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RESEARCH ARTICLE

Dual-purpose vardenafil hydrochloride/dapoxetine hydrochloride orodispersible
tablets: in vitro formulation/evaluation, stability study and in vivo comparative
pharmacokinetic study in healthy human subjects

Khaled El-Refaia, Mahmoud H. Teaimab and Mohamed A. El-Nabarawib

aCentral Administration of Pharmaceutical Affairs (CAPA), Cairo, Egypt; bDepartment of Pharmaceutics and Industrial Pharmacy, Faculty of
Pharmacy, Cairo University, Cairo, Egypt

ABSTRACT
Erectile dysfunction (ED) is the most important disorder after premature ejaculation for sexual activity in
men. Vardenafil hydrochloride (VH) is an oral therapy for the treatment of erectile dysfunction. VH oral dis-
integrating tablets (ODTs) have been prepared by freeze drying technique to improve its dissolution profile
and the overall clinical performance. Dapoxetine hydrochloride (DH) was added to the best three formulae
of the prepared VH ODTs to treat premature ejaculation. All the ODTs formulae were evaluated for weight
variation, friability, drug content, in vitro disintegration time, wetting time, and the dissolution study.
Gelatin as a matrix former with N-methylpyrrolidone as a solubilizer in VH/DH ODTs improved the dissol-
ution rate and extent of release of VH and DH with 100% of drug being dissolved after 15min. In vivo
study results from six healthy male volunteers showed shorter Tmax of VH from VH/DH ODT of
0.583±0.129h and shorter Tmax of DH from VH/DH ODT of 0.625±0.137h and showed AUC0–12 of VH
from VH/DH ODT of 39.234 ±10.932ng/mlh1 and AUC0–12 of DH from VH/DH ODT of 531.681 ±129.544ng/
mlh1, with relative bioavailability values of 100.9 and 85%, respectively, compared to (LevitraVR ) and
(PriligyVR ).
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Introduction

Erectile dysfunction (ED) is defined as the persistent inability to
achieve or maintain an erection for good sexual activity [1].
Current interest in a safe and effective oral therapy for erectile
dysfunction (ED) has resulted in more men seeking help [2].
Vardenafil is a new phosphodiesterase (PDE) inhibitor which is
potent selective inhibitor of cyclic GMP (cGMP), specifically
phosphodiesterase type 5 (PDE5), causes relaxation in smooth
muscle and blood vessels in penis resulting in dilation in blood
vessel and penile erection [3]. Vardenafil has less side-effect profile
and improved specificity with duration of action up to 36 h [4].
Vardenafil has also been shown to be effective and safe for the
treatment of ED in a 12-week, multicenter, randomized, double-
blind, placebo controlled trial that included 601 volunteer with
severe to mild ED [5]. Oral Vardenafil has absolute bioavailability
of 15% in the fasting state and with a high-fat meal reduced the
rate of absorption with reduction in the Cmax by 18% and increase
in time to maximum plasma concentration (Tmax) of 1 h [6]. Orally
disintegrating tablets (ODT) of Vardenafil hydrochloride is pre-
ferred as they are designed to be dissolved on the tongue and
pass hepatic metabolism. Vardenafil 5mg is preferred for elderly
men with ED [7]. ODTs designed to perform better bioavailability
and faster onset of action due to saliva in oral cavity causes pre-
gastric absorption where drug dissolves quickly. Pre-gastric
absorption avoids hepatic metabolism and can be a great advan-
tage in drugs that undergo a great deal of first pass metabolism,
such as Vardenafil [8]. Not all ODTs have the same advantages
and may have similar absorption and bioavailability to standard
oral dosage forms with the primary route remaining GI absorption.

Erectile dysfunction can cause premature ejaculation (PME); both
problems of PME and ED are the most important challenges in
sexology. PME is defined as persistent or recurrent ejaculation
before man wants it with the sexual stimulation before, or shortly
after penetration. Dapoxetine hydrochloride (DH) is a new fast
acting serotonin transporter inhibitor used for the treatment of
premature ejaculation [9]. DH is the first drug approved for the
treatment of premature ejaculation (PME) in men as a short-acting
selective serotonin reuptake inhibitor (SSRI) [10]. SSRIs blocks
presynaptic membranes of 5-HT transporters, leading to higher
serotonin levels in the synaptic cleft. The serotonin then binds to
5-HT2c and 5-HT1a receptors resulting in delay in ejaculation [11].
Therefore, the aim of this work is to formulate a combination of
VH and DH in oral disintegrating tablet that may be very promis-
ing dosage form for treating ED and PME simultaneously with
faster onset of action.

Materials

The materials used were as follows: Vardenafil hydrochloride
(Rakshit Drugs PVT LTD., India); Dapoxetine hydrochloride
(Shanghai Worldyang Chemical Co., Ltd., China); Mannitol
(Roquette Pharma, France); Gelatin, Glycine, Tween80, Sodium
chloride, and Potassium chloride (El-Nasr Pharmaceutical
Chemicals Co., Egypt); Sodium alginate (Merck, Germany);
Aerosil200 (BASF Corporation, Germany); Aspartame (Nutra sweet,
India); Croscarmellose sodium (NB Laboratories Pvt. Ltd., Nagpur,
India); Xanthan gum (MP Biomedicals, Inc., France); Poly ethylene
glycol (PEG 400 and PEG 6000) and polyvinyl pyrrolidone (PVP

CONTACT Khaled El-Refai looda86@hotmail.com, dr.khelrefai@gmail.com Central Administration of Pharmaceutical Affairs (CAPA), 11646 Cairo, Egypt
� 2018 Informa UK Limited, trading as Taylor & Francis Group

DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 2018
https://doi.org/10.1080/03639045.2018.1427761

http://crossmark.crossref.org/dialog/?doi=10.1080/03639045.2018.1427761&domain=pdf
http://www.tandfonline.com


K30, PVPK90) (Fluka AG, Buchs. Switzerland); Disodium hydrogen
phosphate and potassium dihydrogen phosphate and
N-Methylpyrrolidone (Riedel-de Ha€en, Sigma-Aldrich, GmbH,
Germany); HPLC grade Sodium dihydrogen phosphate (NaH2PO4),
Disodium hydrogen phosphate (Na2HPO4), and Acetonitrile (Merck,
India).

Methods

Drug-excipients compatibility studies

Differential scanning calorimetry (DSC)
Approximately 2mg samples of Vardenafil hydrochloride (VH),
Dapoxetine hydrochloride (DH) individually and in binary mixtures
of a 1:1 ratio were analyzed using DSC; binary (1:1) physical mix-
tures of VH with Gelatin, Xanthan gum, Aerosil 200, PEG 6000,
PVPK30, Glycine, Mannitol, Aspartame, and Croscarmellose sodium
were analyzed; binary (1:1) physical mixtures of DH with Gelatin,
Glycine, Mannitol, Aspartame, and Croscarmellose sodium were
also analyzed. DSC thermograms were generated at temperatures
between 30 and 400 �C using a Model DS-60 (ShimadzuVR , Tokyo,
Japan) with equipment and PC control unit TAC 60 (ShimadzuVR ,
Tokyo, Japan) a nitrogen flow rate of 20ml/min and a heating rate
of 10 �C/min. DSC thermograms of pure drugs and binary mixtures
were recorded [12].

Fourier-transform Infrared spectroscopy (FT-IR)
The IR absorption spectra of Vardenafil hydrochloride (VH) and
Dapoxetine hydrochloride (DH) individually and in binary mixtures
of a 1:1 ratio were analyzed using FTIR and physical mixtures of VH
with Gelatin, Xanthan gum, Aerosil 200, PEG 6000, PVPK30, Glycine,
Mannitol, Aspartame and Croscarmellose sodium, also, DH
with Gelatin, Glycine, Mannitol, Aspartame and Croscarmellose
sodium were also analyzed using a Spectrum 100 FT-IR ATR
Spectrophotometer (Perkin ElmerVR Ltd, Beaconsfield, United
Kingdom). Samples of binary mixtures were prepared by weighing
approximately 0.5 g of pure drug and other components and gen-
tly blending the mixture using a mortar and pestle. A small amount
of the mixture was then placed on a diamond crystal and analyzed
in wave range, 400–4000 cm�1 at a resolution of 4 cm�1 [13].

Construction of calibration curve of (VH) in simulated saliva
fluid

Stock solution of VH was prepared by dissolving 11.85mg
Vardenafil hydrochloride (eq. to 10mg Vardenafil base) in 250ml
Simulated Saliva Fluid (Phosphate buffer, pH¼ 6.8) to get a final
concentration of 40mcg/ml. Serial dilutions were prepared to
obtain samples having concentrations 4, 8, 12, 16, 20, 24, 28, 32,
and 36mcg/ml. The samples were scanned in the UV range at
kmax of 233 nm, the experiment was done in triplicate and the
mean absorbance of the three readings was calculated and the
data was used to construct the standard calibration curve.

Preparation of vardenafil hydrochloride orally disintegrating
tablets (ODTs)

Preparation of vardenafil hydrochloride orally disintegrating
tablets (VH-ODTs)
Vardenafil hydrochloride (VH) ODTs were prepared using four
matrix formers, along with some other excipients, and collapse
protectant; the four matrix formers were: Gelatin (2% w/w)

[14–17], Xanthan gum (2% w/w) [14,17], Na alginate (2% w/w)
[14], Aerosil 200 (2% w/w) [17,18]. Other excipients used were cro-
scarmellose sodium as a super disintegrant [19], mannitol as filler,
Aspartame as a sweetener as VH has bitter taste [20], and glycine
as a collapse protectant [17].

An accurately weighed amount of VH powder was dispersed
in an aqueous solution (500mg water, 0.5ml distilled water for
every tablet) contain the matrix former and other excipients
using magnetic stirrer to result in a dose of 11.85mg of VH per
700mg of suspension. About 700mg of suspension was then
poured into each of pockets of a Polyvinylchloride (PVC) blister
pack resulting in a dose of 11.85mg VH per orally disintegrating
tablet.

The ODTs blister packs were then transferred to a freezer at
�22 �C and kept in the freezer for 24 h. The frozen ODTs were
then transferred to lyophilizer for 24 h using a Novalvphe-NL 500
freeze dryer with a condenser temperature of �45 �C and a pres-
sure of 0.07 mbar.

Selected formulae based on percentage of VH dissolved after
5min, were also prepared after adding different solubilizers to the
previously described aqueous solution such as: PEG 400, PEG
6000, PVPK30, PVPK90, Tween80, and N-methyl pyrrolidone (NMP)
(Table 1).

Preparation of VH/DH orally disintegrating tablets (VH/DH-ODTs)
The best selected formula (G2, G6, and G7) ODTs based on per-
centage of VH dissolved after 5min, were used to prepare
(VH/DH) ODTs using gelatin as a matrix former (2% w/w), along
with some other excipients. Other excipients used were croscar-
mellose sodium as a super disintegrant, mannitol as a filler,
Glycine as a collapse protectant, Aspartame as a sweetener,
Tween80 or PEG 400 or N-Methylpyrrolidone as a solubilizer as
shown in Table 1. D1, D2, D3 ODTs will be examined for: drug
content uniformity, uniformity of weight, friability test, in vitro dis-
integration testing, wetting time, moisture analysis, and in vitro
dissolution studies.

Characterization of the prepared VH and VH/DH ODTs

Content uniformity of VH-ODT and VH/DH-ODT
(a) Determination of Vardenafil hydrochloride in VH ODT by UV-
spectrophotometry. Ten tablets of VH-ODTs were selected from
each formulation and assayed individually for drug content uni-
formity. VH in VH-ODTs was assayed by dissolving each tablet in
250ml SSF (pH¼ 6.8). The solution was then filtered, properly
diluted, and the absorbance was spectrophotometrically measured
at the kmax 233 nm of VH. The mean value of ten tablets was esti-
mated to calculate the percentage of VH content of the tablets
[21]. Vardenafil hydrochloride and Dapoxetine hydrochloride con-
tent in the prepared VH/DH-ODTs were determined by validated
HPLC method (Waters Alliance, Waters Corporation, Milford, MA)
according to ICH guidelines.

Chromatographic conditions. Mobile phase: Potassium dihydro-
gen phosphate buffer pH¼ 4 (6.8 g in 1 l): Acetonitrile (50:50),
Column: C-18 silica based column, particle size 5mm Stainless steel
(250� 4.6mm) ODS (Kromasil or equivalent), wave length: 230 nm,
flow rate: 1.0ml/min, inj. volume: 20 ml, run time: 4min and tem-
perature: 30 �C.

Standard solution: Accurately weigh 11.85mg VH and 33.58mg
DH standard and dilute to 100ml with diluent. Standard stock
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solution: Take 5ml of standard stock solution and dilute to 50ml
with diluent.

Test solution. Grind the tablets to fine powder. Determine the
average weight of one tablet and dilute to 100ml with diluent.
Take 5ml of this solution and dilute to 50mL with the diluent.

Analytical performance characteristic and acceptance criteria.
Linearity and range, r� 0.99; method precision, RSD �2%; accur-
acy and recovery, 98–102%; specificity, no interference (resolution
�1.5); ruggedness, accuracy for spiked API's 98–102%; robustness,
pooled RSD �2% in every change item.

Uniformity of weight
Twenty tablets, from each formula, were individually weighed. The
mean of tablet weights was then calculated. Not more than two
of the individual weights may deviate from the average weight by
more than 7.5% and none may deviate by more than twice that
percentage [21].

Tablet friability
Twenty tablets, from each formula, were placed in the drum of
friabilator (Erweka tye, GmbH, Germany). The percentage loss in
weights was calculated before and after rotation at 25 r.p.m for
a period of 4min in the friabilator and taken as a measure of fri-
ability. The test was run once for each tablet formulation [21].

In vitro disintegration time
The in vitro disintegration test was performed on each formulation
using a disintegration tester (Logan Instruments, Somerset, NJ)
using six tablets in distilled water kept at 37 ± 0.5 �C and disinte-
grate in time not more than 3min [21]. The time taken until no
particles of tablets remains on the screen was selected as the dis-
integration time, the test results presented are the average of
three determinations (n¼ 3).

Wetting time
In a petri dish of 10 cm diameter, ten milliliters of distilled water
containing eosin (a water-soluble dye) were placed. The tablet was
carefully placed in the petri dish and the wetting time is the time

required for the dye to reach the upper surface of the tablet and
the test results presented are the average of three determinations
(n¼ 3) [22].

Moisture analysis
Using a Karl Fischer titrator (Veego Matic-MD, Bombay, India),
three tablets were analyzed for their residual moisture content
after lyophilization for each formula and the test results pre-
sented are the average of three determinations (n¼ 3) [22].

In vitro dissolution studies
The dissolution profiles of VH in VH-ODTs compared with the plain
powder and the corresponding market product (LevitraVR ) were
determined using the USP dissolution tester type II. According to
FDA dissolution guidance for VH ODT, dissolution media were
900ml SSF (pH¼ 6.8) maintained at temperature of 37 ± 0.5 �C with
a paddle rotation speed at 50 rpm to maintain sink condition. The
amount of vardenafil hydrochloride used was 11.85mg VH equiva-
lent to 10mg vardenafil base in VH-ODT and VH/DH ODT, the
amount of DH was 33.58mg equivalent to 30mg Dapoxetine base
in the VH/DH-ODT. At specified time intervals of 1, 2, 3, 5, 7, 10, and
15min, a 3ml of dissolution media were withdrawn, and replaced
with an equal volume of the fresh medium to maintain a constant
total volume and maintain sink condition. Samples from VH-ODT
were filtered through 0.45 mm Millipore filter and assayed for drug
content spectrophotometrically at kmax 233 nm after appropriate
dilution. Samples from VH/DH-ODT were filtered through 0.45 mm
Millipore filter and assayed for drug content using aforementioned
validated method HPLC method.

The best formula was selected to be further tested with differ-
ent solubilizers. Solubilizers used were: PEG 400, PEG 6000,
PVPK30, PVPK90, Tween 80, and N-methyl pyrrolidone (each in
concentration of 2%w/w).

Dissolution profiles of each of the prepared formulae will be
compared to that of the corresponding commercial product using
difference factor (f1) and similarity factor (f2) [23,24] using
DDSolver software excel Add-Ins [25].

Effect of storage on the prepared VH/DH ODTs

The selected VH/DH-ODT formula was stored at 40 ± 2 �C and
75 ± 5% RH in a PVC blisters covered with aluminum foil, alumi-
num Foil was applied on the PVC through blister packing machine

Table 1. Composition of VH ODTs and VH/DH ODTs.

Matrix former (mg)

Formula Gelatin Xanthan Gum Aerosil 200 Na alginate Mannitol Cross-carmellose sodium Glycine Aspartame Solubilizer (mg) DH

G1 4 – – – 173.35 4 1.80 5 – –
X1 – 4 – – 173.35 4 1.80 5 – –
A1 – – 4 – 173.35 4 1.80 5 – –
N1 – – – 4 173.35 4 1.80 5 – –
G2 4 – – – 169.35 4 1.80 5 4mg PEG 400 –
G3 4 – – – 169.35 4 1.80 5 4mg PEG 6000 –
G4 4 – – – 169.35 4 1.80 5 4mg PVPK30 –
G5 4 – – – 169.35 4 1.80 5 4mg PVPK90 –
G6 4 – – – 169.35 4 1.80 5 4mg Tween80 –
G7 4 – – – 169.35 4 1.80 5 4mg NMP –
D1 4 – – – 135.77 4 1.80 5 4mg PEG400 33.58mg
D2 4 – – – 135.77 4 1.80 5 4mg Tween80 33.58mg
D3 4 – – – 135.77 4 1.80 5 4mg NMPa 33.58mg

All formulations contain 11.85mg of vardenafil hydrochloride.
aNMP: N-methylpyrrolidone.
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which apply softening the PVC margins and pressing the alumi-
num foil against it, during a period of 6months (accelerated stabil-
ity). Samples were withdrawn and evaluated for drug content
uniformity, in vitro disintegration, and dissolution studies, as well
as residual moisture content analysis experiments after 0, 1, 3, and
6 months’ storage. One-way analysis of variance (ANOVA) was
applied for testing the equality of several means and p values
< .05 was considered statistically significant.

Pharmacokinetic study of VH/DH-ODTs on healthy volunteers

Protocol approval
The protocol of the study was reviewed and approved by the clin-
ical research ethics committee of the Faculty of Pharmacy, Cairo
University, Cairo, Egypt with approval number: PI (1057), which is
valid from 31/03/2014. The research was carried out according to
the ICH guidelines, enunciated in the Declaration of Helsinki [26].

Volunteer selection
The volunteers were males with age between 20 and 40 years. The
volunteers have no known history of alcohol, drug abuse, chronic
gastrointestinal, cardiac, hepatic, vascular, or renal diseases and
were nonsmokers. Special medical investigations were done before
the study and all volunteers show normal physiological examin-
ation. The aim of the study was explained and each volunteer
signed a written consent before enrolling in the study.

Study design
The scientific integrity of the study and the validity of the
obtained results and the conclusions derived from the study
depend primarily on the study design.

The study was performed using three formulae, namely:
(LevitraVR 20mg tablet) market reference product containing VH,
(PriligyVR 30mg tablet) market reference product containing DH,
and the prepared formula (D3) VH/DH-ODT.

In vivo study performed on six male volunteers aged between
20 and 40 years. All the volunteers were fasted for 12 h with access
to water. The study was conducted according to a two-period,
two-sequence crossover design with 1 week wash out period
between each phase. Six male volunteers were randomly divided
into two groups of three volunteers each. In period I, Test group
received ODTs (D3) whereas the Reference group received market
products (LevitraVR ) and (PriligyVR ) then crossover was done in
period II.

Sample collection and preparation
After drug administration, blood samples were withdrawn from
volunteers at time 0 (pre-dose), 5, 10, 15, 30, and 45min, 1, 1.5, 2,
3, 4, 6, 8, 12, and 24 h, each sample is 5ml. To avoid coagulation
of blood the blood samples were withdrawn into heparinized
tubes. The blood samples were then centrifuged at 3000 rpm for
10min and clear plasma was then collected in polyethylene
capped tubes and plasma was stored at �20 �C and clear plasma
was then collected in polyethylene capped tubes and deep frozen
at �80 �C until LC/MS/MS analysis. About 0.3ml of heparinized
normal saline injectable solution is flushed into the cannula to
prevent blood clotting after each blood sampling.

Determination of VH and DH in human plasma
A selective, sensitive, and accurate Liquid Chromatography/Mass
Spectrometry/Mass Spectrometry (LC-MS/MS) method was

developed and validated (data not shown) before the study for
determination of VH and DH in human plasma. The validation of
the method was according to international guidelines [27].

Validation of analytical method. The determination of VH and DH
in Human Plasma by LC-MS/MS.

Vardenafil hydrochloride standard solution. Accurately weigh
11.85mg Vardenafil Hydrochloride (equiv. to 10mg Vardenafil
base). Transfer into a 100ml volumetric flask, add about 80ml
methanol, sonicate for 10min and complete to volume with
methanol. This solution contains 100 mg/ml sildenafil citrate
‘Solution A’.

Transfer 0.5ml of ‘'Solution A’' into a 100ml volumetric flask and
complete to volume with water to obtain 500 ng/ml ‘Solution B’.

Dapoxetine hydrochloride master standard solution. Accurately
weigh 10mg of Dapoxetine standard. Transfer into a 100ml volu-
metric flask, add about 80ml methanol, sonicate for 10min, and
complete to volume with methanol. This solution contains 100 mg/
ml Dapoxetine ‘Solution A’.

Transfer 5ml of Solution A into a 100ml volumetric flask and
complete to volume with methanol to obtain 5000 ng/mL
‘Solution B’.

Transfer 0.5ml of Solution A into a 100ml volumetric flask
and complete to volume with Methanol to obtain 500 ng/ml
‘Solution C’.

Sildenafil standard solution. Accurately weigh 10mg of sildenafil
standard. Transfer into a 100ml volumetric flask, add about 80ml
of methanol, sonicate for 10min, and complete to volume with
methanol. This solution contains 100mg/ml sildenafil solution (A)
from solution (A).

Transfer 0.7ml of prepared solution into a 100ml volumetric
flask and complete to volume with methanol to obtain 700 ng/ml
sildenafil solution (B).

Preparation of calibration standards. Calibration curve consisted
of blank sample (matrix sample processed with internal standard)
and eight non-zero plasma standards, in duplicate, covering the
expected range of concentrations to be quantified. Calibration
standards were prepared by spiking 0.5ml control human
plasma with 0.5ul working solutions containing the analyte to
be quantified. Standards were prepared daily in the amounts
required for the assay. They were extracted along with plasma
samples.

Mass spectrometric conditions. The Agilent 6410 operated in
positive electrospray ionization mode (ESI).General MS parameters
were: Vardenafil: Precursor Ion (489), Product Ion (151), Delta EMV
(500), Dwell Time (200), Fragmentor (135) and Collision Energy
(30). Dapoxetine: Precursor Ion (306.2), Product Ion (157.2), Delta
EMV (500), Dwell Time (200), Fragmentor (120) and Collision
Energy (31). Sildenafil: Precursor Ion (475), Product Ion (283), Delta
EMV (500), Dwell Time (200), Fragmentor (135), and Collision
Energy (40).

The analytical method that would be used in the in vivo study
would be well characterized; the applied analytical method for
the determination of VH and DH in human plasma would be
LC/MS/MS. The method was fully validated and documented.
Chromatographic Conditions: Mobile phase (0.1% Formic acid:
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Methanol (20:80) V/V), Analytical column (Phenomenex C18,
4.6� 50mm, 5.0 micron), Guard column (Uniguard), Autosampler
temperature (Ambient), Flow rate (0.35ml/min), Column
Temperature (Ambient), Injection volume (15 ml) and Total run
time (2.8min). Ion source parameters: gas temperature (350 �C),
gas flow (6.3 l/min), Nebulizer Pressure (23 PSI) and Capillary
Voltage (5000 V).

Plasma sample preparation. Appropriate numbers of disposable
glass test tubes were placed in a rack. The tubes are numbered
according to the order of the analytical runs and then blank and
the volunteers’ human plasma samples (500 ml) added into appro-
priate tubes then the internal standard (50ml of omeprazole work-
ing solution 500 ng/mL) was dispersed and vortexed for 1min.
Then 1ml of acetonitrile was added to each and vortexed for
1min then centrifuge the samples at 4000 rpm for 5min and
transfer clear supernatant layer to auto sampler vial and (10 ml)
was injected in to LC/MS/MS.

This analysis was conducted in conformity with the study
protocol and FDA Guidance for analytical methods validation.
The individual and mean data for re-study validation, recovery
and stability tests results are expressed using three significant
figures.

Major validation steps required according to (FDA Guidance for
Analytical Methods Validation) are: Specificity, linearity and range,
accuracy, precision, and detection limit.

Pharmacokinetic and statistical analyzes
One-way ANOVA using SAS 9 software, was applied to compare
the mean values of pharmacokinetic parameters to assess the sig-
nificance of the effect of formulation and subject factors on the
pharmacokinetic parameters of the selected formulation and mar-
ket products (LevitraVR ) and (PriligyVR ). Parameters were considered
statistically significant for p values< .05. Relative bioavailability of
VH/DH-ODT compared to the market products (LevitraVR ) and
(PriligyVR ) was calculated according to the following equation:

Relative bioavailability (%)¼AUC0–12 (oral disintegrating tab-
lets)/AUC0–12 (market products)� 100����.

Results and discussion

Drug-excipient compatibility studies

Differential scanning calorimetry (DSC)
Figures 1 and 2 showed the DSC thermograms of VH, DH, binary
mixture of VH and DH, and 1:1 w/w drug-excipients mixtures. It is
clear from DSC thermograms that VH and DH show their charac-
teristic endothermic peak around 215 and 177 �C, respectively, cor-
responding to their melting points [10], there was no shift in VH
or DH peak upon mixing with Gelatin, Xanthan gum, Aerosil 200,
croscarmellose sodium, aspartame, PEG 6000, PVPK30, Glycine,
mannitol, maltodextrin, and sodium carboxymethyl cellulose indi-
cating the absence of drug-excipient interaction.

Fourier-transform infrared spectroscopy (FT-IR)
VH exhibited the peaks at 2900 cm�1 for C–H aromatic stretching,
1730 cm�1 stretch for carbonyl group, 3330 cm�1 stretch for NH2,
and 1100–1300 cm�1 stretch for SO2.

Figures 3 and 4 showed the FTIR spectra of VH, DH, binary mix-
ture of VH and DH and 1:1 w/w drug-excipients mixtures. It is
clear from FTIR that there was no shift in VH or DH peak upon
mixing with Gelatin, Xanthan gum, Aerosil 200, croscarmellose
sodium, aspartame, PEG 6000, PVPK30, Glycine, and mannitol. This
clearly indicates that there is no drug excipient interaction.

Uniformity of VH and DH content in VH/DH-ODTs

The mean percentage of VH and DH content in ODTs from all for-
mulations is presented in Table 2. The drug content of VH and DH
in the prepared VH/DH-ODTs fall within the acceptable range
according to the European Pharmacopeia [21].

Uniformity of weight

The average weight for all tablet formulations ranged from
(198.00 ± 1.0mg to 200.7 ± 1.3mg), presented at Table 2, therefore
all the tablets fall within the acceptable weight variation range;
according to the European Pharmacopeia [21].
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Friability test

Results in Table 2 showed that all tablets formulae VH and VH/DH
ODTs show percentage friability within the acceptable range for
tablets less than 0.8%. All formulae showed percentage weight
loss ranged from 0.45% to 0.90%.

In vitro disintegration time

Results showed also ODTs containing matrix former xanthan gum
has longest disintegration times than ODTs containing Gelatin or
Aerosil200 or Na alginate as a matrix former. GI, X1, A1, and N1
showed an average disintegration time of 17.17 ± 0.98,
18.83 ± 1.17, 17.50 ± 0.54, and 18.17 ± 0.75 s, respectively. The short-
est disintegration time was taken by the formulations containing
gelatin as a matrix former (G1) where (G1) disintegrated within
17.17 ± 0.98 s.

Table 2 showed the average values of the in vitro disintegration
times from the different tablet formulations. According to the

compendial standards, orodispersible tablets should disintegrate
within 3min when examined by the test of disintegration of tab-
lets [21]. The disintegration time ranged from 17.17 ± 0.98 to
18.83 ± 1.17 s; this may be due to the effect of super disintegrants
which were added to the drug formulations, they facilitated the
breakup or disintegration of tablet content into smaller particles
that dissolved more rapidly [28]. Statistical analysis using ANOVA
test revealed that changing the type of matrix former had no sig-
nificant effect on the average in vitro disintegration times (p> .05).

ODTs formulae G2 and G3 showed significantly shorter disinte-
gration times (10.00 ± 1.09 and 9.16 ± 0.75 s) compared to ODT G1
(17.17 ± 0.98 s) (p< .05). This could be due to the hydrophilic
nature of the used solubilizers, which facilitates the penetration of
water which caused a faster disintegration to tablets. These results
are in accordance with the results obtained by Ciper and
Bodmeier [29], where they found that the addition of hydrophilic
additives, such as PEG 400, PEG1500, and xylitol decreased the dis-
integration time, and increased the rate of dissolution of gelatin
fast dissolving films. While the addition of other solubilizers to G1
formula (G4–G7) did not affect disintegration time significantly
with values ranged from 17.17 ± 0.40 to 18.00 ± 0.63 s. D1, D2,
and D3 ODTs disintegrated in 16.17 ± 0.41, 15.33 ± 0.52, and
15.50 ± 0.55 s, respectively.

Wetting time

Table 2 showed the average wetting times of the different formu-
lations. The wetting time of the formulae G1, A1, X1, and N1 was
6.00 ± 1.00, 8.33 ± 0.577, 8.00 ± 1.00, and 8.00 ± 1.00 s, respectively
and the wetting time of all formulations did not exceed 10 s.
Statistical analysis using ANOVA revealed that changing the type
of matrix former had no significant effect on the wetting time of
tablets (p> .05).

Statistical analysis revealed that tablet formulations containing
PEGs, PVP K30, Tween, and NMP as solubilizer showed significantly
shorter wetting times compared to ODT G1 (p< .05). Due to the
surfactant adsorbing effect at solid surface, which reduces inter-
facial tension and modifies the ability of water or oil to wet the
solid surface, a number of studies have shown wettability shifts
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from oil-wetting towards water-wetting due to surfactant adsorp-
tion [30]. It is clear that D1, D2, and D3 ODTs showed rapid wet-
ting time 4.67 ± 0.58, 5.33 ± 0.58, 6.00 ± 0.00 s, respectively with
average wetting time not exceeding 7 s.

Moisture content

Table 2 showed the average percentage moisture content of dif-
ferent tablet formulations. The residual moisture content in the
lyophilized tablets was very small, not exceeding 1% ranging from
0.83 ± 0.15 to 0.93 ± 0.25. Statistical analysis using ANOVA test
revealed no significant difference between the tablet formulations
(p> .05).

In vitro dissolution studies

The saliva ordinarily maintains the pH of the mouth between 5.6
and 7.6. Therefore, in the dissolution studies, SSF that has a pH of
6.8 ± 0.5 was chosen as the dissolution medium. Figure 5(A) shows
the percentage VH dissolved as a function of time from ODTs con-
taining 2% Gelatin, 2% Xanthan gum, 2% Aerosil 200, and 2%
Na-alginate compared to VH plain powder and the market product
(LevitraVR ). During first 5min, the percentage of drug dissolved

from formulations G1, X1, A1, and N1, the market product and VH
plain powder were 76.43 ± 1.25, 64.10 ± 0.59, 64.10 ± 1.15,
67.40 ± 0.69, 10.63 ± 0.32, and 4.87 ± 0.13%, respectively. VH
Plain powder yielded the slowest dissolution rate, with only
4.87 ± 0.13% dissolved after 5min. On the other hand, VH in the
lyophilized tablet was immediately dispersed and almost com-
pletely dissolved in 15min in formulation containing gelatin as a
matrix former.

Pairwise comparison of dissolution profiles of formulae G1, X1,
A1, and N1 to that of Levitra revealed that the difference factor, f1
were 533.87, 455.46, 467.09, and 470.16, respectively and similarity
factor, f2 were 10.56, 14.31, 13.70, and 13.53, respectively. These
results show that the prepared formula (G1) has the greatest dif-
ference factor, f1 and smallest similarity factor, f2 so formula (G1)
will be chosen for further investigation.

Also formulation containing gelatin (G1) showed faster drug
release than (A1, X1, and N1). Similarly obtained by Abdelet al.
[17] in her study on the influence of gelatin on the solubility of sil-
denafil citrate using freeze-drying method. Statistical analysis
revealed that formulation containing 2% aerosil 200 showed a sig-
nificant decrease in the percentage of the drug dissolved after
5min compared to the formulation containing 2% gelatin (G1)
(p< .05). Similarly as Sadeghi et al. [31] who studied that the

Table 2. Evaluation of VH and VH/DH oral disintegrating tablets.

Formula VH content (%) DH content (%) Weight (mg) Friability (%) In vitro DTa (s) Wetting time (s) Moisture content (%)

G1 99.07 ± 0.13 – 199.2 ± 0.9 0.86% 17.17 ± 0.98 6.00 ± 1.00 0.83 ± 0.58
X1 99.40 ± 0.17 – 199.3 ± 0.9 0.45% 18.83 ± 1.17 8.33 ± 0.577 0.93 ± 0.25
A1 97.07 ± 0.16 – 200.7 ± 1.3 0.88% 17.50 ± 0.54 8.00 ± 1.00 0.87 ± 0.15
N1 98.98 ± 0.98 – 199.8 ± 0.4 0.90% 18.17 ± 0.75 8.00 ± 1.00 0.83 ± 0.15
G2 98.57 ± 0.21 – 198.67 ± 1.5 0.69 10.00 ± 1.09 3.67 ± 0.57 1.73 ± 0.59
G3 98.80 ± 0.26 – 199.33 ± 2.1 0.77 9.16 ± 0.75 4.00 1.10 ± 0.85
G4 98.87 ± 0.66 – 198.67 ± 1.2 0.59 17.50 ± 0.84 4.00 0.82 ± 0.18
G5 98.63 ± 1.00 – 199.33 ± 0.6 0.52 17.83 ± 0.41 3.33 ±.57 0.83 ± 0.09
G6 98.80 ± 0.10 – 198.00 ± 1.0 0.62 18.00 ± 0.63 3.67 ±.57 0.81 ± 0.14
G7 98.60 ± 0.87 – 199.67 ± 1.5 0.73 17.17 ± 0.40 3.33 ±.57 0.87 ± 0.15
D1 98.62 ± 0.65 98.75 ± 0.62 199.74 ± 0.3 0.62% 16.17 ± 0.41 4.67 ± 0.58 2.67 ± 0.58
D2 98.47 ± 0.48 99.16 ± 0.47 199.25 ± 0.4 0.51% 15.33 ± 0.52 5.33 ± 0.58 3.00 ± 0.00
D3 98.72 ± 0.51 98.72 ± 0.76 199.52 ± 0.2 0.48% 15.50 ± 0.55 6.00 ± 0.00 2.33 ± 0.50
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addition of aerosol 200 into formulation of matrices, caused con-
siderable reduction in drug release at different sampling time and
also, drug release rates.

Formulation containing 2% xanthan gum showed a significant
decrease in the percentage of the drug dissolved after 5min com-
pared to the formulation containing 2% gelatin (G1) (p< .05). This
could be attributed to the hydration of individual xanthan gum
particles results in extensive swelling and as a result of the rheo-
logical nature of the hydrated matrix, the swollen particles would
coalesce. This results in a continuous viscoelastic matrix that fills
the interstices, maintaining the integrity of the tablet and retard-
ing further penetration of the dissolution medium [32].

Statistical analysis revealed that formulation containing 2%
sodium Alginate (N1) showed a significant decrease in the per-
centage of the drug dissolved after 5min compared to the formu-
lation containing 2% gelatin (G1) (p< .05). This effect may be due
to easy hydration and gelation of sodium alginate, leading to early
clogging of available pores in the matrix and, therefore, much
slower tablet disintegration and drug dissolution [33].

Using six different solubilizers (PEG400, PEG6000, PVPK30,
PVPK90, Tween80, and N-methyl pyrrolidone) to increase the solu-
bility of VH and increase its dissolution. As polyethylene glycols
(PEG) are polymers of ethylene oxide, with a molecular weight
(MW) usually falling in the range 200–300,000. Their solubility in
water is generally good, but reduces with increasing MW. A
meticulous advantage of PEGs for the solid dispersions is that they
have good solubility in numerous organic solvents. Additional
attractive features of the PEGs include their ability to solubilize
some compounds and also to improve compound wettability.
Even the dissolution rate of a relatively soluble drug like aspirin

can be improved by formulating it as a solid dispersion in PEG
6000 [34]. Similar to PEGs, PVPs have good water solubility and
can improve the wettability and thereby the dissolution of the dis-
persed compound in many cases. PVPs have been reported to
improve the solubility and to enhance the rate and extent of
poorly soluble drugs [35].

Tween80 increase the miceller concentration, which enhances
the drug release and lower the surface tension, in order to make
the drug to distribute evenly and prevent further aggregation of
drug particles [36]. NMP acts as a cosolvent and complexing
agent, nonpolar carbons, which can weaken the hydrogen-bonded
structure of water, thus enabling it to act as a cosolvent and the
presence of a large planar nonpolar region can lead to hydropho-
bic interactions between NMP and drugs [37].

Figure 5(B,C) also shows the Percentage of VH dissolved from
ODTs (G2, G3, G4, G5, G6, and G7) compared to VH dissolved from
ODTs (G1) in simulated saliva fluid (PH¼ 6.8) at 37 �C. After 5min,
VH dissolved from formula G2 (PEG 400) and G3 (PEG 6000) were
88.00 ± 1.00% and 78.50 ± 0.50%, respectively, compared to
76.43 ± 0.50% from G1 ODT. The improved dissolution of VH is
mainly attributed also to increased wettability and accordingly
solubility due to the higher level of hydrophilicity by the use of
polymeric carriers as Lannie et al. [38] in his study for enhance-
ment the dissolution of Ibuprofen using PEG 400.

The results also show that the drug dissolution was inversely
proportional with chain length of PEG. This may be attributed
to the fact that the water solubility of PEGs decreasing
with increasing molecular weight. Similar results were obtained
with Bashiri-Shahroodi [39] in his study dropping method as a
new possibility in preparation of solid dispersions. After 5min,
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the percentage drug dissolved from formula G4 and G5
were 86.83 ± 0.47% and 87.73 ± 0.64, respectively, compared to
76.43 ± 0.50% from G1 ODT. Additions of PVPs improved the
solubility and enhance the rate and extent of VH. Rahamathulla
[40] studied solubility and dissolution improvement of rofecoxib
using solid dispersion technique and he found that PVPK30 was
effective in improving the dissolution of Rofecoxib to 98.57%
after 90min. After 5min, the percentage of drug dissolved from
formula G6 (Tween80) was 86.33 ± 0.58% compared to
76.43 ± 0.50% from G1 ODT. Addition of Tween80 showed a sig-
nificant increase in the percentage of VH dissolved after 5min
compared to G1 ODT (p< .05).

These results are in agreement with those obtained by Ibrahim
et al. [41] in his study enhancement of solubility and dissolution
rate of domperidone by utilizing different techniques by using sur-
factant (10% Tween80), resulting in an increase in dissolution of
domperidone over that obtained for pure drug. After 5min, the
percentage of drug dissolved from formula G7 was 88.34 ± 0.57%
compared to 76.43 ± 0.50% from G1 ODT. The addition of N-meth-
ylpyrrolidone showed a significant increase in the percentage of
VH dissolved after 5min when compared to G1 ODT (p< .05).

Pairwise comparison of dissolution profiles of formulae (G2, G3,
G4, G5, G6, and G7) to that of Levitra revealed that the difference
factor, f1 were 583.48, 547.84, 575.44, 578.88, 595.43, and 599.16,
respectively, and similarity factor, f2 were 8.42, 10.00, 8.77, 8.66,
8.06, and 7.93, respectively. These results showed that the pre-
pared formulae (G2, G6, G7) have the greatest difference factor, f1
and smallest similarity factor, f2 so formulae (G2, G6, G7) will be
chosen for further investigation.

Results showed that three solubilizers showed the highest sig-
nificant enhancement in the dissolution of VH from the lyophilized
tablets containing gelatin as a matrix former during 5min, namely,
(G2, G6, and G7) PEG 400, Tween80, and N-Methylpyrrolidone.

Figure 5(D) showed the dissolution profile of VH from ODTs
(D1, D2, and D3). Statistical analysis using ANOVA showed that no
significant difference in the percentage of VH dissolved after 1, 2,
3, 5, 7, 10, and 15min compared to ODT (G2, G6, G7) (p> .05).

Indicating that addition of Dapoxetine hydrochloride did not affect
the rate or extent of release of VH. Pairwise comparison of dissol-
ution profiles of formulae (D1, D2, and D3) to that of Levitra
revealed that the difference factor, f1 were 585.28, 598.74, and
607.78, respectively, and similarity factor, f2 were 8.39, 7.94, and
7.68, respectively. These results infer that the prepared formulae
gave significantly higher dissolution results compared to the com-
mercial product.

Figure 6(B) showed the dissolution profile of Dapoxetine hydro-
chloride from ODTs (D1, D2, D3) tablets. Results show high per-
centage of dapoxetine hydrochloride released during the first
5min and after 15min, it was 100.00 ± 0.00, 100.03 ± 0.58, and
100.43 ± 0.32 of Dapoxetine hydrochloride for ODTs (D1, D2, D3),
respectively.

Effect of storage on the prepared VH/DH ODTs (accelerated stabil-
ity study)
Results show non-significant difference in the mean percentage of
VH and DH content and in vitro disintegration time, in ODTs D1,
D2, and D3 during a storage period of 6 months (p> .05). Also,
statistical analysis showed that no significant difference in the
residual moisture content of D3 ODTs during a storage period of 6
months (p> .05), but D1 and D2 ODTs showed increase in the
residual moisture content after 6 months’ storage (p¼ .001).

Also, results show no significant difference in the percentage of
VH and DH from D3 ODTs dissolved after 1, 2, 3, 5, 7, 10, and
15min during storage for 6 months (p> .05), Figure 6(A,B).

The percentage of VH and DH dissolved from D1 and D2 ODTs
after 5min was significantly decreased after storage for 6 months
(p¼ .019). These results are consistent with the work of Li et al.
[42] in his study on the Correlation and prediction of moisture-
mediated dissolution stability for benazepril hydrochloride tablets,
resulting in linear decrease in dissolution was observed as a func-
tion of increase in moisture content. The previous results showed
that ODT D3 can be selected for further in vivo comparison
against market product (LevitraVR and PriligyVR ).
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Pharmacokinetic study of VH/DH ODTs on healthy volunteer

Validation of procedures for the determination of vardenafil and
dapoxetine in human plasma by LC-MS/MS
Vardenafil hydrochloride and Dapoxetine hydrochloride was
determined in plasma using a validated LC-MS/MS technique, a
sample of chromatograms and calibration curves is presented
at Figure 7(A,B).

Pharmacokinetic study in healthy volunteers
Figure 7(C) shows the mean plasma VH concentrations versus time
for D3-ODT and Reference product (LevitraVR ). Figure 7(D) shows
the mean plasma DH concentrations versus time for D3-ODT and
(PriligyVR ).

The mean pharmacokinetics parameters calculated from VH
and DH plasma concentration–time data of the six volunteers fol-
lowing the administration of each of the tested formulae of
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D3-ODT and (LevitraVR ) tablets and (PriligyVR ) tablets are shown in
Table 3.

Statistical analysis using Analysis of variance (ANOVA) of log
transformed pharmacokinetic parameters and includes formula-
tion, period, sequence, and subject factors was done. The results
of ANOVA are calculated at 5% level of significance (a¼ 0.05) and
p values is presented at Table 4.

The mean values for the maximum plasma concentration (Cmax)
of VH were 13.116± 1.096 and 9.524 ± 0.757 ng/mL after the oral
administration of the market product D3-ODT and (LevitraVR )
respectively. In addition, the mean values for the time to peak
plasma concentration (tmax) were 0.583 ± 0.129 and 1.25 ± 0.274 h,
while the mean values for the area under plasma concentration–
time curve AUC(0–1) were 40.053± 11.096 and 39.937 ± 11.106 ng
h/ml, AUC(0–t) were 39.234 ± 10.932 and 38.867± 10.548 ng h/ml
for the two aforementioned formulations, respectively.

The mean values for the maximum plasma concentration (Cmax)
of DH were 177.799 ± 8.703, and 150.326 ± 6.592 ng/ml after the
oral administration of D3-ODT and (PriligyVR ) respectively. In add-
ition, the mean values for the time to peak plasma concentration
(tmax) were 0.625± 0.137 and 1.167± 0.258 h, while the mean val-
ues for the area under plasma concentration–time curve AUC0–1
were 533.673 ± 129.967 and 625.914± 80.879 ng h/ml and AUC0–t
were 531.681 ± 129.544 and 623.217 ± 80.917 ng h/ml for the two
aforementioned formulations, respectively.

The shorter Tmax of VH and DH obtained from the ODT formu-
lation suggests a more rapid onset of action compared to the
commercial products (LevitraVR ) and (PriligyVR ), respectively. These
results obtained from our work is consistent with the aim of work
and conclusion of the results obtained by Debruyne et al. [43],
where they found Vardenafil ODT shows a rapid onset of action
comparable with that of vardenafil film-coated tablet and Berry
et al. [44], where they found that vardenafil absorbed faster and
with less variability using the nebulizer for drug delivery, this
means that rate of absorption is a priori.

Conclusion

In light of results of the current work, it is conclusive that lyophil-
ization technique is suitable for the preparation of ODTs of VH
and VH/DH ODTs. Gelatin is a suitable matrix former for the

preparation of ODTs that complies with suitable weight uniformity,
friability, drug content uniformity, disintegration time, and release
of VH from ODT. Addition of DH did not affect significantly the
percent released of VH in SSF. Stability studies showed that D3-
ODT maintained its initial properties with respect to disintegration
time, residual moisture, and dissolution characteristics after 6
months’ storage at 40 ± 2 �C and 75± 5% RH. Formula of choice
(D3-ODT) performed significant higher Cmax, significant shorter
Tmax, higher comparable AUC0–12 and hence enhanced rate of bio-
availability for VH compared to the market product (LevitraVR ).
Formula of choice (D3-ODT) performed significant higher Cmax, sig-
nificant shorter Tmax, comparable AUC0–12 and hence enhanced
rate of bioavailability for DH compared to the market product
(PriligyVR ).
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