











Table 1. ABZ inclusion yiel

preparation.

d influenced by the CD and acid types, and the method of

Inclusion yield +s.d. (%)
Complex type Acid used | Cyclodextrin Kneaded Coevaporated
complex complex

Binary system - BCD 17.22+2.08 24.524+1.53
HPBCD 28.18+2.81 38.5743.08

Ternary system Maleic acid BCD 22.26+1.38 30.11+1.36
| HPBCD 31.12+2.88 44.66+2.41

Ternary system Fumaric acid BCD 27.5141.10 36.59+2.22
HPBCD 49.02+3.63 - 62.31£2.89

‘Ternary system Citric acid BCD 30.15+1.04 44.01£2.15
HPBCD 61.52+3.00 74.83+4.01

Ternary system Tartaric acid BCD 40.18+2.91 50.84%3.06
HPBCD 71.21+4.44 87.42+5.10

In order to estimate the effect of the acid conformation, the influence of maleic and fumaric
acid was evaluated. When the double bond conformation was cis (maleic acid), the interaction
was relatively weaker than when the conformation was frans (fumaric acid) (p<0.05). For
instance, the inclusion yield with the ABZ-HPBCD-maleic acid coprecipitate was only 44.66%,
while it was 62.31% with ABZ-HPBCD-fumaric acid system, This kind of molecular interaction
has been described previously for ternary complexes between pyrene, BCD and several alcohols
(Munos de la Pena et al. 1991). Hydroxy acids produced significantly higher inclusion
efficiency than the simple dicarboxylic acids (p<0.05).

The thermal behavior of inclusion complexes was investigated using DSC to confirm the
enhancement of inclusion efficiency. Typical DSC thermograms of the binary and ternary
complexes are shown in Fig. 1. The thermogram of ABZ exhibited a melting peak at 200°C.
PCD showed a broad endotherm centered at 110°C and HPPCD at 119°C, which may be
attributed to the dehydration of the water within the CD cavity. Complex formation was
suggested by a decrease in enthalpy of dehydration when compared to the PM. As the bound
water molecules of CD cavity are replaced with the drug molecules during complexation, the
resultant dehydration enthalpy is relatively less (Loftsson and Brewster, 1996; Moore ez al.,
2000). The enthalpy value for the ternary PM of ABZ-HPBCD-citric acid was 656.03 Jg.
Whereas the corresponding coevaporated and kneaded products showed 164.86 and 269.72 J g
respectively. The coevaporated system showed relatively less dehydration enthalpy due to
higher inclusion, which is in confirmation with the results obtained with the differential
solubility technique.
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Figure 1: DSC thermograms of HPBCD systems. (A) ABZ, (B) HPBCD, (C) ternary PM with
citric acid, (D) kneaded ternary system, (E) coevaporated ternary system, (F) coevaporated
binary system ’

Interestingly, the kneaded complexes showed a weak drug-melting peak indicating the existence
of free drug in amorphous form. XRD patterns of coevaporated ternary systems showed reduced
diffraction intensity only for the drug and acid, whereas the kneaded products showed intensity
reduction for the entire complex.

Molecular interaction

The specific role of hydroxy acids in the inclusion complex formation was investigated by
FTIR. Typical FTIR spectra for the HPBCD systems are shown in Fig. 2. The spectrum for ABZ
has NH stretching vibration at 3323 cm” due to carbamate-NH, whereas the broad band
centered at 2665 cm’! is due to imidazole-NH (intramolecular hydrogen bonded with carbamate
carbonyl [1717 cm’'] to form a stabilized six membered ring) (Fig. 3A). These bands appear
unchanged in the binary and ternary PMs. Binary complex shows a slight increase in the
frequency of carbamate-NH stretch (by 15 cm™). In our previous study, this NH was found to
be involved in hydrogen bonding with f)oly(vinyl pyrrolidone) (Kalaiselvan ez al., in press).
However the same band disappears in the spectrum of ternary complexes. The broad band at
2665 cm™ gets reduced in intensity, it is shifted to higher frequency and merged with CH stretch
(2958 cm’). With these limited data, the proposed orientation of the drug molecule for the
ternary complex formation is given in Fig. 3B.
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Figure 2: FTIR spectra of HPBCD systems. (A) ABZ, (B) ternary PM with tartaric acid, (C)
coevaporated ternary system, (D) coevaporated binary system.

The acid forms hydrogen bond with the imidazole-NH to allow carbamate moiety transforming
to enolic form (another intramolecular hydrogen bonded orientation). This form of drug is more
susceptible to inclusion into the CD cavity without any steric hindrance. In the previous study,
interaction of tartaric acid with the imidazole function of ketoconazole as well as with the
hydroxyl group of the BCD was reported (Redenti ez al., 1999). In this case, hydroxy acid does
not fit into the CD cavity but remains outside, while ABZ forms an inclusion complex through
the interaction between its carbamate moiety and the CD cavity. By bridging the guest and the
host, the acid has two interaction points. It forms hydrogen bond with the imidazole-NH of
ABZ as well as hydroxyl group of the CD. Electrostatic interactions between the acid and the
imidazole ring of the drug may also take place

(A) o) OCH, (B) HA
H,.. \ %
| H
N NH N N OCH,4
| |
N 0
R R g
R =-S-CH,-CH,-CHj; HA = hydroxy acid

Figure 3: Chemical structure of ABZ. Keto form (A) changing to enolic form (B) due to
hydrogen bonding with the acid.
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Figure 4: Phase solubility of ABZ. Solubility in presence of BCD (o) or HPBCD (D) in water;
BCD (m) or HPBCD (&) in 10 mM citric acid; BCD (a) or HPBCD (e) in 10 mM tartaric acid

Phase solubility

Fig. 4 illustrates the phase solubility of ABZ in distilled water at 37°C in presence of CDs and
acids. The intrinsic solubility of ABZ in water was very low (0.037 mM). The solubility’
increased as a function of the CD concentration. The solubility diagram can be classified as an
A, type in absence of acids (Higuchi and Connors, 1965). Stability constants (K.) of 119.4 M
and 284.0 M were obtained for ABZ-BCD and ABZ-HPBCD systems respectively. These
values indicate only a weak association-dissociation. The K, values between 200 and 5000 M
are usually considered as suitable for the bioavailability improvement (Castillo et al., 1999).

[n 10 mM citric or tartaric acid solution, the solubility isotherm showed a negative deviation
from linearity. This isotherm is_of type Ay, which is generally attributed to a change in the
solute-solvent interaction like an ionization of the guest molecule (Higuchi and Connors, 1965).
The value of K, cannot be calculated from this solubility profile. A portion of 16 mM HPBCD
increased the water-solubility of ABZ about 5.5 times only. Whereas a solubility rise of about
21 folds was obtained with the same amount of HPBCD in 10 mM tartaric acid solution.
Tartaric acid (10 mM) alone showed only 3.2 fold solubility enhancement. Previous studies
have shown that the combined effect of the acid and CD on the solubility of lipophilic drugs is
due to a multicomponent complex formation (Ventura et al., 1995; Mura ef al., 2001).
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distilled water. Pure drug (o), ternary PM with citric acid (o), with tartaric acid (A), binary
coevaporated complex (x), binary kneaded complex (C), ternary coevaporated complex with
citric acid (®), with tartaric acid (), ternary kneaded complex with citric acid (A ), with tartaric

acid (), solubility of ABZ in a solution of 0.015% HPBCD and 0.0016 % tartaric acid (....).

Dissolution

- The profiles illustrating dissolution of HPBCD systems in hydrochloric acid buffer medium (pH
2) are presented in Fig. 5A. Dissolution efficiency (DEg) and time required to release 90% of
drug (teo) were calculated by the method of Khan (1975) (Table 2). In the present study, the
powder sample was clamped between infusion filter paper and immersed in the dissolution
medium. This experimental setup prevents separation of drug particles from the PM and allows
formation of a hydrodynamic layer of HPBCD surrounding the ABZ particles in the dissolving
microenvironment. Hence the physical mixtures also showed faster dissolution than the ABZ
alone. All inclusion complexes had significantly higher DEgy and lower to values than the
corresponding PMs and pure drug (p<0.05). ’

Table 2. Dissolution characteristics of HPBCD systems

Formulations Toots.d. (min) DEgpts.d. (%)
Pure drug (ABZ) 558.2+60.2 8.9+0.8
Binary physical mixture (ABZ-HPBCD) 248.3£29.1 19.7£2.2
Ternary physical mixture (ABZ-HPBCD-citric acid) 154.8+21.1 32.0+4.1
Ternary physical mixture (ABZ-HPBCD-tartaric acid) 125.9+£15.3 38.2+3.9
Binary coevaporated system (ABZ-HPBCD) 69.9+6.5 55.6+5.8
Binary kneaded system (ABZ-HPBCD) 50.3+4.4 64.5£5.8
Ternary coevaporated system (ABZ-HPBCD-citric acid ) 37.7£2.9 71.8+5.5
Ternary kneaded system (ABZ-HPBCD-citric acid) 28.742.3 78.3+6.3
Ternary coevaporated system (ABZ-HPBCD-tartaric 18.2+0.9 86.4+4 3
acid :

Tern)ary kneaded system (ABZ-HPBCD-tartaric acid) 13.0+0.78 90.9+5.4
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Ternary complexes showed relatively larger dissolution rate and efficiency than the binary
systems (p<0.05). Though the kneaded systems exhibited relatively low inclusion efficiency,
they showed slightly faster dissolution than the coevaporated products (p<0.05). According to
the DSC and XRD reports, the kneading process might have reduced the crystallinity of the free
drug as well as the complex formed. However, for the given method of complex preparation,
the dissolution rate and efficiency depended on the inclusion efficiency. For example, the
kneaded complexes can be ranked according to the dissolution rate as ABZ-HPBCD-tartaric
acid > ABZ-HPBCD-citric acid > ABZ-HPBCD binary system (p<0.05). The inclusion
efficiency of these complexes was also in the same order.

According to Pedersen (1997), the increased bioavailability of cyclodextrin complexes is due to
dissolution enhancement and supersaturation of the drug. In order to investigate the drug
supersaturation event, dissolution studies in distilled water were also conducted for the kneaded
and coevaporated ABZ-HPBCD-tartaric acid systems. ABZ from both products, dissolved over
its solubility with a post peak decline after certain period of time (Fig. 5B). This is indicative of
supersaturation caused by amorphous drug (Pedersen, 1997). The duration of the
supersaturation episode for the kneaded product was remarkably low due to precipitation of
high-energy (amorphous) drug molecules. In our previous study, the stability of amorphous
ABZ was investigated (Kalaiselvan et al., in press).

Accelerated stability studies on ABZ-HPBCD-citric acid and ABZ-HPBCD-tartaric acid systems
showed no significant change in inclusion efficiency and dissolution rate (buffer pH 2) after 3
months of storage (40°C, 75% RH).
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Morphology

(D) Coevaporated
Scale —— 20pm

(C) Kneaded

Figure 6: SEM images of HPBCD systems. ABZ (A), ternary PM with tartaric acid (B),
kneaded (C) and coevaporated systems (D).

The morphology of the pure drug, ternary PM containing ABZ-HPBCD-tartaric acid
and the inclusion complexes were studied. The representative photographs are shown in Fig. 6.
Pure drug particles were very small in size with reduced effective surface area due to
agglomeration. They remained dispersed and physically adsorbed on the surface of HPBCD as
well as tartaric acid particles in the PM. Photograph in Fig. 6B shows drug particles distributed
on the surface of a HPBCD particle. Both kneaded and the coevaporated systems showed a
homogeneity, signifying the inclusion complex formation. The kneaded system was of poor
crystal structure, lacked distinct crystal faces and had numerous cracks and fissures. This might
have also contributed to the faster dissolution compared to the coevaporated system.
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Figure 7: Mean ABZSO plasma concentration-time profile of HPBCD systems. Ternary PM

with tartaric acid (&), kneaded (&) and coevaporated ternary complexes (®).

Table 3. Pharmacokinetic parameters of HPBCD systems

Formulations Coaxcts.d. (ng/ml) Tmax £s.d. (h) AUCH=s.d.

(pug.h/ml)
Ternary physical mixture 14.1+£1.25 1.00£0.21 53.5+4.89
Ternary kneaded system 42.5+2.30 0.39+0.14 132.247.51
Ternary coevaporated 45.5+£2.75 0.39+0.14 170.2+8.44
system

After oral administration, unmodified ABZ was not detectable in any plasma sample. This is a
consequence of hepatic first-pass metabolism, which is in accordance with the results
previously obtained in different animal species (McKellar and Scott, 1990; Delatour et al.,
1991; Lopez-Garcia et al.; 1998). In the present bioavailability "studies, the active metabolite,
albendazole sulphoxide (ABZSO) was evaluated. A greater therapeutic effect was previously
reported against the systemic phases of Trichinella spiralis in mouse with a higher plasma level
time profile of ABZSO following oral administration of ABZ with methimazole (Lopez-Garcia
et al., 1998).

Plasma concentration time profiles of ABZSO obtained after a single dose (50 mg/kg)
administration of the ABZ-HPBCD-tartaric acid ternary complexes to rabbits are shown in Fig.
7 and the different pharmacokinetic parameters are given in table 3. An increased GI absorption
of ABZ from the coevaporated system was evident from the significantly reduced Tpay and
tripled Cpax and AUC values compared to the PM (p<0.05). The kneaded product also showed
similar increase in bioavailability except that it had a slightly low AUC (p<0.05). According to
Pedersen (1997), the prolonged supersaturation during the dissolution process was reflected in
significantly high AUC for the coevaporated system.

In conclusion, the ternary complexes exhibited a greater improvement in inclusion efficiency
and hence dissolution compared to the binary systems and the physical mixture. The complex
containing increased content of included drug (ABZ-HPBCD-tartaric acid coevaporated system)
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showed superior supersaturation and in vivo bioavailability. Due to the amorphous nature, the
kneaded ABZ-HPBCD-tartaric acid system exhibited a slightly higher dissolution rate compared
to the coevaporated product. However, the amorphous drug precipitated when dissoived over its
solubility consequently obtaining a relatively low plasma level AUC.
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