
 

IRANIAN JOURNAL OF CHEMICAL ENGINEERING 
Chairman 

Vahid Taghikhani     Professor, Sharif University of Technology, Iran 

Editor-in-Chief 
Hassan Pahlavanzadeh     Professor, Tarbiat Modares University, Iran 

Executive Director 
Leila Sadafi-Nejad (M.Sc.) 

EDITORIAL BOARD 
 Abbasian, J. (Associate Professor, Illinois Institute of 

Technology, USA) 
 Badakhshan, A. (Emeritus Professor, University of Calgary, 

Canada) 
 Barikani, M. (Professor, Iran Polymer and Petrochemical 

Institute, Iran) 
 Jafari Nasr, M. R. (Professor, Research Institute of Petroleum 

Industry (RIPI), Iran) 
 Karimi, I. A. (Professor, National University of Singapore, 

Singapore) 
 Madaeni, S. S. (Professor, Razi University, Iran) 
 Mansoori, G. A. (Professor, University of Illinois at Chicago, 

USA) 
 Moghaddas, J. S. (Professor, Sahand University of 

Technology, Iran) 
 Moosavian, M. A. (Professor, University of Tehran, Iran) 
 Moshfeghian, M. (Professor, Shiraz University, Iran) 
 Movagharnejad, K. (Professor, Babol University of 

Technology, Iran)  
 Naseri, S. (Professor, Tehran University of Medical Sciences, 

Iran) 

 Omidkhah, M. R. (Professor, Tarbiat Modares University, 
Iran) 

 Pahlavanzadeh, H. (Professor, Tarbiat Modares University, 
Iran) 

 Panjeshahi, M. H. (Professor, University of Tehran, Iran) 
 Pazouki, M. (Associate Professor, Materials and Energy 

Research Center (MERC), Iran)  
 Rahimi, M. (Professor, Razi University, Iran) 
 Rahimi, R. (Professor, University of Sistan and Baluchestan, 

Iran) 
 Rashidi, F. (Professor, Amirkabir University of Technology, 

Iran) 
 Rashtchian, D. (Professor, Sharif University of Technology, 

Iran) 
 Shariaty-Niassar, M. (Professor, University of Tehran, Iran) 
 Shayegan, J. (Professor, Sharif University of Technology, Iran) 
 Shojaosadati, S. A. (Professor, Tarbiat Modares University, 

Iran) 
 Soltanmohammadzadeh, J. S. (Associate Professor, University 

of Saskatchewan, Canada) 
 Towfighi, J. (Professor, Tarbiat Modares University, Iran) 

 

INTERNATIONAL ADVISORY BOARD 
 Arastoopour, H. (Professor, Illinois Institute of Technology, 

USA) 
 Ataai, M. M. (Professor, University of Pittsburgh, USA) 
 Barghi, Sh. (Assistant Professor, University of Western 

Ontario, Canada) 
 Chaouki, J. (Professor, University of Polytechnique Montréal, 

Canada)  
 Ein-Mozaffari, F. (Associate Professor, Ryerson University, 

Canada) 
 Farnood, R. R. (Professor, University of Toronto, Canada) 
 Jabbari, E. (Associate Professor, University of South Carolina, 

USA) 
 Jand, N. (Assistant Professor, Universita de L’Aquila, Italy)  

 Lohi, A. (Professor, Ryerson University, Canada) 
 Moghtaderi, B. (Professor, University of Newcastle, Australia) 
 Mohseni, M. (Associate Professor, University of British 

Columbia, Canada) 
 Nassehi, V. (Professor, Loughborough University, UK) 
 Noureddini, H. (Associate Professor, University of Nebraska, 

USA) 
 Rohani, S. (Professor, University of Western Ontario, Canada) 
 Shahinpoor, M. (Professor, University of Maine, USA) 
 Soroush, M. (Professor, Drexel University, USA) 
 Taghipour, F. (Associate Professor, University of British 

Columbia, Canada) 
 

 
* This journal is indexed in the Scientific Information Database (http://en.journals.sid.ir/JournalList.aspx?ID=3998).  
* This journal is indexed in the Iranian Magazines Database (www.magiran.com/maginfo.asp?mgID=4585).  
* This journal is indexed in the Islamic World Science Citation Center (http://ecc.isc.gov.ir/showJournal/3561). 
 

 
 

Executive Colleague: Fatemeh Hajizadeh  
Language Editor: Sheryl Nikpoor 
Art & Design: Mohsen Alipoor 
 

 

 
Iranian Association of Chemical Engineers, Unit 11, No. 13 (Block 3), Maad Building, Shahid Akbari 
Boulevard, Azadi Ave., Tehran - Iran.  

Tel: +98 21 6604 2719    Fax: +98 21 6602 2196 
 
 

 

 

 

 

 



 

 

Iranian Journal of Chemical Engineering  

Vol. 13, No. 4 (Autumn 2016), IAChE 
 

  

Transdermal Delivery of Desmopressin Acetate from Water-in-Oil Nano/Submicron 
Emulsion Systems 

A. Soroushnia, F. Ganji, S. M. Taghizadeh  

3-13 

Liquid-Liquid Equilibrium Data Prediction using Large Margin Nearest Neighbor 

M. Pirdashti, K. Movagharnejad, S. Curteanu, F. Leon, F. Rahimpour 
 

14-32 

Simulation, Control and Experimental Analysis of 1,3 Butadiene Purification Unit 

R. Rahimi, Sh. Boulaqhi, E. Ziarifar 

 

33-45 

Three-dimensional CFD Modeling of Fluid Flow and Heat Transfer Characteristics 
of Al2O3/water Nanofluid in Microchannel Heat Sink with Eulerian-Eulerian 
Approach 

H. Hadi Najafabadi, M. Keshavarz Moraveji 
 

46-61 

Preparation of Flame Retardant Polystyrene via In-Situ Bulk Polymerization 
Method and Evaluation of its Flammability Properties 

R. Faridvand, S. J. Peighambardoust, A. Shenavar 

62-70 

Simultaneous High Hydrogen Content-Synthesis Gas Production and In-Situ CO2 
Removal via Sorption-Enhanced Reaction Process: Modeling, Sensitivity Analysis 
and Multi-objective Optimization using NSGA-II Algorithm 
 
M. Heravi, M. Bayat , M. R. Rahimpour 

71-95 

An Investigation of Heat and Mass Transfer Enhancement of Air Dehumidification 
with Addition of 𝜸𝜸-Al2O3 Nano-Particles to Liquid Desiccant 

L. Omidvar Langroudi, H. Pahlavanzadeh , S. Nanvakenari 

96-112 

Notes for Authors 113 

http://www.sciencedirect.com/science/article/pii/S0360544211003197


 

*Corresponding author: fganji@modares.ac.ir 3 
 

Iranian Journal of Chemical Engineering 
Vol. 13, No. 4 (Autumn 2016), IAChE 

 

  
  

Transdermal Delivery of Desmopressin Acetate from Water-in-Oil 
Nano/Submicron Emulsion Systems 

  
  

A. Soroushnia1, F. Ganji1*, S. M. Taghizadeh2 
  
  

1 Biomedical Engineering Group, Chemical Engineering Faculty, Tarbiat Modares University, Tehran, 
Iran 

2 Novel Drug Delivery Systems Department, Polymer Science Faculty, Iran Polymer and Petrochemical 
Institute, Tehran, Iran 

  
  

ARTICLE INFO 
 

ABSTRACT 
Article history:  
Received: 2015-12-24 
Accepted: 2016-01-30 

 Desmopressin acetate is a potent synthetic peptide hormone that is 
administered via parenteral, intranasal and oral routes. A more 
acceptable route of administration with potentially good 
bioavailability could be offered by transdermal delivery. The present 
work reports on the development of water-in-oil (w/o) microemulsions 
for the transdermal administration of desmopressin acetate. A water-
in-oil nano/submicron emulsion for transdermal administration of 
desmopressin was developed. Its skin penetration profiles were 
determined using Franz-diffusion cell. Pseudo-ternary phase diagrams 
for emulsion regions were constructed. Effects of hydrophilic-lipophilic 
balance (HLB), ratio of surfactants and co-surfactant mixture to oil 
phase (Smix/oil) and ratio of surfactants to co-surfactant (S/Cs) on skin 
flux were also evaluated.  

Skin flux was increased when S/Cs and Smix/oil were decreased, and 
HLB was increased. Optimized formulation was obtained as: HLB=8, 
S/Cs=3 and Smix/oil=5.4, with average particle size of 69 nm. The 
optimized nano/submicron emulsions increased desmopressin skin flux 
4.45 fold relative to drug solution.  

  

Keywords: 
Desmopressin 
Nano/Submicron Emulsion 
Transdermal 
Statistical Evaluation 
Optimization 

 

1. Introduction 
Desmopressin acetate is a potent synthetic 
peptide hormone that is used chiefly to treat 
enuresis in young children as well as diabetes 
insipidus, hemophilia A and trauma-induced 
injuries. Desmopressin is administered via 
parenteral, intranasal and oral routes. When 
taken orally, the drug is destroyed in the 
gastrointestinal tract, and only 0.7–1 % of a 
given 100 or 200 μg dose may appear in the 

blood. The nasal application of desmopressin 
is accompanied by high variability in plasma 
pharmacokinetics. However, skin 
structure limits transdermal delivery only to 
lipophilic, low molecular weight potent 
drugs. The permeability of large hydrophilic 
molecules across the stratum corneum is 
extremely low [1, 2]. Microemulsions, which 
are thermodynamically stable mixtures of oil, 
water and surfactant, have great advantages in 
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skin drug delivery [3-5]. First, a large amount 
of drug can be incorporated in the formulation 
due to their high solubilizing capacity, which 
increases thermodynamic activity towards the 
skin [6-8]. Second, the affinity of a drug to 
the interior phase of the microemulsion can 
be easily modified to favour partitioning into 
the stratum corneum using different 
compositions. Third, their ingredients may 
reduce the diffusional barrier of the stratum 
corneum and increase the permeation rate by 
acting as permeation enhancers. Also, the 
hydration effect of microemulsion on the 
stratum corneum may influence the 
permeation ability of formulations [9-12]. 
 Although a sufficient number of studies 
have shown the potential of microemulsions 
in the transdermal delivery of drugs, little 
work has been done on how formulation 
components affect drug release and skin 
permeation in water-in-oil microemulsion 
containing desmopressin acetate. Getie et al. 
[13] compared the skin layer penetration 
profiles of desmopressin from a water-in-oil 
microemulsion and a conventional 
amphiphilic cream. They found that the drug 
can penetrate into deeper skin layers from 
microemulsions than from cream. 
 In this study, the effects of formulation 
components on the in vitro skin permeation of 
an emulsion drug delivery system containing 
nano-sized drops of desmopressin acetate 
were studied. The effect of surfactant 
hydrophilic-lipophilic balance (HLB), ratio of 
surfactants to co-surfactant (S/Cs), and ratio 
of surfactants and co-surfactant mixture to oil 
phase (Smix/oil) were selected as independent 
variables  and their effects on skin flux were 
evaluated by central composite design-
response surface method. Response surface 
methodology (RSM) was used for 
experimental design, model development, 

evaluation of factors  and optimization of 
conditions; central composite design (CCD) 
was used to make second order response 
surface models. The main objective of CCD is 
to determine the optimum operation 
conditions or an experimental design space 
that satisfies the operational specifications. 
Skin permeation studies, stability test and 
droplet size determination were performed to 
evaluate the advantages of transdermal 
emulsion delivery for desmopressin acetate.  

2. Materials and methods  
2.1. Materials 
Desmopressin acetate was purchased from 
Biopharm, China; Tween80 and Span80 were 
purchased from Merck (Germany), and 
isopropyl myristate and 1-decanol were 
purchased from Sigma (USA). All other 
materials were HPLC grade. 

2.2. Microemulsions preparation 
Isopropyl myristate was used as the oil phase, 
mixture of Span80 and Tween80 as the 
surfactants, 1-decanol as the co-surfactant  
and distilled water as the aqueous phase. The 
microemulsion region was defined by 
constructing pseudo-ternary phase diagrams. 
Surfactants to co-surfactant ratios (S/Cs) were 
fixed between 2:1 and 5:1. These mixtures of 
surfactants and co-surfactant (Smix) were 
mixed with the oil phase to give weight ratios 
of 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8 and 1:9. 
Water was added drop by drop and the 
mixture was stirred until a homogeneous 
dispersion/solution was obtained [14]. 
 A central composite design (with α = 1.68) 
using five levels of each of the three factors 
was designed to estimate the coefficient of a 
quadratic model (Table 1). The factors are 
HLB = 7 to 9, Smix/oil = 5:5 to 7:3  and S/Cs 
= 2:1 to 5:1.  
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Desmopressin acetate was dissolved in 
distilled water, and the aqueous solution was 
added into the mixtures of oil, surfactants, 
and co-surfactant drop by drop with a varying 
component ratio as given in Table 1. 
Microemulsion formulations containing 
desmopressin acetate were obtained by 
stirring the mixtures.  
 For physical stability testing, centrifuge and 
heating–cooling cycle tests were done. 
Centrifuge tests (for 30 min at 10,000 rpm), 

were carried out to assess the physical 
stability of the microemulsions [15]. The 
heating–cooling cycle test was done by 
storing in the refrigerator at 4°C ±1°C for 
48 h followed by hot air oven at 45°C ±1°C 
for 48 h as one cycle. Six cycles were 
performed. The clarity, phase separation, and 
precipitation of microemulsions were 
investigated. 
 For chemical stability test, accelerated 
stability studies were carried out on 

Table 1 
Factors and their compositions for different runs in CCD (Desmopressin acetate 2 % w/w and Water 10.5 
% w/w in all runs). 

Run HLB 
Surfactants (w/w %)  

Smix/oil 
Isopropyl myristate 

(w/w %)  S/Cs 
1-decanol 
(w/w %)  Span80 Tween80 

1 8.00 (0) 15.50 25.40 6.00/4.00  (0) 35.00 3.50(0) 11.60 

2 8.59(+1) 11.30 23.20 5.41/4.59(-1) 40.00 2.61(-1) 13.00 

3 7.41(-1) 18.40 23.30 6.59/3.41(+1) 29.80 2.61(-1) 16.00 

4 8.00(0) 18.00 29.70 7.00/3.00(+1.68) 26.30 3.50 (0) 13.50 

5 7.41(-1) 12.80 21.60 6.59/3.41(+1) 40.10 2.61(-1) 13.00 

6 7.41(-1) 23.00 29.20 6.59/3.41(+1) 29.80 4.39(+1) 5.50 

7 8.59(+1) 12.80 25.80 5.41/4.59(-1) 40.10 4.39(+1) 8.80 

8 7.41(-1) 11.30 19.20 5.41/4.59(-1) 40.10 2.61(-1) 16.90 

9 8.59(+1) 13.90 28.20 6.59/3.41(+1) 29.80 2.61(-1) 15.60 

10 8.00(0) 15.50 25.40 6.00/4.00 (0) 35.00 3.50 (0) 11.60 

11 8.00(0) 16.50 27.20 6.00/4.00 (0) 35.00 5.00(+1.68) 8.80 

12 7.00(-1.68) 26.60 26.60 6.00/4.00 (0) 35.00 3.50 (0) 11.60 

13 8.59(+1) 15.50 31.50 6.59/3.41(+1) 29.80 4.39(+1) 10.70 

14 8.00 (0) 13.30 21.70 6.00/4.00 (0) 35.00 2.00(-1.68) 17.50 

15 8.00 (0) 15.50 25.40 6.00/4.00 (0) 35.00 3.50 (0) 11.60 

16 8.00 (0) 15.50 25.40 6.00/4.00 (0) 35.00 3.50 (0) 11.60 

17 8.00 (0) 15.50 25.40 6.00/4.00 (0) 35.00 3.50 (0) 11.60 

18 8.00 (0) 15.50 25.40 6.00/4.00 (0) 35.00 3.50 (0) 11.60 

19 9.00(+1.68) 12.00 28.90 6.00/4.00 (0) 35.00 3.50 (0) 11.60 

20 8.00 (0) 13.00 21.10 5.00/5.00(-1.68) 43.70 3.50 (0) 9.70 
 

http://www.asiapharmaceutics.info/viewimage.asp?img=AsianJPharm_2009_3_1_30_49172_b1.jpg
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microemulsions according to International 
Conference on Harmonization (ICH) 
guidelines. Sufficient replicates of the 
optimized microemulsion were kept at 40°C ± 
2°C and 75 % ± 5 % RH. These were placed 
in a humidity chamber at 40°C ± 0.5°C and 
75 % ± 5 % RH. Samples were withdrawn at 
0 to 6 months. The concentrations of 
desmopressin acetate were determined by 
high-performance liquid chromatography 
(HPLC) method [16]. 

2.3. In Vitro skin penetration studies 
The skin permeation of desmopressin acetate 
was determined using Male Sprague-Dawley 
rats, (150–170 g), obtained from Tarbiat 
Modares University. They were kept under 
standard laboratory conditions in 12 hours 
light/dark cycle at 25 ± 2°C and were 
nourished with a pellet diet and water ad 
libitum. The animals were received after the 
study was duly approved by the University 
Animal Ethics Committee. Animals were 
sacrificed using chloroform. Hair on the 
abdominal region (200-400 μm) was carefully 
removed, and a 5 cm × 5 cm patch of full-
thickness skin was excised. The dermis side 
was wiped with isopropyl alcohol to remove 
any residual adhering fat. The skin was 
dipped and soaked in normal saline solution, 
washed with distilled water. The skins were 
clamped between the donor and the receptor 
chambers of the Franz-diffusion cells, with an 
effective diameter of 4.9 cm2 mm and a 
receptor volume of 16 ml, filled with sodium 
phosphate buffer (pH 7.4) at 37±0.5°C. In all 
experiments, 240 mg of each formulation was 
placed on the membrane. 1.5 ml of the 
receptor phase was withdrawn at 
predetermined intervals from 0.5 h to 8 h, 
replaced by fresh buffer solution, and HPLC 
assayed (Younglin, SDV30) with a UV 

detector at 207 nm. The HPLC separation 
system consisted of a Perfect Sil Target 
(column 150×4.6 mm id, 5 µm) equipped 
with a guard column. The mobile phase 
consisted of MeCN: K2HPO4 10 mM, at 
(80:20), which was adjusted to a pH of 6.0 ± 
0.1 with the addition of H3PO4. The flow rate 
of the mobile phase was 1 mL per minute. To 
prepare the standard curve, solutions of 0.5, 1, 
2, 3, 4, 5, 6, 8  and 10 µg/mL of desmopressin 
acetate were prepared by spiking materials at 
these nine concentrations to draw a linear 
calibration curve (R2=0.9998). The specificity 
for assay was established using 3 sequential 
replicates of the solution which was used in 
standard curve [17]. 

2.4. Statistical evaluation and formulation 
optimization  
Design-Expert 7.0.0 was used for 
optimization study. Eight (23) factorial 
designs with six (2×3) axial points and six 
central points were selected. The following 
second-order polynomial empirical model 
explains the behavior of the system: 

𝑌𝑌 = 𝛽𝛽 + �𝛽𝛽𝑖𝑖𝑋𝑋𝑖𝑖 +
𝑘𝑘

𝑖𝑖=1

��𝛽𝛽𝑖𝑖𝑗𝑗𝑋𝑋𝑖𝑖𝑋𝑋𝑗𝑗

𝑘𝑘

𝑗𝑗=1

𝑘𝑘

𝑖𝑖=1

 (1) 

where, Y is the measured response associated 
with each factor level combination response, 
β  is an intercept representing the arithmetic 
average of all quantitative values obtained by 
20 runs, iβ  and ijβ  are the model parameters, 

Xi and Xj are the coded factors  and k is the 
number of factors under study. In this 
equation for three factors, 1β  to 3β  are the 

linear interaction coefficients, 11β  to 33β  are 

the quadratic interaction coefficients, 12β  and 

13β  are the second-order interaction 
coefficients [18]. 
 Design-Expert 7.0.0 software (Version 
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7.0.0, Stat-Ease Inc., Minneapolis, MN, USA) 
was used for data processing with Eq. (1) and 
the interaction between process variables and 
response was evaluated using analysis of 
variance (ANOVA). The coefficient of 
determination (R2) expressed the quality of fit 
of the polynomial model and the F test in the 
same program was used to check its statistical 
significance.  
 Skin flux as a response was optimized 
numerically. Maximization for flux was 
selected in the same order to obtain an 
optimized formulation. One optimum check 
point was selected according to its 
desirability. The formulation was prepared for 
experimental evaluation. The optimized 
formulation predicted by the model was 
prepared experimentally  and the response 
was determined. The results predicted by the 
model and the ones obtained experimentally 
were compared at a 95 % confidence level. 

2.5. Characterization of optimized 
formulation  
The average droplet size and polydispersity 
index of the microemulsions were checked at 
25˚C by a dynamic light scattering zeta sizer 
instrument (Malvern, ZEN3600 UK). 

3. Results and discussion 
3.1. Microemulsions preparation 
To obtain the appropriate components and 
their concentration ranges for the 
microemulsions, pseudo-ternary phase 
diagrams were constructed, so that w/o clear 
microemulsion regions could be identified 
(dark areas in Fig. 1). No distinct conversion 
from water-in-oil (w/o) to oil-in-water (o/w) 
microemulsion was observed. The rest of the 
region on the phase diagram represents the 
turbid and conventional emulsions. It is clear 
that, with an increase in the weight ratio of 

S/Cs and HLB, the microemulsion region is 
expanded. This behavior could be assigned to 
the interfacial tension reduction and the 
interface fluidity increase and thereby the 
entropy of the system is increased. 
 Visual observations revealed no evidence of 
phase separation, flocculation or precipitation. 
No sign of phase separation under stress was 
observed after centrifugation at 10000 rpm for 
30 min and after six heating–cooling cycles. 
Chemical stability testing under accelerated 
conditions (40°C) for 6 months showed that 
desmopressin acetate content did not decrease 
in microemulsions. 

3.2. In Vitro skin penetration study  
The skin fluxes of desmopressin acetate in 20 
experimental formulations were determined in 
Table 2.  
 The following reduced quadratic model 
explained the skin flux of the 
microemulsions:  
Skin flux = -1315.54+212.00 (HLB) +156.88 
(Smix/oil) +14.64 (S/Cs)-10.77 (HLB) 2-9.38                       
(Smix/oil) 2-3.47 (S/Cs) 2 (2) 
The values of F tests for ANOVA analysis 
indicated that the model described above was 
statistically significant (P<0.0001). There was 
no lack of fit for this model. The adjusted R2 
was 0.94 and the prediction R2 was 0.88. 
Table 3 indicates that HLB, Smix/oil, S/Cs, 
HLB2, Smix/oil2, and S/Cs2 are the significant 
terms of the model (p<0.05).  
 In other words, HLB, Smix/oil and S/Cs had 
significant impacts on skin flux and by 
increasing the amounts of HLB and 
decreasing Smix/oil and S/Cs, skin flux 
increased. 
 Figure 2 represents predicted versus actual 
values of microemulsion skin fluxes. The 
clustering of points around  the  diagonal  line 
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Figure 1. Phase behavior of microemulsions in: a) HLB=5, b) HLB=7 and c) HLB=9. 

Table 2 
Skin flux and lag time for different formulations 
in CCD. 
Formulation Skin flux (µg/(cm2.h)) Lag time (h) 

1 10.70±0.66 0.36±0.03 
2 11.80±0.44 0.26±0.05 
3 7.76±0.36 1.08±0.07 
4 6.84±0.65 2.20±0.11 
5 6.76±0.19 1.70±0.09 
6 4.17±0.23 1.70±0.12 
7 10.70±0.63 0.40±0.11 
8 7.78±0.21 1.22±0.10 
9 9.76±0.27 0.74±0.06 

10 10.91±0.66 0.36±0.03 
11 7.44±0.53 1.35±0.14 
12 5.86±0.19 1.55±0.09 
13 7.17±0.33 1.32±0.09 
14 11.35±0.20 1.16±0.08 
15 10.10±0.66 0.37±0.03 
16 9.82±0.66 0.40±0.03 
17 10.27±0.66 0.35±0.03 
18 10.77±0.66 0.35±0.03 
19 11.74±0.42 0.10±0.01 
20 11.32±0.36 0.23±0.02 

 

 

Table 3 
Statistical significance test of skin flux for terms 
within the frame of generalized quadratic model: 
(a) before reducing and (b) after reducing the 
insignificant terms. 

Terms in model F value P value 

Before reducing   
A 110.04 < 0.0001 
B 51.96 < 0.0001 
C 46.71 < 0.0001 

AB 3.15 0.1062 
AC 0.30 0.5932 
BC 5.97 0.0346 
A2 22.98 0.0007 
B2 17.20 0.0020 
C2 11.73 0.0065 

After reducing   
A 73.63 < 0.0001 
B 34.77 < 0.0001 
C 31.25 < 0.0001 
A2 15.37 0.0018 
B2 11.51 0.0048 
C2 7.85 0.0150 
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Figure 2. Predicted versus actual values for skin 
flux. 

indicates a satisfactory correlation between 
the experimental data and the predicted 
values, confirming the robustness of the 
model. 
 The response surfaces and contour plots in 

Fig. 3 show the effects of HLB, S/C and 
Smix/oil on microemulsion skin fluxes. It is 
evident that a higher degree of HLB results in 
higher skin flux due to the greater amount of 
Tween80 in the formulation (Fig. 3). 
 Skin barrier functions could be affected by 
non-ionic surfactants through different 
mechanisms. Tween80 is a polar component 
that enhances penetration by allowing the 
polar molecule to partition across the stratum 
corneum more easily. This modifies the 
composition of the membrane and favors 
permeation of the hydrophilic compounds 
[19], while Span80 affects the intercellular 
lipids of the stratum corneum by enhancing 
their fluidity. Therefore, the diffusion of 
lipophilic mixtures across the stratum 
corneum is enhanced. 
 
 

 
 

  
Figure 3. 2D contour plots (a & c) and 3D response surfaces (b & d) of skin flux.  
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Increasing the ratio of S/Cs results in a 
decrease of skin flux (Fig. 3 (a, b)). Higher Cs 
could lower the interfacial tension of the 
surfactant in microemulsions and make the 
interfacial layer more flexible and dynamic. 
Drug can diffuse across the flexible film 
between the internal and external phases; 
therefore,  partitioning and diffusion into the 
stratum corneum increase. Moreover, the long 
chain hydrocarbon of hydrophobic alcohol 
structures can disrupt two layers of skin and 
facilitate penetration of drugs across the 
barrier.  
 According to Fig.3 (c, d) reducing the 
Smix/oil ratio causes the skin flux to increase. 
Regarding the hydrophobic ester terminal of 
the stratum corneum, fatty acids can enter this 
dual structure and create a new region to 
penetrate. Isopropyl myristate is an aliphatic 
ester and its mechanism is related to its 
moderate polarity [20]. It affects polar and 
non-polar regions of the skin and has a 
permeation enhancement effect [21]. 
Moreover, isopropyl myristate reduces the 
viscosity of the formulation, providing the 
drug with more freedom and mobility. 

3.3. Characterization of optimized 
formulation 
The optimized formulations as well as the 
upper and lower levels of confidence of 
response evaluated by the software are shown 
in Table 4. 
 The drops of this formulation have a 
spherical shape with an average particle size 
of 69 nm and polydispersity index of 0.27 
(Fig. 4). To test the validity of the optimized 
conditions given by the model, experiments 
were carried out using the optimal conditions 
determined by the parameters. It was 
observed that the experimentally obtained and 
the  predicted  responses were closely           related; 

Table 4 
Model-predicted and observed values of skin 
flux in optimum condition. 

Optimized Formulation 

HLB Smix/oil S/Cs Desirability 

8 5.46:4.54 3:1 0.985 

Response (Skin flux; µg/(cm2.h)) 

Prediction 
SE 

Mean 
95 % Cl 

Low 
95 % Cl 

High 
Observed 

Value 
11.30 0.29 10.65 11.95 11.12 

therefore, the model was successful in 
predicting the response. 
 In order to evaluate the skin permeation of 
desmopressin acetate from optimized 
formulation versus drug solution, aqueous 
drug solution (4.8 mg desmopressin acetate in 
240 µl water; the same drug concentration as 
in the optimized microemulsion formulation) 
was prepared, and its corresponding skin flux 
was evaluated. As shown in Fig. 5, it was 
observed that the skin flux of desmopressin 
acetate from optimized microemulsion was 
4.45 fold higher than the above-mentioned 
drug solution. 

4. Conclusions 
This research investigated the effects of 
formulation components on the in vitro skin 
permeation of a microemulsion drug delivery 
system containing desmopressin acetate. 
 It was concluded that percutaneous 
absorption of desmopressin acetate from the 
microemulsion was enhanced by a decrease in 
S/Cs and Smix/oil, and the higher level of HLB 
increased skin flux. The optimized 
formulation (HLB = 8, S/Cs = 3 and Smix/oil = 
5.4), with average particle size of 69 nm and 
good stability for a period of 6 months, could 
increase the skin flux of desmopressin acetate 
4.45 fold relative to the drug solution. Skin 
permeation   studies   showed  that  developed  
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Figure 4. Average particle size of microemulsion by a) volume and b) intensity. 

 
Figure 5. Cumulative skin permeation from ♦: 
drug solution and ■: optimized microemulsion.  
 
desmopressin acetate microemulsion has 
better efficiency than the simple drug 
solution. 
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