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Abstract

Background: Bilastine is a second-generation antihistamine belonging to poorly
soluble, highly permeable drug class. This resulted in low and variable oral
bioavailability. Being antihistaminic, its combination with caffeine is possible.
Accordingly, the aim was to research bilastine/caffeine solid dispersion on the
dissolution rate and oral bioavailability of bilastine.

Methods: Ethanol aided kneading of mixtures of bilastine and caffeine at molar ratios

of 1:1 (C1), 1:2 (C2) and 1:3 (C3) was achieved. The kneading process continued till
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complete vaporization of ethanol and was repeated four times. During the last co-
grinding step, an amount of Avicel equivalent to bilastine weight was added to obtain
flowable mixtures. The resultant systems were characterized by FTIR, DSC, PXRD and
in-vitro dissolution. The optimum formulation was assessed in-vivo for anti-histaminic
effect using Carrageenan induced paw edema.
Results: Instrumental analysis indicated molecular dispersion of bilastine in caffeine
matrix or transformation into amorphous state. The different formulations exhibited
enhanced dissolution parameters compared to native bilastine. Pure bilastine powder
exhibited dissolution efficiency (%DE) of 54.24% with only 10.96% of bilastine dose
was dissolved in first five minutes (Q5). Co grinding of bilastine and caffeine increased
Q5 to 33.64%, 54.80% and 63.94 % for C1, C2 and C3, respectively. Besides, % DE
values reached 74.80%, 83.22% and 78.88% for them, respectively. Augmented
dissolution improved bilastine anti histaminic efficacy of C2 reflecting better
bioavailability. This was manifested as significant reduction in the area under edema
formation in case of C2 compared to drug suspension, untreated group, the physical
mixture, and the physical mixture without bilastine (Avicel plus caffeine).
Conclusion: The study introduced bilastine-caffeine solid dispersion as simple

tool to hasten bilastine dissolution and efficacy.
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Introduction

Bilastine is a second-generation antihistamine which alleviates the symptoms
of allergic rhino-conjunctivitis and chronic urticaria.'? It is reported as a safe and well
tolerated drug which neither produces sedative nor cardio toxic effect. Unfortunately,
bilastine has limited and variable oral bioavailability. This poor bioavailability can be
accredited to its low dissolution rate.** Fast dissolution is expected to have significant
impact on bilastine bioavailability. Researchers applied a variety of strategies to
augment bilastine dissolution. These involved self-nanoemulsifying drug delivery

systems of bilastine using oleic acid, tween 60 and transcutol as oil, surfactant and co-



surfactant respectively.® Also, gastro retentive formulations of bilastine were
prepared and evaluated for various physiochemical properties and in vivo parameters,
these formulations were prepared with different polymers and sodium bicarbonate as
effervescent agent.” Additionally, inclusion complexation technique using beta
cyclodextrin (B-CD) as a drug carrier was employed to increase the solubility of
bilastine.®® Solid dispersion using different polymers such as Poloxamer188,
Poloxamer407, Polyethylene glycol 6000, Polyvinylpyrrolidone (PVP K30) and urea was
also employed as simple tactic for enhancing bilastine dissolution.!® Preparation of
bilastine nanosuspension using different hydrophilic polymers was also utilized for
improving its dissolution and hence bioavailability.” Formation of cocrystals of
bilastine employing various phenolic coformers was another strategy.'* Formation of
orotate salt of bilastine was adopted as approach for enhancing bilastine solubility.!?
Drug-drug solid dispersion provides a promising alternative for improving the physical
and pharmaceutical properties. However, few studies are available in literature on this
technique. These studies introduced promising data which encourage probing this

strategy with other drugs.'31°

Accordingly, the purpose here was to probe the beneficial effects of caffeine
on bilastine dissolution by modulating bilastine crystallinity. Caffeine was employed
as crystallinity modulating agent based on its reported benefits when administered
with several antihistamines.!'® The evaluation tackled both in vitro and in vivo
performances. The latter was assessed after evaluation of the antihistaminic effect

utilizing carrageenan induced paw edema method.

Materials and methods

Materials

Bilastine (pharmaceutical grade, purity > 99%, white crystalline) was offered
from BioMed for Pharmaceutical Industries, Cairo, Egypt. Anhydrous caffeine was
ordered from BDH chemicals Ltd., Poole, UK. Carrageenan (white powder) was
obtained from Sigma-Aldrich, Missouri, USA. Other chemicals including ethanol,
potassium hydroxide (pellets), potassium dihydrogen phosphate, sodium chloride and

Avicel, were pharmaceutical grade got from EI-Nasr Pharmaceutical Chemicals



Company, Cairo, Egypt. HPLC-grade ethanol, methanol and acetonitrile were bought
from Fisher Scientific, Leicester, England.
Methods

Chromatographic assay

Drug analysis was performed using ultra pressure liquid chromatography
(UPLC) using Waters ACQUITY UPLC H-Class PLUS (USA) equipped with a Waters
quaternary solvent manager (M20QSP 471A). Separation utilized Waters 1.7 um UPLC
BEH C18 column (2.1 x 100 mm) attached with UPLC pre-column BEH 1.7 um Van
Guard (2.1 x5 mm). The system is equipped with an ACQUITY Photodiode array (PDA)
detector (L20UPL 182A). System control was through Waters Empower 3 software.
The mobile phase was prepared by mixing a pre-filtered 10 mM of potassium
dihydrogen phosphate buffer solution (adjusting the pH to 6 with potassium hydroxide
solution), methanol and acetonitrile (70:5:25). This mixture was degassed by
sonication before delivering 0.3 ml/min with online analysis at 250 nm. The method
was validated for accuracy, precision, lower limit of detection (LOD) and lower limit of

quantification (LOQ)
Preparation of bilastine based-formulations

Bilastine was mixed with caffeine at molar ratios of 1:1, 1:2 and 1:3 (Table 1)
before wet co-grinding utilizing mortar and pestle in presence of ethanol Kneading
continued until complete vaporization of ethanol. This procedure was conducted four
times and during the last co-grinding step, an amount of Avicel equivalent to bilastine
weight was added to these mixtures.'”*8 This was done to avoid the formation of sticky
paste and allow the development of dry product. The dry formulations were kept in
air impermeable containers till their use in subsequent characterization techniques.
Fourier’s transform infrared spectroscopy (FTIR)

FTIR instrument (FTIR 460 plus, Jasco, Japan) tracked the FTIR spectral
characteristics of bilastine, caffeine, and their co-processed mixes. Co-compression
with KBr was employed in sample preparation to create disks with an adequate
thickness. Spectral features were collected in the range of 4000-400 cm™.

Differential scanning calorimetry (DSC)



DSC was utilized to capture the thermograms of pure bilastine, caffeine,
physical mixture and the co-ground products (DSC-60, Shimadzu, Japan). A Shimadzu
crimper was used to crimp the lids of aluminum pans containing samples weighing
roughly 1.5-3 mg. Under nitrogen, the sample thermal behavior was examined
throughout temperatures ranging from ambient temperature to 400 °C at a heating
rate of 10 °C/min. Thermal analysis was accomplished using TA-60WS software which
operates the whole system. The computed parameters included transition midpoint
(Tm) and the enthalpy (J/g) of melting transition.

X-ray powder diffraction (PXRD)

X'Pert PRO X-Ray diffractometer (Panalytical, Netherlands) was used to
capture the X-ray diffraction pattern of bilastine, caffeine, physical mixture and the
produced formulations. A secondary monochromator, CuKa radiation (A = 1.542 A),
operating at 45 kV and 35 mA of current, is included with the apparatus and X'
Celerator detector was adopted for data collection. Experiments were conducted at
room temperature utilizing continuous scan mode from 2° to 60° with step size of
0.03°.

Dissolution studies

Dissolution behavior of plain bilastine, selected physical mixture and co-
ground products was assessed using the USP 2 (paddle type) dissolution system
(Copley Scientific Dis 6000, Nottingham, UK). Dissolution conditions used 900ml of 10
mM Phosphate buffer (pH 6.8) adjusted to 37 + 0.5 °C and stirred at 75 rpm.*° Though
50 rpm has been used in previous studies for bilastine dissolution testing, the
optimized condition recommended by Patel et al. (2023) justifies the use of 75 rpm in
this work. Powdered samples equivalent to 20 mg bilastine were loaded onto the
vessels and 5 ml of dissolution medium was withdrawn at 5, 10, 15, 30, 45 and 60 min.
These were immediately filtered using 0.45 um nylon filter and the volume was
replenished. Each dissolution test was performed three times. Bilastine
concentrations in samples were quantitated by UPLC. The % of bilastine dissolved was
graphically presented against time to construct dissolution profiles. Bilastine (%)
dissolved after 5 min (Q5) and overall dissolution efficiency (DE) were then
computed.?°

Anti-histaminic effect



The efficacy of bilastine and the optimum formula was evaluated through
carrageenan induced paw edema test.?!23 The laboratory animal manipulations were
as per the procedures approved by the ethical committee, faculty of pharmacy, Tanta
University (approval number TP / RE/6/25 P-004). The study employed 30 male Wistar
albino rats (180—220 g) housed for 4 days prior to the experiment to be adapted to lab
conditions with free allowance of water and food. Food was restricted on the night of
the experiment and rats were divided into 5 groups. The first animal group was kept
as a negative control group which did not receive any medication (untreated group).
The second group administered a dispersion of unprocessed bilastine in distilled water
orally (positive control). The third group administered the optimum formulation
(showing highest dissolution rate). The fourth group administered the physical
mixture, and the last group administered the physical mixture without bilastine (Avicel
plus caffeine). The equivalent animal doses of bilastine were computed using FDA
conversion tables. Each dose was dispersed in 0.5 ml water and was orally given 15
minutes prior carrageenan injection. Carrageenan (100 pl of 1% w/v in distilled water)
was administered by sub plantar injection in right hind paw of each rat. The paw
volume was recorded with Vernier caliper just before injection to provide Po. Paw
volume was then measured at different time intervals after injecting carrageenan
solution (0.5, 1, 2, 3,4, 5, 6,8, 10 and 24 hours). The following equation was employed
to compute edema volume (%), where paw volume at time T is Pt and paw volume at
time zero is Po.

% Increase in paw volume = [(P+— Po)/ Po] x 100

The % increase in paw volume was graphically presented with time to create
edema formation curve. Total edema formation was expressed by area under this
curve (AUC) which was utilized to elucidate the efficiency of the tested formulation. 2

Statistical analysis

To determine the statistical significance of the data (P < 0.05), the student’s t
test was used. Furthermore, the dissolution characteristics of pure bilastine and those
of various formulations prepared utilizing caffeine as crystallinity modulating agent
were compared using the similarity factor (f2) test. In this test, f2 value was calculated

by the proceeding relationship utilizing the number of data points (n), the percentage



of bilastine released at time t from reference formulation (Rt) and the percentage of

bilastine released at time t from test formulation (Tt):

n
1
1 _ _ 2
+ nZ(Rt T,)
t=1

-0.5

f2 =50.log .100

It was stated that 50% or more for f2 values indicates a similar dissolution rate,

while values lower than 50% reveal dissimilar dissolution profiles.

Results and discussion

Chromatography

The calibration curve was constructed using the dissolution medium
(phosphate buffer pH 6.8). This was done to eliminate potential solvent-related
variations. Bilastine was eluted after a retention time of 3.6 minutes. The calibration
graph was linear in the concentration range of 5 to 30 pg/ml with a correlation
coefficient value (R?) of 0.9999. The equation of the calibration curve was Y = 26479X
+ 20223. The percent recovery ranged from 99.5 to 101.3% and 98.6 to 101.5 of the
nominal values for the intra and inter-day data, respectively. The inter and intra-day
precision was established from the calculated relative standard deviation which
ranged from 0.16 to 1.78% for the intra-day and ranged from 0.12 to 1.96% for the
inter-day results. LOD and LOQ were calculated to be 0.55 pg/ml and 1.65 pg/ ml,

respectively.
FTIR spectroscopy

Spectral analysis was utilized to determine the type of the developed system
after wet co-grinding of bilastine with caffeine. This can be guessed from absence or
presence of interaction between bilastine and caffeine as revealed from the position
of their fundamental spectral bands. Figure 1 displays the recorded FTIR spectra.
Regarding pure bilastine, the absorption bands which are commonly assigned for
bilastine functional groups were obvious in its recorded FTIR spectrum. These included
the peak that was observed at 3425 cm™ representing hydroxyl group (O—H) and the
bands at 2963, 2926, 2857 cm~*which confirmed the presence of the alkyl C—H groups

(Figure 1). In addition, the C=0 stretching vibration was observed as relatively broad
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band at 1659 cm™. This range is lower than expected for free acid suggesting
intermolecular hydrogen bonding. The C—0 group manifested as intense peak at 1120
cm™. The C-N absorption of the aliphatic tertiary amine was recorded as weak peak at
1248 cm™L. These structural features were stated for bilastine in previous research
articles.?

For pure caffeine, FTIR spectrum which is shown in Figure 1 revealed strong
correlation between the noticed absorption peaks and the key structural groups of
caffeine. This is evident from stretching vibration of the aliphatic C—H appeared at
2953 cm™ and the non-conjugated C=0 absorption band that was observed at 1701
cm™. Likewise, the conjugated C=0 stretching vibration was noticed at 1657cm™. The
stretching vibrations that were chronicled at 1547 cm™ and 3110 cm™ could be
accredited to the presence of imidazole C=N and the aromatic C—H of imidazole ring.

(Figure 1). Other authors published similar FTIR spectrum for caffeine.?%2>

The FTIR spectra of bilastine-caffeine wet co-ground mixtures showed minor
alteration compared with the sum of the single spectrum of each component. The
alteration is shown by the inexistence of the broad band of the carbonyl group of
bilastine. This suggests its fusion with that of the unconjugated one of caffeine. This
can be explained based on possible molecular dispersion of bilastine along with
caffeine which inhibited the intermolecular H-bonding between bilastine molecules
which was responsible for the shape and position of the absorption band of its
carboxylic C=0 (Figure 1). This explanation requires verification with other
instrumental analysis (see below). The rest of the recorded absorption bands in these
spectra provides the summation of the absorption bands of both components. The
inhibition of intermolecular hydrogen bonding in compounds was shown previously

after co-processing with other drug and was similarly manifested in the FTIR results.2®
Differential scanning calorimetry (DSC)

Further investigation for the effect of wet co-grinding of bilastine and caffeine
was conducted by thermal analysis for pure components, physical mixture and the
developed solid. The thermograms of bilastine, caffeine, their physical mixture and

the fabricated formulations are presented in Figure 2 with the computed thermal



events being arranged in Table 2. Regarding bilastine thermogram, a sharp
endothermic peak was clear at a Tm value of 200.78 2C with an onset of 198.27 2C and
endset of 213.1 2C (Figure 2 and Table 2). This sharp peak arose from the melting of
bilastine crystals. Bilastine showed similar pattern previously and was linked with its
melting.!? For caffeine a sharp endotherm emerged at Tm value of 236.6 °C
representing its melting. This sharp event was followed by broad endotherm
accounting for decomposition. Similar appearance was seen in literature
reports.?%27,28

The thermograms of the formulations prepared utilizing different molar ratios
of bilastine and caffeine were meaningfully different from that of the corresponding
pure components. These thermograms revealed the existence of novel melting
transition at lower temperature value relative to melting transition of both
components. The position of the new peak was almost similar regardless of the
employed ratio of caffeine. This new peak appeared at comparable Tm values of
185.72, 184.65 and 184.39 °C for C1, C2 and C3, respectively (Figure 2 and Table 2).
Behavior like this can be correlated with the formation of eutectic mixture which was
reported in several research works. 2°:3° Surprisingly, the thermal events of simple
physical mixture of bilastine and caffeine (1:2, molar ratio) were like the
corresponding wet co-ground product. This eliminates the possibility of eutectic
mixture formation and suggests that the energy imparted during thermal analysis
initiated molecular mobility and allowed molecular dispersion of bilastine and caffeine
to produce similar events as in case of formulated product. The final supposition

requires PXRD as shown below.
X-ray powder diffraction (PXRD)

PXRD is considered as a complementary technique which was employed
alongside thermal analysis and spectral analysis for assessing the type of the
developed system after wet co-grinding of a drug with potential crystal modifying
agent. PXRD patterns of bilastine, caffeine, their physical mixture and the prepared
formulations are illustrated in Figure 3. The crystallinity of bilastine was confirmed by
the apparent sharp peaks dominating its diffractogram (Figure 3). The 2 theta values

and sharpness of these diffraction peaks agreed with the previously published data for
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bilastine.®®3! The PXRD pattern of caffeine displayed various diffraction peaks with 2
theta values of 11.6, 11.8, 12.4, 20.4, 23.6, 23.9, 26.3, 27, 28.3, 29.4° (Figure 3) This
pattern confirms the crystallinity of caffeine and matches with the results reported in

previous studies.??32

The diffractograms recorded for simple physical mixture of bilastine with
caffeine (1:2, molar ratio) combined the principal diffraction peaks of both
components. This eliminates the existence of any solid-state interaction after physical
mixing. Correlating this with the recorded change in the thermal pattern of the same
physical mixture we may suggest that the development of single endotherm at lower
melting temperature after physical mixing is not due to eutectic transition and the
effect was initiated in situ on with the aluminum pan under the influence of heat.
Looking at the diffraction pattern of the co-ground mixture, the formulations provided
diffractograms showing the diffraction peaks corresponding to caffeine while
vanishing the peaks corresponding to bilastine. Such pattern may suggest
amorphization of bilastine while retaining the crystallinity of caffeine after wet co-
processing. Another possibility can be related to molecular dispersion of bilastine in
caffeine and this is supported by recording single endotherm at lower temperature
compared with that of caffeine. Overall, the developed system can be classified as
simple solid dispersion or solid solution. It is important to note that the existence of
salt formation between the acidic drug and caffeine is eliminated by the recorded
instrumental analysis data in addition to the very weak basic nature of caffeine as
reflected from its pKa value of 14.333% Simple solid dispersion is widely used to hasten
drug dissolution. This strategy mainly employs hydrophilic polymer, and the resulting
dissolution enhancement can depend on amorphization, eutectic transition, solubility
of drug in the polymer or complexation.3>3® Drug-drug solid mixtures were also
reported in co-amorphization, a technique which emerged for hastening dissolution.
For example, Co-amorphization of indomethacin with naproxen was able to hasten
dissolution of both materials. Amorphousness was shown by PXRD.3” A year later,
simvastatin-glipizide co-amorphous system was developed and the authors
highlighted the need for certain molar ratio, beyond which existence of excess crystals

was noticed.® Co amorphous system of valsartan and nifedipine was successfully
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prepared with hastened dissolution characteristics and boosted in-vivo
pharmacokinetic parameters.3® These findings differ from the current work in that
both drugs are changed to amorphous form, but our case involved amorphization of
bilastine with caffeine preserving its crystallinity.

Dissolution studies

To assess the achievement of the goal of this research work which was mainly
to boost bilastine dissolution rate, dissolution studies were conducted for pure
bilastine, its physical mixture with caffeine and prepared systems (C1, C2 and C3). The
obtained dissolution patterns are displayed in Figure 4. Q5 and DE are computed in
Table 3. The resulting profile revealed a slow dissolution rate for bilastine. In the first
five minutes, only 10.96% of bilastine dose was dissolved and the computed % DE was
54.24 %. These results allied with that documented in the literature and were
expected with such hydrophobic drug.” Regarding physical mixture of caffeine with
bilastine (1:2, molar ratio), the Q5 value increased relative to the net bilastine to
record 26.48% (P < 0.05) with DE% approaching 59.9%. However, this increase in
dissolution is not enough for immediate release formulation (Figure 4 and Table 3).
The recorded modulation in dissolution after physical mixing with caffeine may be due
to the weakly basic nature of caffeine that can increase the pH of microenvironment
helping the dissolution of the acidic bilastine. Co grinding bilastine with caffeine
significantly amended Q5 and % DE (p < 0.05) with degree of enhancement dependent
on the amount of caffeine employed in the formulation. The values of Q5 were
33.64%, 54.80% and 63.94 % for C1, C2 and C3, respectively. Besides, % DE values were
computed to be 74.80%, 83.22% and 78.88% for C1, C2 and C3, respectively (Figure 4
and Table 3). The Q5 values recorded for different formulations (C1, C2 or C3) were
significantly higher than that of pure bilastine (P < 0.05). Likewise, % DE values were
significantly higher. This was further confirmed from similarity factor (f2) values that
were computed relative to pure bilastine as f2 = 35, 26 and 26% for C1, C2 and C3,
respectively. Dissimilarity between the dissolution profile of system containing
bilastine and caffeine at equimolar ratio (C1) and systems comprising caffeine at
higher molar ratio (C2 and C3) was detected from similarity factor values which were

less than 50% (f2 = 44 and 40%, respectively). However, C2 and C3 exhibited similar
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dissolution profiles (f2 = 59%). Thus, C2 was selected for the subsequent in-vivo
evaluation. The enhanced dissolution parameters recorded after co grinding of
bilastine and caffeine could be attributed to amorphization or possibly molecular
dispersion of bilastine in caffeine as reflected from the performed instrumental
analysis.
Evaluation of anti-histaminic effect

Considering that histamine is released in the early stage of inflammation,
carrageenan induced paw edema was employed as model to test the activity of
bilastine which was administered either as agueous dispersion or C2 based oral dose.
Untreated rats receiving only oral dose of water were employed as negative control.
The efficacy of administered treatments was assessed by monitoring the % increase in
paw volume at different time slots after carrageenan_injection. The resulting profiles
are shown in Figure 5a. The area under each profile is also presented in Figure 5b as a

function of formulation.

Carrageenan injection into the untreated animal group resulted in acute
swelling with cumulative increase in paw volume to reach maximum volume 3.2 + 0.45
h after injection. After this maximum, the magnitude of increase in paw volume
experienced gradual reduction but the paw did not return to normal during the time
course of the study (24 h). This behavior correlates with early data on this model.234941
Oral ingestion of one dose of bilastine aqueous suspension reduced the magnitude of
increase in paw volume reflecting reduced edema formation with reference to the
untreated group. This was reflected from the area under edema formation curve
(AUC) values which was reduced by 18.9% compared to untreated group. This
magnitude was not statistically significant (P > 0.05, Figure 5). This marginal reduction
in the AUC after administration of bilastine suspension reflects the low bioavailability
of bilastine aqueous suspension.

Oral administration of bilastine formulation with caffeine (C2) augmented the
effect of bilastine to record significant reduction (p < 0.05) in the magnitude of edema
volume compared with drug suspension or untreated group. This was shown from the
% reduction of area under edema formation curve relative to untreated group which

was 60.8%. The inferiority of simple aqueous suspension is related to poor dissolution
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rate and subsequently limited oral absorption and bioavailability of bilastine from its
simple suspension.® The recorded superiority of C2 correlates with the enhanced
dissolution due to amorphization. In contrast, the physical mixture produced a
moderate but non-significant enhancement, suggesting partial enhancement in drug
dissolution and absorption due to caffeine’s weakly basic nature as revealed from the
dissolution studies. Also, there is no significant change in the group administered
caffeine and Avicel from the optimized formula.

The improvement of anti-inflammatory effect of bilastine after development
of drug-drug solid dispersion coincides with the observed in vitro increase in drug
dissolution rate. This is expected considering the Biopharmaceutical Classification
System which specified bilastine as class Il drug, indicating low solubility and high
permeability. Limited bioavailability of 60.67% was frequently reported for bilastine
due to its low solubility and low drug dissolution rate in water and aqueous GIT
fluid.>1042
Conclusion

The study introduced caffeine as successful crystallinity moldulating agent of
bilastine and the resulting system was described as drug —drug solid dispersion or solid
solution. The analytical techniques confirmed amorphization of bilastine while
retaining the crystallinity of caffeine after wet co-processing. Bilastine amorphization
was reflected as enhanced dissolution characteristics compared to unprocessed drug
with subsequent augmentation of anti-inflammatory effect of bilastine.
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Figure 1. FTIR spectra of pure bilastine, pure caffeine and the prepared formulations.

Formulations details are presented in Table 1.
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Figure 2. DSC thermograms of pure bilastine, pure caffeine, physical mixture and the

prepared formulations. Formulations details are presented in Table 1.
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Figure 3. X-ray diffraction pattern of pure bilastine, pure caffeine physical mixture and

the prepared formulations. Formulations details are presented in Table 1.
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Figure 4. Dissolution profiles of the pure bilastine, the selected physical mixture and

the prepared formulations. Formulation details are in Table 1.
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Figure 5.

(a) the % increase in paw volume at different time points after carrageenan injection
to the different animal groups and (b) the computed area under edema formation
curve (AUC) for the same groups. The values are presented as mean + S.E.M (n = 6).

**significant difference from both untreated group and pure bilastine.
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Table 1 The compositions of the tested formulations presented as both molar and

weight ratios.

Formulation Bilastine Caffeine Avicel
Control 1(20) 0 (0)
Physical mixture 1(20) 2 (16.76) (20)
c1 1(20) 1(8.38) (20)
c2 1(20) 2 (16.76) (20)
c3 1(20) 3 (25.14) (20)

Values between brackets represent the weight ratios.

Table 2 The parameters calculated for the main endothermic peaks of the pure

bilastine, caffeine, physical mixture and the prepared formulations.

Formulation Onset (2C) Endset (2C) Tm (2C) Enthalpy (J/g)
Bilastine 198.27 213.10 200.78 -139.63
Caffeine 234.48 242.92 236.60 -110.05
Physical

) 178.50 197.46 186.05 -90.96
mixture
C1 176.89 200.92 185.72 -120.15
c2 175.96 192.98 184.65 -95.40
c3 178.59 192.59 184.39 -78.22

The composition of different formulations are presented in Table 1.

24




Table 3 The Q5, dissolution efficiency and similarity factor values of pure bilastine,

physical mixture and the developed formulations.

Dissolution efficiency

Formulation Q5 (%) Similarity factor (f2)?
(%)

Pure bilastine (control) | 10.96 (1.49) 54.24(6.37) | ...

c1 33.64 (0.94) 74.80 (0.66) 35

c2 54.80 (2.44) 83.22 (2.37) 26

c3 63.94 (0.80) 78.88 (1.31) 26

Physical mixture 26.48 (1.02) 59.90 (0.69) 55

Values between brackets are S.D. (n = 3). @ similarity factor data relative to pure

bilastine. Q5 is the % dissolved after 5 minutes. The composition of different

formulations are presented in Table 1.
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