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The formation of inclusion compounds of diclofenac sodium with
-B- and hydroxypropyl-B-cyclodextring was studied in solution by
phase solubility techniques and by 'H-NMR spectroscopy. Phase
solubility diagrams revealed the formation of a 1/1 complex with both
cyclodextrinderivativesin simulated gastric juice pH 1.2, witha similar
stability constant, i.e. 100.6 M for B-cyclodextrin and 115.8 M" for
hydroxypropyl-B-cyclodextrin, The continuous variation method was
utilized to elucidate the stoichiometry, determine the formation of
complexwith 1/1 and 172 drug/eyclodextrin ratio in deuterated water.
Solid inclusion complexes were obtained by freeze-drying. X-ray
diffractometryand differential scanning calorimetry showed differences
between the complexes and their corresponding physical mixture and
individual components. The solubility of diclofenac sodium increased
significantly in the presence of cyclodextring, Enhancement was betier
Jrom the f-cyclodextrin systems.

La formation de complexes d’inclusion entre la B et
Uhydroxypropyle-B-cyclodextrine o 616 étudide en solution par la
méthode du diagramme de solubilité de phases et par spect roscopie
RMN du proton. Les diagrammes de solubilité de phases réveélent la
Jermation d'un complexe 171 avee les deux cyclodextrines en milieu
gastrigue artificiel de pH 1,2, avec des constantes de stabelité wos
semblables: 1006 M* pour la B-cyclodextrine et 1158 M pour
U'hydroxypropyl-B-cyclodextrine. La méthode parvariation continue,
utilisée pour dlucider la stoechioméirie dn complexe, a permis de
meltre en évidence la formation d'un complexe 171 et 172 entre le
principe actif et la eyelodextrine dans 'eau dewtérée. Des complexes
d'inclusion solides ont é1é obtenus par lyophilisation, La diffraceomérriv
de rayons X et Uanalyse enthalpique différenticlle ont révéls des
différences entre les complexes et les mélanges physiques
correspondants ainsi que les composds pris séparément. La solubilité
dudiclofénac de sodium est significativement augmentée en présence
de cyclodextrine. L'augmentation de solubilits est la plus forte pour
les systémes & base de f-cyclodeatrine,
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Diclofenac sodium is a widely used non-steroidal anti-
inflammatory and analgesic drug,. Ithas limited water solubility,
especially in gastric juice (about 15 pgfml), and it is upstable in
aqueous solution, This limited solubilily in an acidic medium
engenders problems inits oral bioavailability and it is adrawback
in terms of #s formulation in controlled release devices.

Cyclodextrins form inclusion complexes with a variety of
guest drugs, increasing their solubility and dissolution rate [1,
2], bicavailability 13, 4] and stability {5, 6]. The ability of
diclofenac sodium to form inclusion complexes with same
cyclodextrin derivatives has been studied. The complexation
was found to improve the solubility {7-10], stability |8) and in
vitro corneal permeability [11] of the drug.

The aim of this study was to improve the solubility of
diclofenac sodium in artificial gastric juice pIli 1.2 by its
complexation with B-cyclodextrin and hydroxypropyl-f3-
Cyelodextrin. ‘The molecular association between diclofenac
sodium and both cyclodextring and the stoichiometry of the
Complex formed were examined by "H-NMR studies. Frecze-
drying was employed for the preparation of diclofenac sodivm/
Cyclodextrin solid inclusion compounds. X-ray diffractometry
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and differential scanning calorimetry were used to characterize
the systems prepared. The influence of complexation on drug
dissolution behaviour was also analysed.

I. EXPERIMENTAL
1. Materials

Diclofenac sodium (2-{(2,6-dichlophenyl) amino)
benzeneacetic acid monosodium salt) was purchased from
Sigma Chemical Co. (S1. Louis, MO, United States), -
cyciodextrin and hydroxypropyl-B-cyclodextirin were
generously supplied by Roquette-Laisa Espafia (Spain) and
Janssen Pharmaceutical (Belgium), respectively. All other
reagends were of analytical grade.

2. Phase solubility diagrams _

Solubility diagrams were obtained according (o Higuchi
and Connors [12] in gastric juice of pll 1.2, The Sl]:!;).‘ll'(f‘-lﬂ
stability constant of the diclofenac/-cyclodexitin :.fn(il
dictofenne/ydroxypropyl-f-cyclodextrincomplexes, ASSUINg
171 stoichiomelry, were calenlated from the slope of the initial
straight portion of the solubility diagram.
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3.'H-NMR

Nuclear magnetic resonance spectra were recorded on a
Brucker WN 300 spectrometer (Brucker Anal.)at 25°C. Samples
were dissolved in deuterated water. The internal reference was
a peak due to small amounts of DHO and H,0 present as
impurities (assigned a value of & = 4.6 ppm).

4. Preparation of physical mixtures

The physical mixtures of an appropiate amount of diclofenac/
B-cyclodextrin and diclofenac/hydroxypropyl-B-cyclodextrin
in the 1/1 molar ratios were obtained by pulverizing and
subsequent mixing in a Turbula T2C mixer {5 min at 30 r/min).

5. Preparation of the inclusion complexes

The solid inclusion complexes of diclofenac with f3-
cyclodextrin and hydroxypropyl-fi-cyclodextrin (1/1 mol/mel)
were prepared using the freeze-drying method. Both components
were dissolved in 0.2 N aqueous ammonium hydroxide. The
solution was filtered (0.45 pm) and frozen by immersion in
liquid nitrogen. Freeze-drying was completedin48 hinaLyph-
lock 6 apparatus (Labconco).

6. Characterization of the solid state inclusion

complexes
6.1 Thermal analysis

Differential scanning calorimetry was performed on a
Shimadzn DSC-50 system with a DSC equipped with a
computerized data station TA-5 WS/PC. General conditions:
scanning rate 10°C/min’!, scanning temperature range 50 to

250°C.

6.2 X-ray
X-ray powderdiffraction patterns wererecorded on aPhilips
X-ray diffractometer (PW-1710BASED) using Cu-K,_ radiation.

7. Dissolution studies

I vitro dissolution studies of pure drug, physical mixtures
and the inclusion complexes were carried out by placing the
corresponding amount of produet in a hard-shell colourless
gelatin capsule in simulated gastrie fluid (USP XXII). The
capsule was placed in a stainless steel cylinder to avoid its
flotation. Powdered samples containing 50 mg of diclofenac or
its eguivalent in complexed or physically mixed form in the
gelatin capsule were placed in 900 ml of the dissolution
medium in a beaker at 37°C for 180 min and shaken at 500 o/
min. Al predetermined time intervats, samples were taken for
spectrophotometric determination of diclofenac concentration
(A=276nm,E, | =283.85)following filtration. All samples
were analysedin triplicate. Dissolution efficiencies after 180 min
(DL,)) were calenlated according 1o Khan [13]. The effects of
drug formulation on dissotution efficiency at each pH were
investigated by one-way analysis of variance with the Student-
Newman-Keuls test for multiple comparisons.

. RESULTS AND DISCUSSION

1. Phase solubility diagrams
Complex formation of diclofenac with B-cyclodextrin and
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hydroxypropyl-B-cyclodextrin were studied bay a solubility
method. Figure I shows the equilibrium phase solubility
diagrams obtained for the diclofenac/B-cyc lodextrin and
diclofenac/hydroxypropyl-B-cyclodextrin in artificial pastic
juice withoutenzymes (USP23). Both diagrams can be classified
as the A type according to Higuchi and Conwors |12}, This
indicates that, within the cyclodextrin concemtration range
tested, asoluble complex is formed. On the other hand, because
both straight lines have a slope less than unity, it was assumed
that the increase in solubility was due to the formation of a 1/
1 mol/mol complex. The apparent stability comstant, K, wus
calculated according to equation I:

K = Slope/S, (1 - slope) g, 1
where S, is the solubility of diclofenac in the absence of
cyclodextring, The obtained values were 100.0 M for i-
cyclodextrin and 115.8 M for hydroxypropyl-f-cyclodextrin,
which indicates a similar interaction between the drug and both
cyclodextrin derivatives in the conditions used in the study.
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Figure 1 - Solubility diagrams. Plot of diclofenac concentration versus
cyclodextrin concentration.

2. 'H-NMR studies

The spectrum for diclofenac, diclofenac/B-cyclodextrin
and diclolenac/hydroxypropyl-B-cyclodextrin in a 1/1 molar
ration are shown in figure 2. The assignments for the different
protons were made based on chemical shifts [14]. Information
about the interaction of diclofenac with cyclodexiring from
nuclear magnetic resonance (NMR) is primarily inferred {rom
the changes in chemical shifts and line shape. Under the present
conditions, only the shifts of the signals were observed. Nonew
peaks are present in the spectra of diclofenac/eyclodextrin
mixiures. This observation implies that complexation is
dynamic process, the included drug is in & fast exchange
{relative to the nuclear magnetic resonance timescale) between
the free and bound states [15).

The insertion of a guest molecule into the cyclodextrin
cavity is clearly reflecied by changes in 'T-NMR chemical shilt
values [16]. The effects of -cyelodextrin and hydroxypropyl-
B-eyclodextrin at different concentrations on the H-NMR
spectrumof diclofenacareshowninfigures 3and 4, respectively,
Only protons H3' and 15 shifted sipnificantly downfield with
increasing, cyclodextrin concemtrations. Chemical shifts e
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Figure 4 - Chemical shifts of protons of diclofenac in solulions varylng
In hydroxypropyl-f3-cyctodoxtrin cancontration.

quite imporiant even ina /1 molar ratio. This suggests that this
part interacts with the cyclodextrin cavity and is encapsulated
in the molecule. On the other hand, proton H3 shows upficid
shifts. This effect can be attributed to the interaction of that part
of the molecule with the edge of the cyclodexirin cavity
establishing hydrogen bonds with the hydroxyl groups, and
Jjustified the bipgest changes found with the cyclodextrin
derivative. H4 and Ho do not show changes downfield upy to o
molar ratio of 1/2.

The angled conformation of the two aromatic groups of
diclofenac have been deseribed with a torsional angle of
09 degrees [17], and therefore the existence of a complex with
the whole moelecule in the cyclodextrin cavity is impossible,
The conformation carded owt using the «minimize wility» of
¢S Chem3D PPro (MOPAC-MNDO) gives a struciure of
diclofenac sodium as shown in figure 5, with an angle C1-N-
C2 of 128f. This conformation may allows the formation of 1/
I drug/eyclodextrin complex in which the 2,0-dichiophenyl
group is inside the cavity, or a 1/2 with both rings complexed
(figure 5).

In order 1o confirm the above NMR results, continuous
variation plots [18] were constructed from proton shifl data,
The total concentration of eyclodextrin and diclofenac in the
experiments was kept constant (10.5 mM with fl-cyclodexirin
and 9.0 mM with hydroxypropyl-B-cyclodextring, the ratio v
(r=fdiclofenac)/(|diclofenac]+[eyclodextrin])) being varied
from (.2 to 0.8. Plots of the observed A » {diclofenac sodium|,
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Figure 5 - Structure of dictofenac /3-cyclodextrin inclusion complexes
in agueous sclution concluded from 'H-NMR studies.

as a function of r leads to the Job plots presented in figures 6 and
7 for B-cyctodextrin and hydroxypropyl-f-cyclodextrin,
respectively.
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Figure 6 - Continuous variation plot for protons of diclofenac in the
presonce of different relative concentration of -cyclodextrin.
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The protons used in the analysis where H3, H3-- 115, H6 and
H4. The Job plots indicate that complex stoichiometry is
predominantly 1/1; however, slight skewing of the curves for
some of the protons to the left of r = 0.5 suggests the presence
of 1/2 complexes (i 0.4 to 0.5). Similar results were described
by otherauthors indiclofenac/B -cyclodextrininclusaon complex
[19].

3. Preparation and characterization of solid
inclusion complexes

Solid inclusion complexes diclofenac/cyclodexirin molar
ratio of 1/1 were prepared by the freeze-drying method.

Figure 8 shows the powder X-ray diffraction patiern of the
complexes prepared in comparison with that of a physical
mixture at the same molar ratio, The diffraction patterns of the
physical mixtures were found to be simple superposition of
those of the drug and cyclodextring, while the complex was
apparently different. The inclusion complexes are markedly
less crystailine than either the physical mixture orthe individual
components, corresponding (o a new solid phase. This is more
evident in the hydroxypropyi-f-cyclodextrin sysien, because
of the amorphous characteristics of the hydroxypropyl
derivative.
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Figure 8- X-ray diffractograms corresponding to the indicated products.

Figure 9 illustrates the differential scanning catorimetry
thermograms of the preparations. The drug does not have any
significant peak in the temperatore range analysed beeanse the
melting and decomposition point is 283 to 285°C, The peaks
corresponding o the evaporation of water appeared inthe range
ol 5010 150°C . Those peaks decrease and even disappear in the
case of inclusion complexes (207,

These results indicate that inclusion of the drup within the
cyclodexirin cavity can be achieved bya f|‘(:c,7_¢u(]|'yi.|u; pracess.
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Figure 9 - Differential scanning calorimetry curves corresponding to the
indicated products,

4. Effects of complexation on the dissolution
behaviour of the drug

Figures I0and 11 show thedissolution profiles of diclofenac,
physical mixture and inclusion complexes in artificial gastric
Juice.

One-way analysis of variance indicates that the factor
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Flgure 10 - Dissolution profilos of diclofenac and its f-cyclodextiin
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Figure 11 - Dissolution profiles of diclofenac and its hydroxypropyl-f3-
cyclodextrin systems in artificial gastric juice without enzymaes,

formulation has a significant effect on 0o 180 min dissolution
efficiency (F, = 81.9, < 0.01). The Student-Newman-Keuls
test for pairwise multiple comparison grouped the preparations

in the following order (from lowest to highest DI, ):
diclofenac<PM-HPRCD<FD-HPRCD<PM-BCD<FR-BCD

where PM-HPBCD: physical mixture diclofenac/
hydroxypropyl-B-cyclodextrin; PM-BCD: physical mixture’
diclofenac/B-cyclodextrin; FD-HPBCD: freeze-dried
diclofenac/hydroxypropyl-B-cyclodextrincomplex; FI)-BCL:
freeze-dried diclofenac/fi-cyclodextrin complex

Therefore, the presence of cyclodextrin in the system
increases the dissolution properties of the drug, This effect is
higher with B-cyclodextrin despite the fact that the stability
constant calculated from the solubility diagram is shightly
smaller for the natural cyclodextrin, However, stmilar results
were found with a physical mixture and the inclugion complex.

In conclusion, it can be stated that diclofenac can form
inclusioncomplexes with - and hydroxypropyl-B-eyclodextrin,
Solubility and NMR study evidence that the stoichiometry of
those complexes in solution is {/1 mol/fmol. Solid inclusion
complexes were prepared by a freeze-drying method.
Differential scanning calorimetry and X -ray diffraction showed
the interaction of both cyclodextrins with diclofenac and confitm
the formation of a new specie. The presence of cyclodextring,
either as @ physical mixinge or an inclusion complex, improves
the dissolotion of diclofenac in artificial gastric juice, This
effect has been found higher when the systems were prepared
with fi-cyclodextrin,

REFERENCES

1. TRAPANI G, LOPEDOTA A, FRANCO M. LATHOFA A and



3.T7.P. PHARMA SCIENCES 9 (3) 231-236 1999

10.

11.

1I1SO G. - Effect of 2-hydroxypropyl-B-cyclodextrin on the
aqueours solubility of the anesthetic agent propofol (2,6-
diisopropylphenc).- int. J. Pharm., 138, 215-218, 1996.
ESCLUSA-DIAZ T., GUIMARAENS-MENDEZ M., PEREZ-
MARCOS M.B., VILA -JATQ J.L. and TORRES-LABANDEIRA
J.J. - Characterization and in vitro dissolution behaviour of
ketoconazole/[ and 2-hydroxypropyl-B-cyclodextrin inctusion
compounds. - Int. J. Pharm., 143, 203-210, 1996.

MERKUS F.W., SCHIPPER N.G. and VERHOEF J.C. - The
influence of absorption enhancers on intranasal insulin
absorption in normal and diabetic subjects. - J. Controlled Rel.,
41, 69-75, 1996

SOLIMAN O. A, KIMURA K., HIRAYAMA F., UEKAMAK ., EL-
SABBAGH H.M., ABD EL-GAWAD A.E.H. and HASHIMF.M. -
Amorphous spiroriolactone-hydroxypropylated cyclodextrin
complexes with superior dissolution and oral bioavaitability. -
Int. J, Pharm,, 149, 73-83, 1997.

BREWSTERM.E., ANDERSONW.R., MEINSMAD., MORENO
D., WELL A. |, PABLO L., ESTES K.8. , DERENDORF H. ,
BODOR N. , SAWCHUK R.; CHEUNG B. and POP E. -
Intravenous and oral pharmacokinetic evaluation of a 2-
hydroxypropyl-p-cyclodexirin-based formulation of
carbamazepine in the dog: comparison with commercially
available tablets and suspensions. - J. Pharm. Sci., 86, 335-
339, 1997.

GORECKA B.A., SANZGIR! Y.D., BINDRA D.S. and STELLA
V.. - Effect of SBE4-CD, a sulfobuthyl ether B-cyclodextrin, on
the stability of O-benzylguanine (NSC}) in aquecus solutions. -
int. . Pharm., 128, 55-61, 1995,

IKEDA K., UEKAMA K. and OTAGIRI M. - Inclusion complaxes
of p-cyclodextrin with antiinflamatory drugs fenamates In
aqueous solution. - Chem. Pharm. Bull., 23, 201-208, 1975.
BACKENSFELDT., MULLER B.W. and KOLTERK. - Interaction
of NSA with cyclodextrins and hydroxypropyl cyclodextrin
derivatives. - Int. J. Pharm., 74, 85-93, 1891,

ORIENTI t., FIN{ A., BERTASI V. and ZECCHI V., - inclusion
complexes between non stercidal antiinflammatory drugs and
p-cyclodextrin. - Eur. J. Pharm. Biopharm., 37, 110-112, 1991,
PIEL G., EVRARD 8. , VAN HMEES T., FERNANDEZ DEL
POZO C. and DELATTRE L. - Development of a sustained
reloase dosage form containing a diclofenac-cyclodextrin
inclusion complex. - Proc. §th Int. Symp. on Cyclodextrins,
Santlago de Compostela, 31 May to 3 June 1898.

REER ©., BOCK T.K. and MULLER B.W. - /n vitro comesl
parmeabliity of diclofenac sodium In formulations cantaining
cyclodextring compared fo the commerclal product voltaron
ophtha, - J. Pharm. Sci., 83, 1345-1349, 1894,

Interaction of diclofenac sodium with - and hydroxypropyl-p-cyclodextrinur solut'sn

B. Pose-Vilamovo, L. Santana-Panin, M. Ectrozarfola-Lopoz,
M.B. Péraz-Marcos, J.L. Vila-Jato and J.J. Torros-Labandolra

12.  HIGUCHIT.and CONNORS K.A. - Phase solubi lity tochnigues. -
Adv. Anal. Chem. Instr., 4, 117-212, 1965,

13,  KHAN K.A. - The concept of dissolution efficiency. - J. Pharm.
Pharmacot., 27, 48-49, 1975.

14,  UEDAH., HIGASHIYAMAK., and NAGAI T. - N uclear magnetic
resonance study of the binding of tolbutamide and
chlorproparmide to bovine serum albumin. - Cheem. Phasm. Bull,,
28, 1016-1021, 1980,

16, ADEYEYEC.M.and Ll P.H. - Diclofenac sodiurn. - In; Analytical
Profiles of Drugs Substances, Vol. 18, K. Florey Ed., Acadomic
Press Inc., New York, 1990, pp. 123-144.

16. DJEDAINIF., LIN S.2,, PERLY B. and WOUESSIDJEWE: 1D, -
High-field nuclear magnetic resonance techniques for the
investigation of a B-cyclodextrin/indomethacin inclusion
complex, - J. Pharm. Sci., 79, 643-646, 1990,

17. SALLMANN A. - Chemical aspects of diclofenac. - in: Proc. Int,
Symp. Chronic Forms of Phiyarthiitis, F.J. Wagenhasusor Ed.,
Baitimore, 19786, pp. 296-304.

18,  JOB P. - Recherches sur la formation de comploxos mindraux
en solution et sur leur stabilité. - Ann, Chim., 10, 113-203, 1928,

19,  WHITTAKER D.V., PENKLER LJ., GLINTENKAMF LA,
BOSCHVANOQUDTSHOORN and WESSELS L. - Diclofenac-
p-cyclodextrin inclusion in solution proton magnetic resonance
and molecular modelling studies.- In: Proc. 8th Int, Symp. on
Cyclodextrins, J. Szejtll and L. Szente Eds., Kluwer Acadoeric
Publishers, 1896, pp. 377-380.

20.  SHING UV., AITALK.5. and UDUPA N. - incluslon complexes
of plumbagin with B-cyclodextrin as evidenced by spociral data
and molecular modslling. - Pharmazie, 83, 208-210, 1048,

ACKNOWLEDGMENTS

Special thanks to Roguette-Laisa Espafia (Spain) Janssen
Pharmaceutica for the hydroxypropy!-f-eyclodextrin and fi-cyclodoxtrin
usad in this study. This work was supportad by a research grant form
Xunta de Galicia XUGAA20320B986.

MANUSCRIPT

Recelvad 10 November 1998, accoptad for publication 11 Docomber
1999,



https://www.researchgate.net/publication/298886884



