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Abstract
Background and Objective: Erectile dysfunction (ED) is a common disease in diabetic patients. Alprostadil (Prostaglandin E1, PGE1) has
shown higher success rates compared with phosphodiesterase type 5 inhibitors (PDE-5) in the treatment of ED. The combined formula
of PGE1 with D-tocopheryl polyethylene glycol succinate (TPGS) was aimed to find a novel treatment for diabetic patients suffering from
ED via protecting epithelial cells that lined penile vessels from the oxidative stress. Materials and Methods: PGE1-TPGS was prepared
either with labrasol, polyethylene glycol 200 (PEG 200) or a mixture of labrasol and PEG 200, F1, F2 and F3 respectively. The prepared
formulations were characterized for morphology and zeta potential and then were added to 1.5% of hydroxypropyl methyl cellulose
solution to form topical hydrogel. Drug release study for all investigated formulations was conducted in comparison with raw-PGE1 and
tested in endothelial cells (EA. hy926) under stress condition. Results: The obtained data revealed that PGE1-TPGS prepared with labrasol
achieved the highest particle size while, PGE1-TPGS formula of PEG 200 and labrasol mixture showed the smallest particle size.
Transmission electron microscope (TEM) images of the prepared formulations showed spherical shape micelles. Oxidative stress
investigation showed a dramatic improvement in epithelial cell survival that attenuated the permeation enhancer’s cytotoxicity. F1, F2
and F3 treatments showed improved cell viability when compared with blank formulations. At concentration 10 µg mLG1, results showed
that the investigated formulations improved cell viability from 9.13% (F1 blank), 7.55% (F2 blank) and 8.82% (F3 blank) to 90.52, 91.27
and 93.94% for F1, F2 and F3 formulations, respectively. Conclusion: The study revealed that combination of PGE1 with TPGS micelles
formula loaded topical gel could be a successful strategy for the treatment of ED in diabetic patients. 
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INTRODUCTION

Erectile dysfunction (ED) is a common disease in diabetic
patients (about 80%) as a result of lack of efficient blood flow,
peripheral nerve damage and endothelial dysfunction1. High
glucose level causes oxidative stress and release of high levels
of reactive oxygen species (ROS) which affect endothelial
function1-4. The reduction in the level of nitric oxide (NO)
released affect penile vessels relaxation. This leads to
insufficient blood flow and lack of the ability to maintain
strong erection5-7. Although phosphodiesterase type 5
inhibitors are the drug of choice for ED treatment, its efficacy
to cure diabetic patients is still limited8,9. Alprostadil (PGE1) has
gained attention after successful clinical trials10-12. Food and
drug administration (FDA) approved alprostadil (Caverject by
Upjohn) in 1995, the first marketed intra urethral injection of
PGE1 which considered an unfavorable route of
administration. 

Micelles have gained great attention nowadays due to its
ability to reach the site of action and its nano-scale size13.
Vitamin E, a potent antioxidant that showed good effect on
the management of ED in older rats14. Furthermore, Vitamin E
increased the blood flow and oxygen to the penis. Several
studies suggested Vitamin E has several medical uses includes,
lower blood glucose levels and antimicrobial activity. It can
interact with free radicals that lead to reduction of the risk of
diabetic complications, with symptoms like tingling, pain,
burning,    itching  and  numbness  in  arms  and  legs as a
result of nerve  damage  that  lead to peripheral neuropathy.
D-tocopheryl polyethylene glycol succinate (TPGS) approved
by FDA as a nutritional supplement, showed multiple
applications in drug delivery systems15-20. The TPGS is
characterized by biocompatibility, enhanced drug solubility,
permeability and selective antitumor activity.

Topical   gels  were  used  previously  in  several  studies
for the  management  of  ED;  due  to  its  applicability  and
ease of  use  with  controlled  manner  and  extra  advantage
of facilitation of intercourse for their use as lubricant21,22.
Several drawbacks  could  affect  life quality in diabetic
patients in case of lack of sex  as  anxiety,  depression,
isolation, loneliness and  loss  of self-esteem. The available
PGE1 injected intracavernous, could lead to penile pain,
occurrence of hematoma, formation of corporal nodules and
penile fibrosis. Accordingly, the aim of this study was the
formulation of PGE1-TPGS micelles loaded in topical gel to
enhance skin permeability as an alternative dosage form to
the intra urethral injection.

MATERIALS AND METHODS

All experiments were carried out at Faculty of Pharmacy,
King Abdulaziz University, Jeddah, Saudi Arabia, in the period
from February-October, 2018 at Pharmaceutical Technology
and Tissue Culture labs. PGE1 was purchased from MOBELBIO
(main land, China). TPGS, Labrasol, PEG200, D-glucose and
hydroxypropyl methylcellulose (HPMC), acetonitrile HPLC
grade, methanol HPLC grade were purchased from Sigma
Aldrich, (USA). The EA. hy926 cells were provided as a kind gift
from Dr. Serag Elbahairy (Faculty of Science, King Khalid
University, Saudi Arabia). 

Preparation of PGE1-TPGS micelles: The TPGS and PGE1 were
dissolved in 10 mL ethanol as previously described with slight
modification17,19,23. The ethanolic solution was added dropwise
to a stirring permeability enhancer (labrasol, PEG and
Labrasol-PEG mixture) aqueous solution and the solution was
kept stirring to remove ethanol by evaporation. After that, the
residual ethanol was removed by using rotary-evaporator
(Bukhi, Switzerland). Formulations were prepared as indicated
in Table 1.

Particle size analysis of PGE1-TPGS micelles: The prepared
formulations were assayed for particle size using Malvern® ZS
particle size analyzer. The formulations were diluted with a
certain volume of  water and the average of vesicle size was
expressed using five replicate samples.

PGE1-TPGS micelles investigation by transmission electron
microscope (TEM): The prepared PGE1-TPGS micelles were
studied by using Transmission electron microscope (TEM). 

Stability study of the formulation: The physical stability of
micelle  formulations  was  evaluated  for  morphology   after
3 months of storage.

Preparation of PGE1-TPGS micelles loaded gel formula:
PGE1-TPGS micelles (F 1-3) were utilized in the preparation of
gel  formulations.   Hydroxypropyl   methylcellulose  (HPMC,
1.5 g) was dispersed in PGE1-TPGS micelles (100 mL) by using
magnetic  stirrer.  The  dispersion  was  sonicated  for  2 min to

Table 1: PGE1-TPGS micelle formulation components
Formula PGE1 (µg) TPGS (mg) Labrasol (mg) PEG 200 (mg)
F1 30 5 10 -
F2 30 5 - 10
F3 30 5 5 5
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diffuse any lumps. After that, the formed gel was stored at 4EC
for 24 h. In addition, raw PGE1 gel was prepared using HPMC
(1.5% w/v)24.

Diffusion study of PGE1-TPGS micelles loaded gel formula:
A Franz diffusion cell apparatus (Microette Plus, Hanson
Research, Chatsworth, CA, USA) was used to assess the
diffusion of the prepared PGE1-TPGS micelles loaded gel
formulations. Raw PGE1 gel was used as a control. Each
diffusion cell had a donor and receptor chamber, with rat skin,
free from hair and subcutaneous fat, inserted between them.
The receptor medium was phosphate-buffered saline (pH 7.2)
with a stirring rate of 400 rpm and the temperature was
maintained at 32±0.5EC. The auto sampler collected aliquots
at 0.5, 1, 2, 3, 4 and 6 h. Collected PGE1samples were analyzed
by HPLC at 230 nm according to Paul et al.25 .

Oxidative stress study: Protective effect of TPGS on
endothelial cells (EA. hy926) was investigated under high
glucose stress. D-glucose (33 mmol) was added to Dulbecco’s
minimal essential medium, which contained 10% (v/v) fetal
bovine serum. Cells were cultured for 18-24 h before use.
Serial dilutions of  each formula in terms of PGE1
concentration (0.001-10 mg  mLG1)  and  permeation
enhancers (with concentrations of 0.001-10 µg  mLG1)  were
used.  After 72 h of incubation, cytotoxicity was  determined
by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay according to the manufacturer’s
protocol, which has been prescribed previously in details26.

Data analysis: One-way analysis of  variance (ANOVA) with
Dunnett’s multiple comparison test used to compare data
using GraphPad Prizm software (La Jolla, CA, USA). A p<0.05
indicated significant difference of  the investigated data.

RESULTS

Formulation and characterization of PGE1-TPGS micelles:
PGE1-TPGS micelles formulations (F1, F2 and F3) were
prepared as a clear dispersion. The results of particle size and
polydispersity index (PDI) for the prepared PGE1-TPGS micelle
formulations are presented in Table 2. Size distribution of the
prepared micelles formulations (F1, F2 and F3) were measured
by particle size analyzer. Results revealed  that  F2 achieved
the smallest PDI value that means PEG 200 produced
homogenous micelle sizes in comparison with labrasol or
mixture of labrasol and PEG 200 (Table 2).
Formula F1 achieved highest particle size (69.32±3.2 nm).

On the other hand, the smallest particle size (10.91±1.1 nm)
with PDI value of  0.62  was achieved by formula F3. Formula
F2 prepared with PEG 200 showed the particle sizes relatively
higher than F3. Figure 1 showed the TEM images of the
micelle formulations (F1, F2 and F3). The prepared
formulations showed a wide range of cluster sizes (micelle
aggregates). The TEM images confirmed the formulation sizes
measured by particle size analyzer and showed spherical
particles with smooth edges. Stability study revealed no
significant change in size after 3 months of the micelle
preparation (F1, F2 and F3) when stored at room temperature
for 90 days.
The results of ex vivo diffusion study via Franz cell

diffusion apparatus revealed that the prepared formulations
F2   and   F3   completely   released   PGE1   within   the     first
30 min of  the study  when  compared  with  F1  and  raw-PGE1

Table 2: PGE1-TPGS micelle formulations size and PDI
Formula Size (nm) PDI
F1 69.32±3.2 0.51
F2 13.21±0.6 0.35
F3 10.91±1.1 0.62

Fig. 1(a-c): TEM images of  PGE1-TPGS formulations
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Fig. 2: Diffusion of  PGE1 from different formulations and raw PGE1

Table 3: Endothelial cells (EA. hy926) survival (%) of raw PGE1 and different formulations and their blanks under stress condition
Concentration (µg mLG1) F1 F2 F3 F1 (blank) F2 (blank) F3 (blank)
0 100.00±0.57 100.00±0.63 100.00±0.52 100.00±5.32 102.03±4.56 96.86±9.41
0.01 92.07±0.50 96.49±0.11 96.54±1.99 73.31±6.13 72.33±12.11 72.43±4.63
0.1 91.03±1.90 92.97±0.96 95.70±0.67 73.10±0.31 72.27±1.73 72.46±1.41
1 90.72±0.47 92.48±1.38 95.67±0.53 37.72±0.38 39.95±2.00 34.03±6.23
10 90.53±0.46 91.26±1.48 94.94±0.48 9.13±1.75 7.55±5.03 8.82±2.25
100 89.59±0.81 90.07±2.3 93.17±1.04 3.37±0.18 3.50±2.53 2.75±0.89

formulations that released PGE1 content within 60 and 90 min,
respectively as shown in Fig. 2. The release of raw-PGE1
showed relatively slower release pattern when compared with
the investigated formulations as shown in Fig. 2.

Oxidative stress study: Oxidative stress showed a dramatic
improvement in epithelial cell survival. The improvement in
cell survival was in the result of the effect of attenuated
cytotoxicity  of  the  permeation  enhancers. According to
Table 3, treatments F1, F2 and F3 showed improved cell
viability when compared with blank formulations. At
concentration 10 µg mLG1, results showed that the
investigated formulations improved cell viability from 9.13%
(F1 blank), 7.55% (F2 blank) and 8.82% (F3 blank) to 90.52,
91.27 and 93.94% for F1, F2 and F3 formulations, respectively
(Table 3). The results revealed no significant difference
(p<0.05) in cell survival (%) at the investigated concentration
range of F1, F2 and F3 formulations. 

DISCUSSION

Results demonstrated that loading PGE1 with TPGS
achieved small micelles less than 40 nm that facilitated
formula permeation through skin layers according to previous
results23. Nano-scale particle sizes facilitated PGE1 release
completely within 20 min that showed rapid onset of action
when compared with raw (unformulated) PGE1. Moreover, the
study indicated that PGE1 protected endothelial cells from

labrasol, PEG 200 in the oxidative condition. PGE1 increased
the percentage of  survived cells, which may be attributed to
the superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) enzymes. Moreover, PGE1 upregulated endothelial
NO synthase (eNOS) and mRNA expression27. Oxidative stress
played a crucial role in endothelial dysfunction and is a vital
pathogenic element in the development of cardiovascular
diseases, including atherosclerosis, hypercholesterolemia and
disseminated intravascular coagulation. In a  previous study,
it was manifested that H2O2 as a precursor of  ROS can
markedly boom cellular permeability, negatively affect the
antioxidant mechanisms and set off endothelial cell
apoptosis28 at concentration 200 µmol LG1. It  was  reported
that inhibition of ROS production can protect cells from the
cellular damage effects of oxygen radicals28. The present study
agreed with previously published articles that showed PGE1
not only eradicated the intracellular ROS caused by H2O2, but
also efficiently improved the viability of  H2O2-induced
endothelial cells.  PGE1 protected human retinal pigment
epithelial cells from oxidative hazards and stopped the
production of ROS  in  the  intestinal  mucosa  of
methotrexate-dealt  with  rats.  These  outcomes indicated
that the protective impact is related to PGE1 scavenging
intracellular ROS.  Lipid  peroxidation  is  one  of  the  factor
that induce radical-mediated cell damage29. Those effects
confirmed that the scavenging of ROS is probably associated
with the accelerated antioxidant enzymes. H2O2 is effective in
reducing the viability of cells and also induces apoptosis30-32.
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Previous studies have  proven  that  PGE1  protects human
liver sinusoidal endothelial cells and endothelial progenitor
cells  from  apoptosis32-34.  According  to  previous  reports,
H2O2  (200  µmol  LG1)   induced   cell   apoptosis,   while     PGE1
(0.25-1.00 µmol LG1) prevented H2O2 apoptosis in a
concentration-dependent way35,36. As a result, PGE1 prevents
apoptosis because of reduced intracellular ROS and extended
antioxidant enzymatic activities37,38. The NO is a soluble
material constantly synthesized via the endothelium and has
a wide range of characters that keep vascular homeostasis,
along with modulation of vascular dilator tone and protecting
the vessel from injury, because  of  platelets  and cells
circulating in blood39. NO terminates chain reactions during
lipid peroxidation,    as   observed   in   version  lipid  systems
of low-density lipoprotein oxidation and in cells. These
consequences proposed that the NO pathway plays an
important function within the shielding activity of PGE1
towards H2O2-brought about oxidative ROS; however the
mechanisms are nevertheless uncertain. PGE1 turns on
adenylate cyclase and increases intracellular cAMP through
binding to proteinoid receptor subtypes EP2, EP3, EP4 and
IP40,41. The cAMP-responsive elements  (CRE)  inside  the
human eNOS promoter  play  a  vital  function  in the inducible
expression of the human eNOS gene. PGE1-responsive
sequences are still uncertain40. PGE1 increases eNOS
expression via protein kinase cAMP-dependent pathway
activation and cAMP-responsive element binding protein
(CREB) phosphorylation. Phosphorylated CREB pre-dominantly
binds to CRE, that results in elevated promoter activity and
upregulation of the eNOS protein and mRNA expression30,39.

According to these results, diabetic patients who suffer
from ED are recommended to use PGE1-TPGS micelles loaded
gel formula. The investigated formula regenerated penile
epithelial cells’ function that could result in improved diabetic
patient’s sexual activity and enhancement of quality of life.

CONCLUSION

This  study  represented  a  novel combination of PGE1
and TPGS for treatment of ED in diabetic patients. This
combination was included in a topical gel preparation for
enhanced and efficient skin delivery. The damaged epithelial
cells were regenerated by PGE1 that resulted in improved
dilatation of penile blood vessels and erection. Formulated
PGE1 released from micelles increased the onset of action by
4.5 folds when compared with raw PGE1 and dramatically
improved epithelial cells survival under the stress condition.
This novel mixture could improve patient’s convenience and
satisfactory of lifestyles, particularly in diabetic patients.

SIGNIFICANCE STATEMENT

This study discovered an exclusive combination of PGE1
and Vitamin E (TPGS) in the form of micelles loaded gel
preparation for treatment of ED. This combination achieved
efficient protection for the epithelial cells in diabetic patients.
This study revealed the effective and applicable treatment for
diabetic patients suffering from ED that opens the way for
other researchers to evaluate the promising formula in clinical
investigations. Finally, PGE1 loaded TPGS micellar form could
provide a novel strategy for efficient transdermal delivery of
PGE1 to replace the currently available invasive (injection)
treatment for diabetic patients.
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