of the peak of the excipient indicated physical
interaction between the components (the melted
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magnesium stearate dissolved the aceclofenac). The chan-
ges in the FT-IR spectra revealed that the interaction of
aceclofenac and magnesium stearate was accompanied by
the formation of a small quantity of free palmitic acid and
the magnesium salt of aceclofenac. The content of the
magnesium stearate in solid dosage forms is generally very
low (0.5-1%), and considerably less than the examined 1:1
ratio. Moreover, the tablet contains several other excipi-
ents, and thus the interaction identified between aceclofe-
nac and magnesium stearate will probably not influence the
stability of the product. Accordingly, application of the
examined excipients gives a possibility to prepare a suit-
able retard solid product with appropriate stability.
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