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Abstract Carvedilol is one of the most effective antihy-
pertensive drugs used in the treatment of congestive heart
failure. A major disadvantage of this pharmaceutical active
substance is its limited solubility in water, gastric and
intestinal fluids. One way to overcome this problem is the
preparation of inclusion complexes. The aim of this study
was to prepare the inclusion complexes of carvedilol with
p-cyclodextrin  (f-CD) and (2-hydroxypropyl)-fS-cy-
clodextrin (HP-$-CD) and to investigate their physical
properties. The formation of inclusion complexes with f-
CD and HP-$-CD was confirmed using FTIR, '"H.NMR
and XRD methods. Phase solubility studies indicate the
formation of inclusion complexes in 1:2 molar ratio and the
increase of carvedilol solubility. The stability constant (f3,)
was found to be 3.4 x 10* and 5.1 x 10* M~ for inclu-
sion complexes of carvedilol:5-CD and carvedilol:HP-f-
CD, respectively. Photostability of carvedilol was
increased after preparation of inclusion complexes with -
CD and HP--CD. Based on the results of this study, it can
be concluded that the prepared complexes of carvedilol
improve the solubility and stability of carvedilol and give it
an advantage to be applied for the design of new phar-
maceutical formulations.
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Introduction

Carvedilol is one of a bioactive compound that belongs to
alpha and beta blockers [1, 2], with multiple therapeutic
potential. It is applied in treatment of hypertension, coro-
nary heart disease, and in congestive heart failure. It
showed a clear reduction in mortality in compared with
other drugs from the same group [3]. Carvedilol and its
metabolites are powerful antioxidants [4]. Recent studies
were shown that long term use of carvedilol is associated
with a reduction in the risk of cancer in the upper part of
gastrointestinal tract and in lung [5]. Carvedilol is a race-
mic mixture [R(4) and S(—) enantiomers] with the
chemical structure presented in Fig. 1 [6].

It is known that carvedilol is colourless crystalline solid
soluble in dimethylsulfoxide, methylene chloride, metha-
nol, but slightly soluble in ethanol, isopropanol and ethyl
ether. However, carvedilol is practically insoluble in water
(1042 mg dm > at 25°C) and simulated gastric and
intestinal fluids at pH 1.1 and 7.5, respectively [7]. Because
of these properties, carvedilol belongs to class II of the
biopharmaceutical classification system [8, 9]. So, carve-
dilol has a very poor oral bioavailability (about 25-30 %)
and shows extensive first-pass metabolism in the liver [10].
Also, it is known that carvedilol is the photosensitive
substance [11]. This fact impacts on the reduction of its
therapeutic effect.

In the literature, there are many attempts to overcome
these disadvantages, such as: preparation of solid disper-
sions based on water-soluble polymers [12-15],
microemulsion [16], the self-emulsifying and self-
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Fig. 1 Chemical structure of carvedilol a f-CD and HP-$-CD with marked atoms

microemulsifying systems [17, 18] carboxylate carbon
microparticles [19]. Complexation with cyclodextrins (CD)
is an important approach to improve the physico-chemical
properties of hydrophobic drugs [20-27]. Based on chem-
ical composition, CD are cyclic oligosaccharides composed
of glucopyranose units, connected by o-1,4-glucoside
bonds (Fig. 1) [28]. Commercially available and significant
for pharmaceutical application are the o-, - and 7y-cy-
clodextrins [29]. -CD is one of the most widely used CDs.
However, this CD has relatively poor water solubility. Due
to these reasons, its derivatives with better water solubility
and low toxicity such as methyl-f-cyclodextrin (M-$-CD),
hydroxyethyl-f-cyclodextrin ~ (HE-f-CD),  (2-hydrox-
ypropyl)-f-cyclodextrin (HP-$-CD) and glucosyl-f-cy-
clodextrin (G-$-CD) have a significant application today
[30]. The complexation of carvedilol with cyclodextrins
was subject of many studies [12, 31-39]. Yuvaraja et al.
[32] were used experimental design for preparation of a
solid dispersion of ionized carvedilol with HP-$-CD and
tartaric acid by “kneading technique”. The amounts of HP-
f-CD (mg) and tartaric acid (mg), as well as kneading time
(min) were used as the independent variables, while solu-
bility (mg cm ™) and drug release (%) from the solid dis-
persion were defined as dependent variables. The optimal
formulation was obtained under following conditions: the
amounts of carvedilol, HP-$-CD and tartaric acid were
200, 689.6 and 227.6 mg, respectively, while a kneading
time was 45 min. This complex showed complete drug
release (~99 %) within 15 min and enhanced solubility of
1.89 mg cm™>. Sharma and Jain [33] described preparation
of inclusion complex of carvedilol with f-CD by physical
mixing, kneading and co-precipitation method. By appli-
cation of various instrumental methods, they performed the
structural characterization of prepared inclusion com-
plexes. After investigation of dissolution rate, it was con-
firmed that the complex prepared by co-precipitation
method showed better release among all other carvedilol-
CD complexes. Unlike them, Pamudji et al. [34] prepared
the same complex by freeze drying method in the molar
ratio of 1:3. The obtained inclusion complex revealed the
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highest percentage of the dissolved carvedilol within
120 min (87.68 %). Drug solubilization can be obtained by
combining salt formation and CD complexation. Due to
Loftsson et al. [35] investigated the effects of salt forma-
tion on CD solubilization of carvedilol. The obtained
results have indicated that the addition of acetic acid at pH
below 5 significantly increases the aqueous solubility of
carvedilol. The effect of methyl-f-cyclodextrin (M-5-CD)
on the solubility and dissolution rate of carvedilol was
investigated by Hirlekar and Kadam [36-38]. After com-
plexation with M-f-CD, the dissolution rate of carvedilol
was significantly increased. Wen et al. [40] prepared the
inclusion complex of carvedilol with 5-CD in a molar ratio
of 1:2. Based on the phase solubility study, they showed
that the complexed carvedilol has a higher solubility in
water in compared with the pure carvedilol. Their constant
of complex formation was 8.5 x 10° M2, determined by
fluorescence spectroscopy. The other attempts to improve
the solubility of carvedilol such as the formation of ternary
complexes with $-CD and citric acid in a molar ratio of
1:2:2 can be found in the literature [41]. They determined
that the solubility of carvedilol is increased about 110
times. The influence of pH value and HP-f-CD concen-
tration on the solubility of carvedilol was examined by
Shewale et al. [42]. The results of phase solubility study
showed that the carvedilol solubility increases with
increasing HP-B-CD concentration and that the greatest
value of solubility is achieved at pH of 7.4. The value of
the stability constant K;.;, = 4.19 x 10* M™! indicates
that the prepared complex in a molar ratio of 1:1 is stable.
Based on phase solubility study, Bhutani et al. [43] proved
that the complex between carvedilol and HP-$-CD formed
in a molar ratio of 1:1 with the stability constant of
58278 M.

The aim of study was to prepare and structural charac-
terize the inclusion complex of carvedilol with f-CD and
HP-$-CD using FTIR, '"H-NMR and XRD methods. The
phase-solubility of carvedilol was determined at room
temperature using UV-vis method in accordance with
standard procedure. The photostability of free and
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complexed carvedilol was also investigated using UV-vis
method in order to achieve the high quality and safety use
of this drug.

Materials and methods
Materials

Carvedilol was purchased from NOSCH Labs Private
Limited (India). -CD (purity 98 %, average Mr ~ 1135)
and HP--CD (purity 98 %, average Mr ~ 1540) were
purchased from Sigma Aldrich (Steinheim, Germany).
Potassium bromide FT-IR grade was supplied by Merck
(Darmstadt, Germany). Ethanol (96 %, v/v) was supplied
by Zorka Pharma (Sabac, Serbia). All other reagents and
solvents were of analytical grade.

Preparation of inclusion complexes

Carvedilol: f-CD inclusion complex was prepared by sus-
pending 101.6 mg of carvedilol and 567.5 mg of -CD in a
mixture of 100 cm® water and 50 cm® of 96 % (v/v)
ethanol. For the preparation of carvedilol:HP-$-CD inclu-
sion complex, 50.8 mg of carvedilol and 385 mg HP-f-CD
was weighed accurately and suspended in a mixture of
50 cm® water and 25 cm® of 96 % (v/v) ethanol. These
suspensions were homogenized on a magnetic stirrer
(HANNA, HI300) at a stirring speed of 600 rpm. After a
time, the suspended carvedilol in the solution of -CD, and
HP-$-CD were dissolved and equilibrated at room tem-
perature for 24 h. A flask was covered with aluminum foil
to prevent a photodegradation reaction of carvedilol. After
preparation of the complex, the solution was evaporated up
to 5 cm® at 60 °C using a rotary vacuum evaporator. The
obtained complex was stored at 25 °C in a desiccator until
further analysis.

Physical mixture

The physical mixture of carvedilol and -CD or carvedilol
and HP-$-CD were prepared by weighing in a molar ratio
of 1:2 and homogenized in glass vessel with a spatula. The
initial compounds were mixed in this ratio in order to
obtain the relevant and comparable spectra with those
prepared inclusion complexes as described in the previous
section. The prepared physical mixtures were stored in a
desiccator until further analysis.

Structural characterization of complexes

Carvedilol: f-CD and carvedilol:HP-5-CD complexes were
structurally characterized using infrared, nuclear magnetic

resonance and X-ray diffraction methods. The obtained
spectra of complexes were compared with the spectra of
carvedilol, f-CD, HP--CD and physical mixtures.

Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy was performed on
a Fourier Transform Infrared Spectrometer (Bomem Hart-
mann & Braun MB-series). The adequate amounts of
samples (carvedilol, f-CD, HP-f-CD, inclusion complexes
and physical mixtures) were mixed with KBr and then
compressed in the press to obtain pellets. The spectra were
scanned in the wavenumber range of 4000—400 cm ™" at the
resolution of 4 cm™". The spectra were processed using the
software Win—-Bomem Easy.

Nuclear magnetic resonance spectroscopy (NMR)

"H-NMR spectra of the prepared inclusion complexes were
recorded on a Bruker Avance III NMR spectrometer
equipped with a glass cuvette of 5 mm diameter with an
operating frequency of 250 MHz at room temperature by
the pulse method with multiple pulse repetitions. The
heavy water (D,0O) was used as a solvent.

X-ray diffraction (XRD)

X-ray diffraction patterns were recorded on an Phillips
PWI1030 automatic powder diffractometer. The samples
were irradiated with monochromatized Cu-k, radiation and
analyzed at the angle 20 between 3° and 60° with 0.05°
increments and recording time of 2 s. The used voltage and
current were 40 kV and 12 mA, respectively.

Analysis of carvedilol using UV-vis method

The stock solution of carvedilol (50 pg cm™>) was pre-
pared in ethanol and further diluted to obtain a series of
solutions for construction of the calibration curve. The
calibration curve was constructed based on the values of
absorbance for the analyzed solutions. The absorbance of
the samples was measured at 285 nm and at room tem-
perature. As a blank was used 96 % (v/v) ethanol. The
absorbance of samples was recorded on a Varian Cary-100
Conc. UV spectrophotometer using the quartz cells
(1 x 1x4.5 cm).

Phase solubility
The investigation of phase solubility was carried out in
accordance with the method of Higuchi and Connors [44].

This method based on the addition of excess amount of
carvedilol (50 mg) to the aqueous solution containing the
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Fig. 2 FTIR spectrum of a carvedilol, b f-CD, ¢ inclusion complex,
d physical mixture

increased concentrations of -CD or HP-f-CD. A series of
the aqueous solutions of cyclodextrins (CDs) was prepared in
the volumetric flask (10 cm3). The total volume of samples
was 5 cm’. The concentration of f-CD or HP-$-CD was
varied in the range of 0.5-2.5 mmol dm . The samples
were stirred in dark at room temperature for 24 h, and then
filtered through the cellulose membrane filters with 0.45 pm
pore size (Econofilters, Agilent Technologies, Germany) in
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order to remove the undissolved carvedilol. After that, the
amount of dissolved carvedilol was determined spec-
trophotometrically at 285 nm. The distilled water was used
as a blank solution. The presence of f-CD and HP-$-CD in
the aqueous solutions do not interfere spectrophotometric
monitoring the carvedilol concentration.

Conventionally, the stability constants are the equilib-
rium constants for the complex formation reactions:

(GD)
G+D=GD, Kj.| =~ (1)
[G][D]
and for the second step:
[GD,]
GD +D =GDs, Kio = (2)
[GDJ[D]

where G means the guest, D means the cyclodextrin, while
the square brackets denote the equilibrium concentrations.



J Incl Phenom Macrocycl Chem (2016) 86:7-17

11

Table 1 The changes in wavenumber of -CD, and HP-S-CD in
compared with the inclusion complexes

Functional group Wavenumber (cm™") Changes Av
p-CD Carvedilol: f-CD
Vv[O-H] 3395 3402 +7
v[C-H] 2926 2924 -2
S[O-H] 1635 1632 -3
Vv[C-C] 1156 1157 +1
Vv[C-0] 1079 1080 +1
1030 1029 -1
HP-$-CD Carvedilol:HP-$-CD
v[O-H] 3411 3406 -5
Vv[C-H] 2927 2925 -2
S[O-H] 1636 1631 -5
v[C-C] 1156 1158 +2
Vv[C-0] 1082 1080 -2
1035 1031 —4

The overall stability constant of the 1:2 complex (usually
denoted as f3,) is then for the reaction:

[GD;]
[G][D)?

G+2D =GDy, f, = (3)
The apparent stability constants (K;.; and K;.) of
inclusion complexes were calculated by solving Eq. (4)
[49]:
Sl - So

m = KI:ISO + K1:1K1:2So([D]l — (St — So))

(4)

where S,—the total amount of carvedilol in the system,
S,—the solubility of carvedilol at 25 °C without the pres-
ence of f-CD or HP-$-CD.

Photostability of inclusion complexes

In order to investigate the effect of UVB irradiation, the
ethanol solution of carvedilol:f-CD (3.8 mg) and carve-
dilol:HP--CD (4.8 mg) inclusion complexes, as well as
carvedilol standard (2.5 mg) were prepared into the flask
(25 cm®). The samples were sonicated for 15 min and then
exposed to the effect of UVB light at different time inter-
vals (0, 5, 30, 150, 600, 1500 and 3600 s). The irradiation
of the samples was performed in a cylindrical photo-
chemical reactor “Rayonet” with ten symmetrically placed
UVB lamps with maximum emission at 300 nm and total
flux of energy 14.5 W m™2. During radiation, the samples
were kept in the quartz cells (1 x 1x4.5 cm) mounted on a

circular rotating bracket. The irradiated samples were fur-
ther analyzed using UV-vis method.

Results and discussion
Structural characterization of inclusion complexes
FTIR analysis

Fourier transform infrared spectra of pure carvedilol,
inclusion complexes and physical mixtures are presented in
Figs. 2 and 3. The characteristic peaks of pure carvedilol
are shown in Fig. 2a. Bands at 3411 and 3345 cm™'
originate from O-H and N-H stretching vibrations, while
those at 2922 and 2852 cm™' are due to aliphatic C-H
stretching vibrations. The presence of low intensity bands
at higher wavenumbers than 3000 cm™" indicates the aro-
matic C—H stretching vibrations. The aromatic C = C
stretching vibrations in the aromatic ring have appeared at
1608, 1503 and 1454 cm™". Another band at 1591 cm™" is
attributed to the N-H bending vibrations. Band at
1253 ¢cm™ ! is due to the aromatic C-N stretching vibration,
while C-O the stretching vibration is indicated by the band
at 1215 cm™".

The spectra of -CD (Fig. 2b) and HP-$-CD (Fig. 3a)
have the intense band at 3395 cm™' for f-CD, and
3411 ecm™! for HP-B-CD due to O—-H stretching vibration
in the primary and secondary hydroxyl groups. The band
with maximum at 2926 cm™' was also observed in these
spectra and it belongs to the valence vibrations of the ali-
phatic C-H bonds in the CH and CH, groups. The O-H
deformation vibrations of two different types of water
molecules existing in the cavities of -CD and HP-$-CD
give the band at 1635 cm™'. The vibrations bands at 1412
and 1334 cm ™' for -CD (Fig. 2b), and 1414 and 1378 for
HP-f-CD (Fig. 3a) originate from the deformation vibra-
tions of the C—H bonds in the primary and secondary
hydroxyl groups. The C-C stretching vibration causes the
occurrence of band at 1156 cm™'. In the range of
1100-1030 cm™!, the absorption bands of the valence
vibrations of the C—O bonds in the ether and hydroxyl
groups of f-CD (1079 and 1030 cm™'), and of HP--CD
(1082 and 1035 cm™") were noticed. The absorption bands
in the wavenumber range of 950-700 cm™' belong to the
deformation vibrations of the C—H bonds.

The FTIR spectra of the inclusion complexes (Figs. 2¢
and 3b) did not have the significant differences in com-
pared with the spectra of carvedilol, f-CD and HP-/-CD.
However, the spectra of the complex have some changes in
the intensity of bands. The increase in the frequency was
caused probably due to the inclusion of benzene ring into
the electron rich cavity of -CD, after what increase the
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Table 2 'H NMR chemical
shifts of carvedilol in the
absence and presence of -CD,
or HP--CD dissolved in D,O at
25 °C

Fig. 4 Diffractograms of
carvedilol (a), f-CD (b),
carvedilol: f-CD complex (c),
physical mixture of carvedilol
and -CD (d), HP--CD (e),
carvedilol:HP--CD complex
(f), physical mixture of
carvedilol and HP-$-CD (g)
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Carvedilol Carvedilol: f-CD AS Carvedilol:HP--CD AS
H-1 7.012 7.021 +0.009 7.032 +0.011
H-2 7.229 7.732 +0.003 7.741 +0.009
H-2" 4.071 4.102 +0.031 4.138 +0.036
H-5" 6.881 6.897 +0.016 6.918 +0.021
H-6" 6.910 6.961 +0.051 7.020 +0.059
H-7" 6.892 6.907 +0.015 6.923 +0.016
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density of electron cloud [40]. The decrease in the fre-
quency is the result of the formation of hydrogen bonds and
the presence of van der Waals forces during formation of
the inclusion complexes [45].

The differences in frequency (Av) between (-CD, and
HP-$-CD and inclusion complexes are presented in
Table 1.

It can be noticed that the band of the valence vibration
of O-H bond in the inclusion complexes was shifted to the
higher or lower wavenumbers. Its presence was confirmed
at 3402 cm ™! in the spectrum of carvedilol: f-CD inclusion
complex, and at 3406 cm ™' in the spectrum of carvedi-
lol:HP-f-CD inclusion complex (Table 1). In accordance
with previous studies for preparation of the inclusion
complexes [46, 47], the suppression of —OH vibrational
modes in the 3000-3700 cm ™' region was related to evi-
dence of host—guest interaction as a consequence of com-
plete water release upon inclusion [48]. The absorption
band of the valence vibrations of the C—H bond in both
complexes was shifted for two wunits to the lower
wavenumbers. The same vibration band at both complexes
was shifted to the higher wavenumbers in compared with
carvedilol. The bands at 1635 and 1636 cm ™" in the spectra
of f-CD and HP-$-CD, respectively, which belongs to the
deformation vibrations of the O—H bonds, was shifted to
1632, and 1631 cm™" in both complexes. The differences
were found in the wavenumber of 1100-1030 cm ™" at the
complexes, which were attributed to valence vibrations of
C-0 in the ether and hydroxyl groups of -CD and HP-f-
CD. In the low frequency region (900-750 cm™') of the
inclusion complexes (Figs. 2c and 3b), the characteristic
bands of glucopyranose unit are assigned to 857, 756 and
707 cm™! for carvedilol:f-CD inclusion complex and at
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Fig. 5 UV spectra of a carvedilol, b f-CD complex, ¢ HP-5-CD
complex
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Fig. 6 Phase solubility diagrams for carvedilol with -CD and HP-f3-
CD at 25 °C

851, 757 and 710 cm™" for carvedilol:HP-$-CD inclusion
complex. On the other hand, the FTIR spectra of physical
mixtures have the characteristic peaks of -CD or HP-f-
CD and carvedilol. The peaks of carvedilol at 1503, 1454
and 1253 cm ™! are missing in the spectra of the inclusion
complexes, but appear in the spectrum of physical mix-
tures. The corresponding vibrations are probably signifi-
cantly modified due to inclusion of carvedilol into the
cavities of CDs. Thus, it is a good indication of the for-
mation of the inclusion complexes between CDs and car-
vedilol. This hypothesis was also confirmed by many
researchers in synthesizing the inclusion complex between
CDs (host) and guest molecules published elsewhere [47].

"H-NMR analysis

The positions of atoms in the chemical structures of car-
vedilol and CDs are shown in Fig. 1. Chemical shifts in the
spectrum of carvedilol and the differences in their chemical
shifts after formation of inclusion complexes are given in
Table 2. The greatest changes in the chemical shifts (Ad)
of carvedilol protons have been reported in the case of
H-1', H-2/, H-2", H-5", H-6" and H-7" after the complex-
ation with -CD. A8 for phenyl proton H-6" which belongs
to the B-ring (Fig. 1a) has the highest value of +0.051. The
chemical shift of H-2" proton in the complexed carvedilol
was +0.031 greater in compared with pure carvedilol.
Slightly lower changes in the chemical shifts can be
noticed for H-5" and H-7" phenyl protons from ring B.
Also, the minor changes in the chemical shifts were
observed for H-1" and H-2" protons from A ring. Based on
the changes of chemical shifts, it can be concluded that the
most likely occurred the inclusion of B ring of carvedilol
molecule. After complexation of carvedilol with HP-$-CD,
the changes in chemical shifts are almost identical as in the

@ Springer
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case of complex with $-CD. The highest Ad of +0.059 has
been recorded for H-6" phenyl proton in the B ring. Also,
the changes in chemical shifts in descending order were
observed for H-5" and H-7" protons of the B ring.

XRD analysis

X-ray diffraction diffractograms of carvedilol, physical
mixtures and prepared inclusion complexes are different
from each other (Fig. 4). On the diffraction pattern of
carvedilol, the major peaks at the 20 values of 11.8°, 12.8°,
14.9°, 17.3°, 18.5°, 24.3° and 26.1° indicate its crystalline
nature (Fig. 4a). f-CD also exhibited a typical crystalline
diffraction pattern with major peaks at the 20 values of
6.2°, 8.9°, 10.7°, 11.8°, 12.6°, 15.5°, 17.2°, 19.6°, 20.9°
and 22.8° (Fig. 4b). On the diffraction pattern of carvedi-
lol:f-CD inclusion complex (Fig. 4c), the characteristic
peaks of carvedilol is not possible to identify. This phe-
nomenon is probably the result of “guest” molecule
incorporation into the inner cavity of the “host” com-
pound. On the other hand, XRD-scanning of physical
mixture showed the several peaks, which can be attributed
to carvedilol and f-CD.

In contrast, HP-$-CD showed an amorphous structure
where lacking the crystalline peaks (Fig. 4e). Unlike
diffractogram of physical mixture, where is identified the
presence of peaks at 26 values of 13.2°, 14.8°, 18.7° and
24.9° (Fig. 4g), the peaks which would indicate the crys-
talline nature of the molecules have not been identified in
the diffractogram of carvedilol:HP-$-CD complex
(Fig. 4f). These facts suggested that carvedilol was
molecularly dispersed in the HP-f-CD matrix.

Actually, XRD study was used as a quantitative measure
of the estimation of crystallinity of the formed carvedilol

100
98 —a— carvedilol
—e— carvedilol:bCD
96 —a— carvedilol:HPbCD

©
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Fig. 7 Photodegradation of carvedilol in the absence and presence of
f-CD and HP-$-CD
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inclusion complexes. Based on the change in the crys-
tallinity of the carvedilol, the formation of inclusion
complexes with CDs was established. XRD analysis
showed that the complex with HP--CD has an amorphous
structure. It points to the fact that during the experiment
occurred a dispersion of carvedilol in the molecule of CDs
[38].

Analysis of carvedilol using UV-vis method

The calibration curve for determination of carvedilol con-
tent using UV-vis method can be presented as
Asgs = 0.0298 (S.E. = 0.0086) x C (ug cm ) + 0.063
(S.E. = 4.22:107%), R?>=10.9986. The coefficient of
determination indicates that 99.86 % variation in the
absorbance at 285 nm could be explained by this linear
model. The linearity of this calibration curve was con-
firmed in the concentration range of 2—40 pg cm . The
values of LOD and LOQ are 0.95 and 2.89 pg cm >,
respectively. This proposed regression model can be used
for determination the amount of dissolved carvedilol in
phase solubility study and for monitoring the concentration
of carvedilol in the samples after irradiation. The absorp-
tion spectra of non-dissociating guests are usually not
significantly changed by the complex formation. The UV—
vis spectra of carvedilol and inclusion complexes are pre-
sented in Fig. 5. Based on these spectra, it can be con-
cluded that the presence of the CDs does not interfere
monitoring of carvedilol.

Phase solubility study

According to the Higuchi and Connors classification, the
phase solubility diagrams belong to Ap type for the for-
mation of complexes between carvedilol and B-CD, and
HP-B-CD in the aqueous solution at 25 °C (Fig. 6)
[44, 49, 50]. They illustrated the enhancement of carvedilol
solubility in the solutions with increasing concentrations of
CDs. These isotherms are curves that deviate in a positive
direction from linearity, what indicates the formation of the
inclusion complexes between carvedilol and CDs in the
molar ratio 1:2. The solubility of carvedilol in water was
found to be 36.637 uM based on the slope of phase solu-
bility diagram. In order to confirm the obtained solubility
of carvedilol, the saturated solution was prepared. The
concentration of this solution was determined using UV
method.

The solubility of carvedilol was increased to 62.9 uM in
the presence of 2.5 mmol dm™* $-CD, and to 57.7 uM in
the presence of 2.5 mmol dm > HP-$-CD. The calculated
values of stability constants were K;.; = 204.7 M~! and
Kin, =1653M7! or Pr =34 x 10* M2 for carvedi-
lol:B-CD inclusion complex. For carvedilol:HP-B-CD



J Incl Phenom Macrocycl Chem (2016) 86:7-17

15

Fig. 8 Potential
photodegradation products of
carvedilol
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S o

1-(2-(2-methoxyphenoxy)ethylamino)-3-(9H-carbazol-8-yloxy)propan-2-one

inclusion complex, the calculated values were K;., =
104 M~ and K;., = 490.8 M~ or f, = 5.1 x 10* M2
The correlation between the solubility of carvedilol and
concentration of CDs suggested that the water soluble
complexes were formed. This prepared complex could be
used as an antihypertensive agent to develop new oral
formulation with improved bioavailability.

Photostability study of inclusion complexes

In order to assure the high quality of drug products, it is
necessary to examine the stability of active substances in
accordance with ICH guidelines [51]. For these reasons, in
this study was investigated the photostability of prepared
complexes and compared with photostability of pure car-
vedilol. The effect of the exposure time on degradation of
carvedilol and their complexes is presented in Fig. 7.
Based on the comparison of photodegradation profiles of
the samples, it can be concluded that the CDs had the
significant effect on carvedilol photodegradation. This
especially observed after 1500 s of irradiation, where the
content of carvedilol in the complex with 5-CD and HP-f-
CD decreased for 6.56 and 9.17 %, respectively. The
decrease of pure carvedilol was around 12 %. The decrease
of carvedilol content is most likely due to the formation of
photodegradation products. Jouyban et al. [52] identified

the presence of 1-(2-(2-methoxyphenoxy)ethylamine)-3-
(9H-carbazol-8-yloxy)propan-2-ol in the samples exposed
to the effect of daylight for 4 weeks at room temperature
using capillary electrophoresis method. This compound has
described as an impurity of carvedilol in pharmacopoeia
[53]. However, the second degradation products was an
isomer of N-(2-(2-methoxyphenoxy) ethyl)-3-(9H-car-
bazol-8-yloxy)prop-2-en-1-amin which has not described
in pharmacopeia. The potential photodegradation products
of carvedilol are presented in Fig. 8 [52].

Conclusion

The results of FTIR, NMR and XRD analysis clearly
indicate that the carvedilol was efficiently participated in
complexation with $-CD and HP--CD. The preparation of
inclusion complexes increases the water solubility of car-
vedilol, which results in the increase of its bioavailability.
Also, the increase in photostability of carvedilol indicates
that the complexation approach may be especially useful in
improving the shelf life of this drug. These satisfactory
physical and chemical properties of the prepared com-
plexes of carvedilol with CDs can be used for the design of
new oral antihypertensive formulations with the corre-
sponding advantages.

@ Springer
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