
Cyclodextrins are chemically and physically stable molecules formed by the enzy-
matic modification of starch (1). They are cyclomalto oligosaccharides composed of six,
seven or eight �-D-glucopyranose units (�-, �-, g-CD, respectively). Their hollow struc-
ture enables them to host a variety of molecules (guests) partially or entirely in their hy-
drophobic caving. These inclusion complexes exist both in aqueous solution and in solid
state. As a result of complexation of compounds by cyclodextrins, the apparent solubil-
ity of the molecule can be altered (2), stability of the compound in the presence of light
and oxidizing conditions is increased (3) and volatility of compounds is decreased (4).
Many scientists have studied the cyclodextrin complexes of various NSAIDs such as val-
decoxib, diclofenac, piroxicam, ketoprofen, etc. and have showed their superiority over
physical mixtures (5–8).

Celecoxib, 4-�(5-(4-methyl phenyl)-3-trifluoro methyl)-1H-pyrazol-1-yl� benzene sul-
fonamide is a non steroidal anti-inflammatory drug that is a specific inhibitor of COX-2
enzyme. Celecoxib is widely used in the treatment of rheumatoid and osteoarthritis. Ac-
cording to the biopharmaceutical classification system, celecoxib belongs to class II type
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drugs. Celecoxib is poorly soluble in water (3–7 �g mL–1 at 40 °C and pH 7) and pos-
sesses a slow dissolution rate. Lower dissolution in the gastrointestinal fluid may consti-
tute the rate limiting step for the absorption process (9).

The objective of the present work was to prepare and characterize the drug-CD com-
plexes and to investigate the possibility of improving the solubility and dissolution of
celecoxib by its complexation with b-cyclodextrin. The systems were prepared by the
kneading method using various drug-CD molar ratios. NMR, DSC, IR, SEM, and X-ray
powder diffraction were used to characterize the solid state of all binary systems. The
results obtained from celecoxib-�-CD complexes and their physical mixtures were com-
pared.

EXPERIMENTAL

Materials

Celecoxib and b-CD were obtained as gift samples from Hetero Drugs Ltd. (India),
and S. A. Chemicals (India), respectively, and were used as such. All other reagents and
solvents used were of analytical grade.

Preparation of solid complexes

b-CD was wetted with water in a mortar until a paste was obtained. Celecoxib was
then added in divided portions and the slurry was kneaded for about 1 h. An appropri-
ate amount of water was added in order to maintain suitable consistency. The paste was
washed with diethyl ether to remove the uncomplexed drug. Further, the product was
dried under vacuum at 40 °C for 48 h. Inclusion complexes of various drug-to-b-CD mo-
lar ratios were prepared: 1:1 (KC1), 1:2 (KC2), 1:3 (KC3), 2:1 (KC4) and 3:1 (KC5) and
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Table I. Composition of inclusion complexes and physical mixtures

Formulation code
Molar ratio

(celecoxib to b-CD)

KC1 1:1

KC2 1:2

KC3 1:3

KC4 2:1

KC5 3:1

PM1 1:1

PM2 1:2

PM3 1:3

PM4 2:1

PM5 3:1



used for further studies. Similarly, physical mixtures of various drug-to-b-CD molar ra-
tios were prepared: 1:1 (PM1), 1:2 (PM2), 1:3 (PM3), 2:1 (PM4) and 3:1 (PM5) using a
mortar and pestle. Composition of inclusion complexes and physical mixtures is listed
in Table I.

NMR

1H NMR spectra were obtained with a Bruker AVANCE DPX 300 spectrometer (Swit-
zerland) in a CD3OD/D2O (1:1) mixture with tetramethyl silane as internal standard. Che-
mical shifts are given as parts per million (ppm) downfield from that of tetramethylsilane.

Thermal analysis

The DSC curves of different samples were recorded on a Mettler Toledo Star system
DSC calorimeter (Switzerland), calibrated with indium, at heating rates of 10 °C min–1.
The thermal behaviour was studied by heating 1–7 mg of samples in aluminium pans
under nitrogen gas flow (20 mL min–1) over the temperature range of 0 to 450 °C.

X-ray diffractometry

Powder X-ray diffraction patterns were recorded using a Philips PW 1729 X-ray ge-
nerator (Holland) with Ni filtered Cu Ka radiation as source. It operated at a voltage of
35 kV and a current of 20 mA. The samples were analyzed in the 2q angle range of 2–40°.

IR spectroscopy

The samples were previously ground and mixed thoroughly with potassium bro-
mide. The KBr disks were prepared by compressing the powders in a hydraulic press (7
� 104 kPa). The scanning range was from 4500–400 cm–1. IR spectra were obtained using
a 360 Perkin Elmer IR spectrometer (USA).

Electron microscopy

The external morphology of the samples was examined under a JSM 6100 JEOL scan-
ning electron microscope (Japan). The samples were previously fixed on a brass stub us-
ing double-sided adhesive tape and were then made electrically conductive by coating
with a thin layer of gold and palladium alloy (180–200 Å) using a fine coat ion sputter
(JEOL, fine coat ion sputter JFC-1100). The pictures were taken at an excitation voltage of
20 kV and magnification in the range of 250 to 2000 X.

Dissolution studies

Dissolution was performed using a USP dissolution test apparatus (type 2) (10).
Dissolution medium consisted of 900 mL of phosphate buffer pH 7.2 containing surfac-
tant (polysorbate 80). The surfactant was added to provide sink conditions. Powdered
samples containing 5 mg of celecoxib or its equivalent in complexed or physically mixed
form with b-CD were used. The stirring speed was 50 rpm and the temperature was
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maintained at 37 ± 0.5 °C. Ten millilitre aliquots of dissolution media were withdrawn at
various time intervals and replaced by 10 mL of fresh dissolution medium. The collected
samples were filtered through a 0.22 �m membrane filter (Sartorius cellulose nitrate fil-
ter, Germany) and analyzed spectrophotometrically at 249 nm.

Data analysis of mean percent release values were performed using the oneway anal-
ysis of variance (ANOVA) with Tukey’s test for multiple comparisons.

RESULTS AND DISCUSSION

NMR

Proton magnetic resonance spectroscopy was carried out for celecoxib-CD inclusion
complexes in order to gain an insight into the inclusion mode of the complex. The chem-
ical shifts of CDs in the presence of celecoxib are summarized in Table II. Major changes
in the chemical shift values were observed in the CD region (3.6–3.8 ppm), which pro-
vided information about the guest molecule inclusion. Appreciable shift occurred in H(5)
proton and H(3) proton in kneaded complexes KC1, KC2, KC4, which correlate the inter-
action of the drug and H(3)/H(5) protons of �-CD. Similar results were reported by many
authors (11–12).

A typical structural inference is that if only the H(3) proton undergoes a shift in the
presence of substrate, then the cavity penetration is shallow whereas if also H(5) shifts,
then the penetration is deep (13). The H(3) and H(5) protons located inside the cavity
and the H(6) proton located on the cavity rim at the narrow end of the molecule have
shifted appreciably. Therefore, it can be inferred in the present study that the drug pene-
trates deeply into the CD cavity.

50

V. R. Sinha et al.: Physicochemical characterization and in vitro dissolution behaviour of celecoxib-�-cyclodextrin inclusion complexes,
Acta Pharm. 57 (2007) 47–60.

Table II. Chemical shifts (ppm) for the protons of �-CD in free state and in kneaded complexes

Proton d�-CD (free) dKC1 �d1
* dKC2 �d�

* dKC4 �d	* dKC5 �d
*

H-1
4.96

(doublet)
5.01 0.05 5.01 0.05 – – 4.95 –0.01

H-2
3.54 (doublet
of doublet)

3.59 0.05 3.59 0.05 3.56 0.02 3.50 –0.04

H-3
3.84

(doublet)
3.91 0.07 3.91 0.07 3.90 0.06 3.88 0.04

H-4
3.49

(multiplet)
3.53 0.04 3.53 0.04 3.51 0.02 3.47 –0.02

H-5
3.67

(doublet)
3.76 0.09 3.76 0.09 3.74 0.07 3.73 0.06

H-6
3.79

(multiplet)
3.87 0.08 3.87 0.08 3.84 0.05 3.84 0.05

�d� = dcomplex – d�-CD(free)



In the 1H NMR spectra of KC1, KC2 and KC4 complexes, all CD protons were de-
shielded indicating that the celecoxib molecule created magnetic anisotropic effects in
the interior of the cavity due to weak interactions (van der Waal's forces) with the inter-
nal hydrogen atoms �H(3) and H(5)�. Many authors reported similar observations. Les-
ser shift values were observed in the case of the KC5 complex. Change in the splitting
pattern (Fig. 1) also indicates the inclusion complex formation. In the case of free �-CD
the H(5) proton (3.67 ppm) was well resolved from H(6) and H(3) protons, which was
very conspicuous (Fig. 1a), while it was introduced in the H(6) proton area in the case of
inclusion complexes KC1, KC2, KC4 (Figs. 1b, 1c and 1d). The KC5 complex showed reso-
lution between H(6) and H(5) protons (Fig. 1e). The splitting pattern of KC5 was to-
wards free �-CD.

Change in the chemical shift values of celecoxib in the presence of �-CD is depicted
in Table III. Small changes in chemical shifts (�0.002–0.04 ppm) were observed. Maxi-
mum shift was observed in the aromatic protons containing – SO2NH2 group. The H-1a
protons of celecoxib had a shift value of 0.01–0.02 ppm and H-1b protons had a chemical
shift value of �0.032–0.037 ppm in kneaded complexes KC1, KC2 and KC4. This obser-
vation indicates that the polar group might participate in the weak interaction with H(3)
and H(5) protons of b-CD due to hydrogen bonding or van der Waals forces. Chemical
shifts were also observed in the case of 5a–5b protons (0.010–0.019 ppm) and methyl
protons (�0.002–0.0088 ppm) of celecoxib, suggesting that the p-tolyl part of celecoxib
could be accommodated into the hydrophobic cavity of b-CD. In the case of KC5, the
shift values of celecoxib were almost comparable to that of free drug. The above obser-
vations suggest the existence of inclusion complex formation in the case of kneaded com-
plexes KC1, KC2 and KC4. Lesser interaction was observed in the case of the KC5 com-
plex.
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Fig. 1. Splitting pattern of H(3) and H(5) protons: a) free �-CD, b) KC1, c) KC2, d) KC4 and e) KC5.



Thermal analysis

When guest molecules are included in the CD cavity, their melting, boiling and sub-
limation points usually shift to a different temperature or disappear within the tempera-
ture range at which the CD is decomposed (14). DSC thermograms of pure celecoxib and
�-CD, physical mixtures and the corresponding inclusion complexes are shown in Fig. 2.
DSC thermogram of celecoxib (Fig. 2a) exhibited a sharp endothermic peak at 163 °C
corresponding to its melting point (157–163 °C). Scan of �-CD (Fig. 2b) showed a very
broad endothermic peak in the range of 100–142 °C due to the elimination of crystalliza-
tion water, which was in agreement with the findings of various authors (15). The endo-
thermic peak of the drug was retained at 163 °C in all physical mixtures (Figs. 2c and 2d)
in the case of PM1 and PM2, respectively, attributing to the presence of less or no inter-
action between the pure components in the physical mixture.

DSC thermogram of KC1 displayed an endothermic peak at 150 °C (Fig. 2e). The en-
dothermic peak of celecoxib (163 °C) was absent in this case, which may be ascribed to
the formation of inclusion complexes. Various authors observed similar results (16). The

52

V. R. Sinha et al.: Physicochemical characterization and in vitro dissolution behaviour of celecoxib-�-cyclodextrin inclusion complexes,
Acta Pharm. 57 (2007) 47–60.

Table III. Chemical shifts (ppm) for the protons of celecoxib in free state and in kneaded complexes

Celecoxib
proton

dcelecoxib(free) dKC1 �d1* dKC2 �d2
* dKC4 �d4* dKC5 �d5*

CH3
2.3469

(singlet)
2.3498 0.0029 2.3498 0.002 2.3557 0.0088 2.3471 0.002

H-1a
7.4863

(doublet)
7.4987 0.0124 7.4987 0.0124 7.5046 0.0182 7.4881 0.0018

H-1b
7.9295

(doublet)
7.9623 0.0373 7.9623 0.0328 7.9614 0.0319 7.9282 –0.0013

H-5a,
H-5b

7.1772 (doublet
of doublet)

7.1896 0.0107 7.1896 0.0123 7.1965 0.0193 7.1831 0.0059

H-4
6.9051

(singlet)
6.9098 0.004 6.9097 0.004 6.9474 0.0423 6.9104 0.0088

�d* = dcomplex – dcelecoxib (free)

N
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Fig. 2. DSC thermograms of: a) celecoxib, b) �-CD, c) PM1, d) PM2, e) KC1, f) KC2, g) KC3,
h) KC4 and i) KC5.



peak at 163 °C can still reflect the presence of free drug in the case of KC2, KC3, KC4 and
KC5 complexes (Figs. 2f and 2i). The presence of drug peak indicated that celecoxib was
dispersed in the free state between inclusion complexes.

X-ray diffraction

Powder XRD was used to measure the crystallinity of the formed complexes. The
peak position (angle of diffraction) is an indication of crystal structure and peak heights
are measures of sample crystallinity in a diffractogram (17). Formation of an amorphous
state proves that the drug was dispersed in molecular state with CD (18). Various au-
thors have reported the formation of a diffuse diffraction pattern, appearance of new
peaks and disappearance of characteristic peaks of the guest as evidences for formation
of inclusion complexes of the drug with CD (19). The powder X-ray diffraction patterns
of pure celecoxib, �-CD and their physical mixtures and inclusion complexes are repre-
sented in Fig. 3. Most of the principal peaks of celecoxib and �-CD were present in the
diffraction patterns of physical mixtures (Fig. 3). This indicated that there was no inter-
action between the pure components in physical mixtures.

The kneaded complexes showed crystalline peaks suggesting the formation of a crys-
talline inclusion compound. However, the complexes showed a different diffraction pattern
from that of pure celecoxib and �-CD, for example, the characteristic peaks of celecoxib
at 14.8, 16.0, 21.6, 22.3, 23.5 and 25.4° disappeared in KC1 (Fig. 3). These observations are
attributed to an interaction between celecoxib and �-CD, showing the presence of a new
solid phase where possible formation of an inclusion complex may be considered.

IR

Supporting evidence for complexation of the guest molecule with �-CD can be ob-
tained by IR spectroscopy. Upon complexation, a significant shift in the characteristic
peaks of the guest molecule, either to higher or lower frequency, was observed by some
authors (20, 21). Disappearance and broadening of the peaks of the guest also proves in-
teraction between the drug and �-CD molecules (18).

IR spectrum of celecoxib showed medium absorption bands at 3160 and 3260 cm–1,
which were assigned to the drug –NH symmetric and asymmetric stretching vibrations,
respectively. The other characteristic bands may be attributed to the following group vi-
brations: 1150 and 1340 cm–1 (S=O symmetric and asymmetric stretching, respectively),
1560 cm–1 (NH bend), and 780 cm–1 (aromatic –CH bend).

IR spectrum of �-CD showed a broad absorption band at 3340 cm–1 due to the –OH
stretching. IR spectrum of the physical mixture PM1 retained the characteristic –NH ab-
sorption band. There was no shift in the S=O stretching vibration of celecoxib at 1340
cm–1. These observations led to the conclusion that there was less interaction between
celecoxib and b-CD in the physical mixture. The characteristic –NH stretching bands of
celecoxib at 3160 cm–1 and 3260 cm–1 were masked in cases of all kneaded complexes.
The stretching band of S=O group at 1340 cm–1 shifted to lower frequencies (1320 cm–1)
in the case of kneaded complexes KC1 and KC2. The S=O stretching band became bro-
adened in KC3 and KC4 complexes, whereas it remained unchanged in KC5 complexes.
The observed shifts in the case of KC1 and KC2 complexes may be attributed to the

54

V. R. Sinha et al.: Physicochemical characterization and in vitro dissolution behaviour of celecoxib-�-cyclodextrin inclusion complexes,
Acta Pharm. 57 (2007) 47–60.



55

V. R. Sinha et al.: Physicochemical characterization and in vitro dissolution behaviour of celecoxib-�-cyclodextrin inclusion complexes,
Acta Pharm. 57 (2007) 47–60.

Fig. 3. Powder X-ray diffraction patterns of celecoxib, �-CD kneaded complexes
and physical mixtures.



breakdown of the intermolecular hydrogen bonds of the crystals (22) and formation of a
monomeric drug dispersion as a consequence of the interaction with CDs, which could
result in inclusion of the drug in the hydrophobic cavity of the carrier (23). The broadening
of S=O stretching at 1340 cm–1 in cases of KC3 and KC4 and masking of –NH stretching
band in KC5 may suggest the existence of some interaction between the drug and �-CD.

SEM

The scanning electron microphotographs of b-CD, pure celecoxib, celecoxib-�-CD
physical mixtures and inclusion complexes are given in Fig. 4. The microphotograph of
�-CD appeared as three-dimensional parallelogram-shaped particles. Celecoxib appea-
red as irregular and three-dimensional particles. The physical mixture clearly depicted
the crystalline structure of both celecoxib and �-CD. The SEM of kneaded complexes
(KC1 and KC2) is shown in Fig. 4. Whereas the physical mixture (PM1) showed the crys-
talline structure of celecoxib and �-CD, the features of both crystals in the kneaded com-
plex were not easily detectable. The kneaded complex showed adherence of drug parti-
cles to �-CD. This observation suggested the existence of interaction between celecoxib
and �-CD.

Dissolution studies

The dissolution profiles of celecoxib and celecoxib-b-CD binary systems are illus-
trated in Figs. 5a and 5b. The reported values are the arithmetic mean of three measure-
ments. The results of dissolution rate studies expressed by t50% are collected in Table IV.

One-way analysis of variance (ANOVA) showed that the increase in dissolution rate
was significant (p < 0.001) with all kneaded complexes (KC1–KC5) and their respective
physical mixtures (PM1–PM5) as compared to pure celecoxib. All pair-wise multiple com-
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Fig. 4. Scanning electron micro-
photograph of b-CD, celecoxib,
PM1, KC1 and KC2.



parison analyses (Tukey's test) illustrated that the kneaded complexes (KC1–KC5) also
produced a statistically significant (p < 0.05) increase in the dissolution rates as compar-
ed to their respective physical mixtures.

The t50% of kneaded complexes (KC1-KC4) was < 3.5 min while it was 10.4 min for
KC5. The values of t50% of all kneaded complexes were much lower than for celecoxib
alone (t50% = 34.6 min) while physical mixtures had values between 8.4 and 15 min (Ta-
ble III). The mean percent release of drug from the kneaded complexes KC1, KC2, KC3,
KC4, KC5 at 30 min was 1.9, 2.0, 2.0, 1.9, and 1.8 fold higher compared to pure celecoxib.
The physical mixtures PM1, PM2, PM3, PM4, PM5 also increased the mean percent re-
lease of drug 1.3, 1.6, 1.7, 1.5, 1.6 fold, respectively. The increase in the dissolution rate of
celecoxib physically mixed with b-CD was possibly a result of local solubilization oper-
ating in the microenvironment or the hydrodynamic layer surrounding the drug parti-
cles (24). This action may result in an in situ inclusion process, which increases the amount
of dissolved drug.

The dissolution of celecoxib from the celecoxib powder alone was incomplete even
after 90 min (70%), the kneaded complexes displayed better dissolution properties, 89.8,
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93.4, 91.6, 90.4 and 84.9% of drug released within 30 min from KC1, KC2, KC3, KC4, KC5
complexes, respectively (Fig. 5b). The significant improvement in dissolution character-
istics of the complexes was justified by the concurrence of several factors, viz., increased
particle wettability, reduction of crystallinity of the product (25). The surfactant-like pro-
perties of CD were postulated in some cases to explain the higher dissolution rate of the
complexes. CD can reduce the interfacial tension between the solid particles of celecoxib
and the dissolution medium, leading to a higher rate of dissolution. The improvement in
dissolution rate of celecoxib from CD complexes was in agreement with the results ob-
tained from phase solubility analysis (26).

CONCLUSIONS

As a result of this study, it may be concluded that celecoxib-b-CD inclusion com-
plexation led to improvement of drug solubility and dissolution rate, which suggests
that the celecoxib-b-CD complex may have greater utility in the fast dissolving dosage
forms, with possible enhancement of oral bioavailability.
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S A @ E T A K

Fizi~kokemijska karakterizacija inkluzijskih kompleksa celekoksiba

s �-ciklodekstrinom i osloba|anje celekoksiba in vitro

VIVEK RANJAN SINHA, R. ANITHA, SOMA GHOSH, AMITA, RACHANA KUMRIA,
JAYANT RAJARAM BHINGE i MANOJ KUMAR

U radu je ispitivan utjecaj �-ciklodekstrina (�-CD) na vodotopljivost i osloba|anje
celekoksiba iz inkluzijskih kompleksa. Kompleksi su prire|eni metodom gnje~enja i ka-
rakterizirani pomo}u SEM, NMR, IR, DSC i difrakcijom rentgenskim zra~enjem. Oslo-
ba|anje iz kompleksa bilo je zna~ajno bolje nego iz fizi~ke smjese {to ukazuje da je stva-
ranje inkluzijskog kompleksa pove}alo topljivost te{ko topljivog celekoksiba.

Klju~ne rije~i: celekoksib, �-ciklodekstrin, inkluzijski kompleks, profil osloba|anja
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