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Abstract

Inclusion complex between warfarin adcyclodextrin was obtained to improve the in vitro bioavailability of the drug in
acidic media. Inclusion complexation in solution was studied by phase solubility technique. The apparent stability constant was
influenced by the pH of the medium ranging from 633.26!Nat pH 1.2, where the drug was in unionised form) to 99.81 M
(at pH 7.4, where the drug was in ionised form). Phase solubility study showegd-typ& diagram indicating the formation of
an inclusion complexin 1:1 molar ratio. Solid binary mixtures of the drug @dtyclodextrin were prepared by several methods
(physical mixing, kneading, co-evaporation, freeze-drying). Physicochemical characterizations were performed using differential
scanning calorimetry, powder X-ray diffractometry and dissolution studies. Preparation method influenced the physicochemical
properties of the binary mixtures. An inclusion complex was obtained by freeze-drying, and it showed a high solubility and
drug dissolution rate. The physical stability of the complex was also studied. After one year storage in glass container at room
temperature no significant changes were detected in the diffractogram, thermogram and dissolution profile of the freeze-dried
product.
© 2004 Published by Elsevier B.V.
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1. Introduction plied to overcome this problem. Among these meth-
ods cyclodextrins have been extensively studied to
It is well known that many drugs show bioavail- improve solubility Hirayama and Uekama, 199@lis-
ability problems due to their low water solubility, slow solution (Montassier et al., 1997; Ficarra et al., 2Dp00
dissolution rate and instability in the gastrointestinal and bioavailability {vong and Yuen, 2001
tract. In the last decades several methods were ap- B-Cyclodextrin is cyclic oligosaccharide, contain-
ing sevenpb-glucopyranose units forming a ring with
a relatively hydrophobic central cavity in which
lipophilic water-insoluble drugs may form inclusion
complexes l(oftsson and Brewster, 1996Due to
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its price, availability and cavity dimension thg- (Cawamax W7 Pharma, MW =1135), containing 12%
cyclodextrin is widely used. The cavity size is suit- by weight of water, was supplied by Wacker—Chemie
able for common pharmaceutical drugs with molec- GmbH (Peschiera Borromeo, Italy). These chemicals
ular weights between 200 and 800 g/m@Valeczek were used as received without further purification. All
et al., 2003. The main problem is its low water sol- other chemicals and solvents used were of analytical
ubility (18.5 g/l at 25°C). grade.
Warfarin is an acidic drug ¢0,=4.79) widely used
in the anticoagulant therapy. It is practically insoluble 2.2. Preparation of binary mixtures
in water and acidic media in which presents also a very
slow dissolution rate. Normally it is administered as All the binary mixtures were prepared in the 1:1
sodium salt that may precipitate in the gastrointestinal molar ratio between drug angcyclodextrin on the
tract leading erratic and interindividual variability in  basis of the results obtained from the preliminary phase
absorption. In an attempt to improve physicochemical solubility studies.
properties of the drug at low pH value, drug complexa- Physical mixture was prepared by simple mixing,
tion with B-cyclodextrin was carried out. In a previous in a mortar with pestle for 10 min, the powders of both
paper Lin and Yang, 1988 complexes between war- components previously sieved (granulometric fraction
farin anda- or B-cyclodextrins were studied obtaining <250um was used).
an increase in drug solubility and dissolution rate in Kneaded product was obtained by adding small
water. In their work binary mixtures were prepared by amount of water tg3-cyclodextrin placed in a mor-
freeze-drying method without investigating other com- tar and mixing to obtain a homogeneous paste. Then,
plexation methods nor the influence of the pH of the warfarin powder was slowly added and the mixture was
medium on the complex formation. Furthermore, no kneaded for 45 min. During the kneading process few
data about physical stability of the complex were col- drops of water were introduced to maintain a suitable
lected. consistency. The resulting paste was dried in an oven
In our work inclusion complexes have been prepared at 45°C for 48 h and the solid was finally ground and
in solution and in the solid state. Different methods sieved through a 250m sieve.
were employed to prepare binary mixtures askneading, Co-evaporated product was obtained by dissolv-
co-evaporation and freeze-drying. Characterization of ing equimolar amount of-cyclodextrin and warfarin
the binary mixtures was performed using phase solu- in 250 ml of 50% aqueous ethanol. The solution was
bility technique, differential scanning calorimetry and stirred up to complete dissolution of the powders and
powder X-ray diffractometry. Solubility and dissolu- the solvent was then removed at reduced pressure us-
tion measurements were also performed. ing arotary evaporator at 4&. The obtained solid was
The aim of this work was to evaluate the effect of the ground, sieved through a 2p0n sieve and placed in
different preparation methods on the physicochemical an oven at 45C for 48 h.
properties of warfarin in the binary mixtures. The role Freeze-dried product was prepared by dissolving the
of the pH value in the interaction between drug and B-cyclodextrin in water and adding the stoichiometric
cyclodextrin was also investigated. Finally, along term amount of the drug. The suspension was left 48 h un-
stability study was carried out to collect informations der stirring at room temperature and protected from
upon the stability of freeze-dried product. the light. Filtration (0.4%.m membrane filter, What-
man) was performed to separate the undissolved drug
and the resulting solution was frozen by immersion in

2. Materials and methods acetone at-35°C (Crycool Immersion cooler, mod.
CC-65A, Neslab, The Netherland). The frozen solu-
2.1. Materials tion was then freeze-dried over 48 h (freeze-dryer Het-

ossic, Mod. CD53-1, Heto, Sweden) a85°C and
Warfarin, 3-@-acetonylbenzyl)-4-hydroxycouma- about 0.1 mPa. The obtained solid was ground, sieved
rin (MW =308.3), was purchased from Sigma—Aldrich through a 25m sieve and maintained in an air oven
(Milan, ltaly). Pharmaceutical gradg-cyclodextrin at 45°C for 48 h.
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2.3. Analysis of drug content in the binary
mixtures

Samples of each binary mixture were assayed for
drug content by dissolving weighed amounts in 10 ml
of ethyl alcohol. The drug content was determined
spectrophotometrically (Perkin Elmer, Mod 552) at
308 nm.

2.4. Phase solubility studies

Phase solubility diagrams were obtained af@7
in water and several buffer solutions (pH = 1.2, 5.0
and 7.4). An excess amount of warfarin (100 mg) was
added to 20 ml of water or aqueous buffer solution con-
taining increasing amounts gfcyclodextrin (ranging
from O to 0.02 M). The suspensions were shaken for
72 h after which the equilibrium was reached. Then
they were filtered through 0.2ém cellulose acetate
membrane filter, appropriately diluted with their re-
spective buffer and analysed by UV spectrophotometer
at 308 nm.

The apparent stability constantssf of the com-
plexes were calculated from the slope of the phase sol-
ubility diagrams according to the following equation
(Higuchi and Connors, 1965

. slope
~ So(1 — slope)

S

whereS was the solubility of warfarin at 37C at each
pH value in absence of cyclodextrin.

2.5. Differential scanning calorimetry (DSC)

Differential scanning calorimetry analysis was per-
formed with a Mettler TA 3000 apparatus equipped
with a DSC 20 heat cell. Samples of dru@;
cyclodextrin and all the binary mixtures, containing
1.5mg of the drug, were placed in sealed aluminium
pans and heated at 13/min in the 30-200C range,

5

a Siemens powder diffractometer using a Ca K
radiation @=1.5418&), a current of 20mA and a
voltage of 40kV. Powdered samples, ground in a
mortar, were analysed over the 3—4@ 12nge with

a scan step size of 0.05 and time of acquisition of
2s.

2.7. Drug solubility from binary mixtures

Drug solubilities from the different binary mix-
tures were determined by adding an excess amount of
the mixture, corresponding to 40 mg of the drug, to
10 ml of water or buffer solution at pH 1.2 or 5.0. The
suspensions were stirred for three days at@and
filtered through 0.4%um membrane filter, appropri-
ately diluted and analysed by UV spectrophotometry.
At least three measurements were performed on each
sample.

2.8. Dissolution studies

The USP XXIV rotating paddle apparatus (Erweka,
mod DT-1, Germany) was used with a stirring rate of
100 rpm. Dissolution medium (water or aqueous buffer
solution at pH 1.2 or 5.0) was thermostated atG7
Powdered samples (granulometric fraction < g5@)
of pure drug or different binary mixtures, contain-
ing suitable amount of warfarin for sink condition
(C<0.2Cy), were added over the surface of 900 mi
of the dissolution medium. The aqueous solution
was filtered and continuously pumped to a flow cell
in a spectrophotometer and absorbance values were
recorded at 308 nm. The time necessary to obtain 50%
of drug dissolutiontgg) from each sample was deter-
mined together with the dissolution efficiency after 10
and 60 min (DEg and DEgg, respectively). Dissolution
tests were performed at least three times for each
sample.

using an empty sealed pan as a reference. Tempera2.9. Physical stability test

ture and heat flow calibrations were performed using
indium as a standard.

2.6. X-ray diffractometry (XRD)

Diffraction patterns of raw materials and binary
mixtures were obtained at room temperature with

Stability studies of the binary mixtures were per-
formed storing the solid sample in glass contain-
ers with a screw cap, protected from the light, at
room temperature and pressure for 12 months. After
this period DSC, X-ray and dissolution studies were
repeated.
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Table 1
Drug content in binary mixtures (% molar rattoS.D.)

Theoretical (%)

Actual (%)

Physical mixture 50 49.% 0.66
Kneaded product 50 493 0.51
Co-evaporated product 50 4840.11
Freeze-dried product 50 102 1.10

3. Results and discussion
3.1. Drug content in the binary mixtures

First of all, the actual drug content in each binary
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Fig. 1. Phase solubility diagrams of warfafiaeyclodextrin systems
atpH 1.2 @), pH 5.0 (O), water (J), (left y-axis), and pH 7.4K)
(right y-axis). Each point is the mean of three measurements. Error

mixture was determined. The results are reported in bars were omitted for clarity.

Table 1 As can be seen, physical mixture, kneaded

and co-evaporated products showed a good agreement The apparent stability constarisg of the 1:1 com-

between theoretical and actual drug content. In the caseplexes at each pH value were calculated from the slopes
of freeze-dried product, due to poor solubility, the drug of the phase solubility diagrams and the respective
was not completely dissolved in water and the actual & values Table 2. A decrease of th&s values in-

drug content was consequently lower than theoretical creasing the pH of the solvent has been observed.

one.

3.2. Phase solubility studies

The phase solubility diagrams at 32 were ob-
tained by plotting the apparent equilibrium concentra-
tions of the drug againgt-cyclodextrin concentrations
and are reported iRig. 1 It can be observed that the
apparent solubility of warfarin increased linearly as a
function of B-cyclodextrin concentration over the en-

This phenomenon could be due to the ionisation of
the acidic warfarin (Ka=4.79,0kimoto et al., 1995

at pH> K. lonic form of the drug showed lower
hydrophobicity and weaker interactions with the hy-
drophobic cavity of3-cyclodextrin than the unionised
drug (Loftsson and Brewster, 1996; Okimoto et al.,
1996; Fernandes et al., 2002 can be concluded that
pH played animportantrole in determining the strength
of complexation between warfarin and cyclodextrin.
By plotting Ks values against pH values a linear rela-

tire concentration range studied. The same behavior tionship was observedg. 2).

was observed in water and in all pH values. Linear-
ity was characteristic of Atype systemiiguchi and
Connors, 196pand suggested that water soluble com-
plex was formed in solution. Furthermore, the slope
values were always lower than one indicating that in-
clusion complex in the molar ratio of 1:1 between the
guest (warfarin) and hosB{cyclodextrin) molecules
was obtained irrespective of pH values.

Table 2

3.3. Differential scanning calorimetry

The DSC curves for raw materials and all the bi-
nary mixtures studied were reportedHig. 3. Warfarin
showed a typical behavior of anhydrous crystalline
drug with a well defined melting peak at 167®
(AH=136.4J/g). In the considered temperature range,

Warfarin solubility &), slope Ks and correlation coefficient?) from phase solubility diagrams

Solvent S £S.D. (10°M) Slope Ks (M~ r?

Water (unbuffered pH 5.5) 6.24 0.28 0.018 29511 0.996
Buffer solution pH 1.2 2.78 0.43 0.017 6326 0.997
Buffer solution pH 5.0 5.75t 0.14 0.017 3047 0.997
Buffer solution pH 7.4 409.4- 1.61 0.290 9I®\1 0.990
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Fig. 2. Linear correlation between calculategand pH values.

DSC curve off3-cyclodextrin exhibited a very broad
endothermal phenomenon between 60 and®®@0Que

to loss of water [lassan et al., 1990The warfarin
melting peak was observed in the physical mixture,
kneaded and co-evaporated products even ifAke
values were slightly lower than that of the pure drug,
as reported iMable 3 Only weak interactions can be

Table 3

Differential scanning calorimetric data of the examined samples
Tonset(°C) Tpeak (°C) AH (J/g)

Warfarin 160.0 167.6 136.4

Physical mixture 153.9 165.1 132.4

Kneaded product 156.2 163.4 126.6

Co-evaporated product 150.0 160.7

111.2
Freeze-dried product -

3.4. X-ray diffraction analysis

The XRD pattern of pure drug presented several
diffraction peaks indicating the crystalline nature of
the drug Fig. 4). The B-cyclodextrin also exhibited
a typical crystalline diffraction pattern. Among the
binary mixtures, freeze-dried product showed a single
very broad band in which the diffraction peaks of the
drug and excipient disappeared. This phenomenon
confirmed that an inclusion complex between drug
and cyclodextrin was formed. The other binary
mixtures showed several peaks attributable both to
crystalline drug and excipient. Only a slight decrease
in peak intensity was noted. No inclusion complex
was obtained by physical mixtures while kneaded
and co-evaporated products showed weak interactions

postulated in the case of kneaded and co-evaporatedconfirming the DSC results.

products. No endothermal peak, other that indicating

the water loss from sample, was noted in the freeze-

dried product suggesting that the complete inclusion
complex without free warfarin was formed. These re-
sults were in good agreement with those previously
reported [in and Yang, 1986; Choi et al., 20p3
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Fig. 3. DSC thermograms of warfarin (A), physical mixture (B),
kneaded product (C), co-evaporated product (D), freeze-dried prod-
uct (E) and3-cyclodextrin (F).

3.5. Solubility and dissolution rate

The solubilities of the drug alone and from the bi-
nary mixtures in acidic media (pH=1.2 and 5.0) were
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Fig. 4. X-ray diffraction patterns of warfarin (A), physical mixture
(B), kneaded product (C), co-evaporated product (D), freeze-dried
product (E) ang-cyclodextrin (F).
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Table 4 Table 5
Drug solubility (mg/100 ml) from prepared binary systems atpH 1.2  Dissolution efficiencies (Df and DEgp) andtsg of warfarin and its
and 5.0 binary mixtures at pH 1.2 and 5.0
pH 1.2 pH 5.0 DE1o (%) DEgo (%)  tso (min)
Warfarin 0.86+ 0.13 1.77+ 0.35 pH1.2
Physical mixture 6.56 0.41 10.18+ 1.35 Warfarin 609 2468 >180
Kneaded product 13.9& 0.12 16.45+ 1.22 Physical mixture &8 4314 72
Co-evaporated product 14.870.21 18.75+ 1.78 Kneaded product 381 8515 12
Freeze-dried product 248 0.65 34.5+ 0.04 Co-evaporated product mh 8378 11
Freeze-dried product 100 100 5
) ) o pH 5.0
reported inTable 4 Warfarin, as an acidic drug showed Warfarin 1138 4057 100
a very low solubility at pH 1.2 (0.8& 103 g/100 ml). Physical mixture 102 6502 42
It can be seen that an increase of the solubility values Kneaded product 637 916 6
was obtained from all the binary mixtures. This was o Svaporated product o 925 65
y ’ Freeze-dried product 100 100 <2

probably due to the presence of hydrophylic cyclodex-
trin and a better wettability of the drug. Freeze-dried
product showed a 30-fold increase of the solubility at-
tributable to the formation of inclusion complex.

The dissolution profiles of the raw materials and
their binary mixtures at pH 1.2 have been reported in
Fig. 5. Commercial warfarin showed a very slow dis-
solution rate due to its acidic nature. The dissolution
was incomplete even after three hours. The physical
mixture showed a slight increase of the dissolution
rate. This result was due to the solubilizing effect of
the cyclodextrin and also to improve wettability of the
drug Oamian et al., 2000 In situ formation of read-
ily soluble complexes was also possibMdyano et
al., 1997. The warfarin dissolution rate from kneaded
product was similar to warfarin dissolution rate from
co-evaporated product, as expected from physicochem-
ical characterizations. A very high increase of the drug

dissolution rate was found in the case of freeze-dried
product probably due to several reasons: the forma-
tion of soluble inclusion complex, amorphisation of
the drug and consequently solubility increase, bet-
ter wettability and reduction of particle siz&diga

et al., 200). Same results were obtained at pH 5
and in water (dissolution profiles not shown) even
if the dissolution rates were faster at this pH value
due to higher solubility of the drug. Dissolution ef-
ficiencies andsg values at pH 1.2 and 5.0 were re-
ported in Table 5 Considering the DE values, the
dissolution rate of warfarin was increased in the or-
der: drug <physical mixture <kneaded prodaato-
evaporated product < freeze-dried product suggesting
that dissolution rate was influenced by the preparation
method of the binary mixtures.

3.6. Physical stability test

During storage, stability problems might affect
the physicochemical and pharmaceutical properties
of a dosage form. Recrystallization, changes in
polymorphic form of the drug and interaction between
components may negatively influence solubility and
dissolution rate of a drug. DSC, XRD and dissolution
tests were used to assess the physical stability of
o 2 L 160 2K the warfaring-cyclodextrin freeze-dried product,

i oninutes) in which an amorphous inclusion complex of the

Fig. 5. Dissolution profiles at pH 1.2 of pure warfar@®), physical druQ was found. IrFig. 6A-C the X-ray diffraction

mixture (), kneaded producty), co-evaporated produc#) and patterns, DSC thermograms and drug dissolutions in
freeze-dried product{). acidic medium (pH 1.2) were shown for the freshly

drug dissolved (%)
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600+ freshly prepared product. From DSC thermogram,
only a slight increase in absorbed water after 12
months was observed, attributable to the hygroscopic
nature ofg-cyclodextrin. These data suggested a high
physical stability of the inclusion complex in the
freeze-dried product.
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0 10 20 a0 o 4. Conclusions

(A) 2 theta ] ] ]
B-Cyclodextrin has shown to form inclusion com-

plex with warfarin. Preparation method and pH

a strongly influenced the ability of cyclodextrin to in-

L] clude the drug. lonic form of the drug showed de-
crease in inclusion complex formation and lower sta-

b bility constant value due to weaker interaction with

N the hydrophobic cavity of the cyclodextrin than neutral
form of the drug. Freeze-drying was the best method

to obtain the highest dissolution rate of the drug and
higher solubility also suggesting possible improvement
0 0 100 140 180 of oral warfarin base bioavailability.
(B) temperature (°C) Interesting results were obtained in stability tests
100 - in which no drug physical changes neither different
dissolution profiles of the warfarin were detected after
12 months of storage at ambient temperature.
a b
50 -
ment of dissolution and bioavailability of nitrendipine by inclu-
0 o - - - T ! sion in hydroxypropylg-cyclodextrin. Drug Dev. Ind. Pharm.
0 2 4 6 8 10 29, 1085-1094.
(9] time (mins) Damian, F., Blaton, N., Naesens, L., Balzarini, J., Kinget, R., Au-
gustijns, P., Van Der Mooter, G., 2000. Physicochemical charac-
Fig. 6. X-ray diffractograms (A), DSC thermograms (B) and disso- terization of solid dispersion of the antiviral agent UC-781 with
lution profiles (C) of freshly prepared (a) and after 12 months storage  Polyethylene glycol 6000 and Gelucire 44/14. Eur. J. Pharm. Sci.
(b) freeze-dried product. 10, 311-322.
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