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Background: Dapoxetine (DPX) is the drug of choice for the specific treatment of premature
ejaculation. DPX is characterized by relatively low bioavailability (42%) and short half-life
(1.5 h). The aim of this study was to improve DPX bioavailability and delivery across the
blood-brain barrier (BBB) using a nanostructured DPX formulation for improved DPX efficacy
and patient satisfaction.

Materials and methods: DPX-loaded polymeric micelles (PMs) formulations (F1-F3) were
characterized for particle sizes, entrapment efficiencies, and Fourier transform infrared spectro-
scopic and transmission electron microscopic evaluations. In addition, diffusion profiles of the
prepared formulations were investigated. Animal model pharmacokinetic parameters in plasma
and brain tissues were investigated and compared with commercial DPX tablets.

Results: Particle size analysis revealed that formulations of DPX PMs showed a narrow range
0f62.7£9.3-45.4549.1 nm for F1-F3. In addition, DPX PMs showed a sustained release pattern
with 91.27%17.64%, 79.43%%7.81%, and 63.78%%5.05% of DPX content permeated after
24 hfor F1, F2, and F3, respectively. Plasma pharmacokinetic parameters for DPX PMs showed
significant increase (P<<0.05) for the area under drug concentration—time curves in plasma and
brain tissues compared with commercial DPX tablets.

Conclusion: DPX formulations in the form of PMs improved bioavailability and efficacy
across the BBB. This DPX formulation provided improved brain delivery in order to enhance
the convenience and compliance of patients.

Keywords: PEG-PLGA, biodegradable copolymer, brain delivery, self-assembled core—shell
nanostructures, nanotechnology

Introduction
Premature ejaculation (PE) is a widely distributed disease that affects men at any age.
PE is characterized by uncontrolled ejaculation before or immediately after intercourse.
Accordingly, anxiety due to partner dissatisfaction could affect the quality of life of
PE patients. PE was first classified into types A and B.' Type A PE develops later in
life and is usually associated with erectile dysfunction, whereas type B PE consists of
rapid ejaculation (short latency) occurring in <1 min. Four PE subtypes with different
pathogeneses have subsequently been proposed.>

Dapoxetine (DPX) is considered the first compound to be developed and the
drug of choice for the specific treatment of PE. DPX is one of the several selective
serotonin reuptake inhibitors (SSRIs). DPX is a recently approved European drug
(European Medicines Agency approval in 2012).>* Serotonin reuptake inhibition by
DPX increases serotonin’s action at the postsynaptic cleft that promotes ejaculatory
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delay. DPX is characterized by relatively low bioavailability
(42%) and short half-life (1.5 h).

Poly(ethylene glycol) methyl ether-block-poly(lactide-
co-glycolide) (PEG-PLGA) copolymers are composed of a
hydrophobic PLGA core and a hydrophilic PEG coat. PEG—
PLGA amphiphilic copolymers form core—shell polymeric
micelles (PMs) that self-assemble in an aqueous solution.>”’
The PEG shell surrounding the core acts as a stabilizer for
micelles in the aqueous phase and in vivo acts as protection
from protein and cellular adhesion.®® The dilution of micelle
formulations is unavoidable following their administration,
but the PMs resistance to dilution effects is attributed to
the extremely low critical micelle concentration (CMC)
that ensures micellar integrity and stability for a prolonged
period.!® Dilution of other micelle types, especially those with
high CMC could split micellar structure and release drug
content instantly. PEG—PLGA copolymers have excellent bio-
degradability and biocompatibility, which have led to PEG—
PLGA PMs applications in several studies, including clinical
investigations, and both PEG and PLGA have already been
approved by the US Food and Drug Administration.!"!4

The human brain is protected by a network of capillaries
and tissues forming the BBB, which protects the brain
from harmful endogenous and exogenous substances or
bacteria. Substances that need to enter the brain should
be hydrophobic with a molecular size of <400 Da or be
able to enter via active efflux transporters.'> Permeability
through the BBB relies on drug hydrophobicity. There is a
direct relation with lipid solubility and BBB permeability
for parameters such as increased logarithm of octanol/water
partition coefficient. Another way for passing into the brain
is via delivery systems that enhance drug passage through the
blood—central nervous system barrier. Recently, amphiphilic
block copolymers gained significant importance in this way
due to their characteristics as stable, self-assembled, and
nano-range-sized structures. The parameters that affect
BBB crossing using nanoparticles are the subject of discus-
sions by several reviews.'!® Studies have shown improved
BBB penetration with a reduction in nanoparticle size.!”!*2
In addition, shape, charge (zeta potential), and surface modi-
fied ligands and PEGylation (steric stabilization) can have
a significant effect in crossing BBB.!*'?2 PMs showed the
ability to improve BBB permeability through copolymer
interaction with cell membranes that enhance membrane
fluidity, inhibit P-glycoprotein and multidrug efflux trans-
porters, deplete cellular ATP, and enhance insulin receptor-
mediated transport.?>?*

Using a PMs formula, the aim of this study was to
improve DPX bioavailability and brain delivery in order to

enhance the convenience for patients and reduce the medica-
tion dependence of patients. A DPX-loaded PM formulation
was prepared and evaluated for particle size measurement,
morphological characterization using transmission electron
microscopy (TEM), and performance of an ex vivo diffu-
sion study. In addition, determination of pharmacokinetic
parameters in plasma and brain tissues in animal models
has been compared with commercial DPX tablets (reference
formula). This work is the first step in the development of a
DPX PM preparation for improving DPX efficacy.

Materials and methods

Materials

DPX hydrochloride was a kind gift from Spimaco Addwaeih
(Riyadh, Saudi Arabia). PEG-PLGA, PLGA Mn 4,500, PEG
Mn 2,000, acetone, and other chemicals used were purchased
from the Sigma-Aldrich Co. (St Louis, MO, USA).

Formulation of DPX PMs

Formulations of PMs (F1-F3) were prepared. Briefly, PEG—
PLGA (100, 150, and 200 mg) was dissolved in acetone
(15 mL). DPX (20 mg) was dissolved in the polymeric
solution and then added to a 20 mL buffered solution (pH 9).
The resulting dispersion was stirred for 4 h to remove the
organic solvent. DPX-loaded PMs were dialyzed to remove
free DPX using a dialysis membrane tube composed of
cellulose (molecular weight cut off =12,000—14,000). The
dispersion was then lyophilized using the ALPHA 1-2/LD
Plus freeze dryer (Martin Christ Gefriertrocknungsanlagen
GmbH, Osterode am Harz, Germany).

Particle size analysis of the prepared
DPX PMs

The prepared DPX formulations were assayed for particle
size using the laser diffraction technology by Zetatrac particle
size analyzer (Microtrac Inc., Montgomeryville, PA, USA).
DPX formulation (2 mL sample) was placed into an analyzer
chamber and measured at room temperature. The analysis
was performed in triplicate.

Determination of the prepared DPX PMs

entrapment efficiency (EE)

DPXs EE% was determined indirectly by measuring the con-
centration of free drug in the aqueous phase of DPX-loaded
PEG-PLGA dispersion. A set volume of the prepared PMs
was centrifuged for 60 min at room temperature (Nanosep®
centrifugal devices; Pall Corporation, Port Washington, NY,
USA). The amount of free drug in the aqueous phase in the
recovery chamber was estimated using a standard reported
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HPLC method (as described in the “Quantification of DPX
by high-performance liquid chromatography” section). The
analysis was performed in triplicate. DPX PMs EE% was
calculated:

Total weight of DPX added —
Weight of Free DPX

EE% = - X
Total weight of DPX added

100 (1)

Fourier transform infrared (FTIR) analysis

of DPX PMs formulation

The lyophilized PM formula (F1) was assessed via FTIR spec-
troscopy. FTIR spectra of DPX, PEG-PLGA, and the prepared
formulations were recorded over the wavelength range from
400 to 4,000/cm using an FTIR spectrophotometer (Nicolet
1Z 10; Thermo Fisher Scientific, Waltham, MA, USA).

Investigations of the prepared DPX PMs
using TEM

DPX PMs (F3) were examined using TEM (Model JEM-
1230; JOEL, Tokyo, Japan). Briefly, sample drops were
mounted on a carbon-coated grid with phosphotungstic
acid and then examined by TEM.

Ex vivo permeation of DPX PMs

Permeation studies of the prepared DPX formulations
(F1-F3) were accomplished using an equivalent amount of
250 pg of DPX and utilizing an automated Hanson Franz
diffusion cell apparatus (Hanson Research Microette Plus,
Chatsworth, CA, USA) as previously reported.® The dif-
fusion was carried out using bovine intestines (collected
from slaughter house, Jeddah, Saudi Arabia). A buffered
solution (pH 7.0) was used as the diffusion medium. Ali-
quots of 24 h samples were analyzed for DPX content by
HPLC (as described in the “Quantification of DPX by high-
performance liquid chromatography” section).

Plasma and brain in vivo pharmacokinetic
studies

Anin vivo study was carried out to compare the pharmacokinet-
ics of a nanostructured DPX formulation (F3) with DPX com-
mercial tablets. A single oral dose of the prepared DPX formula
in addition to the reference product was given to Wistar rats.

Experimental animals
Forty-two Wistar rats, with body masses of 200-220 g, were
obtained from the animal house, Faculty of Pharmacy, King

Abdulaziz University, Jeddah, Saudi Arabia. Every single
exploratory convention complied with the approval of the
Institutional Ethics Review Board of College of Pharmacy,
Umm Al-Qura University, Makkah, Saudi Arabia, and the
requirements of the Declaration of Helsinki, the Guiding
Principle in the Care and Use of Animals (DHEW produc-
tion NIH 80-23), and the Standards of Laboratory Animal
Care (NIH distribution # 85-23, reconsidered in 1985). The
rats were allowed to acclimate to their surroundings for
no <14 days in naturally controlled enclosures. Rats were
isolated in two groups, each with 21 rats. The commercial
DPX tablets (control) group received the DPX once orally
(5 mg/kg). The second group (DPX PMs, F3) received DPX
equivalent to 5 mg/kg. Three animals were sacrificed to
collect plasma and brain samples for each group at specific
time intervals (0, 1, 2, 4, 8, 12, and 24 h). The plasma was
separated by centrifugation at 5,000 rpm for 5 min, kept
in labeled glass tubes with Teflon®-lined caps, and frozen
at —20°C until analysis. The brain tissue was homogenized
with a buffer at pH 7.5 (10 mL/g tissue) and, then, centrifuged
at 30,000 rpm for 15 min at 4°C.

Quantification of DPX by high-
performance liquid chromatography
(HPLC)—tandem mass spectrometry

DPX concentrations in plasma and brain tissue were assayed
using the liquid chromatography—tandem mass spectrom-
etry (LC-MS)/MS method following Kim et al’s* reported
procedure with slight modifications. HPLC used the Agilent
1200 system (Agilent Technologies, Santa Clara, CA,
USA). The detector was Agilent 6420, a triple quad mass
spectrometer controlled by the MassHunter Software. The
separation was performed on an Agilent ZORBAX Eclipse
Plus C18 column, 5 um, 4.6x150 mm (Agilent Technologies).
The mobile phase was composed of 0.1% formic acid and
acetonitrile (20:80, v/v), and the flow rate was 0.5 mL/min.
The total run time was 6.0 min. DPX and Sildenafil (internal
standard) were detected in the multiple reaction monitor-
ing (MRM) scan mode with positive ion detection. The
precursor—product ion pairs used for the MRM detection were
m/z 306 — 261 for DPX and m/z 475 — 283 for Sildenafil.

Maximum DPX plasma concentration (C

max’

ng/mL)
and time to reach this concentration (7, h), area under
the curve (AUC, ) (ng h/mL), and mean residence time
(MRT, _, h) were estimated according to the noncompart-
mental analysis for DPX plasma concentrations, while a
dual compartmental analysis model was used to estimate
C..»AUC  _,and MRT, _ for DPX in the brain, using the

max’

WinNonlin® software Ver.1.5 (Scientific Consulting, Inc.,
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Cary, NC, USA). The data obtained were expressed as mean
values (£SD), except for 7', which was presented as the
median (range). The statistical significance of the results was
checked at a P-value of <0.05 by the analysis of variance
followed by Sidak’s multiple comparisons test (GraphPad
Prism 6; GraphPad Software, Inc., La Jolla, CA, USA).

Results

Formulation and characterization of
DPX PMs

DPX was included in the PMs formula in three different ratios
(F1-F3) as indicated in Table 1. Particle size analysis of the
prepared DPX PM formulations was 62.719.3, 56.7+6.1, and
45.4549.1 nm for F1, F2, and F3, respectively. The results
revealed particle size reductions corresponding to increases
in PEG-PLGA polymer content. EE% data in Table 1 show
an increase in DPX entrapment within the PMs with the
increase in PEG-PLGA ratio in the prepared formulations.
EE% showed 39.7249.36, 51.33+6.82, and 68.38+7.83 for
F1, F2, and F3, respectively.

FTIR analysis of DPX PMs formulation

Interaction studies of drugs and polymers in the prepared
formulations can be evaluated using FTIR data. Changes in
the characteristic wavenumbers of functional group peaks and
excipient peaks can be used to predict chemical incompat-
ibility in formula components. Figure 1 shows the charac-
teristic DPX peaks of 3,057, 2,953, 1,583, 1,456, and 1,394.
The IR spectrum of PEG-PLGA showed a broad band at
2,992/cm (peak) indicating the presence of a hydroxyl group.
In addition, appearance of a characteristic band at 1,730/cm
confirmed the presence of a carbonyl group. The shift of
both the hydroxyl and carbonyl groups can be attributed to
hydrogen bonding. The absorption bands of the prepared for-
mula did not show interference with the characteristic drugs
peaks, indicating the compatibility of formula components.

Table | Composition, particle size, and EE% of DPX-loaded PMs’
formulations

Composition and Fl F2 F3
characterization

Formulations

DPX (mg) 20 20 20

PEG-PLGA (mg) 100 150 200
Characterization (mean + SD)

Particle size (nm) 62.719.3 56.716.1 45.45+9.1

EE% 39.72+9.36 51.33+6.82 68.38+7.83

Abbreviations: DPX, dapoxetine; EE, entrapment efficiency; PEG-PLGA, poly
(ethylene glycol) methyl ether-block-poly(lactide-co-glycolide); PMs, polymeric micelles.

Investigations of the prepared DPX PMs
using TEM

According to the data obtained from the characterization
of DPX PM formulations, F3 was selected for the TEM
investigation. TEM offers detailed images, including internal
structures, for the investigated sample. Additionally, TEM is
considered as an important tool in validating the reliability of
the particle size measurement by laser diffraction technology.
Figure 2A shows the particle sizes of the prepared formula,
revealing that the majority (85.4%) of the particles’ popula-
tion was <50 nm and some aggregates of PMs were <15%,
according to the peaks summary data gained from the
instrument. TEM images of this formulation illustrated
in Figure 2B indicate the presence of nanoparticles with
spherical structures and a size range in accordance with the
data obtained from the particle size analyzer.

Ex vivo permeation of DPX PMs

The prepared DPX PMs’ formulations (F1-F3) were assessed
for permeation characteristics through bovine intestine as indi-
cated in Figure 3. The results revealed a significant difference
in the release pattern (P<<0.05) for the F3 compared with F1
and F2 DPX PM formulations. The data in Figure 3 reveal that
DPX PM formulations showed a sustained permeation pat-
tern. Permeation data for DPX PMs showed 91.27%%7.64%,
79.43%=%7.81%, and 63.78%=%5.05% of DPX content diffused
after 24 h for F1, F2, and F3, respectively (Figure 3). In
contrast, DPX PM formulation (F1) revealed a high initial
burst after 1 h with ~40.87%%6.37% of permeated DPX
content compared with 23.8%13.15% of permeated DPX
content from the F3 formulation as indicated in Figure 3.

Plasma and brain in vivo pharmacokinetic

studies
Plasma pharmacokinetic DPX PM parameters showed a
significant increase (P<<0.05) for area under the curve from 0
to infinity observed (AUC , . . yand MRT, _ compared with
commercial DPX tablets as shown in Table 2. DPX PMs’
formula AUC .
commercial tablets. Moreover, 7 was dramatically delayed
for the DPX PM formulation groups (6.4+0.2 h) compared
to 1.240.2 h for the control group (Table 2). In contrast,
commercial tablets showed a significant difference in C_
compared with the DPX PMs formula.

In the case of brain tissue, no DPX was detected at

increased by 2.7-fold compared with

24 h and pharmacokinetic parameters showed a significant
increase in the AUC for DPX PMs when compared

0—inf_obs
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Figure | FTIR spectra of DPX, DPX PMs, and PEG-PLGA.

Abbreviations: DPX, dapoxetine; FTIR, Fourier transform infrared; PEG-PLGA, poly(ethylene glycol) methyl ether-block-poly(lactide-co-glycolide); PMs, polymeric

micelles.
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Figure 2 Particle size distribution of DPX PMs obtained from the particle size
analyzer.

Notes: (A) Particle sizes in the prepared formula. The majority of the population
(85.4%) showed a size of <50 nm with the rest of the population (14.6%) showing
the growth of particle size to 320 nm. (B) The TEM image of the prepared DPX PMs’
formula. The image shows a dark internal structure and a size range in accordance
with the data obtained from the particle size analyzer.

Abbreviations: DPX, dapoxetine; PMs, polymeric micelles; TEM, transmission
electron microscopy.

with the commercial tablets’ group. DPX PMs showed
an ~1.65-fold increase in AUC . .
keted tablets’ group. Pharmacokinetics data are presented in

more detail in Figure 4A and B.

compared to the mar-

Discussion

Oral drug delivery is the first choice for chronic therapy.
The main obstacle for oral drug delivery is controlled
release and protection from gastrointestinal environmental
variations. PMs are a promising approach as a drug delivery
system for drugs as they have low aqueous solubility and poor
bioavailability characters. The core—shell structure of PMs
with an inner hydrophobic core and hydrophilic coat allows
the encapsulation and delays the release of drugs.?” PMs have
the advantage of improved thermodynamic stability upon a
series of dilutions because of low CMC values compared with

(4] -
8 100
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Figure 3 Ex vivo diffusion profiles of DPX PMs’ formulations FI-F3 through bovine
intestine.
Abbreviations: DPX, dapoxetine; PMs, polymeric micelles.
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Table 2 Pharmacokinetic parameters for DPX PMs and DPX commercial tablets in the plasma and brain
Parameter T . (h) C,_ . (ng/mL) AUC . .. (ngh/mL) MRT (h)
Plasma
DPX PMs formula (F3) 6.4+0.5* 458.84+45.3* 6,061.36+212.3% 9.46%1.1
Commercial DPX tablets 1.2+0.2 624.8+50.1 2,214.2+132.1 7.4%1.2
Brain tissue
DPX PMs formula (F3) 1.5+0.3* 242.96121.1 2,571.35%118.6% 10.8612.1
Commercial DPX tablets 0.97£0.2 216.9+11.2 1,337.63£99.21 9.21%1.5

Note: *Significant at P<0.05 using Student’s t-test.

Abbreviations: AUC, area under the curve; DPX, dapoxetine; MRT, mean residence time; PMs, polymeric micelles; C__, maximum DPX plasma concentration; T, time

to reach this concentration.

micelles prepared from low molecular weight surfactants.?®
In addition, PMs show high kinetic stability below the CMC
that allows the slow PM disassembly and PM integrity and
drug content retention before reaching the target sites relative
to regular surfactants. These characteristics of PMs enhance
the oral bioavailability of encapsulated drugs.?®

DPX shows a pKa value of 8.6, which indicates that DPX
is mainly charged at physiological pH. DPX protonation of
DPX is attributed to its water solubility (68 mg/mL). The
improved solubility represents a challenge in DPX design
used in the PM formulations. Accordingly, the preparation of
the PM formulations was carried out in an aqueous solution
with a pH of 9.5 in order to reduce the solubility of DPX
HCl in water via reduction in the degree of the ionized form
of DPX, which then allows more drug entrapment in the
PM hydrophobic core. Results of EE% revealed that as the
polymer content in the formulation increased (F3 > F2 > F1),
DPX entrapment is improved and could be attributed to the

A g0 .
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ability of the copolymer molecules to efficiently encapsulate
the drug in the core of the formed micelles. The prepared F3
DPX PMs showed sizes <50 nm (Figure 2A). The results
concur with resulting TEM images for the prepared DPX
PMs (Figure 2B) and with the previous reports that utilized
different hydrophobic (PLGA)-to-hydrophilic (PEG) ratios
in the structures of the copolymer used for the preparation
of PMs.?”2%3 FTIR results revealed no possible chemical
interactions between DPX and PEG-PLGA.

The permeation of DPX from bovine intestine is shown in
Figure 3. The permeation data revealed a sustained pattern of
DPX formed from the PMs’ formula. This could be attributed
to the gradual release of DPX from the hydrophobic PLGA
core and, to a lower extent, the hydrolysis of the biodegrad-
able polymers of the PMs structure. The hydrophobic PLGA
core acts as a reservoir for DPX molecules. The core is coated
by a hydrophilic PEG that is exposed to the aqueous environ-
ment. The PEG coat confers aqueous solubility and steric

B 350 1
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| - DPX tablets -® DPX PMs (F3)

Figure 4 DPX plasma and DPX brain concentrations (A and B, respectively) from DPX PMs (F3) and a DPX commercial tablet.

Notes: The data showed DPX PMs’ sustained release pattern with increased AUC

0-inf_obs

and delayed T

max

values in both plasma and brain compared with commercial

DPX tablets. *Significant difference at P<<0.05, two-way analysis of variance followed by Sidak’s multiple comparisons test. T .o time to reach maximum DPX plasma

concentration.

Abbreviations: AUC, area under the curve; DPX, dapoxetine; PMs, polymeric micelles.
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stability to the PMs in the biological fluids.*' Additionally,
the results revealed variation in the release rates for F1, F2,
and F3 that are attributed to the variation in copolymer ratio
and particle size of the investigated formulations.

For a long time, PMs have been extensively focused on for
oral drug delivery at the preclinical level. After oral adminis-
tration, PMs face the GI tract’s aggressive physico-chemical
environment. Gastric fluids affect particles’ properties even
before coming into contact with the intestinal cells.?> PMs
survive a variety of pH levels, digesting enzymes, and bile
salts. In vitro tests in gastric and intestinal simulated liquids
demonstrated enhanced PM permeability as represented
in previous studies.**!23? Studies have demonstrated that
polymeric nanoparticles improved biopharmaceutical bio-
availability in preclinical models.***® PMs’ properties could
achieve valuable bioavailability enhancement for our study.
In addition, PMs’ mucoadhesion properties, as a result of
direct retention by both covalent and ionic bonds and vander
Waals’ forces, increase the PMs’ residency time and delay the
drug release from the micelles.’’*® PMs’ small particle size
and surface properties favor the enhancement of the extent
and rate of absorption.*® A previous study showed that PMs’
major route of cell line internalization is via fluid-phase pino-
cytosis.* PMs’ surface properties affect distribution through
body fluids. Some reports have confirmed that part of PMs is
involved in the prolongation of the drug’s elimination.**' The
smallest particle size enhances its ability to pass the intestinal
barrier of the intestinal epithelium after absorption, but there
are still unique properties for PMs as a result of the PEG coat-
ing, which protects it from uptake by the reticulo-endothelial
system (RES).** The resulting prolonged circulation half-life
allows diffusion in the tissues or micelles taken up by absorp-
tive enterocytes that will be predominantly transported via the
bloodstream.*** Both M cells and enterocytes are assimilated
into the blood and lymph vessels in addition to participating in
mucoadhesion, which delays the drugs’ residence time.

In the brain, DPX elimination can be decreased by the
micelles due to a delay in residency time. At 1.5 h after
administration, DPX concentration from the PM formulas
reached a maximum concentration (242.96121.1 ng/g), which
was 1.2-fold (216.9£11.2 ng/g) more than that of commercial
DPX tablets (Table 2). Moreover, AUC, . . . increased by
1.92-fold for the DPX PMs’ formula comparéd with commer-
cial DPX. These results indicate that DPX PMs could enhance
the distribution of DPX into the brain tissues. PMs’ particle
diameter (<50 nm) has the advantage of a small diameter in
addition to distinct core—shell architecture, which contributes

substantially to reduced uptake into the RES in the liver and
spleen.*® The BBB might be overcome by particles with a
size of ~<50 nm.*” PMs’ surface when modified by PEG
is a good nonionic surfactant and can act as an emulsifier
and absorption enhancer for oral drug formulations with a
prolonged circulation time in the blood and low toxicity;
this prolonged time promotes brain DPX accumulation and
increases its cerebral concentration.*®

Conclusion

The study showed that the development of DPX PM for-
mulation improved both bioavailability and delivery across
the BBB. Brain DPX level is a major parameter for DPX
efficacy. This leads to patient satisfaction and compliance
and reduces a patient’s medication dependence. The develop-
ment of DPX formulations specifically for PE with improved
efficiency in the administered dose eliminates reliance on
other unapproved treatments. This achievement means that
effective and safe treatment, representing a major advance
in sexual medicine, has been introduced to relieve a major
health problem in men.
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