In AUC,, _, at 90% confidence interval both the formula-
tions were found to be bioequivalent. For the present test
preparation all the acceptance criteria were completely ful-
filled as per the guidance of CPMP for bioequivalence stud-
ies i.e 0.80 to 1.20 for untranformed data and 0.80 to 1.25
for the logtranformed data. Thus, bioequivalence between
the test and standard preparation was demonstrated.
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Inclusion complexes of meloxicam with f-cyclodexirin (8-CD) were prepared by various methods
like grinding, kneading, solid dispersion and freeze drying. The prepared complexes were evalu-
ated by FTIR, X-ray diffraction, differential scanning calorimetry and scanning electron micros-
copy. The In vitro dissolution rate of drug-8-CD complex was faster compared to the drug alone.

Cyclodextrins are cyclic maltooligosaccharides which
have been extensively used to increase aqueous solubility
of poorly soluble drugs*2. Amongst the existing cyclodextrins,
p-cyclodextrin (B-CD) has been used extensively to modify
their physico-chemical properties**. Meloxicam is a prefer-
ential cox-2 inhibitor which is used in the treatment of os-

*For correspondence
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teoarthritis and rheumatoid arthritis®®. The major drawback
of this drug is its low aqueous solubility which delays its
absorption from Gi tract and its prolonged use is associated
with incidence of side effects that include Gl perforations,
ulcerations and bleeding. Therefore, an attempt has been
made to improve the aqueous solubility of meloxicam by
complexing it with 8-CD.
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Meloxicam and B-CD were gift samples from Sun Phar-
maceuticals Ltd, Mumbai and Carestar Inc., USA, respec-
tively. Other reagents and chemicals were of analytical re-
agent grade. The solubility studies” were performed by add-
ing an excess amount of meloxicam to the aqueous solution
of B-CD (MW-1135) at various concentrations (2-8 mM/l).
The contents were stirred for 72 h at 30£1°. After equilib-
rium, the samples were filtered and absorbance read at 362
nm.

The inclusion complex was prepared in two molar ra-
tios, 1:1 and 1:2. Physical mixture (PM) was prepared by
triturating together the powders for 30 min in a clean, dry
pestle and mortar. The kneaded dispersion (KN) was pre-
pared by wetting the powders with water. It was kneaded to
get a paste like consistency and stirring continued till it starts
peeling off from the walls of the mortar. It was then dried in
a hot air oven at 60° for 20 min. Solid dispersion (SD) was
prepared by wetting the powders with 50% v/v ethanol. It
was stirred to get a paste and rest of the procedure followed
was the same as that mentioned for kneaded dispersion®,
The freeze dried (FD) product was prepared by freeze dry-
ing a 25% aqueous ammonia solution containing meloxicam
and B-CD in a benchtop lyophillizer. The solid obtained was
sieved through 85 mesh.

DSC of the samples was carried out using DuPont
model 910. (USA) system at a scanning range of 50-500°/
10°/min. XRD of the samples was performed using high
power X-ray diffractometer RU-200B from M/s Riguao, Ja-
pan. The scanning speed was 4° min. The FT-IR spectra of
samples were recorded on FT-IR Magma IR 750 by Nicolet
series |l instrument using the KBr disc technique. Scanning
was done from 4000 to 500 cm™'. SEM of samples were per-
formed using Joel scanning microscope JSM-840 with a 10
KV acceleration voltage.

Dissolution studies were conducted for pure meloxicam
and for inclusion complex using USP Veego paddle type
apparatus at 37+1° at 100 rpm. The dissolution medium used
was 900 ml of 0.5% w/v sodium lauryl sulfate in distilled
water*. The drug and the inclusion complex was filled in hard
gelatin capsule shell so as to contain 15 mg meloxicam/cap-
sule. At various time intervals, 5 ml sample was withdrawn
and replaced with fresh dissolution medium. The absorbance
of filtered sample was read at 362 nm. Experiment was per-
formed in triplicate.

The phase solubility diagram for meloxicam-p-CD sys-
temin water can be characterized as Bs type phase solubil-
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ity curve” which suggests that the molar ratio of the com-
plex is 1:2 (fig. 1). Sanoferajan et al.® in a study on com-
plexation of tenoxicam (a structurally similar NSAID to
meloxicam) with B-CD also observed a Bs type curve during
phase solubility study.

The DSC graph for pure meloxicam shows a sharp en-
dotherm near 252° which is indicative of its melting tem-
perature followed by an exotherm which signifies that after
melting, meloxicam decomposes. The thermograms of PM
(1:1 and 1:2, drug-B-CD) are a combination of peaks of p-
CD and meloxicam. In the thermograms for the KN (1:1 and
1:2) the intensity of the endotherm at 252° (which corre-
sponds to the melting temperature of meloxicam) diminishes
in intensity indicating partial complex formation. The DSC
pattern of meloxicam B-CD complexes prepared by SD
method shows diminished intensity of the drug melting en-
dothermindicating partial complex formation. In the FD com-
plex the endothermic peak of the drug at 252° is not ob-
served in 1:2 ratio and a very diminished endotherm is seen
in 1:1 ratio, indicating that the drug has been engulfed in
the cyclodextrin cavity (fig. 2). The XRD of the pure drug
shows peaks that are sharp and intense signifying its crys-
talline nature. Peaks for PM (1:1 and 1:2, drug-p-CD) show
diffused peaks with low intensity. In KN technique (1:1 and
1:2) most of the peaks can be seen indicating existence of
crystalline nature. In case of SD (1:1 and 1:2) broad peaks
of low intensity are there indicating partial amorphization of
meloxicam. In FD complex, peak of meloxicam is completely
missing in complex prepared in molar ratio of 1:2 suggest-
ing éomplete amorphization of meloxicam. FT-IR spectra of
meloxicam shows a distinct peak at 3291 cm? and B-CD
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Fig. 2: Differential scanning thermograms of prepared
complexes. '

Differential scanning thermograms of meloxicam (A); -
cyclodextrin (B); and complexes prepared by Physical
Mixture (C); Kneading (D); Solid Dispersion (E); and
Freeze Drying (F) methods.

shows a sharp peak at 3400 cm™. The PM, KN and the SD
(1:1) show peaks corresponding to both meloxicam and §-
CD. In the PM (1:2) the position and intensity of hydroxyl
group decreases and they appear at 3390 cm', However,
the intensity of the amide band at 3311 cm™ has increased
indicating interaction of amide linkage with hydroxy! groups
of §-CD, Almost identical spectra are seen for meloxicam 3-
CD inclusion complex prepared by KN and SD method. IR
spectra of FD dispersion (1:1) show the partial overlapping
of amide band at 3290 cm™ in pure meloxicam with the hy-
droxyl band at 3262 cm' supporting interaction of meloxicam
with §-CD. In 1:2 complex, the amide band at 3290 ecm is
completely overlapped with hydroxyl band at 3383 cm ! indi-
cating interaction between meloxicam and $-CD and com-
plex tormation by FD method.

The SEM photomicrographs of PM of meloxicam-8-CD
system shows the crystalline structure. The features of both
crystals in the SD were not easily detectable. Furthermore,
the micrograph of the FD system showed an amorphous
product with the presence of smali size particles tending to
aggregation.

The dissolution profile of the inclusion complexes pre-
pared by different methods is shown in fig. 3. It can be seen
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Fig. 3: Dissolution profiles of meloxicam and its com-
plexes with f-cyclodextrin.

The in vitro dissolution rate profiles of pure meloxicam
drug powder (-X-) and complexes with f-cyclodextrin
prepared by Physical Mixture 1:1 (-M-); Physical Mixture
1:2 (-0O-); Kneading 1:1 (-A-); Kneading 1:2 (-A-); Solid
Dispersion 1:1 (-e-); Solid Dispersion 1:2 (-O-); Freeze
Drying 1:1 (-#-) and Freeze Drying 1:2 (-0-) methods.

that after 15 min only 10.8% pure drug is dissolved and even
after 120 min only 43.2% drug goes into solution whereas in
case of meloxicam-f-CD inclusion complex prepared by FD
method in a 1:2 molar ratio 91.2% drug was released within
15 min and almost complete release (95%) was seen after
60 min (Table 1). Nath and Shivakumar™ have recently re-
ported a similar increase in dissolution of meloxicam in pres-
ence of B-CD and PVP. It can be concluded that an inclusion
complex of meloxicam with 8-CD could be prepared suc-
cessfully by FD method in a molar ratio of 1:2 and this was
confirmed by solubility studies, DSC, XRD, FT-IR and SEM.
Dissolution studies of the FD complex exhibited almost com-
plete in vitro dissolution profile.

ACKNOWLEDGEMENTS

The authors wish to thank Council of Scientific and In-
dustrial Research for financial support.

REFERENCES

1. Nervetti, A., Ambanelli, V. and Ugolotti, G., J. Drug Develop.
Suppl., 1991, 4, 39.

2, Otero-Espinar, F.J., Anguiano-lgea, S., Garcia-Gonazalez, N.,
Vila Jato, J.L. and Bianco-Mendez, J., Int J. Pharm., 1992, 79,
149.

3. Sanghavi, N.M., Choudhari, K.B., Matharu, R.S. and

July - August 2002

1



Vishwanathan, L., Drug Develop. Ind. Pharm., 1993, 19, 701. 8. Millic-Askarabic, J., Rajic, D.C., Tasic, L.J., Djuric, S., Kosa, P.

4. Dhanaraju, M.D., Kumaran, K.S., Baskaran, T. and Rama and Pintye-Hodi, K., Drug Develop. Ind. Pharm., 1997, 23,
Moorthy, M.S., Drug Develop. Ind. Pharm., 1998, 24, 583. 1123.

5. Noble, S. and Baifour, J.A., Drugs, 1996, 51, 424, 9. Sanoferajan, A.M., Nanjundaswamy, N.G., Mahesh, S. and

6. Engelhardt, G., Brit. J. Rheum., 1996, 35, 4. Moorthy, S.N., Indian J. Pharm. Sci., 2000, 62, 119.

7. Higuchi, T. and Connors, K., Adv. Anal. Chem. Instr., 1965, 4, 10. Nath, B.S. and Shivakumar, H.N., Indian J. Pharm. Sci., 2000,
117. 62, 129,

. July - August 2002 Indian Journal of Pharmaceutical Sciences 411





