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ABSTRACT

Flibanserin (FLB), an antiserotonin drug, is used to treat women with hypoactive sexual appetite disorder.
FLB shows low bioavailability (~33%) probably due to its low water solubility. The current study investi-
gated the impact of hydroxypropyl-p-cyclodextrin (HP-B-CD) and sodium lauryl sulfate (SLS) on the dis-
solution and permeation of FLB. HP-B-CD-FLB inclusion complexes were prepared using physical mixing
and kneading at 1:1 and 1:2 M ratios and characterized using differential scanning calorimetry, Fourier
transform infrared spectroscopy, and powder X-ray diffractometry. The dissolution and permeation of the
complexes through a cellophane membrane were performed in, 0.1, 0.3 and 0.5% SLS in phosphate buffer
(pH 6.8).

Derived from the slope of the linear phase solubility diagram, the apparent stability constant (K;.1) was
372.54 M. Kneading changed the crystalline form of FLB to an amorphous appearance characterized by
minimal crystalline peaks, indicating successful inclusion complex formation. In addition, the HP-3-CD-
FLB inclusion complexes showed twofold increased dissolution efficiency at 6 h. The cumulative FLB
amount permeated at 6 h increased from 14.1% to 21.88% and 34.56% in the presence of 0.1% and 0.3%
of SLS, respectively. However, increasing SLS to 0.5% did not show an increase in FLB permeation.
Therefore, the HP-B-CD-FLB inclusion complex has an improved dissolution rate compared to FLB alone.
The presence of SLS in the dissolution medium increases the dissolution rate of pure FLB and its complex
with HP-B-CD. kneaded 1:1 complex was formulated bioadhesive buccal tablets and showed enhanced
drug release.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

pared with a placebo, 100 mg of FLB was shown to improve the
overall score of the female sexual function index and the number

Flibanserin (FLB; CyoH,1F3N40) is a nonhormonal drug used to
treat women with hypoactive sexual appetite disorder. The mech-
anism of action of FLB in maintaining a healthy sexual response is
based on decreasing serotonin and increasing norepinephrine and
dopamine levels (Allers et al., 2010; Invernizzi et al., 2003). Com-
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of sexual events (Katz et al., 2013). However, FLB has low bioavail-
ability (~33%), which might be attributed to its poor water solubil-
ity and extensive first-pass metabolism (CYP3A4 and CYP2C1),
producing inactive metabolites (English et al., 2017; Fahmy et al.,
2020). This poor water solubility of FLB is a limiting factor for its
dissolution in body fluids and absorption via mucosal membranes.

Cyclodextrins (CDs) are a family of compounds widely used to
increase the solubility of poorly water-soluble compounds by
forming inclusion complexes (Raj et al., 2016). CDs are cyclic
oligosaccharides are derived from starch and are composed of o~(
1 — 4)-linked o-d-glucopyranose. These cyclic oligosaccharides
contain a hydrophilic shell and a central hydrophobic core
(Malaekeh-Nikouei et al., 2007). Complexes with different com-
pounds are formed by the inclusion of hydrophobic drugs into
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the central hydrophobic cavity of these compounds. Inclusion com-
plexes have many advantages, such as enhanced solubility,
bioavailability, and stability. Furthermore, they are beneficial in
masking bad tastes or odors and in transforming gases or liquids
into solid forms (George and Vasudevan, 2012). CDs are classified
on the basis of the number of glucose molecules present in their
backbone into o-CD (6-glucopyranose units), 3-CD (seven glucopy-
ranose units), and y-CD (eight glucopyranose units) (Vikas et al.,
2018). Different CDs show different cavity sizes due to the varia-
tion in the number of glucopyranose units and hence show differ-
ent physical characteristics; for example, B-CDs have low
solubility. Therefore, modified B-CDs, including hydroxypropyl-
beta-cyclodextrin (HP-B-CD, formed by the addition of propylene
oxides to several hydroxyl groups of a B-CD), have been developed
to enhance the aqueous solubility and safety profiles of parent B-
CDs (Carrier et al., 2007).

Improving the dissolution rate and hence the solubility of
hydrophobic (class II) drugs is essential for increasing their oral
bioavailability (Qiang et al., 2010; Rasenack and Muller, 2005). A
widely adopted strategy to improve both the dissolution rate and
the solubility of hydrophobic drugs is to incorporate the anionic
surfactant sodium lauryl sulfate (SLS) into the formulation. SLS, a
high solubilizing potential surfactant, can improve drug solubility
by forming micelles that encapsulate various poorly soluble drugs
into their hydrophobic core of these micelles. This work aims to
evaluate the impact of combining HP-B-CD and SLS on the dissolu-
tion and permeation of FLB to overcome its solubility and bioavail-
ability issues. HP-B-CD-FLB inclusion complexes were formulated
using kneading in 1:1 and 1:2 M ratios. In addition, the prepared
complexes were characterized using differential scanning
calorimetry (DSC), Thermogravimetric analysis(TGA), powder X-
ray diffractometry (XRD), and Fourier transform infrared spec-
troscopy (FTIR). The dissolution and permeation through a cello-
phane membrane of the prepared complexes were performed in
0.0%-0.5% SLS in phosphate buffer (pH 6.8) to study the effects of
HP-B-CD and SLS on the dissolution and permeation of FLB. Fur-
thermore, kneaded 1:1 complex was formulated bioadhesive buc-
cal tablets and evaluated for drug release.

2. Materials and methods
2.1. Materials

FLB was purchased from Qingdao Sigma Chemical Co., Ltd.
(Qingdao, China). SLS from BDH Co. (Poole, England). HP-B-CD from
Signet Chemical Corporation Pvt. Microcrystalline cellulose (MCC)
and Carpobol 934 were obtained from Serva GmbH Co (Heidelberg,
Germany). Other chemicals were of analytical grade and were used
without further purification. The dialyzing cellophane membrane
(molecular weight cutoff 8000) was acquired from Spectrum Med-
ical Inc. (Los Angeles, CA, USA).

2.2. Methods

2.2.1. Spectrophotometric scanning of FLB

To identify the wavelength of maximum absorption (/max), FLB
at a defined concentration in phosphate buffer (pH 3.0) was spec-
trophotometrically scanned at 200-400 nm. UV spectrophotomet-
ric scanning of FLB solutions was also performed in the presence of
HP-B-CD and the surfactant at the same wavelength intervals.

2.2.2. Construction of FLB calibration curve

FLB concentrations were determined spectrophotometrically at
Jmax = 244 nm. To construct an FLB calibration curve, 10 mg of the
drug was accurately weighed and dissolved in 100 mL of 0.01 N
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HCL In Mcllvian phosphate buffer (pH 6.8), serial dilutions were
prepared to obtain different concentrations (25, 50, 75, 100, 150,
200, and 400 pg/mL) of the drug. The solvent medium was also
used as a blank. The mean of three readings was plotted as a func-
tion of concentration.

2.2.3. Phase solubility studies

Excess FLB (50 mg) was mixed with 5 mL of distilled water in
closed stoppered test tubes containing different HP-B-CD concen-
trations (25-100 mM), as described by Higuchi and Connors
(1965). After shaking for 48 h at 37 °C £ 1 °C in a shaking water
bath to reach equilibrium, samples were collected in triplicate
and subsequently filtered through a 0.45 pm polyvinylidene diflu-
oride (PVDF) membrane filter. Diluted samples were analyzed
using a UV-1700 UV spectrophotometer (Shimadzu, Japan) at a
wavelength of 244 nm against CD-in-water blanks with identical
concentrations. The mean of three readings was recorded. The
apparent stability constant (K.) of the complexes prepared at a
1:1 stoichiometric ratio was calculated from the phase solubility
diagrams using the following equation:

K:(1:1) =Slope/S,(1 — slope) (1)

The initial straight-line portion of the FLB concentration-HP-3-
CD plot was used to obtain the slope, and S, (the equilibrium sol-
ubility of FLB in water without HP-B-CD).

In addition, complexation efficiency (CE) was calculated using
the following equation: (Loftsson et al., 2005).

CE = Slope/1 — slope (2)

2.2.4. Preparation of solid inclusion complexes
The following inclusion complexes of FLB and HP-B-CD were
formulated at molar ratios of 1:1 and 1:2:

2.2.4.1. Physical mixture. FLB and HP-B-CD at 1:1 &1:2 M ratios
were formulated into a physical mixture by mixing these compo-
nents that have been sieved previously through sieve no 60.

2.2.4.2. Kneading method. During a 1 h of trituration, FLB and HP--
CD at a molar ratio of 1:1&1:2 were wetted with acetone to form a
kneaded-like paste and was ground in a mortar resulting in the
evaporation of the solvent. The obtained kneading mass was then
dried for 48 h and pulverized, resulting in the formation of a
powder-like complex.

2.2.5. Differential scanning calorimetry and thermogravimetric
analysis

DSC was used to study the interplay between the CD and the
drug molecules. DSC was performed on FLB, HP-B-CD, their physi-
cal mixtures, and the 1:1 HP-B-CD-FLB inclusion complex using
Perkin Elmer DSC8000 (USA). Briefly, 5-7 mg samples were put
into aluminum pans and sealed. In the DSC runs, the heating rate
was set to 5 °C/min over 25 °C-300 °C. Software analysis was con-
ducted for every sample to determine the peak temperature, heat
of fusion, and glassy transitions.

TGA of FLB, HP-B-CD, their physical mixtures, and the 1:1 HP-B-
CD-FLB inclusion complex was performed using Perkin Elmer TGA
analyzer. A sample of about 3 mg was placed in a flat-bottomed
aluminum pan and heated with the range from 30 °C to 800 °C
by the rate of 10 °C min-1 in dry nitrogen stream.

2.2.6. Fourier transform infrared spectroscopy

The FT/IR-4100 type A machine was used to record the FTIR
spectra of FLB, HP-B-CD, their physical mixtures, and the 1:1 HP-
B-CD-FLB inclusion complex. A KBr disc was used to prepare sam-
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ples; 2 mg of the sample was combined with 200 mg of KBr. The
scanning range was from 400 to 4000 cm™ .

2.2.7. Powder X-ray diffractometry

XRD patterns of the powdered sample and the crystallinity of
pure FLB and its complexes were determined using a RIGAKU
diffractometer (Japan) fitted with a curved monochromatic gra-
phite crystal, an automatic divergence slit, and a PW/1710 auto-
matic controller. The target used was CuK-based radiation
operating at 40 KV and 40 mA (~1.5418 A). The XRD patterns were
obtained via continuous-mode scanning from 4° to 140° with 2°
variation.

2.2.8. Preparation of buccal bioadhesive FLB tablets

Bioadhesive tablet formulations of FLB using the 1:1 HP-3-CD-
FLB kneaded inclusion complex 1:1 with a drug equivalent to
25 mg were prepared. The components of each formula, as
described in Table 1, were mixed for 15 min in a Turbula mixer
(Type S27; Erweka, Germany). The formulations were compressed
into tablets using 9.5 mm flat punches in a single punch tablet
machine (Type EKO; Erweka). The tablet thickness was 3.0-
3.2 mm, and hardness was 6-8 kp.

2.3. Dissolution studies of the prepared kneaded powder complexes
and tablets

For dissolution experiments, USP apparatus 2 (Model 85 T, Cal-
eva Ltd.England) is used and operated at 75 rpm. In each flask,
300 mL of phosphate buffer (pH 6.8) was equilibrated to
37 °C+ 0.5 °C. Each of the prepared formulations (powder or tablet)
was added to each flask. At specified time intervals for 6 h, samples
were collected and their release runs performed in triplicate and
absorbance measured at 244 nm. The amount of drug released
was calculated as a cumulative percentage in relation to time.

Dissolution efficiency (DE) was calculated as follows:

2
pE—_ Jyat

=— 77 %100
Y100 % (L2 — t1)

3)

where, y is the percentage of dissolved product.

D.E. is the area under the dissolution curve between time points
t; and t, expressed as a percentage of the curve at maximum dis-
solution, y100, over the same time period.

2.4. Permeation studies of the prepared kneaded powder complexes

For permeation experiments, each powder formulation was sus-
pended in 5 mL of buffer within a cellophane membrane, tied and
attached to the dissolution apparatus’s paddle, and treated as in
the dissolution experiments. A list of the prepared kneaded powder
complexes and tablet formulae coding is shown in Table 2.

Table 1

FLB Tablet formulations.
Compossion F1 F2 F3
FLB powder 25 - -
Complex (1:1) - 125 125
Carbopol 75 75 75
SLS 15 5 15
MCC 100 40 30
SSF 5 5 5

FLB: Flibanserin; SLS: sodium lauryl sulphate; MCC: microcrystalline cellulose; SSF:
sodium sterayl fumarate.
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2.4.1. Analysis of release data

According to the simplified Higuchi model, the mechanism of
drug of each formulation (powder and tablet) was identified when
the in vitro release data were fitted to different kinetic models,
including zero-order, first-order, and diffusion-controlled release
models, and assessed for the ability to describe the drug release
pattern (Korsmeyer and Peppas, 1983).

Zero-order kinetic model:

C=0Co— Kot

where C is the drug concentration (released) at time ¢, C, is the ini-
tial drug concentration, and K, is the zero-order rate constant.

First-order kinetic model:

log C = log (C, — —Kt)/2.303
where K = first-order rate constant.

Diffusion-controlled model:

Q= kt'’?

where Q is the amount of drug released/unit area and Kj, is Higuchi’s
release rate constant.

Korsmeyer—Peppas model:

Q:/Q. = kt"

where Q;/Q.. is the defined fraction of the released drug at a spec-
ified time ¢t and n is the release exponent of the kinetic constant
k. The release exponent n depends on the release mechanism; thus,
itis used to characterize either the Fickian diffusion (n = 0.45) or the
anomalous diffusion (non-Fickian transport) where
(0.45 < n < 0.89); n = 0.89 indicates case II (relaxational) transport,
and n > 0.89 indicates super-case II transport.

For permeation experiments, permeation parameters were
determined on the basis of blotting the cumulative amount of
the permeated drug (pg.cm 2.min!) against time and then using
the following equation:

p :]ss/cd

where P is the permeability coefficient (ug/cm), Js is the flux (slope
of the linear line of the plot), and Cy is the concentration of the drug
on the donor side.

2.4.2. Statistical analysis
GraphPad Prism software was used to analyze the data. In this
regard, p < 0.05 indicated statistical significance.

3. Results and disscution
3.1. Spectrophotometric assay of FLB

The spectrophotometric scanning of FLB showed Amax at
244 nm (Fig. 1). The other excipients showed no interference at
244 nm. FLB was determined spectrophotometrically at Amax = 2
44 nm. A calibration curve was constructed. A linear relationship
was observed between absorbance and the FLB concentration in
phosphate buffer (pH 6.8) in a 25-400 pg/mL concentration range
(Fig. 2). The regression equation is:

y = 0.005x, and thervalue was 0. 9999
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Table 2
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Sample coding for dissolution and permeation studies of FLB preparations.

Sample code

Discerption

B1
B2
B3
B4
B5
B6
C1
(&
a3
C4
c5
C6

Dissolution)
Dissolution)
permeation)
permeation)
permeation)
permeation)
Dissolution)
Dissolution)
Dissolution)
Dissolution)
Permeation)
Permeation)
C7 (Permeation)
C8 (Permeation)
C9 (permeation)
C10(Dissolution)
F1 (Dissolution)
F2 (Dissolution)
F3 (Dissolution)

25 mg untreated FLB powder in buffer pH 6.8

25 mg untreated FLB powder in buffer pH 6.8 contains 0.3% SLS
25 mg untreated FLB powder in buffer pH 6.8

25 mg untreated FLB powder in buffer pH 6.8 contains 0.1% SLS
25 mg untreated FLB powder in buffer pH 6.8 contains 0.3% SLS
25 mg untreated FLB powder in buffer pH 6.8 contains 0.5% SLS
125 mg FLB kneaded complex in buffer pH 6.8

125 mg FLB kneaded complex in buffer pH 6.8 contains 0.1 SLS
125 mg FLB kneaded complex in buffer pH 6.8 contains 0.3 SLS
125 mg FLB kneaded complex in buffer pH 6.8 contains 0.5 SLS
125 mg FLB kneaded complex in buffer pH 6.8

125 mg FLB kneaded complex in buffer pH 6.8 contains 0.1 SLS
125 mg FLB kneaded complex in buffer pH 6.8 contains 0.3 SLS
125 mg FLB kneaded complex in buffer pH 6.8 contains 0.5 SLS
225 mg FLB kneaded complex (1:2) in buffer pH 6.8

225 mg FLB kneaded complex (1:2) in buffer pH 6.8

Tablet from formula F1 in buffer pH 6.8

Tablet from formula F2 in buffer pH 6.8

Tablet from formula F3 in buffer pH 6.8

FLB: Flibanserin; SLS: sodium lauryl sulphate.
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Fig. 1. Spectrophotometric scanning of FLB.

3.2. Phase solubility study

In most cases the main purpose of adding cyclodextrins to phar-
maceutical products is to increase the aqueous solubility of poorly
soluble drugs. The amount of cyclodextrin needed to obtain desired
drug solubility is determined from a phase-solubility profile. Then
the stability constant of the drug/cyclodextrin 1:1 complex is
determined from Eq. (1) (Higuchi and Connors, 1965). For various
reasons it is important to use as little cyclodextrin as possible in
pharmaceutical preparations and, thus, the solubilizing efficiency
of the cyclodextrins in the aqueous vehicle is the important aspect
and not the absolute value of K1:1. The solubilizing efficiency is
determined by either the slope of the phase-solubility profile (Eq.
(2)) or the complex to free cyclodextrin concentration ratio, which
is referred to as the complexation efficiency (CE) (Loftsson et al.,
2005). On an average the reported CE value in literature is only
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about 0.3, meaning that on an average only about one out of every
four cyclodextrin molecules in solution are forming a water-
soluble complex with the poorly soluble drug, assuming 1:1 drug/-
cyclodextrin complex formation. (Loftsson and Brewster, 2012)
The phase solubility profiles obtained for the HP-B-CD-FLB
inclusion complexes are shown in Fig. 3. FLB aqueous solubility
at zero HP-B-CD concentration (Se) was 0.000467 M. The aqueous
solubility of FLB linearly increased with the HP-B-CD concentra-
tion. The solubility diagram indicated the formation of a 1:1 HP-
B-CD-FLB inclusion complex, as its shape showed a linear host-
guest correlation (Ap type) and its slope was <1 (Chowdary and
Srinivas, 2006). Obtained from the slope of the linear phase solubil-
ity diagram, K. (the apparent stability constant) was found to be
372.54 M~ The greater Kc value the greater stability of the com-
plex. Calculating CE value for HP-B-CD-FLB complex using Eq. (2)
gave value of 0.21 indicating a moderate complexation efficiency.
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Fig. 2. Calibration curve of FLB.
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Fig. 3. Phase solubility curve.

3.3. Characterization studies

3.3.1. DSC and TGA studies

DSC was performed to examine the physical interactions
between FLB and HP-B-CD. The DSC thermogram of pure FLB
(Fig. 4a) exhibited a melting endotherm at 162.0 °C, while the ther-
mogram of pure HP-B-CD (Fig. 4b) was a broad endotherm ranging
from about 70 °C to 110 °C, which is due to the presence of water
(Guinesi and Cavalheiro, 2006). The 1:1 physical mixture of FLB
and HP-B-CD (Fig. 4c) displayed the same melting peak of FLB with
the loss of its sharp peak due to a decrease in FLB and the presence
of the CD carrier (dilution effect). The results obtained with the 1:1
HP-B-CD-FLB inclusion complex (Fig. 4d) demonstrated a marked
decrease in the intensity of the FLB melting peak, which could indi-
cate successful formation of the inclusion complex. For further
confirmation of inclusion complex formation, TGA analysis was
performed on abovementioned samples. TGA could help us check
the thermal stability of pure FLB,
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HP-B-CD, physical mixture and the inclusion complex. Fig. 5
showed that the thermal weight loss process of HP-B-CD was
started at 311 °C. The pure FLB began to lose weight, and a large
weightlessness step appeared at 245 °C, the physical mixture
began to lose weight, and a large weightlessness step appeared
at 261 °C, The inclusion complex began to lose weight at 305 °C,
and the rate of weight loss was relatively slow. The above results
indicated that the inclusion complex had the stronger thermal sta-
bility than both of FLB or the physical mixture, which was related
to the cavity matching between FLB molecule and HP-B-CD. Similar
observations were previously reported for other drugs.
(Sambasevam et al., 2013; Gao et al., 2019).

3.3.2. FTIR studies

In the IR spectrum of FLB (Fig. 6a), there were assigned peaks at
1686 and 1610 cm ! and in the region of 1401-1448 cm ™!, reflect-
ing, respectively, —C=0 stretching, N—H bending, and aromatic
C=C. Fig. 6b shows the FTIR spectrum of HP-B-CD in which O—H
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Fig. 6. FDIR of FLB (a), HP-BCD (b), physical mixture (c), complex (d).

stretching vibrations were assigned to a broad absorption band at
3423 cm™!. For the C—H bond, there were intense peaks at
2931 cm! assigned to its stretching vibrations, while bands in
the range of 1384-1460 cm™! were assigned to the bending vibra-
tions of CH, and CH3. With regard to physical misture, the respec-
tive IR spectra demonstrated differential variations marked by
decreased peak intensities in comparison to the IR spectra of pure
FLB and CD (Fig. 6¢). The bands’ intensities between 1681 and
1306 cm™!, assigned to the stretching vibrations of C=0 and the
bending from the aromatic ring of N—H, were comparably influ-
enced by the formation of the complex with CD (Fig. 6d). In addi-
tion to these quantitative differences observed, there also were
qualitative differences in the IR spectra of pure FLB and CD and
the binary systems, specifically in the fingerprint regions where
superimposition highlighted significant differences between the
complex and individual pure compounds. These quantitative and
qualitative differences between the IR spectra of pure compounds
and the binary systems specifically the inclusion compound pro-
vide evidence of the interactions between the two compounds in
the binary systems in this study. Similar observations were
reported (Ahmed and Abdallah, 2020).

3.3.3. Powder X-ray diffractometry

Fig. 7 shows the XRD patterns of FLB and inclusion complexes
prepared using kneading. FLB showed a crystalline pattern with
characteristic peaks at 15.3°, 17.1, 19°, 20.2°, 26.4° and 50.2°. In
contrast, HP-p-CD demonstrated an amorphous pattern. When
physical trituration was used to prepare HP-B-CD-FLB inclusion
complexes, XRD revealed crystalline peaks of FLB, indicating that
physical trituration is not effective in preparing inclusion com-
plexes with FLB. Some new diffraction peaks appeared in physical
mixture at 38°, 44°, and 78. This may be due to the interaction of
the un complexed drug with CD to form a new crystalline form
(Li et al., 2016). However, the 1:1 HP-B-CD-FLB inclusion complex
prepared using kneading revealed mostly an amorphous appear-
ance, indicating the successful formation of an HP-B-CD-FLB inclu-
sion complex using kneading.
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3.4. Dissolution study forKneaded powder complexes and tablets

The release rate profile in the dissolution study was represented
by the cumulative percent release on the y axis and time on the x
axis. FLB as a weak base is more soluble in acidic medium. How-
ever, pH 6.8 was chosen in this study for dissolution and perme-
ation experiments. The reason for that is to simulate the pH of
buccal cavity.

Fig. 8 shows that the HP-B-CD-FLB inclusion complexes (C1 and
C10) prepared using kneading (1:1 and 1:2) released about 46% +
3.1% and up to 48% + 3.2% of the drugs in 6 h, respectively. In con-
trast, 18% £ 0.5% of pure FLB was released in 6 h. It was evident that
the HP-B-CD-FLB inclusion complexes showed a significantly fas-
ter dissolution rate than FLB alone (p < 0.05). However, the
increased molar ratio led to an insignificant increase in drug
release (p > 0.05). This could be probably due to the moderate cal-
culated CE value (Loftsson et al., 2005).

In addition, the DE at 6 h for the HP-B-CD-FLB inclusion com-
plexes increased by twofold (Table 3). There are several reasons
that could contribute to the increased dissolution rate of FLB in
the case of HP-B-CD-FLB inclusion complexes, including FLB amor-
phization and the formation of soluble inclusion complexes, lead-
ing to an increased dissolution rate, and better wettability.

3.4.1. Effect of SLS on dissolution

One approach to formulating poorly soluble drugs into solution
is based on their solubilization in surfactant solutions above the
critical micelle concentration (CMC). In this study, we used the
anionic surfactant SLS (CMC = 8.3 mM, i.e., <0.1%) at different con-
centrations (0.1%, 0.3%, and 0.5%) to enhance the dissolution of FLB
powder and HP-B-CD-FLB inclusion complexes. The results are
shown in Table 3 and Fig. 9. The presence of SLS in the dissolution
medium (0.3%) increased the dissolution rate of pure FLB. The DE at
6 h increased from 19.1% to 30.8%. For the 1:1M HP-B-CD-FLB
inclusion complexes, the DE reached>80% within 30 min at all
SLS concentrations used (Table3). A previous study showed signif-
icant improvement in the solubility of efavirenz by SLS, HP-B-CD,
and polyvinylpyrrolidone (PVP K-30). Interestingly, the combina-
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Fig. 8. Effect of complexation on FLB dissolution in buffer.

tion of HP-B-CD with SLS and PVP K-30 led to a notable enhance-
ment in efavirenz’s solubility in comparison to SLS and PVP K-30
alone (Chowdary and Naresh, 2011). In another study, both B-CD
or SLS significantly increase the dissolution rate of celecoxib
tablets (2.39- to 2.46-folds) (Chowdary and Gopichand, 2011).

As an application of the solubility study, bioadhesive buccal
tablets were formulated (Table 1) and tested for drug release. For-
mula F1 which untreated FLB showed ~20% DE at 6 h. In the mean-
time, the dissolution rate of FLB from the kneaded systems was
enhanced. Tablet formula F2 which contain FLB kneaded complex
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1:1 and 5 mg of SLS, showed ~34% DE at 6 h. Furthermore, by
increasing the amount of SLS to 15 mg/tablet (Formula F3), disso-
lution was significantly enhanced and the DE reached ~62% at 6 h,
as shown in Table 3 and Fig. 10. Presenc of polymers in tablet for-
mulae could also contribute in FLB release ehhancement. It was
reported that presence of polymers could increase the CE and dis-
solution rate of CD complexes (Neto et al., 2018).

The kinetic parameters of the dissolution results are shown in
Table 4. Formulas B1 and C1 showed an anomalous non-Fickian
release pattern, while formula B2 nearly approached the Highchi
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Table 3
Dissolution Efficiency of FLB formulae.

Formula DE% (6 hrs.)
B1 19.1 £ 0.76
B2 30.83 +1.23
C1 38.6 £ 1.54
Cc2 81.3+244
C3 83.5+25
c4 85.6 £ 2.57
C10 39.4 +0.71
F1 20.29 + 0.82
F2 34.15+ 1.36
F3 61.85 + 2.16

FLB: Flibanserin; DE: Dissolution Efficiency.

diffusion model. For tablet formulations, both F1 and F2 showed
n > 0.89, indicating super-case II transport. Finally, formula F3
showed an anomalous non-Fickian release pattern, indicating a
combination of diffusion and erosion mechanisms controlling FLB
release.

3.5. Permeation studies through cellophane membrane

To assess the impact of different SLS concentrations in the dis-
solution medium on FLB permeation, the assessment of drug
fluxes from the untreated powder and complexes via semiperme-
able cellophane membranes was performed. Complexing drug
with CD is known to affect several physicochemical properties
of the drug molecules, including chemical stability and aqueous
solubility. In addition, this method enhances drug penetration in
topical formulations (Loftssona and Jarvinen, 1999; Loftsson
et al., 1999; Matsuda and Arima, 1999; Uekama et al., 1998). It
is unclear how CDs enhance permeation, yet several mechanisms
have been proposed (Loftsson and Olafsson, 1998). CDs are
believed to work as hydrophilic carriers delivering hydrophobic
drug molecules in an aqueous medium to the lipophilic mem-
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brane surface, where the drug molecules undergo partitioning
from CDs to the membrane (Loftssona and Jarvinen, 1999). Inter-
estingly, the large hydrophilic CD molecules remain within the
aqueous medium as they have a low affinity for the lipophilic
membrane. For instance, when 2- (HP-CD) was topically applied
to the hairless mouse skin under occlusive conditions, only
0.02% of the dose was absorbed (Tanaka et al., 1995). Neverthe-
less, the drug flux via a biomembranes increases in direct correla-
tion with the CD concentration in an aqueous solution with
saturated drug levels. These observations are in line with the
presence of an aqueous diffusion barrier on the membrane surface
(Loftssona and Jarvinen, 1999; Loftsson et al., 1999). The approach
of determining drug fluxes via semipermeable cellophane mem-
branes has been adopted to assess the stability constants of
drug-CD complexes and the drug release from CD-containing
vehicles. Using membranes with a molecular weight cutoff above
the molecular weight of CD, drug permeation from aqueous CD-
containing vehicles via semipermeable cellophane membranes is
comparable to that from lipophilic biomembranes (Loftssona
and Jarvinen, 1999; Ono et al., 1999).

Fig. 11 shows the results of the permeation study of untreated
FLB in release media with different SLS concentrations. Increasing
the SLS concentration from 0.0% to 0.1% increased the of FLB flux.
However, a further increase in the SLS concentration negatively
affected FLB permeation. This result is in accordance with results
reported in the literature for several cellophane membranes
(Ghosh et al., 2011; Onyeji et al., 2009).

Fig. 12 and Fig. 13 show the effect of complexation on FLB per-
meation through the semipermeable cellophane membrane. The
cumulative amount permeated at 6 h increased from 9.0% +
0.49% for pure FLB to 14.16% + 0.39% and 17.88% + 0.127% for the
1:1 and 1:2 HP-B-CD-FLB inclusion complexes, respectively. An
ex vivo permeability previous study (Altamimi et al., 2018),
improved apparent permeability coefficient for the drug formula-
tion containing B-CD when compared to the free drug was
observed. Thus, confirming the observed improvements in the per-
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B1: 25mg untreated FLB powder in buffer pH 6.8

B2: 25mg untreated FLB powder in buffer pH 6.8 contains 0.3% SLS

C1: 125mg FLB kneaded complex in buffer pH 6.8

C3: 125mg FLB kneaded complex in buffer pH 6.8 contains 0.3 SLS

Fig. 9. Effect of SLS (0.3%) on dissolution of untreated and complexed FLB.
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Table 4
Kinetic Modeling of FLB Release from different preparations.
Release model Sample code
B1 C1 B2 Cc3 F1 F2 F3
Zero order R 0.767 + 0.023 0.543 + 0.955 + 0.029 0.46 + 0.991+0.029 0.993 + 0.03 0.941 +0.028
0.016 0.014
Ko, (mg/min) 8.2 +0.246 16.7 + 30.3 £ 0.909 30.67 + 29.68 +0.89 55.41 + 1.66 58.19 +1.746
x103 0.501 0.92
First order R 0.783 + 0.024 0.574 0.978 +0.031 - 0.989 + 0.943 + 0.028  0.921 +0.0277
+0.017 0.0297
K; (min~') x10°  6.95 + 0.208 17.8 £0.534 33 +0.99 - 28.66 + 77.72 + 2.331 193.23 +5.77
5 0.859
Highchi diffusion R 0.908 + 0.027 0.748 0.994 + 0.029 0.68 0.943 0.923 + 0.0277 0.998 + 0.029
model +0.023 +0.021 0.0283
Ky (mg/min'?) 0.2 +0.006 0.47 +0.014 0.65 £0.02 0.93 0.582 + 1.06 +0.0318 1.27 +0.038
+0.028 0.0175
Log M/mas Vislogt R 0.948 + 0.028 0.982 +0.03 0.996 * 0.033 - 0.984 +0.029 0.996 +0.0309  0.977 + 0.031
n 0.18 £0.006 0.037 0.425 + 0.013 - 0.9711 1.0492 0.4039 +0.0121
+0.001 +0.0301 +0.0315

Selected model anamoulas non-fickian

release pattern model

Higuchi diffusion

Approaches Zero order Higuchi diffusion

model

Ko = zero-order rate constant, K; = first-order rate constant, K}, = Higuchi’s release rate constant, R = correlation coefficients, n = the release exponent.

meability of HP-B-CD formulations developed in this study. The
addition of SLS to the release medium showed a different pat-
tern in comparison to its effect on dissolution. The cumulative
amount permeated at 6 h increased significantly (p < 0.05) from
14.1% + 0.39% to 21.88% and 34.56% by adding 0.1% and 0.3%
SLS, respectively. However, increasing the SLS concentration to
0.5% did not increase FLB permeation. The results of permeation
parameters are shown in Table 5. As reported in the literature,
the semipermeable cellophane membrane, a weak cation
exchanger, is anionic mainly due to the adsorption of anions
present in the solution. The saturation and the strong interac-
tions with the membrane matrix could be the reasons for
obtaining low diffusion coefficients and permeability across
the semipermeable cellophane membrane with 0.5% SLS solu-
tions (Jain et al., 2004).
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Biological membranes are generally lipophilic in nature, with an
unstirred aqueous diffusion layer located at the outer membrane
surface. B-CD is believed to enhance the permeation of drugs if per-
meation through the aqueous diffusion layer is the rate-limiting step
in this process. As FLB and other class II drugs are characterized by
their low aqueous solubility, the dissolution rate and permeation
through the aqueous diffusion layer are limiting factors in oral
absorption. However, class Il drugs permeate biological membranes
easily once in solution, achieving >90% absolute bioavailability. It
was reported that B-CD increased the availability, partitioning, and,
hence, permeability of hydrophobic drugs at the surface of the bio-
logical barrier without disrupting its structured lipid layers
(Altamimi et al., 2018). Therefore, preparations of water-soluble
HB-B-CD inclusion complexes of such drugs could increase diffusion
and hence permeability through the mucosal surface.
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Fig. 12. Effect of complexation on FLB permeation in buffer.

4. Conclusion

HP-B-CD-FLB inclusion complexes were successfully prepared
using the kneading method at 1:1 and 1:2 M ratios. Derived from
the slope of the linear phase solubility diagram, the apparent sta-
bility constant K;.; was 372.54 M~'. It was evident that the 1:1
HP-B-CD-FLB inclusion complex demonstrated an improved disso-
lution rate in comparison to FLB alone. Specifically, the DE at 6 h
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increased by twofold. The presence of SLS in the dissolution med-
ium increased the dissolution rate of pure FLB and the HP-B-CD-
FLB inclusion complex at all concentrations, with a more pro-
nounced effect on the complex. The addition of SLS to the perme-
ation medium showed enhanced permeation. The cumulative
amount of FLB permeated from kneaded complexesl:1 at 6 h
increased from 14.1% to 21.88% and 34.56% by adding 0.1% and
0.3% SLS, respectively.
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Fig. 13. Effect of SLS on permeation of FLB complexes.

Table 5
Permeation parameters through cellophane membrane.

Sample code Flux (Jss) Permeability coefficient (P) (pg /cm)
(ng/em*h™")
B3 62.7 £ 2.5084 0.0125
B4 115.88 + 4.6352 0.0232
B5 64.85 + 2.594 0.013
B6 33.07 £ 1.3228 0.0066
C5 100.85 = 4.034 0.0202
Cc6 11491 £ 4.2 0.0228
Cc7 173 £ 6.52 0.0346
Cc8 172 + 6.88 0.0344
c9 116.1 £ 4.45 0.0232
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