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The formation steps of inclusion complex caused by co-grinding loratadine (LOR) and hydroxypropyl-
B-cyclodextrin (HP-B-CD) with a molar ratio of 1:1 or 1:2 were quantitatively investigated by Fourier
transform infrared (FTIR) spectroscopy with curve-fitting analysis and differential scanning calorimetry
(DSC). The phase solubility study and the co-evaporated solid products of the mixture of LOR and HP-
B-CD were also examined. The result indicates that the aqueous solubility of LOR was linearly increased
with the increase of HP-3-CD concentrations, in which the phase solubility diagram was classified as A,
type. The higher apparent stability constant (2.22 x 10* M~1) reveals that the inclusion complex formed
between LOR and HP-3-CD was quite stable. The endothermic peak at 134.6 °C for the melting point of LOR
gradually disappeared from DSC curves of LOR/HP-3-CD coground mixtures by increasing the cogrinding
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Co-grinding time, as the disappearance of the co-evaporated solid products. The disappearance of this endothermic
FTIR peak from LOR/HP-3-CD coground mixture or the co-evaporated solid products was due to the inclusion
DsC complex formation between LOR and HP-B-CD after cogrinding process or evaporation. Moreover, IR

Curve-fitting peaks at 1676 cm~! down-shifted from 1703 cm~! (C=0 stretching) and at 1235 cm~! upper-shifted from

1227 cm~! (C-0 stretching) related to LOR in the inclusion complex were observed with the increase of
cogrinding time, but the peak at 1646 cm~! due to O-H stretching of HP-B-CD was shifted to 1640 cm~'.
The IR spectrum of 15 min-coground mixture was the same as the IR spectrum of the co-evaporated
solid product, strongly indicating that the grinding process could cause the inclusion complex formation
between LOR and HP-B-CD. Three components (1700, 1676, and 1640cm~") and their compositions
were certainly obtained in the 1740-1600 cm~! region of FTIR spectra for the LOR/HP-B-CD coground
mixture and the co-evaporated solid products by curve-fitting analysis. The component of 1700 cm~!
detected was due to the un-included LOR in the inclusion complex. This implies that FTIR spectroscopy
with curve-fitting analysis might be useful for discriminating the components and compositions in the
inclusion complex.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Loratadine (LOR, Fig. 1) is a potent long-acting second-
generation tricyclic H; antihistamine for the symptomatic relief of
allergic disorders without significant central and autonomic ner-
vous side effects [1,2]. LOR has also been widely combined with
pseudoephedrine sulfate as an over-the-counter medicine in the
relief of symptoms associated with allergic rhinitis and common
cold usually including nasal congestion, sneezing, rhinorrhea, pru-
ritus and lacrimation [3,4]. It has been reported that LOR belongs to
the class Il of Biopharmaceutical Classification System (BSC), since
LOR has a poor solubility in water but is absorbed rapidly after
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oral administration in human [5]. Due to the poor water-soluble
property and very low dissolution rate of LOR, its bioavailability
exhibits high intra and inter subject variability [6,7]. Therefore,
how to improve the solubility of LOR plays an important role in
the pharmaceutical formulation design.

Several techniques have been attempted to improve the sol-
ubility and dissolution rate of LOR by using solid dispersion,
micellar solubilization or inclusion complex formation [8-12]. The
inclusion complex of LOR with B-cyclodextrin, hydroxypropyl-@3-
cyclodextrin (HP-3-CD) or dimethyl-3-CD had been extensively
studied by kneading, spray-drying, freeze-drying and microwave
irradiation [10-12], but the conventional grinding process always
used in pharmaceutical industry is still lacking in the available
application. In the present investigation, the progressive steps
of inclusion complex formation caused by co-grinding LOR with
HP-B-CD were quantitatively investigated by Fourier transform
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Fig. 1. Chemical structure of loratadine.

infrared spectroscopy with curve-fitting analysis and thermal anal-
ysis.

2. Experimental

2.1. Materials

Loratadine (LOR) was of pharmaceutical grade (Jai Radhe
Sales, Gujarat, India) and used without further purification.
Hydroxypropyl-B-cyclodextrin (HP-B-CD) was obtained from
Roquette Freres, Lestrem, France. All the other materials were of
analytical reagent grade.

2.2. Phase solubility study

Solubility measurement was carried out at 25+0.5°C accord-
ing to the method of Higuchi and Connors [13]. Different aqueous
concentrations of HP-B-CD in double distilled water (pH 5.6) were
previously prepared. An excess amount of LOR was added to each
solution, and then shaken at room temperature for 72 h. After 72 h,
all the suspensions were filtered using 0.45 wum membrane filters.
Each filtrate was appropriately diluted with 50% alcoholic water
and measured by UV spectrophotometer at 248 nm. The presence of
the HP-3-CD did not interfere with the spectrophotometric assay.
Each experiment was performed in triplicate and the mean was
obtained. An apparent stability constant was calculated from the
initial straight line portion of the phase solubility diagram.

2.3. Preparation of the co-evaporated solid products

The co-evaporated solid products of LOR and HP-3-CD with a
molar ratio of 1:1 or 1:2 were prepared by solvent evaporation
method. Both samples with different molar ratios were dissolved in
ethyl alcohol and then evaporated at room temperature. The dried
samples were washed with acetone and then dried at 50 °C. The
LOR in the absence of HP-3-CD was also performed.

2.4. Preparation of co-ground mixtures of LOR and HP-3-CD with
different molar ratios

The co-ground mixtures of LOR and HP-3-CD in the 1:1 or 1:2
molar ratio were respectively prepared in an oscillatory ball mill
(Mixer Mill MM301, Retsch GmbH & Co., Germany) at 15Hz for
different times. About 0.2 g powder sample was placed in a 25 ml
volume stainless steel milling jar containing two 15 mm diameter
stainless steel balls. During co-grinding, the sample was withdrawn
at prescribed intervals for further examination.

Fig. 2. DSC curves and FTIR spectra of LOR (a, c), HP-3-CD (b) and the solid products
(d, e) after co-evaporation.

Key: (a) intact LOR; (b) intact HP-B-CD; (c) LOR evaporated from ethyl alcohol;
LOR/HP-B-CD with a molar ratio of 1:1 (d) or 1:2 (e).

2.5. Identification of each sample

Each sample was determined by using a differential scanning
calorimetry (DSC, TA Instruments, Inc., New Castle, DE) at a heat-
ing rate of 3°C/min with an open pan system in a stream of N,
gas, and an Fourier transform infrared (FTIR) microspectroscopy
(IRT-5000-16/FTIR-6200, Jasco Co., Tokyo, Japan) equipped with
a mercury cadmium telluride (MCT) detector via a transmission
technique [14,15]. All the FTIR spectra were obtained at a 4cm™!
resolution and at 100 scans. Both determinations were undertaken
at 25+ 2°Cand 65 + 5% RH condition.

2.6. Application of curve-fitting analysis to FTIR spectra

The components and relative compositions of each sample were
estimated quantitatively in the 1740-1600cm~! region of FTIR
spectra by a curve-fitting algorithm with a Gaussian-Lorenzian
function [16,17]. The best curve-fitting procedure was performed
by iterative fits toward a minimum standard error. Because the
analysis depends on the positions and intensities of the compo-
nents of the contour, substantial attention was paid to obtaining the
best possible fit with the minimum number of component bands.
The relative proportion of a component was computed to be the
fractional area of the corresponding peak, divided by the sum of
areas of all the peaks.

3. Results and discussion

3.1. Identification and characterization of LOR and the
evaporated solid products

Fig. 2 shows the DSC curves and FTIR spectra of LOR, HP-[3-
CD and the solid products after co-evaporation. It is apparent that
only one sharp endothermic peak at 136.1°C with an enthalpy
of 89.8]/g was observed in DSC thermogram of intact LOR. This
endothermic peak was due to the melting point of LOR. The FTIR
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spectrum of intact LOR is also displayed in Fig. 2. Several character-
istic IR absorption bands and their assignments of LOR are shown as
follows: 1703 cm~! (C=O0 of ester), 1560 and 1474cm~! (stretch-
ing vibrations of benzene ring), and 1227 cm~! (C-0 stretching),
respectively [10,12,18]. On the other hand, there was lack of
endothermic peak within the temperature range of 30-160°C for
intact HP-B-CD. The IR peak at 1646 cm~! may be attributed to
the OH groups in the glucose moieties of HP-B-CD [19]. In addition,
there was no significant change in DSC curve and FTIR spectrum for
the evaporated LOR alone, as compared with intact LOR. However,
the DSC curves and FTIR spectra of solid products containing LOR
and HP-B-CD in a 1:1 or 1:2 molar ratio indicate different patterns,
in which no any endothermic peak was observed for both solid
products but two new peaks at 1676 and 1236 cm~! were found in
the IR spectra. The disappearance of an endothermic peak in DSC
curve and a new IR spectral peak formation might be explained
by the inclusion complex formation between LOR and HP-3-CD.
Due to the inclusion complex formation, the characteristic bands
at 1703 and 1227 cm~! of LOR were down-shifted to 1676 cm™!
and upper-shifted to 1236 cm™!, respectively.

3.2. Phase solubility study

Phase solubility study of LOR-HP-3-CD systems in water at 25 °C
reveals that the aqueous solubility of LOR was linearly increased
with an increase of the HP-3-CD concentrations. The linear plot
has a slope value of 0.1276 with a correlation coefficient of 0.9984.
The phase solubility diagram can be classified as A; phase diagram,
according to the classification of Higuchi and Connors [13]. This
indicates the formation of soluble binary complexes of probable
1:1 stoichiometry. The apparent stability constant (K.) was esti-
mated from the slope of the linear plot of phase solubility diagram
according to the equation K.=slope /S, (1 —slope), where S, is
the solubility of LOR in the absence of HP-3-CD. The value of K.
was 2.22 x x10* M~1. The higher K value reveals that the inclusion
complex formed between LOR and HP-3-CD was quite stable.

3.3. Co-grinding effect on the inclusion complex formation of LOR
with HP-B-CD

Fig. 3 displays time-dependent changes in DSC curves and IR
spectra of coground mixtures of LOR and HP-3-CD with a 1:1 molar
ratio. It is evident that the endothermic peak at 134.6°C for LOR
decreased with the increasing grinding time. This endothermic
peak disappeared beyond 7 min-cogrinding process, as it did with
the evaporated solid products. The disappearance of this endother-
mic peak might be due to the inclusion complex formation by
cogrinding LOR with HP-3-CD. This was also confirmed from the
changes in FTIR spectra. After cogrinding for 5 min, a shoulder at
1678 cm~! was observed. By continuing the cogrinding process,
the shoulder at 1678 cm~! was shifted to a predominant peak at
1676 cm~!. In addition, the peak at 1229 cm~! assigned to C-O
stretching vibration was also shifted to 1236cm~!. The IR spec-
trum of 15 min-coground mixture was the same as the IR spectrum
of the co-evaporated solid product as shown in Fig. 2. This strongly
demonstrates that the co-grinding process could cause the inclu-
sion complex formation between LOR and HP-3-CD.

In order to understand the effect of additional amount of HP-[3-
CD, the coground mixture of LOR and HP-3-CD with a molar ratio
of 1:2 was also carried out. Fig. 4 reveals time-dependent changes
in DSC curves and IR spectra of coground mixtures of LOR and HP-
[3-CD with a 1:2 molar ratio. Obviously, the endothermic peak at
134.9°C was slowly shifted to lower temperature with the increase
of co-grinding time. The changes in IR spectra were also slow down
with co-grinding time. This was significantly different from that of
the results in Fig. 3. However, the DSC curve and IR spectrum of 15

Fig. 3. Time-dependent changes in DSC curves and IR spectra of coground mixtures
of LOR and HP-B-CD with a 1:1 molar ratio

Key: (a) intact LOR; (b) intact HP-3-CD; cogrinding time (min): (c) 0; (d) 3; (e) 5; (f)
7;(g) 10; (h) 15.

min-coground mixture of LOR and HP-3-CD with a 1:2 molar ratio
were also similar to that of the results of 15 min-coground mixture
of LOR and HP-3-CD with a 1:1 molar ratio and both the evap-
orated solid products. Although the inclusion complex was also
formed in the 15 min-coground mixture of LOR and HP-3-CD with
a 1:2 molar ratio, the excess amount of HP-3-CD might delay the
inclusion complex formation in the mixture during the cogrinding
process.

Fig.4. Time-dependent changes in DSC curves and IR spectra of coground mixtures
of LOR and HP-B-CD with a 1:2 molar ratio.
Key: cogrinding time (min): (a) 0; (b) 3; (c) 5; (d) 7; (e) 10; (f) 15.
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3.4. Quantitative analysis of the time-dependent inclusion
complex formation after co-grinding

It is well known that the curve fitting analysis is an effective
means for estimating the number of bands, and their positions and
compositionsin the spectra[20,21]. Here, the curve-fitting program
was combined with a nonlinear deconvolution technique to probe
the nature and extent of structural changes in the IR spectra of
different samples. The IR spectral region of 1740-1600cm~! was
selected, since the most marked alteration was found in this region
[16,17].

The best-fitted FTIR spectra and the deconvoluted components
in the 1740-1600cm~! region for LOR, HP-B-CD and the co-
evaporated solid products are indicated in Fig. 5.

It is evident that the assignment and composition of the
curve-fitted IR spectra for each sample were obtained as follows:
1703 cm~1(93.2%) and 1643 cm~! (6.8%) for intact LOR; 1646 cm™!
(100%) for intact HP-B-CD; 1700cm™! (9.7%), 1676 cm~! (76.5%)
and 1640 cm~! (13.8%) for the co-evaporated solid product with a
1:1 molar ratio of LOR and HP-B-CD; 1700 cm~! (2.7%), 1676 cm ™!
(68.3%) and 1640 cm~"! (29.1%) for the co-evaporated solid prod-
uct with a 1:2 molar ratio of LOR and HP-3-CD, respectively. Three
components were certainly detected in the IR spectrum of the co-
evaporated solid products. The best-fitting results reveal that the
predominant peak at 1703 cm~! assigned to C=0 group of ester for
LOR was markedly shifted to 1677 (1676) cm~! after formation
of inclusion complex by using a co-evaporation method. More-
over, the peak at 1646cm~! due to the hydroxyl groups in the
glucose moieties of HP-B-CD was also shifted to 1640 cm~!. This
suggests that both peaks were the unique peaks for inclusion com-
plex formation between LOR and HP-3-CD. It is also found that
the composition of the peak at 1700 cm~! corresponded to the un-
included C=0 group of LOR was reduced from 9.7% to 2.6% with the
increase of HP-3-CD added, suggesting the more content of inclu-
sion complex was formed in the co-evaporated solid product with
a 1:2 molar ratio of LOR and HP-$3-CD.

Fig. 6 or 7 displays time-dependent inclusion complex forma-
tion between LOR and HP-3-CD with either 1:1 or 1:2 molar ratio
during cogrinding process. Obviously, the changes in IR spectra
and the compositions of three components were observed for both

Fig. 5. The best-fitted FTIR spectra and the deconvoluted components in the
1740-1600 cm~"' region for LOR, HP--CD and the co-evaporated solid products.
Key: (a) intact LOR; (b) intact HP-B3-CD; LOR/HP-3-CD with a molar ratio of 1:1 (c)
or 1:2(d).

coground mixtures with the increase of cogrinding time. It clearly
indicates that after 15 min-cogrinding course the coground mixture
of LOR and HP-B-CD with either 1:1 or 1:2 molar ratio exhibited
similar compositions of inclusion complex. This was somewhat dif-
ferent from that of inclusion complex prepared by co-evaporation
method, although the results of DSC and IR spectra were almost
the same. This strongly implies that the curve-fitting analysis may
be used to obtain the reliable quantitative information about the
inclusion complex formation.

Fig. 6. Time-dependent inclusion complex formation between LOR and HP-3-CD with a 1:1 molar ratio during cogrinding process.
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Fig. 7. Time-dependent inclusion complex formation between LOR and HP-f3-CD with a 1:2 molar ratio during cogrinding process.

In conclusion, inclusion complex between LOR and HP-B-CD
was easily induced by co-grinding process. The FTIR spectroscopy
with curve-fitting analysis might be availably used to discriminate
the components and compositions in the inclusion complex.
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