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INTRODUCTION 
Tadalafil (TDF) (molecular weight 389.4 g/mol) is a 

selective phosphodiesterase (PDE5) inhibitor and is used 

in the treatment of erectile dysfunction (ED) and benign 

prostatic hyperplasia.
[1]

 It is a white crystalline solid with 

aqueous solubility of 2.80 μg/mL. The value of logP and 

pKa is 2.48 and 16.68, respectively. Thus, TDF belongs 

to BCS class-II and its oral bioavailability has been 

claimed to be limited by solubility and dissolution rate.
[2-

4]
 TDF has the slowest absorption, reaching its maximum 

concentration (Cmax) in 2 h compared to ~50 min for 

sildenafil and vardenafil.  Poor solubility and low 

bioavailability often result in limited or irreproducible 

clinical responses to the drug. Therefore, various 

techniques such as solid dispersion, microemulsion, 

lipid-based formulations, and complexation have been 

used to enhance bioavailability.
[5]

 

 

 
Figure 1: Chemical structure of tadalafil. 

Topical delivery systems offer numerous advantages due 

to localized action and minimization of systemic side 

effects.
[6]

 Novel colloidal carriers are potential cargoes 

for delivering drugs to the desired site in the skin.
[7]

 The 

various carriers majorly used for topical delivery include 

liposomes, niosomes, transferosomes, ethosomes, SLNs 

and NLCs.
[8-11] 

 

However, nanoemulsion as topical delivery vehicles is a 

potential approach as they are the simplest transparent, 

kinetically stable systems with globule size in the range 

of 20-200nm.
[7]

 They offer high drug loading and 

retention into the skin owing to their small globule size 

and lipidic nature.
[12]

 Nowadays, the nanoemulsions are 

the potential drug delivery system for oral and parenteral 

administration. It was found that nanoemulsions could be 

a very good carrier for topical delivery of highly 

lipophilic drugs. It was also found that the excipient 

which is used to manufacture nanoemulsion helps to 

augment the solubilizing and permeation capacity. 

Because of the smaller droplets contained in 

nanoemulsion there by facilitate close contact with the 

stratum corneum. That is why the amount of 

encapsulated agent penetrating into the viable skin 

facilitates the drug transport by changing the 

vehicle/stratum corneum partition coefficient.
[13,14]

 

Nanoemulsions (NE) are optically transparent 

nanometricsized emulsions with particle sizes between 
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100 and 500 nm, composed of the oil, surfactant, co-

surfactant and water.
[15-17]

 

 

One of the disadvantages of the use of nanoemulsions for 

topical application is the low viscosity, which limits their 

clinical application and makes their topical 

administration inconvenient. The microemulsion-based 

hydrogel was introduced not only to control drug release 

but also to improve compliance by increasing 

viscosity.
[18,19]

 In this context, the development of a 

hydrogel-thickened nanoemulsion, by the introduction of 

a gel-forming polymer or other gelling agents to the 

outer phase of the formulation, can solve this 

disadvantage and make the nanoemulsion suitable for 

topical application.
[20-23]

 Such a system can combine the 

characteristics of stability and skin penetration of 

nanoemulsions with the properties of sustained drug 

release of hydrogels, thus optimizing the therapeutic 

effects and allowing a reduction of the dose.
[24]

 

 

In this paper, we present two novel nanoemulsions-based 

semisolid systems for topical delivery of Tadalafil (TDF) 

which belongs to Biopharmaceutics Classification 

System (BCS) class II and reveals poor solubility in 

water. The nanoemulsions are prepared by a phase 

titration method. Carbopol 934 was used as the gelling 

agent with two ratios of the 1 and 3 %. The 

physicochemical characteristics such as particle size, 

PDI, viscosity, pH and % drug content of the TDF-NE 

gel formulations were evaluated. In this study, TDF 

loaded in each formulation 2 mg was considered. 

Moreover, the obtained semisolid products were tested in 

vitro release and the results were to analyze. 

 

MATERIALS 

Tadalafil were donated by samisaz pharmaceutical 

Manufacturing Company (Iran). Dialysis membrane 

(MWCO 12-14,000), Oleic acid, Tween80, Transcutol P, 

Carbopol 934, Ethanol were purchased from Merck 

(Germany) and sigma Aldrich respectively. All 

chemicals were of the analytical grade and used. 

 

METHODS 

Construction of pseudoternary phase diagrams and 

formulation of nanoemulsions 

Pseudoternary phase diagrams were constructed with the 

use of the water titration method. In the first step of each 

experiment, a surfactant/cosurfactant mixture (Smix) was 

prepared. The weight ratio of these components was kept 

constant in each experiment. Afterwards, the oil phase 

was added to the obtained surfactant/cosurfactant 

mixture at the weight ratios of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 

7:3, 8:2 and 9:1. Each sample was titrated with water, 

mixed gently and examined visually. Fully transparent, 

one-phase liquids were classified as nanoemulsions and 

the obtained results were plotted as pseudoternary phase 

diagrams. 

 

Preparation of nanoemulsion-based gels 

In order to prepare the systems, suitable quantities of the 

oily phase and Smix were mixed into a mixture in which 

TDF was dispersed. Afterwards, water was added 

dropwise and the samples were gently mixed until 

transparent liquids were obtained. All nanoemulsions 

were stored for 24h in tightly sealed containers at 

25.0±0.5 C. Then samples remained fully transparent and 

no signs of drug precipitation and phase separation were 

observed. In the next step, Carbopol 934 was added at 

mechanical stirrers at 200 rpm for 24 h. All gels were 

examined visually to check their transparency and 

homogeneity. The composition of all nanoemulsion 

based gels is presented in Table 1,2. 

 

Table 1: Composition of the selected nanoemulsions containing 2 mg tadalafil. 

         Formulation A                                              Formulation B 

Oleic acid              10%                         Oleic acid                       %10.0 

Water                    20%                          Water                          %20.0 

Tween80               46.7                         Tween80                       %35.0 

Ethanol                 23.3%                   Transcutol P                    %35.0 

 

Table 2: Composition of formulations. 

Formulation 
TDF 

(mg) 

Oleic acid 

(%w/w) 

Tween80 

(%w/w) 

Ethanol 

(%w/w) 

Water 

(%w/w) 

Transcutol P 

(%w/w) 

Carbopol 934 

(mg) 

A1 2 10 46.7 23.3 20 - 20 

A2 2 10 46.7 23.3 20 - 60 

B1 2 10 35 - 20 35 20 

B2 2 10 35 - 20 35 60 

 

Physico-chemical characterization 
The particle size and polydispersity index of the selected 

formulations were determined by a laser diffraction 

particle size analyzer (Equidix). These measurements 

were performed on samples of approximately 2ml of the 

dispersions without dilution. The measures were 

conducted at room temperature (25C°), using a laser 

incidence angle in relation to the sample of 173 and a 

5mL quartz cuvette. The values reported corresponding 

to the mean±standard deviation (SD) of three 

measurements of each formulation. The polydispersity 

index, calculated by the device, reflects the homogeneity 
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profile of the diameter of the sample’s droplets. A 

polydispersity index under 0.5 was considered 

satisfactory. 

 

Physical appearance 

The prepared nanoemulsions and nanoemulsions based 

on gel loaded with TDF were examined visually for their 

colour, homogeneity, and consistency. 

 

Measurement of pH 
For pH measurement, CG 842 Schott pH-meter (Schott 

Instruments GmbH, Weilheim, Germany) was used. All 

tests were performed in triplicate at 25.0±0.5 C °and 

mean values were calculated. 

 

Measurement of viscosity 
A Brookfield digital viscometer (DV-II+ Pro, Brookfield 

Engineering, MA) was used to determine the viscosity of 

the TDF-NE. The viscosity was measured at 25±1C °. 

 

Measurement of TDF content 

TDF-NE gel (w=0.5gr) was placed in a volumetric flask 

containing 50 mL of phosphate buffer and ethanol [1:1, 

(v/v)] mixture and vigorously stirred and then was 

analyzed using the UV method at 284 nm. 

 

In vitro release behavior of TDF-NE gel 

Drug release experiments were performed with vertical 

Franz diffusion cells. The membranes were kept 

immersed in the acceptor fluid at room temperature for 

24 h before the experiment. The cellulose membrane 

clomped between the donor and receptor compartment 

and the receptor media was filled by phosphate buffer 

(pH 7.2) and Ethanol (1:1). Gel samples (~ 0.5 gr) were 

placed at the donor compartment and spread evenly on 

the surface of the artificial membrane. The effective 

diffusion area of the employed cells was 0.999 cm2. The 

receptor fluid during the test the temperature the receptor 

fluid was stirred at 200 rpm and kept at a temp. 32.0±0.5 

C. The samples (1.0mL) were taken from the receptor 

compartment after 0.5,1,2,3,4,5,6 and 24 hours and 

replaced immediately with an equal volume of fresh 

receptor fluid. The drug concentration in the collected 

samples was determined with the UV method 

(spectrophotometry) at 284 nm. 

 

Drug release kinetic 

Various mathematical models such as zero order, first 

order, Higuchi, Hixon- Crowell and Koresemeyer- 

Peppas model can be developed as a proposed 

mechanism of drug release from formulations. The drug 

release data of TDF from NE-gel formulations and drug 

suspension was fitted into these models. 

 

RESULTS AND DISCUSSIONS 

Physicochemical characterization 
Droplet size and viscosity analysis 

In this work, the mean particle size, polydispersity index 

(PDI) and viscosity of all TDF NE-gel formulations as 

shown in Table 3. The lowest value of particle size and 

viscosity is related to B2 formulation and the highest 

value of particle size is related to A2 formulation (Table 

3). The PDI of TDF-NE gel formulations was observed 

in the range of 0.3-0.4 (Table 3). All formulations 

exhibited PDI values lower than 0.5, which was 

considered optimal for the dispersion and homogeneity 

of these nanoparticles. Table 3 showing the B2 

formulation had the least viscosity (180±1.86 CP) 

compared to other formulations. 

 

Table 3: Particle size, PDI and viscosity of selected formulations(mean ± SD). 

Formulation     Particle size (nm)                        PDI                            Viscosity(cp) 

A1                        218±8.5                                 0.38 ±0.035                       375±2.05 

A2                        227±7.3                                 0.39 ±0.031                       272±1.23 

B1                        177±4.9                                 0.4 ±0.024                         213±0.76 

B2                        157±5.1                                 0.4 ±0.045                         180±1.86 

 

Physical appearance 

The prepared drug-loaded NE was clear, transparent, and 

with a homogenous appearance. On the other hand, the 

NE-based gel was of a glossy appearance and a smooth, 

homogeneous texture. 

 

Determination of pH 

The pH values of the gel formulations were determined 

by using a pH meter and found within pH 5-6, A1 and 

B2 formulations were the more appropriate pH range for 

cutaneous absorption Table 4. 

 

Determination of drug content gel formulations 
Drug content all of the TDF-NE gel formulations was 

measured and shown in Table 4. The % drug content 

TDF-NE gel formulations was in the range of 99.8-104   

(Table 4). The highest and lowest drug content were seen 

in the formulation A2 and   A1, respectively. 

 

Table 4: Drug content percentage and pH of formulations (n=3, mean±SD). 

Formulation                         pH                                  Drug content (%)  

A1                                     5.91±0.18                               99.8±0.013 

A2                                      5.25±0.03                              100.4±0.016 

B1                                     5.43±0.15                              100.2±0.013 

B2                                     5.96±0.23                              99.95±0.014 
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In vitro release behavior of TDF-NE gel 

The ability of NE-gel formulations to deliver TDF was 

examined by determining the drug release rate. Fig 2 

shows the cumulative percentage release of Tadalafil 

from TDF-NE gel formulations and TDF suspension at 

different sampling intervals. The release profile of TDF 

from all NE-gel formulations was significant as 

compared to drug suspension and higher drug release 

was observed with NE-gel formulations. All NE-gel 

formulations showed sustained release profile whiles the 

lowest drug release was observed in drug suspension. 

There were no significant differences at any time 

between formulations (P > 0.05). The study on the in 

vitro release of formulations was to show the % amount 

of TDF released from all formulations after 6 h of the 

study found to be in the range 40%-45% as compared to 

11% from a drug suspension. 

 

 
Figure 2: In vitro release profile of tadalafil from TDF-NE gel (A1, A2, B1, B2) and tadalafil suspension (S). 

 

Determination of release kinetic 

Release kinetic parameters for different TDF-NE gel 

formulations and drug suspension were calculated by 

using various mathematical models and results are listed 

in Table 5. The release from NE –gel formulations 

followed Koresemeyer – Peppas model with fickian 

diffusion mechanism (n < 0.45). However, the release 

from drug suspension followed Koresemeyer – Peppas 

model with non-fickian diffusion mechanism (n < 0.85). 

 

Table 5: Correlation coefficients and kinetics of drug release from different formulations and drug suspension of 

TDF. 

Formulation Zero order First order Higuchi Hixon-Crowell Papas 

RSQ RSQ           n 

A1 0.529 0.568 0.745 0.555 0.913         0.24 

A2 0.535 0.569 0.749 0.557 0.915         0.24 

B1 0.538 0.571 0.750 0.560 0.911         0.21 

B2 0.562 0.600 0.773 0.588 0.924         0.22 

S 0.610 0.625 0.810 0.620 0.868         0.68 

Correlation coefficient (RSQ), Power (n) 

 

DISCUSSION 

In this study, we prepared two novel nanoemulsions-

based semisolid systems for topical delivery of Tadalafil 

with a phase titration method. The physicochemical 

characteristics such as particle size, PDI, viscosity, 

physical appearance, pH and drug content percent of the 

TDF-NE gel formulations were evaluated. The mean 

particle size, polydispersity index (PDI) and viscosity of 

all TDF NE-gel formulations was shown in Table 3. The 

lowest value of particle size and viscosity is related to B2 

formulation and the highest value of particle size is 

related to A2 formulation (Table 3). The particle size 

results indicate that the concentration of tween 80 

(surfactant) has a significant effect on particle size. The 

B2 formulation had the least viscosity (180±1.86 CP) 

and particle size (157±5.1 nm) compared to other 

formulations. Because of the same percentage of water 

and oil phases, the lower percentage of tween 80 

concentrations was likely the reason. All formulations 

exhibited PDI values lower than 0.5, which was 

considered optimal for the dispersion and homogeneity 

of nanoparticles.
[25, 26]

 The results of the physicochemical 

properties assessments of the drug loaded NE-gel 

indicated the physiochemical stability of both 
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formulations. The pH range observed in all formulations 

is suitable for dermal application. A1 and B2 

formulations were more appropriate pH range for 

cutaneous absorption (Table 4). According to the 

references, pH suitable for topical applications is close to 

skin pH.
[27]

 The study on the in vitro release of 

formulations was to show the % amount of TDF released 

from all formulations after 6 h of the study found to be in 

the range 40%-45% as compared to 11% from a drug 

suspension. Investigation of release kinetic parameters 

showed the release from NE–gel formulations followed 

Koresemeyer – Peppas model with fickian diffusion 

mechanism (n < 0.45). However, the release from drug 

suspension followed Koresemeyer – Peppas model with 

non-fickian diffusion mechanism (n < 0.85). This issue is 

dependent on the value of the expontional. If the amount 

of expontional is less than 0.45, it follows the fickian 

diffusion mechanism, and if the amount of power is more 

than 0.85, it follows the non-fickian diffusion 

mechanism. There was no correlation between the 

amount of carbopol, viscosity and the release percentage 

of tadalafil. 

 

The release profile of TDF from all NE-gel formulations 

was significant as compared to drug suspension and 

higher drug release was observed with NE-gel 

formulations, whitout significant differences at any time 

between nanoemulsion-loaded gel formulations (P > 

0.05). Based on results, B2 formulation has been 

optimized as an effective formulation of tadalafil for 

topical administration. Although, further studies are 

needed to evaluate the permeation and mechanisms of 

drug delivery on the skin. 

 

CONCLUSION 

The nanoemulsion-based gel could be suitable as a 

carrier for topical delivery of tadalafil. In this work, TDF 

nanoemulsion (NE) loaded gel was prepared and 

characterized to evaluate. The release profile of TDF 

from all NE-gel formulations was significant as 

compared to a drug suspension and higher drug release 

was observed with NE-gel formulations, without 

significant differences at any time between 

nanoemulsion-loaded gel formulations (P > 0.05). Based 

on results, B2 formulation has been optimized as an 

effective formulation of tadalafil for topical 

administration. According to the evaluated kinetic 

models for tadalafil release from nanoemulsion-gel, 

Koresemeyer – Peppas model is best fitted to data based 

on the highest Correlation coefficients (RSQ) and with 

fickian diffusion mechanism (n < 0.45). 
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