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ABSTRACT: The purpose of the study was to determine the compatibility
of Diacerein (DCN) with various pharmaceutical excipients used in the
formulation of ultra-deformable vesicles by using the thermo-analytical
technique, Fourier Transform Infrared Spectroscopy-Attenuated Total

Reflectance (FTIR-ATR). Assessment of possible incompatibility between
the drug and different excipients is an important parameter of preformulation
studies. Diacerein was approved by FDA in 2008 for the treatment of
osteoarthritis due to its inhibitory effect on pro-inflammatory cytokine
including IL-6 and IL-18. FTIR study of mentioned physical mixtures did
not show any evidence of interaction in their solid state. Based on these
results, all the excipients were found to be compatible with DCN as no new
peak was observed spectra so that they can be further used in the formulation
of transfersomal vesicles. FTIR spectra of transfersomal formulation showed
a significant reduction in the intensity of peaks, which indicates the
formation of vesicles. Moreover, all major peaks of DCN were found to be
smooth indicating a strong physical interaction between drug, lipid, and
surfactant which leads to certain changes in the physical properties of a drug
such as solubility.

INTRODUCTION: In any research work, FTIR It
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IS a quick and non-destructive sampling

plays a crucial role to determine any kind of
interaction between pharmaceutical active as well
as inactive ingredients. This preformulation phase
is necessary for the development of any new
product, as it affects chemical nature,
bioavailability, stability, which ultimately affects
their therapeutic effectiveness and safety . FTIR-
ATR is a well-established standard method used to
study drug release in the semisolid formulation,
drug penetration, the influence of penetration
modifiers and in-vivo studies.
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technique for obtaining the IR spectrum of a
material’s surface. It is not time-consuming, as
samples examined by this technique generally
requires minimum or no sample preparation. In
pharmaceutical science, the FTIR-ATR technique
can be employed to %2,

e Characterize the structure and properties of
biological systems such as stratum corneum.

e Study drug release from semisolid formulation
noninvasively.

e Measure drug diffusion from pharmaceutical
systems such as polymers and film.

e To investigate drug penetration into appropriate
acceptor systems such as artificial and
biological membranes.

e Characterize interactions between drugs and
synthetic/semi-synthetic/native macromolecules.
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e This technique can probe the in-situ single or
multiple layers of deposited/adsorbed species at
solid/liquid interface.

Diacerein (DCN) is a potent anti-inflammatory
agent also known as diacetylrhein which is an
anthraquinone derivative *. As DCN have poor
physicochemical properties such as solubility <0.01
mg ml™ and belongs to BCS- class Il drugs with a
low oral bioavailability of 35-56%, due to this its
oral delivery is not able to get a great success °.
Osteoarthritis is considered as the main cause of
chronic disability in the USA, which affects its
12% population and also considered as the fourth
leading cause of disability °.
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FIG. 1: STRUCTURE OF DIACEREIN

It acts by inhibiting IL-1B, which is the main
cytokine produced during inflammation in
osteoarthritis. The drug was synthesized in 1980
and marketed as a tablet from 1994 in some
European Union and Asian countries ’. It has now
been shown to have protective effects against
subchondral bone remodeling . DCN has been
suggested to have disease-modifying properties and
functions as a slow acting drug in osteoarthritis by
exhibiting anti-inflammatory, anti-catabolic and
pro-anabolic properties on cartilage and synovial
membrane °. The effect of DCN become apparent
within 2-4 weeks after the start of treatment,
achieving a significant level at 4-6 weeks and
persist for several months after cessation *°.

MATERIAL AND METHODS:

Materials: DCN was a generous gift of Ami Life
Sciences Pvt., Ltd., (Gujarat, India). Phospholipon
90G was obtained as a gift sample from
Phospholipon Gmbh-member of the lipoid group
(Germany). Sodium deoxycholate was a gift
sample from Sisco Research Laboratories Pvt.,
Ltd., (Mumbai, India). Cholesterol, span 80 and
various solvents used in the study such as ethanol
and chloroform were purchased from Central Drug
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House (New Delhi, India). Sodium cholate was
brought from TM Media, Titan Biotech Ltd.,
(Rajasthan, India).

Preparation of Physical Mixtures: Physical
mixtures (PMs) of drug and selected non-ionic/
anionic surfactants were prepared by mixing
equimolar amounts of drug, cholesterol, and
surfactants in a glass mortar. Mixing was continued
by using pestle for about 10 min until homogeneity
was achieved. The resultant PMs were designated
as PM1, PM2, PM3, PM4, PM5 and PM6 *,

Preparation of Transfersomal Preparation:
DCN loaded transfersomes (DTFs) were prepared
using thin layer rotary evaporation method. Briefly,
lipid, drug, cholesterol and edge activator were
dissolved in RBF containing a mixture of
chloroform and ethanol (2:1, by volume). The
organic solvent mixture was evaporated by a rotary
evaporator (IKA®) under reduced pressure at 40 °C.
The RBF was kept for 2-3 h to remove remaining
traces of solvent. The lipid layer gets deposited
inside the flask and was allowed to hydrate for 1 h
in a citrate buffer (pH 6.0). The suspended vesicles
were further allowed to swell for 2-3 h at room
temperature, which resulted in large multi-lamellar
vesicles. These were sonicated for 1-2 min by using
probe sonicator for size reduction. These multi-
lamellar vesicles were passed through 200 nm pore
size polycarbonate membranes (Titan3™), to
obtain final drug-loaded transferosomal vesicles of
the desired size. These vesicles were then stored
under refrigeration (2-8 °C) for further charac-
terization *°.

FTIR Spectroscopic Study by ATR Method:
ATR-FTIR measurements, in the range 4000-200
cm', with 4 cm™ nominal resolution with
mathematical corrections yielding a 0.8 cm™" actual
resolution of spectral resolution, were recorded
using an Attenuated Total Reflectance (Smart
Orbit, Thermo Scientific, Waltham, MA, the USA).
The samples were pressed into the diamond crystal
of ATR with a standardized pressure using a
manometer, and for each spectrum, 100
measurements were averaged. FTIR spectrometer
was fitted with a deuterated triglycine sulfate
(DTGS) detector (Thermo Scientific). The Thermo
Scientific system was controlled with OMNIC 8.1
software (Thermo Scientific) **.
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RESULTS AND DISCUSSION: FTIR is the most
applied technique in the chemical and
pharmaceutical sciences. Its scope includes many
applications especially to find out the compatibility
between active and inactive pharmaceutical
ingredients which is prerequisite for the designing
of the drug formulation. The FTIR spectra of
individual components, physical mixtures, and
transfersomal formulations were recorded and
interpreted to find out any interaction. This work
was aimed to point out presence or absence of any
possible incompatibility of selected surfactants
with DCN.

FTIR Spectrum of Pure Drug: The FTIR
spectrum of DCN showed characteristic bands at
3068 cm™ (C-H, stretch, aromatic), 2951 cm™ (C—
H, stretch, aliphatic, symmetric), 1766 cm™ (C=0,
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ester), 1675 cm™ (C=0 stretch COOH), 1188 cm™
(C—O stretch, ester), 746 cm™ (m-substituted
benzene) and 700 cm™ (benzene). Presence of these
peaks indicates the purity of the drug.

FTIR Spectra of Excipients: DTFs were prepared
by thin layer rotary evaporation method using
phospholipon-90G (PL-90G) and soya lecithin (SL)
as vesicle-forming lipids. Span 80 (Sp-80), sodium
cholate (SC) and sodium deoxycholate (SDC) were
used as edge activators to enhance the penetrability
of vesicles through the skin. In all formulations,
cholesterol was added to enhance the stability and
entrapment efficiency of drug present in
unilamellar or multilamellar vesicles *°. Functional
groups present in all excipients are explained in
Table 1, while the FTIR spectra are shown in Fig.
2.
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FIG. 2: FTIR SPECTRA OF INDIVIDUAL COMPONENTS: DIACEREIN (A), SPAN-80 (B), SODIUM CHOLATE
(C), SODIUM DEOXYCHOLATE (D), CHOLESTEROL (E), SOYA LECITHIN (F), PHOSPHOLIPON 90G (G)

TABLE 1: FUNCTIONAL GROUP PRESENT IN EXCIPIENTS

S. no. Functional group Sp-80 SC SDC Chol SL PL-90G

1 Aromatic ring 2323 - - - - -

2 OH group 2927 3375 3249 3401 3342 3385

3 5-membered ring 1741 - - - - -

4 —CHs; symmetrical deformable 1378 - - -

B —CH;group 1463 - - -

6 CH stretching vibration - 2921 2943 -

7 CH stretching vibration - 2874 2869 -

8 COO-stretching vibration - 1580 1562 -

9 Acetyl groups - - - 2935

10 Strong C=0 bond of carboxylic acid - - - 1687

11 Vinyl group - - - 1770

12 R-O strong - - - 1053 - -

13 P=0 stretching band - - - - 1216 1238

14 P-O-C stretching band - - - - 1052 1062

15 N(CHzs); stretching - - - - 920 970
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FTIR Spectra of Physical Mixtures (PMs): PMs
of DCN with selected excipients were prepared by
simple mixing in equimolar ratios (1:1) and were
scanned. Functional groups present in all PMs are
explained in Table 2, while the FTIR spectra are
shown in Fig. 3. The findings of the present study
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revealed that DCN showed similar peaks in spectra
of PMs as in the spectrum of DCN. All the
principle peaks of the pure drug were found to in
spectra which indicate no chemical interaction
between active moiety and excipients used in the
transfersomal formulations.
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FIG. 3: FTIR SPECTRA OF PMs: PM1 (DCN AND SP-80), PM2 (DCN AND SC), PM3 (DCN AND SDC), PM4 (DCN
AND CHOLESTEROL), PM5 (DCN AND SL), PM6 (DCN AND PL-90G)

TABLE 2: FUNCTIONAL GROUP OF DCN PRESENT IN PMs

S. no. Functional group DCN PM1 PM2 PM3 PM4 PM5 PM6
1 -C-H stretching aromatic 3068 3082 3067 3017 3052 3067 3067
2 C-H stretching aliphatic 2951 2927 2916 2929 2936 2927 2928
3 C=0, ester 1766 1742 1767 1767 1768 1768 1738
4 C=0 stretch COOH 1675 1672 1677 1679 1679 1675 1657
5 C—O stretch, ester 1188 1172 1196 1196 1197 1189 1178
6 m-substituted benzene 746 742 745 747 747 745 748
7 Benzene 700 722 710 701 701 700 718

FTIR Spectrum of Transfersomal Formulation:
FTIR spectrum of transfersomal formulations
showed the remarkable attenuation of IR bands of

drug and surfactants with a significant reduction in
the intensity of peaks.

TABLE 3: COMPOSITION OF TRANSFERSOMAL FORMULATIONS

S. no. Codes Lipid/surfactant ratio Description of components
1 PL-Sp 66:34 Phospholipon 90G + Span 80 + Cholesterol
2 PL-SC 80:20 Phospholipon 90G + Sodium cholate + Cholesterol
3 PL-SDC 75:25 Phospholipon 90G + Sodium deoxycholate + Cholesterol
4 SL-Sp 85:15 Soya Lecithin + Span 80 + Cholesterol
5 SL-SC 87:13 Soya Lecithin + Sodium cholate + Cholesterol
6 SL-SDC 95:5 Soya Lecithin + Sodium deoxycholate + Cholesterol

TABLE 4: PRESENCE OF CHARACTERISTICS PEAKS IN TRANSFERSOMAL FORMULATIONS

S. no. Formulation Characteristic Peaks Functional Group

1 PL-Sp 3277, 2314, OH group, Aromatic ring, -CH; symmetrical deformable,
1390, 1640 Strong C=0 bond of carboxylic acid

2 PL-SC 3273, 1046 OH group, P-O-C stretching band

& PL-SDC 3275, 1638 OH group, Strong C=0 bond of carboxylic acid

4 SL-Sp 3275, 2302, 1392, OH group, Aromatic ring, -CH3; symmetrical deformable,
1046, 1639 P-O-C stretching band, Strong C=0 bond of carboxylic acid

5 SL-SC 3278, 1638 OH group, Strong C=0 bond of carboxylic acid

6 SL-SDC 3270, 3201, OH, group, CH stretching vibration, P-O-C stretching band,
1046, 1641 Strong C=0 bond of carboxylic acid
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All principal peaks of DCN were found to be
diffused indicating the formation of vesicles with
both lipids. Moreover, all major peaks of DCN
were found to be smooth, indicating a strong
physical interaction between drug, lipid, and
surfactants. FTIR spectra of formulation showed
the presence of characteristic peaks due to the
presence of other excipients which can be seen
from Table 4. Hence, FTIR spectra indicate no
chemical interaction between drug and excipients.

CONCLUSION: ATR-FTIR analysis  was
successfully employed for the identification of
various functional groups present in the individual
components, physical mixtures, and the trans-
fersomal formulations. The study eventually
culminated with the absence of chemical
interactions between drug, lipids and various edge
activators. FTIR spectra of vesicular formulation
showed the absence or smoothing of principal
peaks of pure drug. Therefore, it was concluded
that DCN was successfully encapsulated into the
transfersomal carriers and was available for its
pharmacological action.
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