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Abstract

The objective of the work is physicochemical characterization of meloxicam (ME)—cyclodextrin (CD) binary systems both in
solution and solid states and to improve the dissolution properties of meloxicam via complexatien g#tmdy-cyclodextrins.
Detection of inclusion complexation was done in solution state by means of phase solubility analysis, mass spectrometry and
1H nuclear magnetic resonance (NMR) studies, and in solid state using differential scanning calorimetry (DSC), powder X-ray
diffractometry, and in vitro dissolution studies. Phase solubility, mass spectrometfiiyl AiMR studies in solution state revealed
1:1 M complexation of meloxicam with all CDs. A true inclusion of ME WitfCD at 1:1 and 1:2 M in solid state was confirmed
by DSC, powder XRD and scanning electron microscopy (SEM) studies. Dissolution properties of ME—CDs binary systems
were superior when compared to pure ME.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction cam derivatives. The structure of meloxicam is shown
in Fig. 1L It is used to treat rheumatoid arthritis, os-
Meloxicam (ME) (4-hydroxy—2—methy¥-(5-me- teoarthritis, and other joint diseases. Meloxicam is

thyl-2-thiazolyl)-2H benzothiazine-3-carboxamide-1, a potent inhibitor of cyclooxygenase (COX)] and
1-dioxide) is a highly potent non-steroidal anti-inflam- in several models shows selectivity for the inducible
matory drug (NSAID) of the enolic acid class of oxi- COX-2 isoenzymg2—4]. This may explain the effec-
tiveness and superior safety profile of this drj&d
- since the therapeutic benefits are combined with good
* Supplementary data associated with this article can be found gastro-intestinal tolerability6]. Like many NSAIDs
at doi: 10.1016/j.jpba.2004.01.003. . . . . : f
* Corresponding author. Tekt1-859-257-2587: meloxicam is pract_l_cally msolublt_e_ in water. _The
fax: +1-859-257-2787. poor aqueous solubility and wettability of meloxicam

E-mail address: nbnaid2@email.uky.edu (N.B. Naidu). leads to difficulties in formulating oral and parenteral

0731-7085/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
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15 2.2.1.1. Physical mixtures (PM). The physical mix-
12 Nx tures of ME and CDs in 1:1 and 1:2 M were obtained
OHH\N//QS CH; 18 by mixing individual components that had previously
6 been sieved (75-150m) together with a spatula.
N 0
N 2.2.1.2. Kneaded systems (KS). The physical mix-
oSL cH; 10 tures of ME and CDs in 1:1 and 1:2 M were triturated
300 in a mortar with a small volume of water-methanol
Fig. 1. Structure of meloxicam. (1:1, v/v) solution. The thick slurry was kneaded for

45 min and then dried at 4% until dryness. The dried

mass was pulverized and sieved and a 75160
solutions and variations in bioavailability. Thus, in- granulometric sieve fraction was collected. Wetting
creasing the aqueous solubility of meloxicam is of agent (water:methanol, 1:1%, v/v) was used mainly
therapeutic importance. In this present investigation, to achieve better interaction of meloxicam with cy-
meloxicam was complexed with cyclodextrina-( clodextrins during kneading process. The presence of
B- andy-CDs) in an attempt to improve its aqueous methanol helps to improve wettability of meloxicam,
solubility, dissolution properties. there by better interaction with cyclodextrins.

Cyclodextrins (CDs) are cyclicn€1,4)-linked oli-

gosaccharides ab-glucopyranose containing a rela- 2213 Coevaporated systems(CS). The aqueous so-
tively hydrophobic central cavity and a hydrophilic |ytion CD was added to a solution of meloxicam dis-
outer surface. Cyclodextrins are able to form inclusion ggpved in liquid ammonia. The resulting mixture was
complexes with poorly water-soluble drugs. These in- gtirred for 1 h and evaporated at a temperature 6145
clusion complexes have been shown to improve sta- ynj| dry. The dried mass was pulverized and sieved

[7,8]. This improvement in hydrophilicity may be due qjjected.

either to the formation of inclusion complexes of a
host/guest type, as a function of the structure of the 229 Detedi £ inclus lexation i
oligosaccharide ring, or maybe by means of a highly sn.)ll.Jti.on st:\;:elon of inclusion compiexation in

homogeneous assembly between the CD and the drug . .
in the solid state. In most cases, this association in- 2:2.2.1. Phase solubility studies. Excess amounts of

creases the solubility of poorly soluble drugs. m_eloxicam (50 mg) were added FO 15ml of_either pu-
rified water or CD aqueous solutions (ranging in con-

centration from 0.003 to 0.048 M) in a series of 25 ml

stoppered conical flasks. The mixtures were shaken

2. Experimental for 48 h at room temperature (28) on a rotary flask
) shaker. After 48 h of shaking to achieve equilibrium,
2.1. Materials 2ml aliquots were withdrawn at 12 h intervals and

) ) filtered immediately using a 0.4Bm nylon disc fil-
The meloxicam sample was supplied by Sun (o The filtered samples were diluted and assayed for

Pharma Ltd., Mumbai, Indiay-, 8- andy-CDs wereé e by measuring absorbance at 365 nm. Shaking was
obtained from Wacker Biochem Corp., USA and all ¢ontinyed until three consecutive estimations were the

other reagents and solvents were of analytical grade. ggme. The solubility experiments were conducted in
triplicate (coefficient of variation, CV< 2%). The

2.2. Methods blanks were performed in the same concentrations of
CDs in water in order to cancel any absorbance that
2.2.1. Preparation of solid binary systems may be exhibited by the CD molecules. The apparent

The following binary systems of ME and CDs were stability constants were calculated from phase solubil-
prepared at 1:1 and 1:2 molar ratios (1:1 and 1:2 M). ity diagramg[9].
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2.2.2.2. Mass spectrometry analysis. Electrospray io- 2.2.3.3. Scanning €electron microscopy. The surface
nization mass spectrometry (ESI-MS) was carried out morphology of pure materials, their treated counter-
on a Finnigan LCQ DECA iontrap mass spectrometer parts and all binary systems was examined by Scan-
(San Jose, CA, USA) equipped with an electrospray ning Electron Microscope (Joel, JSM-840A, Tokyo
ionization source. Meloxicam was dissolved in wa- Japan). The samples were fixed on a brass stub using
ter/methanol/acetic acid (49.5:49.5:1, v/v) in the ab- double-sided tape and then gold coated in vacuum by
sence and presence of CDs. The final concentrationsa sputter coater. The pictures were then taken at an
of ME and CDs were 1 and 2 mM, respectively. Infu- excitation voltage of 20 kV.
sion rates were pl/min during sample analysis.

2.2.3.4. Dissolution studies. In vitro dissolution stud-
2.2.2.3. 'H NMR spectroscopy. H nuclear magnetic ies of pure drug and its treated s_amples_and the pre-
resonance (NMR) experiments were performed on a Pared binary systems were carried out in 900 ml of
Varian 500 MHz Inova NMR with dual full-band chan-  Phosphate buffer at pH 7.4 I.P. using a USP XXI type
nels andz-axis gradients using Varianaxis PFG In- 2 Dissolution Rate Test Apparatus by the powder dis-
verse detection probe. The spectra were measured aP€rsed amount method (powder samples were spread
298K with an operating frequency of 499.742 MHz ©Ver the dissolution medium). Samples equivalent to
(pw90 1H was 10.8us at tpwr of 50). Spatial connec- +°Mg of ME, a speed of 50rpm and a temperature
tivity between cyclodextrin and drug was established ©f 37+ 1°C were used in each test. A 5ml aliquot

by 1D-ROE and ROESY (relaxation delay of 300ms Was withdrawn at different time intervals, filtered
and a mixing time of 350 ms) experiments. The so- USing a 0.4m nylon disc filter and replaced with
lutions of cyclodextrins, meloxicam, and solid com- 5ml of fresh dissolution medium. The filtered sam-

plexes were prepared by dissolving in a 50 mM sodium ples were suitably o!iluted, if necessary, and assayed
borate buffer (pH 9.5), which was made up in deu- for ME by measuring the absorbance at 365nm.

terium oxide, to give a 5mM solution. Solutions for 1he dissolution experiments were conducted in

ROESY experiments were purged under a stream of triPlicate.
argon for 1 h prior to data collection, to reduce the

amount of dissolved oxygen. ) .
3. Results and discussion

2.2.3. Detection of inclusion complexation in solid 3.1. Phase soluhility studies
State
2.2.3.1. Differential scanning calorimetry. Thermo- A summary of the findings of the phase solubility

grams of pure materials, their treated components and gt dies is shown ifable 1 The phase solubility di-
all binary systems were recorded on a Seiko, DSC 4qram was given abig. 2 The solubility calculated
220C model differential scanning calorimeter (DSC, oy ME in water (pH 6.2) was 1@2g/ml at 28°C. The
Tokyo, Japan). About 10 mg of samples were sealed g|pility of ME increased linearly with an increase

in aluminum pans and heated at a heating rate of j, the concentration of CDs, giving/Atype solubility
10°C/min from 30 to 300C.

Table 1
2.2.32. Powder X-ray diffractometry. The powder Summary of ME-CDs phase solubility studies
X-rc_';\y diffraction (XRD) patterns o_f pure materials, Type of phase _ Stability Increase of
their treated counterparts and all binary systems were solubility constantL solubility
recorded by using an automated Philips X'Pert X-ray diagram S.D. (MY (S/S0)?
diffractometer (Osaka, Japan). The samples were ,.cp AL 8212+ 2.21 211
irradiated with monochromatized CuoKradiation B-CD AL 109.97+ 1.97 2.75
and analyzed betweert Zangles of 4 and 54 The y-CD AL 78.674 1.93 2.05

voltages, current and time per step used were 30KV, a5, solubility of meloxicam in 15mM of CD solutions%,
20mA and 0.5s, respectively. solubility of meloxicam in water.
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diagramg9]. The increase in solubility in the systems
is due to one or more molecular interactions between || 100 o §
ME and CDs to form distinct species or complexes. 2 [ 3 S
The solubilizing efficiency of different CDs is in the & T ME-+-CD
order of B-CD > a-CD > v-CD. The cavity size 5 40 LS
of the B-CD seems to be optimal for entrapment of e
ME molecule and consequently provides the greatest g 20 f ©
solubilization effect. The apparent stability constants E | 3
(K1:1) were calculated for these complexes from W 0 J_l il L1 ,h'- | TS
phase solubility diagrams according to the following 200 400 1200 1600 2000
equation: m/z
slope Fig. 3. ESI MS spectra of ME-CD solutions.
Kin= g7 —
So(1 — slope
whereS is intercept seen as strong peaks in the full scan spectra of the re-

The stabmty constant values calculated were SpeCtive ME-CDs solutions. The full scan SpeCtra of
82124 2.21, 10997 + 1.97 and 7867+ 1.93 M1, ME-CDs solutions also showed peakswdr 1324.5,
respectively, fora-, - and y-CDs. The larger con-  1486.8 and 1648.8 ions corresponding to the 1:1 M
stant that was observed witCD indicates that ME ~ adducts of ME witha-, B- andy-CDs, respectively.
interact more strongly with this CD. All these results suggest that ME interact with CDs

forming inclusion complexes in solution state.
3.2. Mass spectrometry analysis
3.3. 'H NMR spectroscopy

The full scan spectrum of meloxicam showed a
strong peak at [ME} 352. The full scan spectra of the The'H NMR spectroscopy studies of ME witk,
ME—-CD solutions are shown iRig. 3. The ions cor- B- andy-CDs were carried out to gain insights into
responding to the meloxicanm(z 351.9),a-CD (m/z the complexation mode(s) of ME. The observable
972), B-CD (m/z 1135) andy-CD (m/z 1297) were changes in chemical shift\¢) upon complexation are
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Table 2

Differences in the observed chemical shify 6f the cyclodextrin protons upon addition of meloxicam: @&)CD; (B) B-CD; (C) y-CD

Position CD only!H, § (ppm) m,J (Hz) CD + meloxicam®H, § (ppm) AS

(A) a-CD
1 4.929 d, 3.5 4.910 —0.019
2 3.505 dd, 10.0, 3.0 3.488 —0.017
3 3.861 dd, 10.0,, 9.0 3.824 —0.037
4 3.460 t, 9.0 3.434 —0.026
5 3.756 overlap with H-6 m 3.713 —0.043
6 3.731 overlap with H-5 m 3.795 0.064

(B) B-CD
1 4.945 d, 3.5 4.936 —0.009
2 3.523 dd, 10.5, 3.5 3.514 —0.009
3 3.844 dd, 10.5., 9.0 3.819 —0.025
4 3.459 t, 9.0 3.454 —0.005
5 3.754 overlap with H-6 m 3.711 overlap with H-6 —0.043
6 3.754 overlap with H-5 m 3.748 overlap with H-5 —0.006

(C) yCD
1 4.987 d, 3.5 4.973 —-0.014
2 3.528 dd, 10.0, 3.0 3.523 —0.005
3 3.815 dd, 10.0,, 9.0 3.806 —0.009
4 3.484 t, 9.0 3.458 —0.026
5 3.740 overlap with H-6 m 3.737 overlap with H-6 —0.003
6 3.740 overlap with H-5 m 3.737 overlap with H-5 —0.003

AS = (Scomplex— Stree-

relatively modest in magnitude for all cyclodextrins. protons that are closer than 4 A through space. Corre-
The greatest changes in chemical shift were generally lation of the H-3 and H-5 protons of the cyclodextrin
observed for the upfield shifts of H-3 and H-5, which to the protons of the guest is strong evidence for the
is characteristic of the formation of an inclusion formation of an inclusion complex. ThéH NMR
complex. Unfortunately the chemical shift of the H-5 data for protons of-, - andy-CD’s, including the
signal was not always distinguishable from the H-6 complexation-induced shiftsAS (8complex — Sfree),
resonance. The spatial interactions between proximal in the absence and presence of ME are shown in
protons of the cyclodextrin and guest molecule that Table 2 The 'H NMR data for ME, including the
arise through dipolar interactions were determined complexation-induced shifta\s (8complex— Sfree), IN
using one-dimensional ROE experiments (1D ROE) the absence and presenceoof B- andy-CD’s are
and ROESY experiments. In these experiments, cor- shown inTable 3 The ROESY spectras are shown in
relations are typically observed between proximal Fig. 4 In the presence of cyclodextrins almost all the

Table 3

1H Chemical shift data for ME with and without CDs

Position § (ppm) ME m,J (Hz) Aé$ (ppm) ME + «-CD AS (ppm) ME + B-CD Aé$ (ppm) ME + y-CD
3 7.735 dd, 7.5, 1.5 —0.019 —0.026 —0.025

4 7.663 td, 7.5, 1.0 —0.024 —0.021 —0.022

5 7.753 td, 7.5, 1.5 —0.024 —0.021 —0.021

6 7.953 dd,7.5, 1.0 —0.046 —0.012 —0.013

10 Me 2.770 S —-0.027 —0.021 —0.034

15 6.992 d, 1.0 0.045 —0.035 —0.015

18 Me 2.278 d, 1.0 0.014 —0.001 —0.016

A = (scomplex— Siree-
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tween these protons and the H-36€yclodextrin, but
not the H-5, suggesting that there is shallow inclusion
of the thiazole ring into the cyclodextrin cavity. In the
case of ME ang-CD the H-15 and H-18 protons of
meloxicam exhibit very strong spatial correlation with
both the H-3 and H-5 protons @f cyclodextrin, indi-
cating that the thiazole ring is deeply included into the
cyclodextrin cavity. However, only modeats values
are observed for the H-15 and H-18 protons of meloxi-
cam. The disparity im\§ values of these protons may
be attributable to complexation-induced changes in the
shielding/deshielding effects, i.e. inductive and me-
someric effects, of the substituent groups. The spatial
correlation data also indicate a second mode of bind-
ing for the B-cyclodextrin complex, with the H-5 and
H-6 protons of meloxicam being proximal to the H-3
and H-5 protons of the cyclodextrin. This requires the
relatively non-polar ring of the benzothiazine group to
be deeply included in the cyclodextrin cavity. There is
no evidence for inclusion of the thiazole ring into the
cavity of y-CD. Spatial correlations are observed only
between the protons of the benzothiazine group and
those within the cavity of the cyclodextrin. The H-6
and H-10 protons of ME both show strong correlation
to the H-5 proton of the CD. This would indicate deep
binding of the drug into the cavity. Although the cav-
ity of y-CD is sufficiently large to accommodate the
entire benzothiazine group, the possibility of the exis-
tence of multiple binding modes cannot be precluded.

3.4. Differential scanning calorimetry

The thermograms of ME and kneaded meloxicam
(KME) showed a sharp endothermic peak at 25C.7
corresponding to its melting point. However, the ther-
mogram of CME (evaporated meloxicam) showed a
broad endotherm ranging from 113.4 to 163C7with
a peak of 145.3C, which may be due to dehydration
process, along with the melting endotherm at 25C.8
This dehydration peak may be due to the occluded
water during the evaporation process which is present
in the liguid ammonia. This was further confirmed
from the DSC thermogram of pre-heated (0-160)

protons in meloxicam are weakly shielded to some CME sample, where no dehydration peak was found.
degree, the notable exceptions being the protons assoDSC thermograms of all CDs, i.e-, B- andy-CDs,
ciated with the thiazole-ring (H-15 and H-18), which showed a broad endothermal effect ranging from 40 to

are deshielded in the presence @fcyclodextrin.
Strong ROE correlationsTéble 4 are observed be-

150°C, due to their dehydration process. The thermal
curves of the binary systems of ME with andp-CDs
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Table 4

Summary of ROE intermolecular interactions (very strdagong/weak)

Position IH, 5 (ppm) m,J (Hz) «a-CD B-CD y-CD

3 7.735 dd, 7.5, 1.5 - - H-3, H-5
4 7.663 td, 7.5, 1.0 - H-5 H-3, H-5
5 7.753 td, 7.5, 1.5 - H-3, H-5 H-3

6 7.953 dd, 7.5, 1.0 - H-3, H-5 H-3, H-5
10 Me 2.770 S H-3 H-3, H-5 H-3, H-5
15 6.992 d, 1.0 H-3 H-3 H-5 -

18 Me 2.278 d, 1.0 H-3 H#3 H-5* -

invariably showed the typical meloxicam endotherm, binary systems are given fable 5 A similar diffrac-
which progressively reduced in its peak intensity and tion pattern with several intense peaks was achieved
shifted to lower temperatures passing from physical for any sample of ME, independently of the previ-
mixtures to kneaded and coevaporated systems. Thisous treatment, conclusively displaying its crystalline
marked reduction in intensity and/or broadening and structure. However, the CME showed a diffraction
shift to a lower temperature of the ME endotherm in

kneaded and coevaporated systems indicates a partial -CD

inclusion of ME in the CD cavities. In the case of the

ME—y-CD binary systems, the characteristic thermal —-q___\//*""\"
profile of ME was invariably present in the physical PML:IM
mixtures of both ratios i.e. 1:1 and 1:2 M. On the con-

trary, in the binary systems prepared by the knead- KSIM
ing and coevaporation methods showed the complete

disappearance of the ME endothermic peak indicat-

ing the formation of an amorphous solid dispersion, OSLIM

the molecular encapsulation of the drug inside the CD

cavity, i.e. a true inclusion comple¥ig. 5). ‘H\__/——“_—/—M

PMI:2M

3.5. XRD studies w,_i—/“"\“
KSI:2M

Power X-ray diffractometry is a useful method for
the detection of cyclodextrin complexation in powder
or microcrystalline states. The diffraction pattern of CSI:2M
the complex should be clearly distinct from that of the
superimposition of each of the components if a true \/I’d—/—’v
inclusion complex has been formed. Crystallinity was ME
determined by comparing some representative peak
heights in the diffraction patterns of the binary systems —
with those of a reference. The relationship used for
the calculation of crystallinity was relative degree of
crystallinity (RDC)= lsandlref, Wwherelsgmis the peak
height of the sample under investigation dpglis the | | l i |
peak height at the same angle for the reference withthe 3¢ 97.5 165 2325 300
highest intensity10]. Pure drug peak at 25.720) was
used for calculating RDC of kneaded and coevaporated
binary systems. The RDC values of corresponding Fig. 5. DSC thermograms of ME and ME-CD binary systems.

Temperature (°C)
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Table 5
RDC values of ME-CD binary systems
Sample RDC

KS 1:1M CS 1:1M KS 1:2M CS 12M
ME—«-CD 0.375 0.270 0.152 0.047
ME—3-CD 0.418 0.374 0.189 0.079
ME—-CD - - - -

pattern similar to that of pure ME but with relatively
less intense peaks. In the casexofindy-CD samples

a similar diffraction pattern was observed irrespective
of method of treatment. In the case of {BeCD sam-
ples kneade@®-CD showed a diffraction pattern sim-
ilar to that of purg3-CD, but with a reduction in peak
intensities. The evaporatggtCD showed a diffrac-
tion pattern similar to that of pur@-CD but with a
relatively more intense peaks. The X-ray diffraction
patterns of ME«-CD and ME-CD 1:1 and 1:2M
binary systems showed all the principle peaks of ME,
«-CD andp-CD. However, the peak intensities of the
1:2 M binary systems are lower than the correspond-
ing 1:1 M binary systems. The diffraction patterns are

the sum of each component, indicating the presence
of ME in a crystalline state. These results suggest that

no alteration was produced in the crystal structure of
ME, but that the crystallinity was modified, since the
peak position (angle of diffraction) is an indication
of crystal structure and the peak heights in a diffrac-
togram are a measure of the sample crystallinity. From
the RDC valuesTable J it is seen that when pure ME

was considered as reference sample, a decrement in

crystallinity was observed in all of the Me-CD and
ME—3-CD 1:1 and 1:2 M binary systems and is in the
in the order of CS> KS. These observations were in
accordance with the results of the DSC studies, indi-
cating that there was no true inclusion complexation
between ME and either-CD, or 3-CDs in solid state

at both the molar ratios. In the case of the diffraction
patterns obtained with the MB-CD 1:1 and 1:2M
physical mixtures Kig. 6), all the principal peaks of
ME and y-CD were observed. Overlap of the drug
peaks by they-CD peaks was also observed. The
diffractograms of ME«-CD 1:1 and 1:2M KS and
the CS binary systems differed from those of the cor-

N.B. Naidu et al. / Journal of Pharmaceutical and Biomedical Analysis 35 (2004) 75-86
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Fig. 6. Powder X-ray diffractograms of ME-CD binary systems.

indicating the formation of inclusion complex in these
systems. These observations were in accordance with
the results of the DSC studies. In the case of the
diffraction patterns of all the ME-CD 1:2 M physical
mixtures, all the principal peaks of ME and CDs are
present, although with a lower intensity than with
the ME-CD 1:1 M physical mixtures. This difference

responding physical mixtures, where the characteristic in peak intensities in different physical mixtures is

peaks of ME, particularly at 25726), disappeared,

due to the presence of different amounts of drug and
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cyclodextrin. Due to the presence of higher amounts in crystallization state of the raw materials and the
of ME in the 1:1 M physical mixtures compared with products, this study is inadequate to affirm inclusion
the 1:2 M counterparts, the intensity of the ME peaks complexation, but nevertheless helps to assess the ex-
were higher in the 1:1 M physical mixtures. The de- istence of a single component in the preparations ob-
cline in the crystallinity of the physical mixtures (as tained. The commercial ME particles are in the form
evidenced by peak heights) compared with pure ME of prismatic crystals with a relatively well-defined out-
was due to their composition since this was a pure line. The smaller particles are adhered to surfaces of
substance being compared to a physical mixture of larger ones. The kneaded sample (KME) displayed

two substances with different diffraction patterns. similar appearance as the commercial sample with out
changing the shape and size of the particles. Where
3.6. Scanning electron microscopy as the evaporated particles were well-developed rect-

angular crystals, where smaller particles are adhered
Scanning electron microscopy (SEM) is used to to surfaces of larger one&if). 5. The commercial
study the microscopic aspects of the raw materials i.e. a-CD particles were prismatic with well-developed
CDs and drug substances and the products obtainedfaces. The kneaded and evaporated particles were ir-
by different methods of preparation like kneading and regular in shape. All theg3-CD particles, i.e. pure
coevaporation etc. Even if there is a clear difference B-CD, kneaded (K3-CD) and evaporated (@-CD),

8626 20KV X10,000  1pm WD16 8632 20KV

8625 20KV  X5,000 1p; WD16 8666 20KV X2,000 10pm WD15

8647 20KV X3,500 10pmWD17 8663 20KV X3,500 10pm WD16

Fig. 7. SEM photographs of MEy-CD and their corresponding treated samples.
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were irregular in shape. The micrographs of commer-
cial B-CD showed the adherence of smaller particles
on to the surfaces of larger particles. The commer-
cial y-CD particles were tabular in shape with slightly
diffused outlines, whereas the kneaded and evapo-
rated particles were irregular in shagéd. 7). All of

the commercial CDsof-, B-, y-CD) showed crack on
the surfaces. All the physical mixtures (M&€ED,
ME-B-CD and ME+-CD) were characterized by the
presence of particles of both the components i.e. ME
and CDs without any modification in shape or size.
In contrast all the scanning electron micrographs of
kneaded and coevaporated systems of ME—CDs re-
veals the effect of kneading and coevaporation tech-
niques, where the samples were homogeneous, and it
is impossible to differentiate crystals of both compo-
nents indicating the better interaction of drug particles
with CDs. The patrticles were all irregular in shape, ex-
cept in ME—=-CD coevaporated systems. In the case
of ME—y-CD coevaporated systems the particles are
rectangular in shapeF{g. 8). Although SEM tech-
nigue is inadequate to conclude in genuine complex
formation, the obtained micrographs support the idea
of the consecution of a new single component. Thus,
in the case of MEyCD 1:2M kneaded and coevap-
orated binary systems, along with the results of DSC
and XRD studies one can confirm the inclusion com-
plexation.

8708 20KV

X2,000 10pm WD16

8711 20KV  X6,000 1pm WD15

3.7. Dissolution studies

Fig. 8. SEM photographs of ME-CD 1:2M binary systems.
When an assumed drug—CD binary system is dis-

persed in a dissolution medium, a very rapid dissolu- ) 100

tion is often observed. Dissolution rate tests are based

on this observation in order to characterize the in- The dissolution efficiency can have a range of values

clusion complexation between drug and cyclodextrin. depending on the time interval chosen. In any case,

The most often used dissolution rate tests are the ro- constant time intervals should be chosen for compari-

tating disk method and dispersed amount method. In son. In the present investigation Rfvalues were cal-

the present investigation, dispersed amount method culated from the dissolution data of each product and

foty dr

Dissolution efficienc¥DE) =
y100f

is used to investigate the various dissolution param-
eters of ME and ME-CD binary systems. The re-
sults in terms of dissolution efficiend1] at 10 min
(DE1o, %) and percent of active ingredient dissolved
at 30min (DRg) are presented ifiable 6 DE is de-
fined as the area under the dissolution curve up to the

used for comparison. One-way ANOVA was used to
test the statistical significance of differences between
pure and treated samples. Significance of differences
in the means was tested using Fishers LSD at 95% con-
fidence. The DBy and DEg values of CME are signif-
icantly higher (¢ < 0.05) when compared to pure ME

time, t expressed as a percentage of the area of theand KME. The increase in dissolution rate and effi-
rectangle described by 100% dissolution in the same ciency values that were recorded for the physical mix-
time. tures may be explained on the basis of the solubility of
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Table 6 _ authors suggested that dissolution rates from drug—CD
MeanSD. Vg'ues of DRo and Do for ME and ME-CD binary  hinary systems are also dependent on other factors,
systems { = 3) such as diffusion and dissociation of the complex in the

Sample DRo DEio (%) dissolution mediunfil 3,14]or decrease in crystallinity
ME 018+ 0.14 1.60+ 0.14 and enhanced wettability of the drugs by the inclusion
KME 12.46 + 0.03 2.90+ 0.22 complexatior{15]. The higher dissolution rate and ef-
CME 60.30+ 1.32 18.144+ 0.33 ficiency values observed with the Mg€D 1:1 and
ME--CD PM 1:1M 36.40+ 1.02 7.98+ 0.10 1:2 M kneaded and coevaporated binary systems when
mgz:gg g ﬂm 22'.5931 (1)131 Zg:igi 8;23 compared with other_ ME-CD 1:1 and 1:2 M kneaded
ME—a-CD PM 1:2 M 50.68+ 0.48 8.88+ 0.34 and coevaporated binary systems may be due to the
ME—a-CD KS 1:2M 100.00+ 0.02 66.77+ 0.15 formation of amorphous solid inclusion complexes as
ME-a-CD CS 1:2M 100.24+ 0.40 71.91+ 0.30 indicated from the DSC and XRD diffractograms.
ME—3-CD PM 1:1M 31.31+ 0.42 4,96+ 0.30

ME—3-CD KS 1:1M 68.35+ 0.96 20.96+ 0.39

ME—3-CD CS 1:1M 81.26+ 0.93 30.64+ 1.56

ME—8-CD PM 1:2M 33.87+ 0.48 7.83+ 0.06 4. Conclusions

ME—3-CD KS 1:2M 99.76+ 0.34 64.49+ 0.49

ME-3-CD CS 1:2M 100.03+ 0.05 68.64+ 0.38 Physicochemical characterisation of ME—CD binary
ME—y-CD PM 1:1M 40.33+ 0.34 10.0740.08 systems in solution state by phase solubility, mass
ME—y-CD KS 1:1M 100.00+ 0.02 65.59+ 0.14 .

ME—y-CD CS 1:1M 100.01% 001 69.91+ 032 spectrometry andH NMR studies revealed 1:1M
ME—y-CD PM 1:2M 63.564 0.48 16.59+ 0.29 complexation of meloxicam with all CDs. A true in-
ME—y-CD KS 1:2M 100.01+ 0.01 71.83+ 0.20 clusion of ME withy-CD at 1:1 and 1:2M kneaded
ME—-CD CS 1:2M 100.27 0.14 73.88+ 0.18 and coevaporated binary systems in solid state was

confirmed by DSC, powder XRD studies. Dissolution

properties of ME—CDs binary systems were superior
the drug in aqueous CDs solutions. Since the CDs dis- when compared to pure ME. Overall coevaporated
solve more rapidly in the dissolution medium than the systems showed superior dissolution properties when
pure drug, it can be assumed that, in the early stages ofcompared to kneaded systems and physical mixtures.
the dissolution process, the CD molecules will oper- Thus, the pharmaceutical properties like agueous sol-
ate locally on the hydrodynamic layer surrounding the ubility and dissolution rate of ME can be improved by
particles of the drug, this action resulting in an in situ  complexation with cyclodextrins.
inclusion process, which produces a rapid increase of
the amount of the dissolved dr{i§2]. The DEg and
DP3g values of the binary systems that were prepared
by the kneading and the coevaporation methods were
relatively high when compared with the values from
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