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ABSTRACT
Opipramol (OPI), a tricyclic antidepressant and anxiolytic compound, is administered orally in 
the form of a dihydrochloride. Salt form of the drug has a higher solubility in water and hence 
bioavailability and stability. A similar effect can be achieved by closing the hydrophobic part of 
the drug molecule in the cyclodextrin cavity. The paper presents opipramol inclusion complexes 
with beta-cyclodextrin (β-CD) in 1:1 molar ratio. Studies on the formation of inclusion complexes 
were carried out both in solution and in the solid state. The formation and physicochemical 
characterisation of the complexes were determined by UV spectroscopic measurement (UV–vis), 
Fourier Transform Infrared (FTIR) Spectroscopy, 1H Nuclear Magnetic Resonance (1H NMR, 2D NOESY 
NMR), thermoanalytical methods (TGA – Termogravimetric analysis, DSC – differential scanning 
calorimetry), X-ray diffractometry (XRD) and scanning electron microscopy (SEM). The phase 
solubility profile with β-CD was classified as the AN- type, indicating the formation of the inclusion 
complex with a drug.

Introduction

The typical feature of many drugs administered orally and 
in the form of infusions is their limited water solubility. 
Pharmaceutical companies solve this problem by choosing 
the right crystallographic forms and micronisation. In case 
of insufficient effect, the active substances are converted 
into salts or complexes (1, 2).

Undoubtedly, salt formation has been the most popular 
strategy for several decades to enhance their solubility, 
dissolution rate as well as stability. In numerous tech-
nologies, hydrochlorides are obtained by reaction with 
concentrated hydrochloric acid or gaseous HCl, as in the 
case of Opipramol (OPI) (Figure 1) which is against the 

principles of green technologies. This is why alternative 
forms of drugs characterised by high bioavailability are 
prospected. One of the noteworthy solutions is the use of 
cyclodextrins as complexing agents of drugs.

Cyclodextrins are cyclic (α-1,4)-linked oligosaccharides 
of α-d-glucopyranose obtained by enzymatic degrada-
tion of starch. CDs are cone-like structures open at both 
rims. Due to their hydrophilic outer surface, which facil-
itates solubility in water, and a hydrophobic cavity, the 
CDs are described as a ‘micro heterogeneous environ-
ment’ (3) and the latter as container molecules. CDs are 
capable of forming complexes by hydrophobic interac-
tion of lipophilic cavity with lipophilic guest molecule(s) 
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Experimental

Materials

Opipramol and β-cyclodextrin were purchased from Sigma 
Aldrich. Deionised water (HLP SPRING, T = 20.7 °C, k = 2.70 
μS) was used throughout the study.

Phase solubility studies

Phase solubility studies were carried out according to the 
method reported by Higuchi and Connors (6). OPI (73 mg) 
was added to aqueous solutions of β-CD (concentration 
0–20 mM, volume 20 mL) in a 50 mL stoppered Erlenmeyer 
flask. The obtained suspensions were shaken at room tem-
perature (25 ± 0.5 °C) for 7 days. After reaching equilibrium, 
aliquots were withdrawn, filtered through a 0.45 μm mem-
brane filter (Pureland, Poland), suitably diluted and ana-
lysed spectrophotometrically (HACH LANGE DR 6000) for 
opipramol content at 253 nm. UV absorption spectra were 
recorded in the wavelength range from 200 to 400 nm. 
Each experiment was performed in triplicate.

The apparent stability constant (K1:1) molar ratio 
between OPI and CD were calculated from the phase sol-
ubility diagram according to the formula:

where, S0 represents the solubility of OPI in the absence 
of cyclodextrin.

UV spectroscopic studies

Complex formation between OPI and β-CD was analysed 
by comparing the absorption spectra of five samples: pure 
OPI, β-CD, physical mixture (PM) of both, and freeze-dried 
and co-ground complex. The formal concentration of OPI 
and β-CD in each sample was 0.1 mM. The prepared solu-
tions were stirred for 1 h, and filtered through a 0.45 μm 
membrane filter. The UV absorption spectra were recorded 
in the wavelength range from 200 to 400 nm against the 
blank distilled water using HACH LANGE UV–vis DR 6000 
spectrophotometer.

Preparation of OPI-β-CD solid binary systems

Two distinct methods: FD and CG were used for prepara-
tion of solid binary systems consisting of OPI and β-CD at 
a 1:1 molar ratio. PM and inclusion complexes between OPI 
and β-CD were also prepared for comparison.

Physical mixture
PM were prepared by mixing the two components in an 
agate mortar for 2 min.

(1)S0K1:1 = slope∕1 − slope
of an appropriate size or sizes. Therefore, the CDs are host 
molecules for a wide variety of organic and inorganic 
molecules or ions.

Cyclodextrin complexes with drug molecules are 
formed by non-covalent interactions between the incor-
porated molecule and cavity of the host. During the 
‘guest-host’ complex synthesis, covalent bonds are not 
formed and not broken. The complex formation is the 
process of dynamic equilibrium wherein the included 
molecule is alternately connected and dissociated from 
the cavity of cyclodextrin (4). Complexing properties of 
various cyclodextrins depend on the cavity size, molec-
ular shape of the guest molecule and the hydrophobic 
cyclodextrin cavity (5).

In this study, an innovative solid binary system of 
OPI with β-CD was prepared using co-grinding (CG) and 
freeze-drying (FD) techniques. The mechanism of inter-
actions between OPI and β-CD was studied using the 
phase solubility method. Moreover, the solid OPI-β-CD 
complexes were characterised by UV spectroscopic 
measurements (UV–vis), Fourier Transform Infrared 
(FTIR) Spectroscopy, 1H Nuclear Magnetic Resonance (1H 
NMR, 2D NOESY NMR), thermoanalytical methods (TGA 
– Termogravimetric analysis, DSC – Differential Scanning
Calorimetry), X-ray diffractometry (XRD) and Scanning
Electron Microscopy (SEM). The dissolution properties
were examined according to the rotating basket method 
in distilled water.

Figure 1. Molecular structure of OPI.
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Freeze-drying method
β-CD (113.5 mg) was dissolved in distilled water. Then, OPI 
was added to this solution whilst stirring, according to the 
appropriate ratio. The mixing of the solution was contin-
ued for 7  days. Furthermore, the aliquots were filtered 
through a 0.45 μm membrane filter. The clear solution was 
frozen at −20  °C, and then lyophilised in a freeze-dryer 
(Novalyphe-NL 500; Savant Instruments Corp., U.S.A.) at 
−50 °C for 24 h. The resulting powder was then sieved and 
homogenised by grinding in the agate mortar.

Co-grinding method
CG mixture was prepared by milling OPI and cyclodextrin 
in a laboratory planetary ball mill with two working sta-
tions (Pulverisette 7 classic line; Fritsch GmbH, Poland) for 
10 min, using the following conditions: grinding bowl size: 
12 mL, rotational speed of main disc: 400 rpm. The solid 
residues ware stored over anhydrous calcium chloride in 
a desiccator.

Physicochemical characterisation of OPI-β-CD solid 
binary systems

DSC and TGA measurements, 1H NMR, FTIR, XRD spectra 
were recorded for pure OPI and CDs as well for their binary 
systems prepared by different previously mentioned 
techniques.

Thermal analysis
Differential scanning calorimetry (DSC) and thermal gravi-
metric (TGA) analyses were carried out using NETZSCH STA 
449 F1-simultaneous TGA-DSC measurements. The thermal 
behaviour was studied by heating the samples (1–5 mg) 
in a covered aluminium pan and heated at a constant rate 
of 10 °C/min within the temperature range of 40–450 °C, 
and under a nitrogen flow of 40 cm3/min. The device runs 
under the Proteus Software.

Fourier-transform infrared spectroscopy 
The experimental infrared spectrum in the range of 
4000–400  cm−1 was recorded using a Fourier transform 
spectrometer Nicolet iS50 FT–IR equipped with a standard 
DLaTGS detector and Polaris High Stability, Long Lifetime 
Mid-IR source. Spectra of the solid state samples were 
taken at room temperature.

Nuclear magnetic resonance studies
The 1H NMR spectra were recorded on Varian instrument 
at 500 MHz.

Scanning electron microscopy
The surface morphology of pure materials (OPI, β-CD) and 
binary systems was examined by means of a scanning elec-
tron microscope (EVO-40, Zeiss, Germany).

X-ray diffractometry
Powder X-ray diffraction measurements were performed
with the Phillips X’Pert Pro MPD diffractometer with Cu Kα 
radiation within the 2Θ range of 5–60 °C.

Dissolution studies
The dissolution of pure opipramol base, opipramol dihy-
drochloride and the prepared binary systems was per-
formed using ERWEKA dissolution tester. The dissolution 
medium consisted of 900 mL of distilled water. A sample 
in the form of powder, equivalent to 6  mg opipramol 
base of the formed systems was spread on the surface 
of the dissolution medium. The temperature was main-
tained at 37 ± 0.5 °C and the stirring speed was 50 rpm. 
The total dissolution time was 120 min. At the selected 
time intervals, the system automatically withdrew 1 mL 
aliquots from the dissolution medium, filtered them and 
simultaneously concentrations of opipramol were deter-
mined spectrophotometrically at 253  nm. Then, after 
the measurement, the sample was again returned to the 
dissolution medium. Each experiment was carried out in 
triplicate.

According to the method proposed by Khan (7), the 
dissolution profiles were evaluated on the basis of the 
dissolution efficiency parameter at 60 min (DE60, %), cal-
culated from the area under the dissolution curve. The 
DE60 values of the binary systems were performed using 
one-way analysis of variance (ANOVA) with Tukey test for 
single-step multiple comparison.

Results and discussion

Phase solubility studies

Phase solubility studies provide information on the amount 
of cyclodextrin to be used to determine the maximum sol-
ubility of the drug. It is generally accepted that, depending 
on the obtained shape of the solubility curve, several types 
of behaviour can be identified (8). In this study, the OPI 
solubility in water was checked in a wide range of concen-
trations of β-cyclodextrins. The phase solubility diagram 
of OPI in a β-CD solution is shown in Figure 2(a). The OPI 
solubility increases linearly with increasing cyclodextrin 
concentrations in the range of 2–10 mM. The coefficient 
of determination (R2) was 0.9940. An increase in the β-CD 
concentration above 10 mM does not result in a further 
improvement of OPI solubility. At high concentrations of 
β-CD, the self-association of poorly soluble drug and drug/
cyclodextrin complexes can be found, thus the formation 
of the inclusion complex is less effective (9). For the OPI-
β-CD system, the solubility curve is classified as AN-subtype 
of phase-solubility profiles. Similar solubility profiles for 
antifungal drug and (2-hydroxypropyl)-β-CD (HP-β-CD) 
were achieved by Buchanan et al. (10). The apparent 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


of an OPI-β-CD complex (9). The OPI formed complex at 
a molar ratio of 1:1. This statement can be confirmed if a 
linear relationship between 1/A and 1/[β-CD] base on the 
Hildebrand–Benesi Equation (2) is achieved (13).

where, A is the absorbance of the OPI solution at each β-CD 
concentration (from 2 to 10 mM); [G]0 the initial concen-
tration of OPI; K the apparent formation constant; [CD] the 
concentration of β-CD and ε is the molar absorptivity. The 
results are presented in Figure 3(b). A good linear relation-
ship for the 1/A vs. 1/[β-CD] with correlation coefficient of 
0.9613 was noticed.

UV spectroscopic studies

To confirm the formation of OPI-β-CD inclusion complexes, 
the absorption spectra were recorded. The absorption data 
for OPI, pure β-CD, their PM and inclusion complexes are 
presented in Figure 4. Due to the lack of β-CD absorption 

(2)1∕A = 1∕�[G]0K [CD] + 1∕�[G]0

solubility constant K1:1 was calculated from the slope of 
the linear phase-solubility plot according to Equation (1) 
and was found to be 4148 M−1. The result is within a range 
of 200–5000 M−1. The value confirms the formation of an 
inclusion complex (11). The reagents molar ratio 1:1 used 
during preparation of the binary system was suitable to 
increase the drug solubility in water. Similar results were 
observed by Akbari et al. (12) during the preparation of 
inclusion complex of rosuvastatin calcium with HP-β-CD. 
Due to the natural yellow taint of OPI, the increase in OPI 
solubility in the presence of β-CD in distilled water is visible 
to the naked eye (Figure 2(b)).

The OPI absorption spectra in aqueous solutions in 
the presence of different CDs concentration are shown in 
Figure 3(a). The increase in β-CD concentrations from 2 to 
10 mM caused hyperchromic shifts without any shifts of 
λmax. The observed hypochromic shift of the absorption 
spectra at the β-CD concentration of 20  mM may indi-
cate the perturbation of the chromophore electrons of 
the drug located in the CD cavity, confirming formation 

Figure 2. (colour online) (a) Phase solubility diagram of OPI with different β-CDs concentrations in distilled water at 25 ± 0.5 °C; (b) colour 
change of the aqueous solutions of the drug by increasing the drug solubility.

Figure 3. (a) Differential ultraviolet absorbance spectra of OPI in the presence of β-CD; and (b) reciprocal plot for 1/A against 1/[β-CD] of 
the OPI-β-CD inclusion complex.
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throughout the whole wavelength, its absorbance can 
be omitted (14). In the case of a PM, a slight absorbance 
increase compared to the absorbance of pure drug was 
observed. Much better drug solubilisation for CG and FD 
products was noticed.

Thermal analysis

Thermogravimetric analysis has been frequently used to 
show the difference between an inclusion complex and a 
PM of its components (15). Thermal behaviour of OPI, β-CD, 
their binary systems obtained by different ways studied 
by DSC and TGA are shown in Figure 5. The DSC thermo-
gram of OPI presents a sharp endothermic pick at 100 °C 
consistent with its melting point. The DSC profile of β-CD 
revealed a shallow endothermic peak at 50–110 °C asso-
ciated with crystal water losses, melting at 325 °C accom-
panied by decomposition (16). The DSC thermogram of 

Figure 4. UV–vis absorbance spectra of the β-CD, OPI, PM, CG and 
FD inclusion complex.

Figure 5. TGA and DSC curves of (a) β-CD, (b) OPI, (c) PM, (d) CG and (e) FD inclusion complex.
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Sharp peaks appeared in the region 3100–3000 cm−1 (3069 
and 3058  cm−1) assigned to stretching aromatic bonds 
CAr–H. The in-plane CAr–H deformation bands of the phe-
nyl ring are assigned at 1013 cm−1 and the out-of-plane 
C–H deformation bands are observed at 938 and 808 and 
773 cm−1. The strong band noted at 755 cm−1 is due to the 
γ-CAr–H. The C–C ring stretching is expected in the range 
1260–1615  cm−1 for phenyl rings (21, 22). In this study, 
the ring stretching at 1435 and 1593  cm−1 is observed. 
The C–C and C–H stretching bonds in the azepine ring 
are registered at 1628 and 3018  cm−1, respectively. For 
OPI, the C–N stretching modes are noted in the region 
1134–1230  cm−1. The piperazine ring stretching modes 
are observed at 1149, 1134, 1077, 1013, 938 and 756 cm−1. 
The vibrations of the CH2 group, the asymmetric stretch 
Ʋas-CH2, symmetric stretch Ʋs-CH2, appear in the region
2936–2951 and 2810–2821 cm−1, subsequently (23). The 
region 3000–2840 cm−1 (2935, 2908 cm−1) correspond to 
C–H aliphatic stretching.

When the inclusion complex OPI-β-CD is formed, a sig-
nificant change in FTIR spectra between the binary system 
and its constituent molecule can be observed. In this study, 
the absorption bands in the region of 3100–3000 cm−1 cor-
responding to the OPI aromatic cannot be seen in both 

the PM is found to be the sum of components. The DSC 
profile of the complex formed by the CG method shows 
a very small melting endothermic effect at 100 °C, which 
indicates the presence of a small amount of crystalline OPI 
not included in the cyclodextrin cavity. The absence of the 
drug melting endothermic peak in the DSC thermogram 
for the FD system confirms the formation of an OPI-β-CD 
inclusion complex (17). The broad endothermic spanning 
in the range of 50–110 °C corresponds to loss of strongly 
bound water from the cyclodextrin hydration shell (9).

The thermal behaviour of all samples, previously char-
acterised by DSC was also investigated by TGA. In the 
OPI thermogram weight loss between 240 and 355  °C 
was observed. The pure β-CD exhibited weight loss at 
two separate temperatures. The first is in the range of 
40–105 °C that corresponds to removal of water present 
in the cavity of the host. The second stage at 343 °C leads 
to the decomposition of β-CD. For PM of the correspond-
ing weight loss by 4.93% between 40 and 105 °C ascribed 
to the water removal from β-CD hydrates was observed. 
This phenomenon was absent in both CG and FD prod-
ucts. Similar results were obtained by P. Mura et al. (18) 
in naproxen-arginine-HP-β-CD ternary system. OPI-β-CD 
binary systems prepared by CG and FD methods were char-
acterised by higher stability as compared to the pure drug. 
At 363 °C, 99, 83 and 84% a significant weight loss for OPI, 
CG and FD inclusion complexes was noted, respectively.

Fourier-transform infrared spectroscopy

FTIR is a very useful method to confirm the formation of 
inclusion complexes (19, 20). Figure 6 illustrates FTIR spec-
tra of pure components and their binary system prepared 
by different techniques.

In the IR spectrum of β-CD, the wide band with the 
absorption maximum at 3312  cm−1 is attributed to the 
free O–H stretching vibration. The valence vibrations of 
the C–H bonds in the –CH and –CH2 groups are seen at 
2924  cm−1. The frequency observed at 1644  cm−1 cor-
responds to the hydrogen bonds within cyclodextrin 
molecules. The absorption peaks observed in the region 
1400–1200 cm−1 could be attributed to the deformation 
vibrations of the C–H bonds in the primary and secondary 
hydroxyl groups (1412, 1366, 1335 and 1297 cm−1), whilst 
in the range 1200–1020 cm−1 the absorption bands cor-
respond to valence vibrations of the C–O bonds in the 
ether and hydroxyl groups (1151, 1076 and 1019 cm−1). 
The deformation vibration of C–H bonds and pulsation 
vibrations in glucopyranose ring appeared within 950–
700 cm−1 (19).

The FTIR spectrum of OPI shows an absorption band at 
3210 cm−1 corresponding to the O–H stretching vibration. 

Figure 6. The Fourier transform-infrared (FTIR) spectra of (a) β-CD, 
(b) OPI, (c) PM, (d) CG and (e) FD inclusion complex.
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hydroxyl group located in the cavity (25). Moreover, the 
spectrum of the CG and FD complexes is similar to the 
spectra of raw β-CD. This might be indicative forming of 
an OPI-β-CD complex by the CG and FD methods. On the 
other hand, the FTIR spectra of PM illustrated the charac-
teristic peaks of β-CD and OPI, which can be regarded as a 
simple superimposition of the host and guest molecules. It 
can be concluded as there were no interactions between 
the drug and the cyclodextrin in the PM (26).

CG and FD complexes. The literature explains this phe-
nomenon as the insertion of the benzene ring into the 
electron rich cavity of β-CD and increasing the density of 
the electron cloud (24). A considerable simplification of the 
absorption bonds in the regions of 2810–2951 cm−1, 1435–
1593 cm−1 and 1149–756 cm−1 are also observed. It can be 
a result of changing in the microenvironment of the guest-
host system due to the formation of hydrogen bonding 
between the guests’ heteroatom and the β-CDs’ primary 

Figure 7. (colour online) 1H NMR spectra of (a) β-CD, (b) OPI, (c, d, e, f, g) OPI-β-CD inclusion complex.
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The insertion of OPI into the β-CD caused slight 
shift variations in the H-3 and H-5 protons. They can be 
caused by non-covalent interactions between host and 
guest molecules. The chemical shift values of selected 
β-CD protons in the presence and absence of OPI were 
calculated according Equation (3) and listed in Table 1. 
H-5 protons are shifted with ∆δ = 0.124 ppm. The chem-
ical shifts of H-3 protons could not be determined, due
to their overlapping. Since H-3 and H-5 face the cavity
of β-cyclodextrin, their chemical shift changes are most
likely due to the presence of one of the aromatic rings
of OPI in the macrocyclic cavity. We supposed that the
H-3 proton of β-CD displayed a larger chemical shift than
H-5. It indicates that the OPI molecule can be inserted
into the cavity of β-CD from the larger openings of the
toroid.

Chemical shifts displacements of outer protons (H-1, 
H-2 and H-4) are also observed. We can speculate that drug

(3)Δ� = �(complex) − �(free)

Nuclear magnetic resonance studies

To confirm the formation of the inclusion complex of OPI-
β-CD, 1H NMR method is widely used (27, 28). In general, 
the changes in chemical shifts displacement in both the 
host and guest molecules are observed. The 1H NMR spec-
tra of pure OPI, the β-CD, and the inclusion complex are 
presented in Figure 7.

Table 1. 1H NMR shifts (δ, ppm) of β-CD protons in the presence 
and absence of OPI in D2O.

β-CD protons

δ (free) δ (complex) ∆ δppm
H-1 4.911 4.826  – 0.085
H-2 3.490 3.451  – 0.039
H-3 3.808 – overlapped
H-4 3.426 3.347  – 0.079
H-5 3.719 3.595  – 0.124
H-6 3.699 3.576  – 0.123

Figure 8.  (colour online) (a) NOESY spectrum of the OPI-β-CD in D2O at 25  °C; (b) expansion of the NOESY spectrum indicating the
aromatic NOE cross peaks between the OPI and β-CD protons.
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original shape and were smaller in size. Products appeared 
to be fluffy and shapeless. These drastic changes in the par-
ticle shape in the inclusion complexes confirm interaction 
between OPI and β-CD leading to the formation of a new 
solid phase (31, 33).

Dissolution studies

The release rate is one of the most important features 
determining an inclusion complex. The dissolution profiles 
of OPI, OPI (2 HCl) and solid OPI-β-CD binary systems are 
shown in Figure 11. The presented values are the arithme-
tic mean of three measurements ± standard deviations. 
The per cent amount dissolved active compound for 
each product was calculated according to the calibration 
curve for pure OPI. The extent of dissolution after 10, 30 
and 60 min (DP10, DP30 and DP60) is presented in Table 2.  
Additionally, the dissolution efficiency data calculated 
based on 60 min (DE60) are compiled in Table 3.

For pure opipramol base no complete dissolution was 
achieved even after 120 min, under the specified dissolu-
tion conditions. Due to the hydrophobic properties of the 

is only partly incorporated in the cavity of CD and its ali-
phatic part interacts with the external surface.

The complex spectrum shows many changes in the 
multiplets appearance. The most spectacular difference 
occurred for groups named: E (Figure 7 (d) and (e)) and is 
caused by partial incorporation of only one benzene ring 
into the cavity of β-CD. As a result, aromatic protons are 
distinguishable for the groups named: G (Figure 7 (f ) and 
(g)).

A more detailed structure of OPI-β-CD complex by pro-
ton–proton NOE experiments was obtained. Overhauser 
effects between the guests molecule and H-3 and H-5 were 
observed. The 2D NMR spectrum results showed in Figure 
8 confirm that the aromatic ring of OPI is included within 
the CD cavity.

X-ray diffractometry

The XRD patterns for pure components and their binary 
systems prepared by two different techniques (CG and 
FD) at a molar ratio of 1:1 are shown in Figure 9. The cre-
ation of an inclusion complex causes significant changes, 
both in the X-ray diffraction guest and host. The changes 
were observed in the form of decreased intensity, dis-
appearance, broadening and appearance of new peaks. 
Due to the crystalline structure of OPI and β-CD in the 
powder XRD patterns, the sharp and intense peaks were 
observed. Strong sharp peaks were noticed for OPI at dif-
fraction angles (2 θ): 13.81°, 16.11°, 21.49°, 22.39°, and for 
pure β-CD at diffraction angles (2 θ): 9.03°, 12.59°, 17.05°, 
22.61°, 27.09°. The diffraction pattern of the investigated 
PM corresponds to the sum of peaks of those of the pure 
components. The most intensity peaks were observed at 
diffraction angles (2 θ): 19.43° and 21.25°. Broad peaks 
were observed in the diffractogram of the inclusion com-
plex, confirming the amorphous nature of the obtained 
binary systems (29). Thus, by changing the guest molecule 
from crystalline to the amorphous state, the solubility of 
OPI may increase (30).

Scanning electron microscopy

SEM microphotographs of raw material (OPI, β-CD) and 
prepared binary systems are presented in Figure 10. OPI 
is characterised by irregular plate structures, whilst β-CD 
appeared as a parallelogram shape (31). In SEM image 
of PM, the originals of both components were clearly 
detectable. OPI existed as irregular crystals separated or 
adhered to cyclodextrin. Similar results were observed by 
Gannimani et al. (29) in antipyrine-γ-CD and A. Figueiras 
et al. (32) in the omeprazole-β-CD inclusion complex. For 
systems obtained by the CG and FD methods, visible OPI 
agglomerated crystals on the surface of β-CD have lost the 

Figure 9. X-ray diffraction patterns of (a) β-CD, (b) OPI, (c) PM, (d) 
FD and (e) CG inclusion complex.
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treatment, because of the drug-CD contact surface was 
increased (35). After 10  min, the percentage of the dis-
solved drug is above 15% for the opipramol base, and 
above 97% when complexed with β-CD.

One-way analysis of variance of DE60 values suggests 
that there was not a significant difference (p  >  0.05) 
between the OPI: β-CD studied systems. For comparison, 
the dissolution efficiency value of the OPI salt form is sim-
ilar to the efficiency of the dissolution rate of the formed 
complexes.

The considerable enhancement of the dissolution effi-
ciency that occurred in the case of received complexes 

drug, contact with the dissolution medium was difficult. 
The slight improvement of OPI extent of dissolution after 
60 min obtained when the PM of OPI and β-CD was exam-
ined. It can be assigned as a result of two factors. First, is 
improvement of OPI wettability and/or solubility of the 
action of the carrier related with local solubilisation, acting 
in the environment on the hydrodynamic layer surround-
ing the drug particles. The other key factor is formation 
‘in-situ’ freely soluble complexes in the dissolution medium 
(34).

A slight increase in the solubility of a PM compared to 
the pure drug can also be a consequence of mechanical 

Figure 10. SEM photographs of (a) β-CD, (b) OPI, (c) PM, (d) CG and (e) FD inclusion complex.
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diagram presents the formation of a 1:1 inclusion com-
plex OPI-β-CD. Complex formation was confirmed by DSC, 
TGA, FTIR, 1H NMR, XRD and SEM. According to the UV–vis 
method, the enhancement of OPI solubility in water com-
pared to the pure drug was observed. The dissolution of 
the opipramol base was enhanced in both systems, and 
the results were similar to the dissolution results obtained 
for commercially available opipramol dihydrochloride. 
Considering the obtained results, it can be assumed that 
proposed binary systems might improve water solubility 
of the opipramol base without changing the therapeu-
tic effect and allow for the use of more economical and 
environmentally friendly method of production of this 
pharmaceutical.
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