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ABSTRACT: The interaction between diclofenac (sodium salt of 2-[(2,6-dichloro-
phenyl)amino]benzeneacetic acid) and b-cyclodextrin in aqueous solution has been
investigated by 1H-NMR spectroscopic technique. The technique is based on the
shielding of the b-cyclodextrin and drug protons. The spectra showed upfield shifts of
the b-cyclodextrin protons in the presence of diclofenac, and the diclofenac protons also
shifted upfield in the presence of b-cyclodextrin. The changes in chemical shifts of
suitable guest–host protons are consistent with the formation of an inclusion complex
diclofenac/b-cyclodextrin. q 1997 John Wiley & Sons, Inc. Biospect 3: 233–239, 1997
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INTRODUCTION b-CD and its schematic representation are pre-
sented in Figure 1.

The secondary hydroxyl groups are located on
In recent years, the ‘‘microencapsulation’’ of drug the wider rim of the torus, on the C2 and C3
molecules in the cavities of cyclodextrins (CD) has

atoms, whereas the primary hydroxyl groups arebeen extensively used in the pharmaceutical in-
positioned on the opposite rim, on C6 atoms (thedustry to produce more stable drug preparations
narrower rim). The C3-hydroxyl hydrogen is hy-with improved bioavailability.1–5 Investigation of
drogen bonded to the C2-hydroxyl oxygen of anthe driving forces of complexation and the struc-
adjacent glucopyranose ring, and this intramolec-ture of inclusion complexes appears to be of funda-
ular hydrogen bonding accounts, in part, for themental importance for understanding the bio-
conical shape of cyclodextrins. The CH groups car-pharmaceutical functions of drug molecule.
rying the protons H-1, H-2, and H-4 are locatedCDs are cyclic oligosaccharides consisting of six
on the exterior surface of the torus; consequently,(a-CD), seven (b-CD), and eight (g-CD) gluco-
the external face of CDs is hydrophilic. The inte-pyranose units that can be represented as a trun-
rior of the torus, lined by two rings of CH groupscated cone structure. The molecular structure of
(H-3 and H-5) and by glucosidic oxygen (O4), of-
fers an environment of a much lower polarity than

Presented in part at the European Conference of the Spec- is present in water, so it can be considered as a
troscopy of Biomolecules, ECSBM’95, Villeneuve d’Ascq, 3–8 hydrophobic cavity. The inner cavity diameters ofSeptember 1995, France.

a-, b-, and g-CDs are about 5.7, 7.8, and 9.5 Å,Correspondence to: S. Astilean.
q 1997 John Wiley & Sons, Inc. CCC 1075-4261/97/030233-07 respectively, and the depth of the cavity is 7.8 Å.1
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between the carboxyl oxygen and the amino hy-
drogen.13,14

The anti-inflammatory activity of DCF and
most of its other pharmacological effects are
thought to be related with the inhibition of the
conversion of arachidonic acid to prostaglandins,
which are the mediators of the inflammatory pro-
cess. DCF is a potent inhibitor of cyclooxygenase,
thereby decreasing the synthesis of prostaglan-
din, prostacyclin, and thromoxane products. The
high activity of DCF as an inhibitor of cyclooxy-
genase at the enzyme level was explained by lipo-
philicity and steric properties that governs its fit
to the receptor. Like other NSAID, DCF is highly
enzyme and protein bonded. From this point of
view, the complexation of DCF with CDs can play
the role of model for the ‘‘receptor site’’ of cyclooxy-
genase, the complexation mimicking the sub-
strate-specific interactions, and lightening the ar-
rangement of the aromatic ring within the recep-
tor cavity. Moreover, it is also possible that in
some therapeutic formulae the association of DCF
with CDs enables the optimization of physico-
chemical and pharmaceutical properties of DCF,
with the purpose of obtaining more stable orally
administrable pharmaceutical preparations, with
improved therapeutic effects. Consequently, the

Figure 1. Molecular structure and schematic repre-
sentation of b-CD.

The above characteristics of CDs allow various
types of drugs to be encased in the cavity, forming
noncovalent inclusion complexes either in the
solid phase or in aqueous solutions, leading to
widespread applications in the pharmaceutical
field, analytical chemistry, chemical synthesis,
and catalysis.1–12

Sodium diclofenac (DCF) is the salt of 2-[(2,6-
dichlorophenyl)amino]benzeneacetic acid. DCF
is a potent nonsteroidal anti-inflammatory drug
(NSAID) from the group of the arylalcanoic acid
derivatives with large therapeutic applicability in
the symptomatic standard treatment of rheu-
matic affections.13–15 The structural elements of
the DCF molecule are indicated in Figure 2. They
include a phenylacetic group, a secondary amino
group, and a dichlorophenyl ring (the two ortho
positions are occupied by chlorine atoms). The
chlorine atoms cause maximal twisting of phenyl
rings. The X-ray analysis of the molecular struc-
ture showed the value of the torsion angle be-
tween the two aromatic rings of 58–697 and the Figure 2. Molecular structure of sodium diclofenac

(DCF).existence of an intramolecular hydrogen bond
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understanding of the complexation between DCF
and CDs appears to be of great importance.

The purpose of the present work is to examine
the interaction of DCF with b-CD in D2O solution
via 1H-NMR spectroscopy. The NMR method for
investigation of host–guest compounds relies on
the analysis of chemical shift variations of protons
directly involved in the interaction. For example,
in the case of aromatic guests, H3 and H5 of glu-
cose units, namely the protons inside the cavity,
undergo high-field shifts due to anisotropic
shielding by the aromatic ring of the guest,
whereas the protons of the guest that interact
with the nonpolar cavity of CDs experince low-
field shifts.4,6–11

It is expected that the monitoring of chemical
shift variations will allow us to prove the complex-
ation between DCF and b-CD and to discriminate
between the possible ways of complexation.

Figure 3. (a) 1H-NMR spectrum of b-CD in D2O. (b)
1H-NMR spectrum of DCF in D2O. (The C(2)H-2 reso-EXPERIMENTAL
nances are not shown.)

Materials

b-CD (99.9%) was kindly supplied by Merck; DCF RESULTS AND DISCUSSION
(99.4%) by ‘‘Terapia’’ Cluj-Napoca, Romania; and
D2O (99.88%) by Institute for Cryogenics and Iso- 1H-NMR spectroscopy has been used previouslytopic Separations, Rm-Vâlcea, Romania.

to examine the mode of interaction of b-CD with
a variety of aromatic substrates, such as substi-
tuted benzoic acids or substituted phenols, withSample Preparation
some NSAIDs such as indomethacin, flufenamic

The compounds were prepared by slow evapora- acid, mefenamic acid, meclofenamic acids, and
tion of an aqueous solution obtained by dissolving other drug molecules.4,8–11 It was recognized that
the sodium salt (DCF) and cyclodextrin (b-CD) the upfield shifts of the CD proton resonances and
in distilled water at 343 K. A white crystalline the downfield shifts of guest proton resonances
material which precipitated was collected by fil- can be related to guest–host complex formation.
tration, washed with diethyl ether, and dried at
308 K. Several DCF/b-CD compounds were also

1H-NMR Study of the DCF/b-CDprepared with molar ratios of 0.5, 1.0, 1.5, 2.0,
Inclusion Complexand 2.5.
1H-NMR peak assignments (see proton number-
ing in structure above) were achieved according toNMR Measurements
previous work.9,10,16 The 1H-NMR spectra of pure
compounds in D2O solution are shown in FigureAll 1H-NMR spectra were recorded in D2O solu-

tions with sodium 2,3-dimethyl-2-silapentane-5- 3(a,b), respectively.
For b-CD: H-1 (7H, 4.99 ppm, 4.98 ppm, dou-sulfonate as the standard. The D2O solutions of

free DCF, free b-CD, and DCF/b-CD compounds blet) ; H-3 (7H, 3.92 ppm, 3.89 ppm, 3.85 ppm,
triplet) ; H-2 (7H, 3.58 ppm and 3.57 ppm, 3.55were equilibrated in the probe for approximately

5 min before each run. High-resolution NMR spec- ppm and 3.54 ppm, two doublets); H-4 (7H, 3.54
ppm, 3.50 ppm, 3.47 ppm, triplet) ; H-5,6 (21H,tra were obtained at room temperature using a

Gemini-300 Varian spectrometer operating at overlapped multiplets in the 3.90–3.70 ppm re-
gion). At this stage we note that the expected300 MHz.
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6 at 7.17–7.13 ppm, H 9-5 at 7.05–7.03 ppm, and
H 9-7 at 6.52–6.49 ppm) are affected by the prox-
imity of two groups, the carboxylic group and 2,6-
diclorophenyl ring, respectively. The signals of
2,6-diclorophenyl ring protons appear further
down field (H *-3 at 7.54 ppm, H *-5 at 7.51 ppm,
and H *-4 at 7.34–7.32 ppm).

In a first step, the formation of the complex is
studied by comparing the 1H-NMR spectra of b-
CD in the absence and, respectively, in the pres-
ence of DCF at various concentrations. The spec-
tra are shown in Figure 4 and the chemical shift
variations of b-CD protons are presented in Table
I. The chemical shift variations of individual reso-
nances of b-CD protons as a function of molar
ratio (DCF : b-CD) are plotted in Figure 5.

At this point, it is important to recall that the
b-CD molecule adopts the conformation of a torus
where H-3 and H-5 protons are located inside the
cavity, whereas H-2 and H-4 are outside the torus
and in contact with the aqueous medium. The H-
6 protons of the primary alcohol group are on the
narrow side and H-1 is in the glycosidic bond
plane of b-CD. By comparison of the spectra of
co-precipitated compounds with the spectrum of
pure b-CD in D2O solution, several chemical shift
variations appear. All b-CD protons experience a
shielding effect, their peaks moving to higher
fields from their initial position, which clearly
suggests that DCF interacts with b-CD protons,
located within or outside of the torus. The most
significant changes are experienced by H-5, H-3,Figure 4. 1H-NMR spectra of DCF– b-CD complex in
and H-6 protons, indicating the existence of anD2O at various molar ratios (DCF : b-CD): (A) 0, (B)
important shielding effect in the cavity. On the0.5, (C) 1, and (D) 1.5.
other hand, the fact that Dd H-3 ú Dd H-6 at all
concentrations proves an increased shielding in
the cavity strictly in this way, (i.e., from second-H-5 signal could not be clearly observed in the

spectrum of pure b-CD because of the overlapping ary hydroxyl side to primary H-6 protons). As dis-
cussed in the literature,4,7–11,16 these results sug-with the H-6 signal (Ha-6 and Hb-6 protons), all

resonances appearing as a strong and unresolved gest a more or less complete inclusion of the DCF
moiety in the cavity of b-CD cavity through thebroad peak [Fig. 3(a)] . However, a sharp signal

progressively shifting to a higher field, assigned larger rim of the torus.
Only a small upfield shift is observed for theto H-5, becomes apparent in the presence of in-

creasing amounts of DCF (Fig. 4). The same be- signals of H-1 equatorial protons and H-2 and H-
4 axial protons, respectively. This weak upfieldhavior has also been described for phenothiazine,

tolbutamide, chloropropamide, and salbutamol shift of external protons suggests that the DCF
molecules might also interact with the exteriorcomplexes with b-CD.7,8

For DCF, the protons exhibit a quasi-well-re- surface of the torus via the moiety suspended on
the rim of the torus. On the other hand, the com-solved structure of resonances [Fig. 3(b)] . The

presence of carboxylic group in the structure of plex formation by a partial inclusion of DCF into
the b-CD cavity may also be consistent with aDCF deshields the neighbor protons attracting

electron density; the more affected are C(2) H-2 mechanism of association, where the DCF mole-
cule is linked to the external part of the b-CDprotons, which resonate at 3.74 ppm. The phenyl-

acetate ring protons (H 9-4 at 7.22–7.20 ppm, H 9- torus. Furthermore, a quite different concentra-
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Table I. Changes in Chemical Shifts of b-CD Protons in the Presence of Increasing Concentrations of DCF

Molar Ratio DCF:
b-CD H-1 H-2 H-3 H-4 H-5 Ha,b-6

0.5 00.02 00.03 00.08 00.03 00.13 00.03
1.0 00.04 00.05 00.12 00.04 00.20 00.06
1.5 00.05 00.06 00.14 00.05 00.24 00.10
2.0 00.04 00.05 00.11 00.04 00.22 00.05
2.5 00.04 00.05 00.12 00.03 00.24 00.08

Chemical shifts in ppm are calculated from the relation Dd Å dDCF/b-CD 0 db-CD free .

tion dependence of chemical shifts was observed nonplanar configuration, and the ‘‘hidden’’ dia-
magnetism of aromatic moiety could be compen-for each of the resonances (i.e., the inside protons

respond more to the increasing concentration sated or overwhelmed by the diamagnetic proxim-
ity of host cavity.than the outer protons; (Fig. 5). The first behavior

of the resonances agrees with an inclusion pro- The upfield shifts of phenylacetate ring protons
(H 9-7, -6, -5, -4) are greater than the upfield shiftscess, and the latter is not exclusive of an external

association between the two molecules. of dichlorophenyl ring protons (H *-3, -4, -5), sug-
gesting that the phenylacetate ring is moreIn a second step, to confirm the complexation

of DCF with b-CD, the chemical shift variations of strongly influenced by the presence of b-CD. The
size of the DCF molecule is compatible with itsDCF protons were also investigated. The chemical

shifts of different DCF protons are presented in inclusion into the b-CD cavity. The diameter of
the dichlorophenyl ring of DCF is very close toTable II.

Chemical shift variations of all protons of DCF the maximum diameter of the host cavity (7.8 Å) ,
and, consequently, it is more plausible to admitin the presence of b-CD are also clear evidence

for the host–guest interaction and formation of that the phenylacetate ring is accepted inside the
b-CD cavity.the complex. All protons of DCF experienced an

unusual shielding effect, the peaks moving to
higher fields from their initial position.10 Al- Molar Ratio Dependence of DCF:b-CD
though not frequent, this kind of shielding can Inclusion Complex
be related to the protruding of a moiety of DCF

The chemical shift variations of proton resonancesmolecule into the b-CD cavity, so that the mag-
as a function of the molar ratio DCF : b-CD arenetic influence of one aromatic ring on the protons
generally used to determine the stoichiometry ofof the other ring can be reduced relative to the
the inclusion complex, the stoichiometry corre-status when the diclofenac molecule is in its free
sponding to the steady state in the curve.11

form in solution. The guest molecule DCF has a
To determine the possible stoichiometry, we ex-

amined only the chemical shift variations of inter-
nal protons of the b-CD molecule, which correlate
with an inclusion process. As shown in Figure 5,
the variation of chemical shift as function of molar
ratio DCF:b-CD is quantitatively very different
from one proton to another. However, each curve
presents a plateau value above the molar ratio 1 :
1, so that the probable stoichiometric ratio of the
inclusion complex is 1 : 1. In particular, a mecha-
nism of association more complex than a single
inclusion process should be also examined.

Structure of Inclusion Complex

A recently published paper reported the first syn-Figure 5. Chemical shift variations of b-CD protons
as a function of molar ratio (DCF : b-CD). thesis and the X-ray crystal structure of a DCF :
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Table II. Changes in Chemical Shifts of Some DCF Protons in the Presence of Different Concentrations of b-CD

Molar Ratio DCF:
b-CD H*-3, -5 H*-4 H9-4, -6 H9-5 H9-7 C(2) H-2

0.5 00.05 00.10 00.11 00.12 00.15 00.02
1.0 00.08 00.10 00.12 00.15 00.15 00.10
1.5 00.10 00.11 0.14 00.15 00.15 00.12
2.0 00.06 00.10 0.14 00.14 00.15 00.10
2.5 00.06 00.10 0.14 00.16 00.15 00.10

Chemical shifts in ppm are calculated from the relation Dd Å dDCF/b-CD 0 dDCF free .

b-CD inclusion complex.17 X-ray data indicate iments will help to improve the understanding
of DCF– b-CD interactions, although a completethat the complex exists in the solid state, and the

binding complexation force has been assumed to characterization of the geometry of the complex
in aqueous solution remains to be accomplished.be hydrogen bonding and hydrophobic interac-

tion. The solid-state structure of the inclusion
complex has been resolved. The phenylacetate
ring of the guest molecule is fully inserted in the CONCLUSIONS
b-CD cavity; one carboxylate oxygen atom is hy-
drogen bonded to a primary hydroxyl group of the

We present here some results of an 1H-NMR studyhost molecule, whereas one other carboxylate oxy-
of the interaction between DCF and b-CD mole-gen atom is intramolecular hydrogen bonded. The
cules in D2O solution. On the basis of experimen-dichlorophenyl residue rests on the secondary face
tal data, the hypothesis of complexation can beof the host and the C(2) H-2 hydrogens are situ-
formulated. The chemical shift variations of H-3ated at the periphery of the b-CD molecule, nearly
and H-5 resonances in b-CD and H 9 /H * in DCFon its primary face.15,17

both suggest an inclusion reaction. The solutionThe present 1H-NMR study suggests that the
conformation of the inclusion complex is charac-complex structure observed in the solid state can
terized by the phenylacetate ring of DCF deeplyalso be conceived in D2O solution. It is expected
inserted into the lipophilic cavity of the host, thethat the conformation of two molecules is dis-
entry occurring through the larger rim of b-CDtorted in the solution complex. The mobility of the
truncated cone. Intermolecular interactions such

b-CD macrocyclic rings is quite limited upon the
as the hydrophobic interaction, hydrogen bond-accommodation of the phenylacetate ring into the
ing, and other physical forces are involved in thecavity. Consequently, the ‘‘microencapsulation’’
inclusion complexation process.can induce some conformational changes, particu-

larly in the angle between glucose units of the
host and also in the angle between two phenyl
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11. S. Crouzy, F. Fauvelle, J-C. Debouzy, M. Göschl, troscopic investigations of Na diclofenac/cyclodex-
and Y. Chapron, ‘‘Investigation of the a-cyclodex- trins interactions,’’ Spectr. Acta (a), Biomolec.
trin-myo-inositol phosphate inclusion complex by Spectr., to appear.
NMR spectroscopy and molecular modeling,’’ Car- 20. C. Ionescu, E. Curea, M. Bogdan, G. Cristea, S.
bohydr. Res., 287, 21–35 (1996). Astilean, and R. Vitoc, ‘‘NMR study of the interac-

12. E. Lamcharfi, G. Kunesch, C. Meyer, and B. Robert, tion of sodium diclofenac with cyclodextrins,’’ in 6th
‘‘Investigation of cyclodextrin inclusion compounds European Conference on the Spectroscopy of Bio-
using FT-IR and Raman spectroscopy,’’ Spectrochi- logical Molecules, Villeneuve d’Ascq, Lille, France,

3–8 Sept., 1995.mica Acta (Part A), 51, 1861–1870 (1996).

96-012/ 8W07$$6012 04-30-97 13:15:11 biosa W: Bio Spec


