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In this research, the effect of microneedle, penetration enhancer and liposomes on the 

skin permeation and stability of macromolecule, peptide and protein was investigated. In the 

first part, the effect of liposome and liposome incorporated with surfactants on skin 

permeation of meloxiam was studied. The liposome incorporated with surfactants increased 

the incorporation efficiency and skin permeation of the drug. These results caused from that 

surfactants can alter the fluifity of lipid in the stratum corneum of the skin. In the second 

experiment, the effect of hollow microneedle on the skin permeation fluorescein 

isothiocyanate dextran (FD) was investigated.  The effect of volume of FD injected, the 

number of injection on the same volume of FD, the molecular weight of FD and the type of 

formulation (solution, emulsion and liposome) was studied. The results showed that increasing 

in the volume of injected FD increased the skin permeation. The number of injection slightly 

influenced the enhancing of the skin permeation of FD. The higher the molecular weight of FD 

injected, the lower the skin permeation of FD was observed. The solution gave the higher skin 

permeation than emulsion and liposome, respectively. The kinetic of drug released from the 

skin to the receptor solution was found to be Higuchi’ model. In the final part, the effect of 

microneedle, penetration enhancer, and liposome on the skin permeation of peptide and 

protein was evaluated. The peptide and protein used in this study were peptide 8 amino acid,  

superoxide dismutase  and bovine serum albumin. The skin penetration enhancers used were 

ethanol, ethanol and menthol, and ethanol plus menthol and limonene. The results showed 

that increasing in the molecular weight of peptide and protein decreased the skin permeation. 

The use of all penetration enhancers increased the skin permeation of protein. The maximum 

skin permeation enhancement was found in ethanol plus menthol and limonene. The use of 

hollow microneedle significantly increased the skin permeation of protein. The synergistic 

effect for skin permeation of peptide and protein was found in the combination of microneedle 

and liposome. The good stability was found in the liposome kept at 4oC for 1 month. The 

microneedle can increase the skin permeation of protein drug, and the formulation factor is 

the key factor for skin permeation of protein drug. 

Keywords:  Microneedles, Penetration enhancer. Liposome, Macromolecule, Peptide, Protein 
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EXECUTIVE SUMMARY 
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 13  Higuchi plot  FD-4                                     35 
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  HPLC  = High Performance Liquid Chromatography 

          hr, h  = hour 

  mcg  = microgram 

  cm2  = square centimeter 

         SC  = stratum corneum 

   FD  = fluoresceine isothiocyanate dextran 
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 1   Scanning electron microscope   (a)  150 

  (b)  1000 

 

  

   2002  Mitszta  plasmid 

DNA encoding Luciferase  2003-2008 

   Bovine serum albumin, antisense oligonucleotide 

 

 

    

   

 

  

    2007  Wu  

 (iontophoresis) 

 fluorescein isothocyanate (FITC)-dextrans 

 2 

   

 (chemical enhancer) 

 

 menthol, alcohol  terpenes  20 
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/   

 

  (penetration enhancer) 
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2 .
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 3  peptide 8 amino acid (KKKKKKKK), superoxide dismutase  bovine 

serum albumin  

 3   ethanol, ethanol + menthol  ethanol+ menthol + limonene 
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 1998  Henry  3)  

 1998-2008     4)  

   

   

   

 diclofenac4), methyl nicotinate, calcein, demopressin, 5-aminolevulinic 

acid, naltrexone, albumin , ovalbumin, insulin,  oligonucleotide, antigen vaccine, gene  

plasmid DNA   
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    2002 

Mikszta  Mitszta  plasmid DNA encoding Luciferase 

   Luciferase  

plasmid DNA  2,500   Martriano  

  2003 Martanto 

   4 

  80 

      2005 Davis    (Hollow metal 

microneedle) 
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-orezanol (Sigma, USA) 

Phosphatidylcholine (Sigma, USA) 

Cholesterol (Sigma, USA) 

Sodium taurocholate (Sigma, USA) 

Fetal bovine serum albumin  (Sigma, USA) 

peptide 8 amino acid (KKKKKKKK), (Sigma, USA) 

superoxide dismutase (Sigma, USA) 

Fluoresceine isothiocynate (Sigma, USA) 

1,2 Dimyristoyl-sn-glycero-3phosphocholine (Sigma, USA) 

Propylene glycol monocaprylic ester (Sigma, USA) 

Polyoxyethylene 60 hydrogenated castor oil (Sigma, USA) 

Ketoprofen (Sigma, USA) 

Deuterium oxide  (Sigma, USA) 

Cetyl trimethyl ammonium bromide (Sigma, USA) 

Tween 80  (Nisshin Flour Milling, Japan) 

Sodium lauryl sulfate (Tokyo Kasei Kagyo, Japan) 

Methanol (E Merck, Germany) 

Methyl paraben (Sigma, USA)  

Phosphoric acid (Carlo Erba, Italy) 

Propylene glycol (Carlo Erba, Italy) 

Glycerine  (Carlo Erba, Italy) 

Sodium chloride (E Merck, Germany) 

Acetonitrile (E Merck, Germany) 

Sodium hydroxide (E Merck, Germany) 

Potassium dihydrogen phosphate (Carlo Erba, Italy) 

Monobasic sodium phosphate (E Merck, Germany) 

Dibasic sodium phosphate (E Merck, Germany) 

 

 

Hollow microneedles, Nanopass (33 gauge hypodermic needle) 

Controlled temperatue water bath 
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Dessicator 

Side by side diffusion cell (Crown Bio Scientific Inc., USA) 

Glass syringe 

UV spectrophotometry (Hitachi, Tokyo, Japan) 

pH Meter 

Magnetic stirrer 

High Performance Liquid Chromatography (Perkin Elmer, USA) 

Hot air oven 

 (0.45 ) 

 

Guard column for HPLC (Perkin Elmer, USA) 

 

 

 

1.  

           1.1  reverse phase  methanol : chloroform  

 (  1)  3  

  % yield 

   Zetasizer 

   Triton-X  

  

 High performance liquid chromatography 

 1.2 

 diffusion cell  Franz  meloxicam  (donor 

phase)  Phosphate buffer 7.4  (receptor phase) 

  

(magnetic stirrer)  37 

 

  HPLC 

          1.3     Fourier Transform Infared 

spectroscopy (FTIR)  Differential Scanning Calorimetry (DSC) 
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 1  
 

 
2. 

 

 2.1.  

  hypodermic needle  30  silicone sheet 

 (  2)  40 

  

 

 

 

 

 

 

 

 

 

 

 

 

 2   hollow microneedles 

 2.2   

   Wistar rat  

 4  

 

 

200 μm

SC
Viable epidermis

Dermis

27G hypodermic needle

Silicone sheet

= 40o

33G hypodermic needle ~ 0.9 mm

200 μm200 μm200 μm

SC
Viable epidermis

Dermis

27G hypodermic needle

Silicone sheet

= 40o

33G hypodermic needle ~ 0.9 mm

SC
Viable epidermis

Dermis

SC
Viable epidermis

Dermis

SC
Viable epidermis

Dermis

27G hypodermic needle

Silicone sheet

= 40o

33G hypodermic needle ~ 0.9 mm

27G hypodermic needle

Silicone sheet

= 40o

33G hypodermic needle

27G hypodermic needle27G hypodermic needle

Silicone sheetSilicone sheet

= 40o= 40o

33G hypodermic needle33G hypodermic needle ~ 0.9 mm~ 0.9 mm
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       2.3  

  diffusion cell  Franz  Fluorescine 

isothiocyanate dextran-4   (donor phase)   5, 10, 

20 l 1 mM FD-4  Phosphate buffer 7.4  (receptor phase) 

 

 (magnetic stirrer)  37 

 

  Fluorescence spectroscopy Ex 495 nm, 

Em 415 nm 

  10  10  1 

 5  2   2.5  4   

   

  2.4    

   - Flux  Skin permeation rate    

  - Enhancement ratio  Flux  Skin permeation rate

 

  

 2.5   Higuchi, zero order 

 Peppas Model  

 2.6  

    /  Scanning Electron 

Microscope (SEM) 

 

3. 

 

  

 3  peptide 8 amino acid (KKKKKKKK), superoxide dismutase  bovine 

serum albumin  

 3   ethanol, ethanol + menthol  ethanol+ menthol + limonene 

 

 4  1. 

  2.  3. 

  4. 
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 3.1.  

  hypodermic needle  30  silicone sheet 

 (  2)  40 

  

              3.2   

   Wistar rat  

 4  

 3.3 

 

  diffusion cell  side by side  FD 

 (donor phase)  phosphate buffer pH 7.4  (receptor phase) 

   1.

  2.  3. 

 4. 

 

 

 (magnetic stirrer)  37 

  phosphate buffer pH 

7.4   High performance liquid 

chromatography 

 3.4  /  

    /  Scanning Electron 

Microscope (SEM) 

    3.5  

   - Flux  Skin permeation rate    

   - Enhancement ratio  Flux  Skin permeation rate

 

  

 

 

 

 



                                                                                                                                                                                        RSA 5280001 

 23 

 

1.  

    

 

  

 

   

 
 

 3  Transmission electron microscopy  (a) MX loaded in 

liposomes (PC) (5,000X), (b) MX loaded in liposomes (PC) (30,000X), (c) MX loaded in 

liposomes (PC) (50,000X), (d) MX loaded in transfersomes (PC/NaChol) (10,000X), (e) MX 

loaded in transfersomes (PC/NaChol) (30,000X)  (f) MX loaded in transfersomes 

(PC/NaChol) (50,000X). 

 

   (unilamellar vesicle) (  3) 

 89-137   (  2) 

 bilayer    
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  2    

 
 

           entrapment efficiency  loading efficiency  4 

 2.5 %  entrapment efficiency  loading efficiency  

 70 %  entrapment efficiency  loading efficiency 

 10 %  entrapment efficiency  loading 

efficiency  

 

 sodium oleate  (NaO)  entrapment 

efficiency  loading efficiency  sodium cholate (Na Chol)  

dicetylphosphate (DCP) 

   

  30  (  

5)   4    
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 4 (A)  (2.5, 5, 10, 20, 30, 50, and 70%)  

entrapment efficiency  ( )  loading efficiency ( ) .  

 (B)  entrapment efficiency  ( )  loading 

efficiency ( ) .  ( )  ( )  ( ) 
 (n=6) 
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 5   ( ) PC, ( ) 

PC/Chol, ( ) PC/NaO, ( ) PC/NaO/Chol, ( )PC/NaChol, ( )PC/NaChol/Chol, ( ) 

PC/DCP, and ( ) PC/DCP/Chol     (A) 4   (B) 25 

  30   
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 6   24   

( )  ( ) ( )  

* (P< 0.05)   

** (P< 0.05)  

 

 

 (flux)  24  

(  6)  

     

  stratum corneum 

 intercellular  stratum 

corneum  fluidize  

 DSC 

 FTIR  7  

  sodium cholate (Na Chol, C18) > sodium oleate  

(NaO, C24)> dicetylphosphate (DCP, C32) 
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 7 (A) FT-IR spectra  24  

(B) DSC thermogram  24  ; 

 (a) Untreated skin, (b) PC/NaO, (c) PC/NaO/Chol, (d) PC/NaChol, (e) PC/NaChol/Chol, (f) 

PC/DCP, and (g) PC/DCP/Chol  
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 24  FTIR  DSC (  7)   FTIR  7A 

 C-H (CH2) asymmetric stretching peak  2920 

cm-1  C-H (CH2) symmetric stretching peak  2850 cm-1  fluidity 

 stratum corneum  

 

   DSC  7B  stratum corneum  

solid gel  244  

 solid gel  Na Chol  198   NaO 207 

   DCP 218  

 solid gel temperature   transition temperature 

 fluidity  

  

 sodium cholate  
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2. 

 

2.1   (hollow type) 

          hypodermic needle  

30  silicone sheet  

 40 

  Fluorescine isothiocyanate dextran-4  (FD-4) 

 FD-4 

    

 

2.2

 

 2.2.1   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8    FD-4   

( ) 20 l ( ) 10 l  ( ) 5 l 

 

 8  FD-4  

  20 l >10 l>  5  l  

AA
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  2.2.2  

       10  

 FD-4 

 

 

 
 9  10  1   FD-4 

  

 

 
               

 10  5  2   FD-4 
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 11  2.5  4   FD-4 

  
 

  3    FD-4  8 h 

 
Injection 

volume (μL) 
% Number of injections a % 

  5 80.2 + 3.4 1 (10 μL) 81.2 + 1.6 

10 81.2 + 1.6 2 (each 5 μL) 82.3 + 1.0 

20 84.6 + 3.4 4 (each 2.5 μL)  85.2 + 1.2* 

 

 9-12  1

 sodium fluorescein 

 80  8  
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 2.2.3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 12   ( )  ( )   ( ) 

 sodium fluorescein Hollow microneedle 

 

 (90%)  (70%)  (3.6%)  

 

(controlled release)   

 hollow  

 

2.3  FD-4  

 Peppas (Eq. 1)   

nt kt
M
M

 (1) 

Mt   = the amount of drug released at time t 
M  = the amount of drug released at infinite time.  

Mt/M  = the fractional drug release 

t  =  the release time 

k = a kinetic constant incorporating structural and geometric characteristics of the 

controlled release device 

n = an exponent which characterizes the mechanism of diffusional release 



                                                                                                                                                                                        RSA 5280001 

 34 

 Fickian diffusion   n  0.5,  

anomalous (non-Fickian) transport  n > 0.5 – < 1.0, case II transport  

zero order (time-independent release) for n = 1.0, and super-case-II transport for n > 1.0. 

 Higuchi model  

 2/1KtQ  (2) 

Q  = the cumulative amount of FD-4 released from the FD-4 loaded skin into receiver 

solution per unit surface area (nmol/cm2) 

K  = the kinetic constant indicative of the release rate (nmol/cm2h1/2).   

diffusion coefficient of FD-4 in skin by employing a hollow microneedle, DSkin (cm
2/h) 

 3 
tD

CQ Skin
02   (3) 

C0 =  the initial concentration of FD-4 in skin after direct injection (nmol/mL).   

 4      FD-4 FD-4  8 h 

 
 

 
Peppas model 

 

 Exponent (n) 
Kinetic constant 

(k) 
r2 

Injection volume (μL)    

5 0.556 0.689 0.999 

10 0.528 1.040 0.967 

20 0.485 2.895 0.965 

Number of injections    

1 (10 μL) 0.528 1.040 0.967 

2 (each 5 μL) 0.564 0.935 0.965 

 4 (each 2.5 μL) 0.564 1.345 0.983 
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 13  Higuchi plot  FD-4  

Solid line represents calculated value. The values in Fig. 2B and 2C are represented by the 

following equations, respectively: ; log Q = 0.56 × log t-to - 0.16 (r2 = 0.999) and Q = 0.75 × 

t - 0.059 (r2 = 0.998), ; log Q = 0.53 × log t-to + 0.017 (r2 = 0.967) and Q = 1.2 × t - 
0.12 (r2 = 0.979), ; log Q = 0.48 × log t-to + 0.46 (r2 = 0.965) and Q = 3.2 × t - 0.15 (r2 = 

0.974).   

 13  2  

 Higuchi 

 correlation coefficient  0.97  

exponent (n)  0.5  2 

  Injection volume 20 l (2.9)> 10 l (1.0) > 5 l (0.7)    2.5 l 4 

 (1.3)> 10 l 1  (1.0) > 5 l 2  (0.9) 

2.4  Histology  FD -4  

   FD -4 

 14  FD-4   15 

    FD-4 

 
 

 

CCBB
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 14   Histology  Fluorescine isothiocyanate dextran-4   

 
 

 
 

 15   Fluorescine isothiocyanate dextran-4   

 A)  B)  C)  
  

Hollow 
microneedle 
insertion point 

C 
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  2   Flurescein 

isothiocynate-dextran   40 

  

stratum corneum  rate limiting step 

   

 

 stratum corneum   Fickian diffusion 
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3. 

 

3.1   (hollow type) 

          hypodermic needle  30 

 silicone sheet  

 40  

3.2 

 

  

 3  peptide 8 amino acid (KKKKKKKK), superoxide dismutase  bovine 

serum albumin  

 3   ethanol, ethanol + menthol  ethanol+ menthol + limonene 

 

 4  1. 

  2.  3. 

  4. 

 

 

 bovine serum albumin  

 

 bovine serum albumin  5, 

10  20   16  

 8  

 5 l  10 l  20 l 

  passive diffusion 

 receptor fluid  

 

 20 l

 Higuchi (  5)

 20 l  10 l  5 l 

 

correlation coefficient  0.97 
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 16    bovine serum albumin  

 ( ) 20 l ( ) 10 l  ( ) 5 l  ( ) passive diffusion 

 

 5  bovine serum albumin  

 
 

  peptide 8 amino acid (KKKKKKKK), superoxide dismutase 

 bovine serum albumin   

 peptide 8 amino acid (KKKKKKKK) 

  superoxide dismutase  

bovine serum albumin  (  17) 

 

 Fick  
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 ( ) KKKKKKKK  ( ) Bovine serum albumin ( ) Superoxide dismutase 

 

 

0

20

40

60

80

100

0 2 4 6 8

Time (h)

%
 R

el
ea

se
 o

f K
KK

KK
KK

K

 
 18    8            

( ) Passive diffusion ( ) Ethanol 40%  ( ) Ethanol 40%+menthol 5%  ( )Ethanol 

40%+menthol 5% + limonene 5% 
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 19                  

( ) Passive diffusion ( ) Ethanol 40%  ( ) Ethanol 40%+menthol 5%  ( )Ethanol 

40%+menthol 5% + limonene 5% 
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 20   

 ( ) Passive diffusion ( ) Ethanol 40%  ( ) Ethanol 40%+menthol 5% 

 ( )Ethanol 40%+menthol 5% + limonene 5% 
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0

20

40

60

80

100

0 1 2 3 4 5 6 7 8

 
  21   BSA                               

( ) Passive diffusion ( )Ethanol 40%+menthol 5% + limonene 5% in liposome ( ) 

Microneedle  ( )Ethanol 40%+menthol 5% + limonene 5% in liposome plus microneedle 

 

 

 6 

 1  

       4oC       25oC       40oC 

Solution 98.5% 92% 60% 

Liposome 99.2 % 97.2% 72.5% 

Liposome+enhancers 98.9 % 97.2% 70.5% 

 

 

 ethanol (40%), ethanol (40%) + menthol (5%)  ethanol (40%)+ menthol 

(5%)+ limonene (5%) 

 enhancement ratio  ethanol (40%)+ menthol (5%)+ 

limonene (5%)  (2.8 )  ethanol (40%) + menthol (5%)( 2 )  ethanol (1.4 

)  peptide 8 amino acid  (  18)  

superoxide dismutase  ethanol (40%)+ menthol (5%)+ limonene (5%)  (3.2 )  

ethanol (40%) + menthol (5%)( 2.4 )  ethanol (1.6 ) (  19)  bovine 

serum albumin  ethanol (40%)+ menthol (5%)+ limonene (5%)  (2.9 )  ethanol 

(40%) + menthol (5%)( 2.5 )  ethanol (1.3 ) (  20) 
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 partition 

 

 

 5-7 

 8-10   (  18-20) 

 bovine serum albumin liposome (  21)  10  12 

 (synergistic effect)  

(combination) 

 

 

 30  (  6)   4 

    bovine serum 

albumin   
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Introduction

Gamma-oryzanol, a main constituent in rice bran oil, 
contain a mixture of at least 10 phytosteryl ferulates 
where cycloartenyl ferulate, 24-methylenecycloartanyl 
ferulate and campesteryl ferulate have been identified as 
the major components, accounting for 80% of -oryzanol 
in rice bran oil.[1] It has been reported to exhibit many 
properties such as reduction in serum cholesterol lev-
els, inhibition of the platelet aggregation, possession in 
anti-inflammatory effect, improvement of the stability 
of food and stimulation of blood circulation under the 
skin.[2–4] It has also been proposed as a natural antioxi-
dant to improve the stability of foods.[5,6] -oryzanol is 
used as an antioxidant in the conservation of oils and 
beverages, presenting a synergetic effect in association 

with vitamin E.[7] It is also described as a  multifunctional 
cosmetic agent: its properties consist on the stimula-
tion of sebaceous glands and in the adsorption of UV 
radiation.[8] Therefore -oryzanol is an interesting natu-
ral antioxidant compound for both pharmaceutical and 
food application. For cosmetic purpose, it was used as 
an active component to prevent skin from aging and 
protect the skin from free radicals in cosmetic products 
such as sunscreens and hair care products, which ones 
are already available in the market.

Although the skin as a route for drug delivery can 
offer many advantages, including avoidance of first-
pass metabolism, lower fluctuations in plasma drug 
levels, targeting of the active ingredient for a local effect 
and good patient compliance, the barrier nature of skin 
makes it difficult for most drugs to penetrate into and 
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Abstract
The objective of this study is to prepare the γ-oryzanol-loaded liposomes and investigate their physico-
chemical properties and antioxidant activity intended for cosmetic applications. Liposomes, Composing 
phosphatidylCholine (PC) and Cholesterol (Chol), CHAPS or sodium taurocholate (NaTC) were prepared 
by sonication method. γ-oryzanol-loaded liposomes were prepared by using 3, 5 and 10% γ-oryzanol as 
an initial concentration. The formulation factors in a particular type and composition of lipid and initial 
drug loading on the physicochemical properties (i.e., particle size, zeta potential, entrapment efficiency, 
drug release) and antioxidant activity were studied. The particle sizes of bare liposomes were in nanom-
eter range. The γ-oryzanol-loaded liposomes in formulations of PC/CHAPS and PC/NaTC liposomes were 
smaller than PC/Chol liposomes. The incorporation efficiency of 10% γ-oryzanol-loaded PC/Chol liposomes 
was less than γ-oryzanol-loaded PC/CHAPS liposomes and PC/NaTC liposomes allowing higher in vitro 
release rate due to higher free γ-oryzanol in buffer solution. The antioxidant activity of γ-oryzanol-loaded 
liposomes was not different from pure γ-oryzanol. Both γ-oryzanol-loaded PC/CHAPS liposomes and PC/
NaTC liposomes were showed to enhance the antioxidant activity in NHF cells. γ-oryzanol-loaded PC/Chol 
liposomes demonstrated the lowest cytotoxicity in NHF cells. It was conceivably concluded that liposomes 
prepared in this study are suitable for γ-oryzanol incorporation without loss of antioxidant activity.

Keywords: Liposomes; antioxidant; in vitro release; gamma-oryzanol
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permeate through it. During the past decades there 
has been wide interest in exploring new techniques to 
increase drug absorption through skin such as penetra-
tion enhancers as well as other chemical methods. One 
of the most controversial methods to increase drug 
transport across the skin is the use of vesicles or lipo-
somes. Topical delivery of drugs by lipid vesicles has 
evoked a considerable interest. Liposomes are colloidal 
particles ranging in diameters from 50 nm to several 
microns formed as concentric biomolecular layers that 
are capable of encapsulating drugs. Liposomes have 
been widely used as vehicle in the pharmaceutical and 
cosmetic field as drug delivery systems due to their ver-
satility and clinical efficacy. They can be administered by 
several routes such as the oral,[9] ocular,[10] parenteral,[11] 
nasal,[12] and topical.[13] There are many examples of 
cosmetic products in which the active ingredients are 
encapsulated in vesicles. These include humectants 
such as glycerol and urea, sunscreening and tanning 
agents, enzymes. Although there are few commercial 
topical products containing encapsulated drugs, there 
is a considerable body of research in the topic. A variety 
of encapsulating systems have been evaluated includ-
ing liposomes, deformable liposomes or transfersomes, 
ethosomes and niosomes. Although it has been gen-
erally accepted that the use of liposomes with proper 
composition should result in increased drug transport 
across the skin, many questions arise about the mecha-
nism of action of these vesicular formulations. The first 
publications on interactions between liposomes and 
skin appeared in 1980.[14] After these first papers, a large 
number of studies were initiated and conflicting results 
continued to be published concerning liposomes effec-
tiveness. PhosphatidylCholine (PC) from soybean or egg 
yolk is the most common composition although many 
other potential ingredients have been evaluated.[15] 
Cholesterol (Chol) added to the composition tends 
to stabilize the structure thereby generating more 
rigid liposomes (conventional liposomes). Recently, it 
became evident that, in most cases, conventional lipo-
somes are of little or no value as carriers for transder-
mal drug delivery as they do not deeply penetrate skin, 
but rather remain confined to upper layers of the stra-
tum corneum.[16] The previous research studies reported 
that many factors have influenced on the percutaneous 
 penetration behavior of liposomes for example liposome 
composition.[17] Touitou et al. compared penetration 
enhancers with liposomes. Interestingly, they observed 
that liposomes can act as an excellent reservoir, while the 
penetration enhancers increased the drug transport 
through the skin.[18] This group developed also a new 
system in which liposomes are combined with ethanol. 
Most probably the ethanol decreases the interfacial ten-
sion of the vesicles and makes the vesicles more elastic. 
These systems are referred to as ethasomes.

Cevc’s group introduced Transfersomes, which are 
elastic vesicles prepared from lipids and an edge acti-
vator, such as a single-chain lipid or surfactant.[19,20] An 
edge activator is often a single chain surfactant, having 
a high radius of curvature, that destabilizes lipid bilay-
ers of the vesicles and increases deformability of the 
bilayers. Sodium cholate, sodium deoxycholate, Span 
60, Span 65, Span 80, Tween 20, Tween 60, Tween 80 
and dipotassium glycyrrhizinate were employed as 
edge activators.[16] Only at the optimal balance between 
the amount of edge activator and the amount of bilayer 
forming lipid, are the vesicles elastic. If the edge activa-
tor level in the vesicles is too low, the vesicles are rigid 
and if the concentration edge activator is too high, the 
vesicles turn into micelles. It has been suggested that as 
a result of the hydration force in the skin, transfersomes 
due to their elastic nature can be squeezed through stra-
tum corneum lipid lamellar regions. These results are 
very encouraging and certainly show that transfersomes 
have important advantages over vesicles prepared from 
only double chained phospholipids and cholesterol 
(conventional liposomes). It would be of extreme inter-
est to study new edge activator to prepare  transfersomes. 
Therefore, in this study -oryzanol-loaded liposome 
with different compositions was prepared to investi-
gate the physicochemical property intended for cos-
metic purpose. The cholestrol (Chol) was added to PC 
to form conventional liposomes. Surfactants (CHAPS, 
(3-[(3- Cholamidopropyl) dimethylammonio]-1-
 propanesulfonate) or sodium taurocholate (NaTC)) as 
an edge activator were added to PC to form an elastic 
or transfersomes. The formulation factors such as initial 
amount of drug added, type of surfactants (CHAPS and 
NaTC) on the physicochemical properties, percentage 
yield, percentage drug release and antioxidant activity 
of -oryzanol loaded-liposomes were evaluated.

Materials and method

Materials

-oryzanol was purchased from Connell Brothers Co., 
Thailand. PhosphatidylCholine (PC, Phospholipon 90 G, 
purity 92.0–98.0%) was used as a gift from Phospholipid 
GMBH, Germany. Cholesterol (Chol), (3-[(3-Chola-
midopropyl)dimethyl ammonio]-1-propanesulfonate) 
(CHAPS) and sodium taurocholate (NaTC), 2,2-
diphenyl-1-picryl-hydrazyl (DPPH), Tris, Triton-X 100 
were from Sigma-Aldrich Co., USA. Dimethyl sulfoxide 
(DMSO) was from BDH Laboratories, UK. Minimum 
Essential Medium (MEM), fetal bovine serum (FBS), 
Trypsin-EDTA and penicillin-streptomycin were pur-
chased from Gibco BRL (Rockville, MD, USA). Dialysis 
bag CelluSep T2 Membranes 6-8000 MWCO) was 
obtained from Uptima-Interchim, Montluçon, France. 
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All other reagents and solvents were commercially 
 available and of analytical grade.

Methods

Preparation of liposomes
Different formulations composed of bilayer forming 
PC, in combination of Chol, CHAPS or NaTC, in molar 
ratio of 10:2 were prepared by sonication method. 
Briefly, PC, Chol, CHAPS and NaTC were separately 
dissolved in chloroform:methanol (2:1 v/v). The mate-
rials were deposited in a test tube and the solvents 
were evaporated with nitrogen gas. The lipid film was 
placed in a desiccator connected to a vaccum pump 
at least 6 h to remove remaining organic solvent. The 
dried lipid film was hydrated with Tris buffer (20 mM 
Tris and 150 mM NaCl, pH 7.1). Following hydration, 
the dispersion was sonicated in bath sonication for 10 
minute and then in probe sonicator for each of 30 min, 2 
cycles. For - oryzanol-loaded liposomes, the solution of 

-oryzanol in solvent was mixed with a solution of lipid 
mixture during preparation. The procedure of produc-
tion of -oryzanol-loaded liposomes was the same as 
bare-liposomes.

Particle size and zeta potential
The mean particle size and zeta potential were meas-
ured using photon correlation spectroscopy (PCS) 
(NanaZS4700 nanoseries, Malvern Instruments, UK). All 
the formulations were analyzed after appropriate dilu-
tion with filtered deionized water. Each value reported 
was the average of three measurements.

Incorporation efficiency and loading capacity
The incorporation efficiency of gamma-oryzanol in lipo-
somes was evaluated by addition 0.1%w/v Tritron X-100 
solution (1:1 ratio). The mixtures was stirred for 30 min 
and centrifuged at 4°C, 15,000 rpm for 15 min (Sorvall 
Biofuge Stratos, USA). The supernatant was directly 
determined by using UV spectroscopy at 326 nm. Each 
sample was run in triplicate. The value of drug incorpo-
ration efficiency and loading capacity of -oryzanol in 
each formulation were calculated as follows:

% incorporation efficiency (C /C ) 100L i  (1)

Loading capacity C AL  (2)

where, C
L
 is the amount of -oryzanol measured in the 

liposomes, C
i
 is the initial amount of -oryzanol added 

in liposomes, and A is the weight of lipid in the liposome 
formulation.

In vitro -oryzanol release
The in vitro release studies of -oryzanol were operated 
using a dialysis bag ( MWCO 6000-8000 CelluSep) in a 

shaker incubator (Model:SI4, Amerex Instruments, Inc. 
Lafayette, CA, USA) at 150 rpm, One milliliter of 10% 

-oryzanol-loaded liposomes was placed in the dialysis 
bag, and then immersed in 15 mL Tris buffer solution at 
37 ± 0.5°C. At certain time intervals of 0.5, 1, 2, 4, 8 and 
24 h, aliquots of the releasing medium were withdrawn 
and the same volume of fresh medium was added. The 
sample solution was analyzed by UV spectroscopy at 
326 nm. All experiments were performed in triplicate.

DPPH free radical-scavenging activity
The antioxidant property was determined by the DPPH 
free radical-scavenging activity. The DPPH free radical-
scavenging activities of -oryzanol were determined 
according to the method described by Chen et al.[21] 
Briefly, dilutions of -oryzanol or -oryzanol-loaded 
liposomes (in 100% DMSO) were treated with a solu-
tion of 100 M DPPH in ethanol for 30 min at 37°C. 
Scavenging potential was compared with a solvent 
control (0% radical scavenging) used as a blank. Radical 
scavenging potential was determined photometrically 
by reaction with DPPH free radicals and the absorb-
ance was measured at 550 nm using a microplate reader 
(Universal Microplate Analyzer, Model AOPUS01 and 
AI53601, Packard BioScience, CT, USA). The antioxidant 
activity of -oryzanol and -oryzanol-loaded liposomes 
was expressed as IC

50
, which was defined as the con-

centration of -oryzanol required for inhibition of the 
formation of DPPH radicals by 50%.

Antioxidant activity in cell culture
Normal human foreskin fibrobast (NHF) cells were 
plated in 90 L of Minimum Essential Medium (MEM) 
supplemented with 10% FBS at a density of 8000 cells/
well in 96-well plates. When the cultures reached con-
fluency (typically, 48 h after plating), all tested formula-
tions diluted with DMSO were added at 10 μL/well. At 
16 h post-incubation, the cell cultures received a culture 
medium supplemented with 125 μM H

2
O

2
 solution at 

100 μL/well. After 3 h, 25 L of MTT ( 5 mg/mL) was 
added to each well and then incubated for 4 h. Then, all 
media were removed and 100 μL of DMSO was added. 
Plates were incubated for 30 min at 37°C and the absorb-
ance was measured at 550 nm using a microplate reader; 
% cell viability were then calculated and compared with 
control.

Cell cytotoxicity
NHF cells were plated in 90 L of MEM supplemented 
with 10% FBS at a density of 8000 cells/well in 96-well 
plates. When the cultures reached confluency (typi-
cally, 48 h after plating), all tested formulations at 
varying concentrations were added at 10 μL/well. After 
16 h post-incubation, 25 L of  5 mg/mL MTT [3-(4,5-
 dimethyldiazol-2-yl)-2,5 diphenyl Tetrazolium Bromide] 
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was added to each well and then incubated for 4 h. Then, 
all media were removed and 100 μL of dimethyl sulfox-
ide was added. Plates were incubated for 30 min at 37°C 
and the absorbance was measured at 550 nm using a 
microplate reader; % cell viability were then calculated 
and compared with control.

Statistical analysis
All results were expressed as mean ± SD. Data were ana-
lyzed by one-way analysis of variance (ANOVA) followed 
by LSD post hoc test. Differences of P < 0.05 were consid-
ered statistically significant.

Results and discussion

Characterization of -oryzanol-loaded liposomes

Leaving all the other parameters constant, in this 
study the two variables composed of initial amount of 

-oryzanol loaded in liposomes and type of surfactant 
(CHAPS and NaTC) were varied. All formulations were 
produced at under the same condition during the pro-
duction process. Particle size analysis of all formulations 
was monitored. The particle sizes of conventional lipo-
somes (PC/Chol) were less than 100 nm (Table 1). This 
result indicated that this method could produce small 
unilamellar liposome (SUV). The mean particle size of 
formulation composed of PC/CHAPS was larger than 
that of PC liposome. However, no remarkable increase in 
particle size was observed in the formulations composed 
of PC/NaTC and PC-Chol. This result is in accordance 

with previous report in that the intercalation of CHAPS 
in to lipid bilayers can induce vesicle fusible.[22] The 
addition of -oryzanol, a hydrophobic compound, led 
to smaller particle size in formulation composed of PC/
CHAPS and PC/NaTC. This suggests that the insertion 
of -oryzanol molecules induce the disintegration of 
vesicles or the formation of transient structure. Although 
previous work reported that transient structure was not 
formed at the molar ratio of PC/CHAPS and PC/NaTC 
of 10:2 prepared by dialysis membrane at 25°C.[22,23] One 
possible explanation regarding this discrepancy is the 
different of experimental method. Due to high energy 
of sonication method used in this experiment may lead 
to higher partition of surfactant in bilayers resulting in 
the coexistence of vesicles and transient structure in  
PC/CHAPS and PC/NATC at molar ratio of 10:2.

The zeta potential of formulation composed of  
PC/NaTC was more negative than other formulations due 
to the anionic charge at head group of NaTC. Whereas 
the zeta potentials in the formulations composed of  
PC/CHAPS and PC/Chol were not different from that in 
PC liposomes. Since CHAPS is a zwitterionic molecule 
and Chol is a non-ionic molecule. They have no net 
charge in their molecules thus the surface charges were 
not apparently altered in the formulations of PC/CHAPS 
and PC/Chol.

Incorporation efficiency and loading capacity

The incorporation efficiency and loading capacity of 
-oryzanol in different composition of surfactants and ini-

tial amount of -oryzanol loaded in liposomes are shown 
in Figure 1. In all liposomes, with and increase in the initial 
amount of -oryzanol from 1, 5 and 10% of lipid weight, 
the loading capacity appeared to increase from 1–10% of 
lipid weight. High percentage incorporation efficiency of 
72–105% was obtained. It was also found that increasing 
initial amount of -oryzanol from 1, 5 and 10% of lipid 
weight, decreased the percentage incorporation efficiency. 
The percentage incorporation efficiency of -oryzanol-
loaded PC/Chol liposomes was less than PC/CHAPS lipo-
somes and PC/NaTC liposomes. This might be attributed 
to the different structures of Chol, CHAPS and NaTC. Since 
Chol has a planar structure while CHAPS and NaTC have 
wedge structure, the available areas for loading the hydro-
phobic molecule in bilayer of PC/CHAPS liposomes and  
PC/NaTC liposomes were more than PC/Chol liposomes 
leading to higher percentage incorporation efficiency of 

-oryzanol.

In vitro -oryzanol release

The highest loading capacity was investigated in 10% 
initial amount of -oryzanol loaded in all type of lipo-
somes. Therefore, 10% -oryzanol-loaded liposomes 

Table 1. Particle size and zeta potential of formulations composed of 
different compositions

Composition Particle size (nm) Zeta potential (mV)

PC 72.40 ± 1.10 −0.40 ± 1.30

PC/Chol 63.00 ± 0.60 −0.60 ± 0.60

PC/CHAPS 126.67 ± 1.10 −4.03 ± 0.18

PC/NaTC 44.59 ± 1.55 −17.93 ± 1.17

PC/Chol/3% 
-oryzanol

63.70 ± 2.80 −0.40 ± 1.60

PC/Chol/5% 
-oryzanol

83.90 ± 1.20 −2.90 ± 0.70

PC/Chol/10% 
-oryzanol

97.40 ± 1.50 −2.50 ± 0.60

PC/CHAPS/3% 
-oryzanol

69.10 ± 1.04 −4.63 ± 0.07

PC/CHAPS/5% -
oryzanol

62.10 ± 0.80 −2.10 ± 0.11

PC/CHAPS/10% -
oryzanol

57.70 ± 0.80 −5.10 ± 1.30

PC/NaTC/3% -
oryzanol

130.60 ± 40.78 −10.70 ± 0.26

PC/NaTC/5% -
oryzanol

37.93 ± 0.45 −13.03 ± 1.02

PC/NaTC/10% 
-oryzanol

39.30 ± 0.50 −5.20 ± 1.00
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were selected for in vitro release study. The release pro-
files of -oryzanol from the prepared 10% -oryzanol-
loaded liposome formulations are shown in Figure 2. All 
formulations showed a slow release of -oryzanol. The 
release of -oryzanol from liposomes in all formulations 
was less than 40% over 24 h. This might be attributed 
to a preferable of -oryzanol molecule to adhere with 
PC molecule ware than dissolve in receptor medium. 
However, the significant difference in the percentage 
of -oryzanol released in the receptor compartment at 
24 h can be observed (Figure 2). The -oryzanol-loaded 
PC/Chol liposomes showed highest in vitro release at 24 h 
of 33.89%, whereas in vitro release of PC/CHAPS lipo-
somes (20.28%) and PC/NaTC liposomes (15.62%) were 
significantly lower (P < 0.05) than PC/Chol liposomes. 
The results indicated that the type of lipid composition 
affected the release of -oryzanol. This might attribute to 
the formation of the transient structure such as bilayer 
fragments and/or mixed micelles leading to entrapment 
of the free drug into these mixed micelles resulted slower 

-oryzanol molecule diffuse from the formulation to the 
receptor medium. Andrieux et al. showed that the tran-
sition of the vesicles into mixed micelles is achieved at a 

total concentration of NaTC added lower critical micelles 
concentration (CMC).[24] This result was consistent with 
the particle size, which showed that the particle size of 
PC/CHAPS liposomes and PC/NaTC liposomes were 
smaller than PC/Chol liposomes.

DPPH free radical-scavenging activity

The scavenging effect of -oryzanol was investigated on 
DPPH radicals. The inhibition percentage was propor-
tional to the concentration of -oryzanol. The -oryzanol 
exhibited IC

50
 of 32.51 g/mL. Additionally, the inhibi-

tion percentage of -oryzanol-loaded PC-Chol liposomes 
(38.72 g/mL), PC/CHAPS liposomes (35.21 g/mL) and 
PC/NaTC liposomes (40.05 g/mL) were not significantly 
different from pure -oryzanol. This demonstrated that 
the antioxidant property of -oryzanol-loaded liposomes 
was still effective.

Antioxidant activity

In order to compare the influence of the liposomes on 
antioxidant activity, the cell viability of the -oryzanol-
loaded liposomes formulations-treated cell after the 
induction of free radical in NHF cells using 125 μM of 
hydrogen peroxide was observed. Antioxidant activities 
of pure -oryzanol and -oryzanol loaded in varying 
formulations are showed in Figure 3. Statistical analysis 
was used to consider the antioxidant activity compar-
ing between H

2
O

2
-treated cells with formulations and 

H
2
O

2
-treated cells. No antioxidant activity was found in 

the bare-liposomes (PC/CHAPS liposomes, PC/NaTC 
liposomes and PC/Chol liposomes). Dose-dependency 
values of antioxidant activity of pure -oryzanol ranging 
from 0.01–10 μM were found with a significant increase 
in cell viability. The antioxidation activity of -oryzanol-
loaded PC/CHAPS liposomes and PC/NaTC liposomes 
was significantly different from H

2
O

2
-treated cells from 
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Figure 1. The effect of initial amount of -oryzanol (3, 5 and 10%) 
added in liposomes on the percentage incorporation efficiency 
(white bars) and loading capacity (filled diamond) of -oryzanol-
loaded liposomes composed of different compositions: (a) PC/Chol, 
(b) PC/CHAPS, (c) PC/NaTC. Each value represents the mean ± SD of 
three experiments.
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Figure 2. Release profiles of 10% -oryzanol-loaded liposomes com-
posed of different compositions ( ) PC/Chol, (
NaTC. Differences values * were statistically significant (P < 0.05).
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0.01–10 μM, whereas -oryzanol-loaded PC/Chol lipo-
somes expressed antioxidant activity from 0.1–10 μM. It 
can be seen that antioxidant activities did not increase 
after treatment with higher concentration of formula-
tions. On the other hand, an incident of cell death at 
higher concentration of all formulations was observed, 
which could be related to cytotoxicity effect (Figure 4). 
Both -oryzanol-loaded PC/CHAPS liposomes and 
PC/NaTC liposomes were shown to enhance the anti-
oxidant activity in NHF cells compared to that of pure 

-oryzanol. This might due to the small particle size of 
liposome, including its bilayer structure that assists the 
cellular uptake and antioxidant activity enhancement.

Cell cytotoxicity

To investigate the cytotoxicity of gamma-oryzanol loaded 
liposomes, the cell viability was performed by MTT assay. 
The cytotoxicity of the free gamma-oryzanol, loaded 
liposome formulations at various concentration of gam-
ma-oryzanol was examined in NHF cells. Cells without 
treatment of the dispersions were considered as a con-
trol with a cell viability of 100%. Low cytotoxicity of pure 

-oryzanol was found at all concentrations with more 
than 90% of cell viability. Figure 4 demonstrates an effect 
of liposome formulations on cell viability. Compared to 
pure -oryzanol, -oryzanol loaded liposomes resulted 
in a decrease in the % cell viability values as concentra-
tion of formulations increased. -oryzanol loaded PC/
CHAPS liposomes and PC/NaTC liposomes demon-
strated dose-dependent cytotoxicity, while -oryzanol-
loaded PC/Chol liposomes demonstrated % cell viability 
values higher than 90% at all concentrations. The same 
trends of cytotoxicity were observed in bare-liposomes 
(PC/CHAPS liposomes, PC/NaTC liposomes and PC/
Chol liposomes). A decrease in the % cell viability values 
at high concentration of PC/CHAPS liposomes and PC/
NaTC liposomes formulations could be explained by a 

presence of free or bound surfactants. Cytotoxicity of bile 
acids has been reported against biliary epithelial cells.[25]

Conclusion

The liposomes can be produced by sonication method 
and the obtained particle sizes were in nano range. The 
decrease in particle sizes were observed in -oryzanol-
loaded in formulations of PC-CHAPS and PC-NATC, 
suggesting the disintegration of vesicles or the transfor-
mation of some part of liposome to transient structure 
such as bilayer fragments and/or mixed micelles. The 
release rate of -oryzanol-loaded PC-Chol liposomes 
was higher than those of PC-CHAPS and PC-NATC. The 
antioxidant of -oryzanol-loaded liposomes was not dif-
ferent from pure -oryzanol, suggesting their potential 
for cosmetic purpose.
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The goal of this study was to develop and evaluate the potential use of liposome and transfersome vesicles in the transdermal
drug delivery of meloxicam (MX). MX-loaded vesicles were prepared and evaluated for particle size, zeta potential, entrapment
efficiency (%EE), loading efficiency, stability, and in vitro skin permeation. The vesicles were spherical in structure, 90 to 140 nm
in size, and negatively charged (−23 to −43mV). The %EE of MX in the vesicles ranged from 40 to 70%. Transfersomes provided
a significantly higher skin permeation of MX compared to liposomes. Fourier Transform Infrared Spectroscopy (FT-IR) and
Differential Scanning Calorimetry (DSC) analysis indicated that the application of transfersomes significantly disrupted the
stratum corneum lipid. Our research suggests thatMX-loaded transfersomes can be potentially used as a transdermal drug delivery
system.

1. Introduction

Transdermal drug delivery systems (TDDs) offer a number
of potential advantages over conventional methods such
as injectable and oral delivery [1]. However, the major
limitation of TDDs is the permeability of the skin; it is per-
meable to small molecules and lipophilic drugs and highly
impermeable to macromolecules and hydrophilic drugs. The
main barrier and rate-limiting step for diffusion of drugs
across the skin is provided by the outermost layer of the skin,
the stratum corneum (SC) [2]. Several strategies have been
developed to overcome the skin’s resistance, including the use
of prodrugs, ion pairs, liposomes, microneedles, ultrasound,
and iontophoresis [3–6].

Various types of liposomes (LPs) exist, such as traditional
liposomes, niosomes, ethosomes, and transfersomes [3, 7–
12]. Various LPs have been extensively investigated for
improving skin permeation enhancement. Liposomes are
promising carriers for enhancing skin permeation because
they have high membrane fluidity. Previous reports indicate
that liposomes can deliver a large quantity of hydrophilic
drugs (e.g., sodium fluorescein [13], carboxyfluorescein
[14]), lipophilic drugs (e.g., retinoic acid [11], tretinoin

[12]), proteins, and macromolecules through the skin. Many
factors influence the percutaneous penetration behavior of
LPs, including particle size, surface charge, lipid composi-
tion, bilayer elasticity, lamellarity, and type of LP [7, 12].

Cevc’s group introduced Transfersomes, which are the
first generation of elastic vesicles. Transfersomes are pre-
pared from phospholipids and edge activators. An edge
activator is often a single-chain surfactant with a high
radius of curvature that destabilizes the lipid bilayers of
the vesicles and increases the deformability of the bilayers.
Sodium cholate, sodium deoxycholate, Span 60, Span 65,
Span 80, Tween 20, Tween 60, Tween 80, and dipotassium
glycyrrhizinate were employed as edge activators. Compared
with subcutaneous administration, transfersomes improved
in vitro skin permeation of various drugs, penetrated intact
skin in vivo, and efficiently transferred therapeutic amounts
of drugs [9, 15, 16]. However, the mechanism by which LPs
and their analogs deliver drugs through the skin is not fully
understood [14].

Meloxicam (Figure 1) has low aqueous solubility, and
it is a highly potent, nonsteroidal anti-inflammatory drug
(NSAID) that is used for treatment of rheumatoid arthritis
and osteoarthritis [6, 17–19]. MX shows similar efficacy
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Figure 1: The chemical structure of meloxicam and the lipid compositions of the liposomes.

for reducing pain and inflammatory symptoms, but it has
lower toxicity than other NSAIDs. Although MX is relatively
potent and safe, its limitations include low solubility, low
incorporation in formulations, and low skin permeation
[6, 18–25]. In this study, vesicles were used as a novel MX
transdermal drug delivery system. The system was developed
and evaluated for its physicochemical characteristics, such as
particle size, surface charge, entrapment efficiency, loading
efficiency, stability, and in vitro skin permeation. The type
of vesicles (liposomes and transfersomes), the composition
of lipid in the liposomes (cholesterol), and transfersomes
(cholesterol and surfactants) were evaluated. Three surfac-
tants that differ in length of carbon chains were used for
the preparation of transfersomes: sodium oleate (NaO, C18),
sodium cholate (NaChol, C24), and dicetylphosphate (DCP,
C32). Characterization of skin permeation was performed
using FTIR and DSC. Figure 1 shows the chemical structure
of meloxicam and the lipid compositions of the liposomes.

2. Materials and Methods

2.1. Materials. Phosphatidylcholine (PC) from eggs was
purchased from GmbH. Cholesterol (Chol) was purchased
from Carlo Erba Reagenti. Sodium cholate (NaChol) was

purchased from Acros Organics. Sodium oleate (NaO)
and dicetylphosphate (DCP) were purchased from Sigma-
Aldrich. Meloxicam (MX) was supplied from Fluka.

2.2. Preparation of Meloxicam-Loaded Liposomes, Transfer-
somes, and Suspensions. Liposomes containing a controlled
amount of PC and various amounts of MX were formulated.
The MX concentration was varied from 2.5 to 70.0 wt. % of
the PC. The sonication method was used to prepare different
formulations; they were composed of bilayer-forming PC
and either Chol, NaO, NaChol, or DCP in a molar ratio
of 10 : 2. The PC, Chol, NaO, NaChol, DCP, and MX were
each briefly dissolved in chloroform:methanol (2 : 1 v/v).
In preparing MX-loaded liposomes and transfersomes, the
materials were deposited in a test tube, and the solvent was
evaporated with nitrogen gas. The lipid film was placed in
a desiccator connected to a vacuum pump for a minimum
of 6 h to remove the remaining organic solvent. The dried
lipid film was hydrated with Tris buffer. Following hydration,
the dispersion was sonicated in a bath for 30min and
then probe-sonicated for 2 cycles of 30min. The lipid
compositions of the different formulations utilized in this
study are listed in Table 1.
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Table 1: The lipid compositions of the different formulations used in study.

Name (molar ratio)
Composition (%W/V)

MX PC Chol NaO NaChol DCP PBS ph 7.4

MX/PC (2 : 10) 0.07 0.77 — — — — 100mL

MX/PC/Chol (2 : 10 : 2) 0.07 0.77 0.07 — — — 100mL

MX/PC/NaO (2 : 10 : 2) 0.07 0.77 — 0.06 — — 100mL

MX/PC/NaO/Chol (2 : 10 : 2 : 2) 0.07 0.77 0.07 0.06 — — 100mL

MX/PC/NaChol (2 : 10 : 2) 0.07 0.77 — — 0.08 — 100mL

MX/PC/NaChol/Chol (2 : 10 : 2 : 2) 0.07 0.77 0.07 — 0.08 — 100mL

MX/PC/DCP (2 : 10 : 2) 0.07 0.77 — — — 0.11 100mL

MX/PC/DCP/Chol (2 : 10 : 2 : 2) 0.07 0.77 0.07 — — 0.11 100mL

0.2μm

(a)

0.1μm

(b)

0.1μm

(c)

0.2μm

(d)

0.1μm

(e)

0.1μm

(f)

Figure 2: Transmission electron microscopy of MX loaded in vesicles. (a) visualization of MX loaded in liposomes (PC) (10,000x), (b)
visualization of MX loaded in liposomes (PC) (30,000x), (c) visualization of MX loaded in liposomes (PC) (50,000x), (d) Visualization
of MX loaded in transfersomes (PC/NaChol) (10,000x), (e) visualization of MX loaded in transfersomes (PC/NaChol) (30,000x), and (f)
visualization of MX loaded in transfersomes (PC/NaChol) (50,000x).

For the preparation of MX suspensions, the saturated
solubility of MX in water was determined to ensure excess
drug in MX suspension. The solubility of MX was deter-
mined by adding excess amount of MX to 5mL of water
in a glass vial and stirring by a magnetic stirrer for 24 h.
The sample was filtered through 0.45 μmmembrane filter in
order to remove undissolved drugs in the saturated solution.
The concentration of MX was analyzed by HPLC. The MX
suspension was prepared by adding MX to distilled water at
a concentration 2 times higher than the solubility of MX and
stirring for 24 h to ensure constant thermodynamic activity
throughout the course of the permeation experiment. The
particle size of MX suspension was determined, and the
MX suspension was used in the skin permeation experi-
ment.

2.3. Characterization of Liposomes and Transfersomes

2.3.1. Particle Size and Surface Charge. The droplet size
and zeta potential of the liposomes and transfersomes were
determined by a Laser Scattering Particle Size Distribution
Analyzer and Zeta Potential Analyzer at room temperature.
One mL of the liposome and transfersome suspensions were
diluted with 14mL and 2mL deionized water, respectively.

2.3.2. Transmission Electron Microscopy. Transmission Elec-
tron Microscopy (TEM) was used to visualize the liposomal
and transfersomal vesicles. The vesicles were dried on a
copper grid and adsorbed with filter paper. After drying,
the sample was viewed under the microscope at 10–100 k
magnification at an accelerating voltage of 100 kV.
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Figure 3: (a) The effect of initial amount of meloxicam (2.5, 5, 10,
20, 30, 50, and 70%) added in liposomes on percentage entrapment
efficiency (white bar) and loading efficiency (fill square) of meloxi-
cam loaded in liposomes composed of PC. Each value represents the
mean±SD (n = 3) (b) The percentage entrapment efficiency (white
bar) and loading efficiency (fill square) of meloxicam loaded in dif-
ferent formulations: (shaded square) liposomes and (white square)
transfersomes. Each value represents the mean ± SD (n = 6).

2.3.3. Entrapment Efficiency (%EE) and Loading Efficiency.
The concentration of MX in the formulation was determined
by HPLC analysis after disruption of the vesicles (liposomes
and transfersomes) with Triton X-100 (0.1% w/v) at a
1 : 1 volume ratio and appropriate dilution with PBS (pH
7.4). The vesicle/Triton X-100 solution was centrifuged
at 10,000 rpm at 4◦C for 10min. The supernatant was
filtered with a 0.45 μm nylon syringe filter. The entrapment
efficiencies and the loading efficiencies of the MX-loaded
formulation were calculated by (1) and (2), respectively.

% entrapment efficiency =
(
CL

Ci

)
× 100, (1)

where CL is the concentration of MX loaded in the formula-
tion as described in the above methods, and Ci is the initial
concentration of MX added into the formulation

loading efficiency = Dt

Lt
, (2)

where Dt is the total amount of MX in the formulation and
Lt is the total amount of PC added into the formulation.

2.3.4. Stability Evaluation of Liposomes and Transfersomes.
Liposomes and transfersomes were stored at 4 ± 1◦C and
22 ± 1◦C (room temperature, RT) for 30 days. Both the
physical and the chemical stability of MX were evaluated.
The physical stability was assessed by visual observation for
sedimentation and particle size determination. The chemical
stability was determined by measuring the MX content by
HPLC on days 0, 1, 7, 14, and 30.

2.4. In Vitro Skin Permeation Study. Shed snake skin from
the Siamese cobra (Naja kaouthia) was used as a model
membrane for the skin permeation study because of its
similarity to human skin in lipid content and permeability.
The skin samples were mounted between the two half-cells
of a side-by-side diffusion chamber with a 37◦C water jacket
to control the temperature. The dorsal surface of the skin was
placed in contact with the donor chamber, which was filled
with the liposome formulation. The receptor chamber was
filled with 0.1M PBS (pH 7.4) and stirred with a star-head
Teflon magnetic bar driven by a synchronous motor. At time
intervals of 0.5, 1, 2, 4, 8 and, 24 h, a 1mL aliquot of receptor
was withdrawn, and the same volume of fresh medium was
added back into the chamber. The concentration of MX in
the samples was analyzed by HPLC. The concentration of
permeants in the samples was analyzed by HPLC, and the
cumulative amount was plotted against time. The steady-
state flux was determined as the slope of linear portion of the
plot. Lag time was also obtained by extrapolating the linear
portion of the penetration profile to the abscissa.

2.5. HPLC Analysis. The MX concentration was analyzed by
HPLC [28] using an Eclipse XDB-C18 column. The mobile
phase was a mixture of potassium dihydrogen phosphate pH
4.4, methanol, and acetonitrile at a ratio of 45 : 45 : 10 (v/v/v).
A 20 μL injection volume was used with a flow rate of
1.0mL/min, and UV detection was viewed at 364 nm. The
quantitative determination of MX in the tested sample
was obtained from the calibration curve, which gave good
linearity at the range of 0.1–50 μg/mL.

2.6. Characterization of Snake Skin after Skin Permeation

2.6.1. FT-IR Analysis of Shed Snake Skin. Following the
skin permeation study, the skin was washed with water
and blotted dry by keeping in the desiccator for 24 h. The
spectrum of the snake skin was recorded in the range of
4000–500 cm−1 using an FT-IR spectrophotometer. The FT-
IR spectrum of the untreated skin was also recorded and used
as a control.
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Figure 4: The percentage of meloxicam remaining in vesicles composed of different compositions: (solid diamond) PC, (white diamond)
PC/Chol, (solid triangle) PC/NaO, (white triangle) PC/NaO/Chol, (solid circle) PC/NaChol, (white circle) PC/NaChol/Chol, (solid square)
PC/DCP, and (white square) PC/DCP/Chol following storage at (a) 4◦C and (b) RT for 30 days. Each value represents the mean ± SD
(n = 3).
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Figure 5: (a) The skin permeation profile of meloxicam from (solid circle) MX suspensions (control) and (solid square) MX/PC/NaChol.
(b) The fluxes of meloxicam through shed snake skin from different formulations: (solid square) control, (shaded square) liposomes, and
(white square) transfersomes. Different values ∗ were statistically significant (P < .05) compared with MX suspensions (control). Different
values ∗∗ were statistically significant (P < .05) compared with liposomes. Each value represents the mean ± SD (n = 3–6).

2.6.2. Differential Scanning Calorimetry (DSC) Analysis of
Shed Snake Skin. Thermal analysis of the skin after the
permeation study prepared with the same method as FTIR
was performed with a Sapphire DSC. The skin sample (2mg)
was weighed into an aluminum crimp pan. The samples were
heated from −30 to 320◦C at a heating rate of 10◦C/min.
All DSC measurements were collected under a nitrogen
atmosphere with a flow rate of 100mL/min.

2.7. Data Analysis. Data are expressed as the means ±
standard deviation (SD) of the mean, and statistical analysis
was carried out employing the one-way analysis of variance

(ANOVA) followed by an LSD post hoc test. A value of P < .05
was considered statistically significant.

3. Results and Discussion

3.1. Physicochemical Characteristics of Liposomes and Trans-
fersomes. The particle size range for all formulations, except
the MX suspensions, was less than 200 nm (89 to 137 nm)
with a narrow size distribution. The particle size range of
the MX suspensions was significantly larger than that of
the liposomes (Table 2). The vesicles containing cholesterol
had a slightly lower particle size than without cholesterol.
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Figure 6: (a) FT-IR spectra profile of shed snake skin after 24 h transfersomes skin permeation. (a) Untreated skin, (b) PC/NaO, (c)
PC/NaO/Chol, (d) PC/NaChol, (e) PC/NaChol/Chol, (f) PC/DCP, and (g) PC/DCP/Chol and (b) DSC thermogram of shed snake skin after
24 h MX suspensions (control) and transfersomes skin permeation. (a) MX suspensions, (b) PC/NaO, (c) PC/NaO/Chol, (d) PC/NaChol,
(e) PC/NaChol/Chol, (f) PC/DCP, and (g) PC/DCP/Chol.

Table 2: Particle size and zeta potential in various formulations.

Name Particle size (nm) Zeta potential (mV)

MX suspensions 2411± 84.2 −19.3± 0.7
MX/PC 107.0± 5.0 −35.0± 0.5
MX/PC/Chol 100.3± 0.6 −23.5± 0.2
MX/PC/NaO 107.4± 0.5 −43.4± 0.1
MX/PC/NaO/Chol 100.5± 0.6 −23.1± 0.0
MX/PC/NaChol 93.0± 1.0 −32.7± 0.7
MX/PC/NaChol/Chol 88.6± 0.7 −28.9± 0.5
MX/PC/DCP 137.2± 6.1 −35.2± 0.6
MX/PC/DCP/Chol 126.5± 1.6 −29.3± 0.5
Each value represents the mean± SD (n = 3).

These results might be attributed to cholesterol causing the
bilayer to be more compact [10, 26, 29–31]. The particle
size of the transfersomes with different types of surfactant
did not show a significant difference. These results indicated
that the particle size of the vesicles was not affected by lipid
composition (cholesterol) and surfactant.

The zeta potential of all vesicle formulations were
negative (−23 to −43mV) due to the net charge of the
lipid composition in the formulations. PC is a zwitterionic
compound with an isoelectric point (pI) between 6 and
7 [32]. Under experimental conditions (pH 7.4), where
the pH was higher than its pI, PC carried a net negative
charge. The surfactants used were anionic surfactants, and
the anion form of MX was also the predominant form at
pH 7.4 [25]. Therefore, a negative charge in all formulations
was observed. Because the negatively charged liposome
formulations strongly improved skin permeation of drugs in
transdermal delivery [12], these formulations were chosen to
be tested for MX permeation in our study.

The morphology of the two-dimensional vesicles was
further evaluated by TEM, justifying the vesicular charac-
teristics. MX loaded in liposomes prepared from PC and
PC/NaChol was spherical in shape (Figures 2(a), 2(b), and
2(c)) and spherical with unilamellar vesicles (Figures 2(d),
2(e), and 2(f)), respectively.

3.2. Entrapment Efficiency and Loading Efficiency. The
entrapment efficiencies and loading efficiencies of the MX-
loaded formulations are presented in Figure 3(a). The 2.5%
MX-LP formulation had the highest entrapment efficiency
but the lowest loading efficiency, while the 70% MX-LP
formulation showed the highest loading efficiency but the
lowest entrapment efficiency. Therefore, there should be an
optimum ratio between PC and MX for developing MX-
loaded vesicles as carriers for transdermal drug delivery. The
optimum ratio, which offered high entrapment efficiency
and high loading efficiency, was 10% MX-LP. This ratio was
used to prepare the vesicles.

The entrapment efficiency and loading efficiency of
transfersome formulations were significantly higher than
the liposome formulations (Figure 3(b)). The entrapment
efficiency of MX in the vesicles ranged from 38% to 71%.
The entrapment of MX in liposomes was lower than trans-
fersomes except in formulations with DCP. This result might
be attributed to interactions between the surfactants (NaO
and NaChol) and MX when the complex was inserted into
the transfersomes bilayer. Fang et al. reported that adding
surfactant (sodium stearate) to phosphatidylethanolamine
vesicles significantly increased the entrapment efficiency of
5-aminolevulinic acid [26]. The results indicated that the
type of carrier systems and lipid composition affected the
entrapment efficiency and loading efficiency of MX in the
vesicle formulations.



Journal of Drug Delivery 7

The entrapment efficiency of the vesicles with and
without cholesterol did not show a significant differ-
ence. However, the entrapment efficiencies of the trans-
fersome formulations changed depending on the type
of surfactant used and ranked PC/NaO(C18)>PC/NaChol
(C24)>PC/DCP(C32). The lower the carbon chain length of
the surfactants in the formulation, the higher the entrapment
efficiency. The increase in the carbon chain length of the
surfactant increased the lipophilicity and the solubility of
lipophilic drug in the bilayer [10, 27]. This characteristic
may explain the increase in entrapment efficiency of MX
in the bilayer of the vesicles. Surfactant may also compete
with MX when arranging in the bilayer and therefore exclude
the drug as it assembles into the bilayer of the vesicles. The
data indicated that the entrapment efficiency and loading
efficiency are independent of cholesterol but dependent on
the surfactant in the formulations.

3.3. Stability Evaluation of Liposomes and Transfersomes.
Liposomes and transfersomes were stored at 4◦C or RT for 30
days. The physical (particle size determination) and chemical
(percent MX remaining in the formulation) stability of the
vesicles are presented in Table 3 and Figure 4, respectively.
No sedimentation was found in any vesicle formulation after
fresh preparation. After storage at 4◦C for 30 days, there was
no sedimentation, but the average size of the vesicles in all
formulations slightly increased. Nevertheless, the average size
remained under 200 nm (Table 3). After storage at RT for
7 days, no sedimentation was present in any formulation
(data not shown). When evaluating the chemical stability
of the vesicles, the percentage of MX remaining at 4◦C for
30 days was in the range of 93% to 99% (Figure 4(a)),
but it was 4% to 33% for the samples at RT (Figure 4(b)).
The degradation rate of the MX-loaded vesicles stored at
4◦C was not significantly different than those that were
freshly prepared. This reveals that the degradation of MX
is independent of lipid composition but dependent on the
storage temperature and age.

3.4. In Vitro Skin Permeation Study. Figure 5(a) illustrates
the permeation profiles of MX suspensions (control) and
MX-loaded transfersomes with NaChol. The cumulative
amount of drug increased linearly with time after a short lag
time (0.5–0.8 h). This linear accumulation was also observed
for other formulations (data not shown). Figure 5(b) shows
the flux (F) of MX through the snake skin calculated
from the permeation profiles. The F of MX permeated
through the skin in all vesicle formulations was significantly
higher than the MX suspensions. The vesicle systems were
able to promote skin permeation of an active drug by a
variety of mechanisms: (a) the free drug mechanism, (b) the
penetration-enhancing process of the liposome components,
(c) vesicle adsorption to and/or fusion with the SC, and (d)
intact vesicle penetration into and through the intact skin
and the localization at the site of action [33–35]. Moreover,
the similar predominance to the lipid bilayer of biological
membranes [36] and the nanometer size range of the vesicles
may be also influenced [7, 26, 30]. These results indicated

that the vesicle system can overcome the barrier function
of the stratum corneum by various mechanisms and their
physicochemical properties.

The F of MX permeated through the skin in transfer-
somes was significantly higher than in liposomes. Transfer-
somes have shown to be successful in the delivery of drugs
into the skin, including diclofenac, triamcinolone acetonide,
hydrocortisone, and estradiol. Because transfersomes are
composed of PC and surfactants, they can squeeze through
the pores in the SC, which are smaller than one-tenth their
diameter [3]. They can also adsorb onto or fuse with the
SC, and the intact vesicle can penetrate into and through the
intact skin.

The F of MX in the vesicles composed of cholesterol was
slightly lower than vesicles without cholesterol. An increase
in cholesterol could lead to increased stability and rigidity
and decrease the permeability of the lipid bilayer, which
may cause lower release of MX and lower permeation of
MX through the skin [31]. The F of MX permeated from
transfersomes with different compositions of surfactants are
ranked as follows: NaO (C18)∼NaChol (C24)>DCP (C32).
The lower the carbon chain length of the surfactant in
the formulation, the higher the skin permeation of MX.
The particle size and %EE of the vesicles composed of
NaO and NaChol were smaller and higher than vesicles
containing DCP, respectively. These results indicated that
the barrier function of stratum corneum can be overcome
by several factors, including physicochemical properties of
vesicle systems (size, charge, and %EE), lipid composition
(cholesterol, surfactant), and type of vesicle system (lipo-
somes, transfersomes).

The research results indicated that the skin permeability
of MX-loaded transfersomes and liposomes were greater
than that ofMX suspensions and that both PC and surfactant
were key factors. Surfactants are enhancers that solubilize
the lipophilic compound; they also have the potential to
solubilize the lipid within the SC. Surfactants swell the
SC, interact with the intercellular keratin, and fluidize
the SC lipid to create channels that allow increased drug
delivery.

3.5. Characterization of the Skin. The FT-IR spectrum of the
snake skin as a model for the SC provided a measure of
fluidity of the SC lipid. The comparison of the spectral profile
of the untreated skin and treated skin with transfersomes,
with and without cholesterol, resulted in shifts to higher fre-
quencies. There was an absorbance broadening for both the
C–H (CH2) asymmetric stretching peak near 2920 cm−1 and
the C–H (CH2) symmetric stretching peak near 2850 cm−1

(Figure 6(a)) [37]. The data indicated that flexibility of the
SC lipid upon application of transfersomes occurred. Thus,
it can be hypothesized that transfersomes permeated through
the skin by disruption of the SC lipid structure.

The disruption of the SC lipid by the application of
transfersomes was further evaluated by DSC (Figure 6(b)).
The SC lipid of the snake skin exist as a solid gel at
temperature of 244◦C. In the DSC study, when the skin
was treated with transfersomes, which exists as liquid
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Table 3: Particle size of formulations composed of different formulations following storage at 4◦C for 30 days.

Name
Practicle size (nm)

Day 0 Day 1 Day 7 Day 14 Day 30

MX/PC 107.0± 5.0 113.4± 4.3 114.0± 1.1 114.5± 3.7 126.9± 16.0
MX/PC/Chol 100.3± 0.6 130.3± 15.5 159.0± 1.2 163.1± 2.5 182.6± 4.5
MX/PC/NaO 107.4± 0.5 93.8± 2.3 91.7± 0.9 93.8± 6.9 97.4± 2.0
MX/PC/Nao/Chol 100.5± 0.6 99.9± 1.1 96.1± 1.2 100.5± 5.5 110.6± 25.7
MX/PC/NaChol 93.0± 1.0 93.0± 1.0 93.6± 2.0 94.5± 1.6 92.1± 2.1
MX/PC/NaChol/Chol 88.6± 0.7 74.0± 2.5 87.4± 7.8 85.4± 4.3 85.1± 2.0
MX/PC/DCP 137.2± 6.1 144.5± 6.8 152.4± 1.2 162.3± 2.9 162.0± 4.9
MX/PC/DCP/Chol 126.5± 1.6 131.6± 3.9 139.5± 2.8 166.3± 12.9 184.9± 3.0
Each value represents the mean± SD (n = 3).

state vesicles, their thermal properties shifted (melting
point; Tm) as follows: PC/NaChol, 198◦C; PC/NaO, 207◦C;
PC/DCP, 218◦C; PC/NaChol/Chol, 207◦C; PC/NaO/Chol,
222◦; PC/DCP/Chol, 221◦C. The data indicated that the Tm

of skin treated with transfersomes was significantly lower
than that of the untreated skin. The change into lower tran-
sition temperature suggests an increase in the gross fluidity
of the SC lipids. This is consistent with the general view that
the mechanism of action of the surfactant is attributed to the
alteration of the lipid organization and an increase in lipid
lamellae disorder in the SC. Moreover, the Tm of the skin
treated with transfersomes with cholesterol was significantly
higher than those without cholesterol. If cholesterol could be
complexed with phospholipids in the skin, it could add more
structure to the bilayer. These results were in accordance with
skin permeation data showing that transfersomes increased
the skin permeation ofMX, and the addition of cholesterol in
the transfersomes also led to a decrease in skin permeation of
MX when compared with transfersomes without cholesterol.
Transfersomes may be used as alternative carriers for trans-
dermal drug delivery potential because they interact with
solid gel phase SC lipids and thus leading to disruption and
fluidization of the SC lipid.

4. Conclusion

In the present study, MX-loaded transfersomes were success-
fully prepared by a sonication method. The use of surfactants
containing medium length carbon chains, including NaO
(C18) and NaChol (C24), in the transfersomes resulted in a
high entrapment efficiency. Transfersomes provide greater
MX skin permeation than liposome and MX suspensions.
The mechanism of this increase in MX permeation may
be through transfersomes’ disruption of the SC lipid. The
data indicate that the barrier function of SC was affected
by several factors, including physicochemical properties
of vesicle systems (size, charge, %EE), lipid composition
(cholesterol, surfactant), and type of vesicle system (lipo-
somes, transfersomes). Our research suggests that utilizing
MX-loaded transfersomes as a transdermal therapeutic agent
shows potential.
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Introduction

Ketoprofen (KP), a non-steroidal anti-inflammatory drug 
(NSAID), has been utilized for the treatment of rheuma-
toid arthritis and related diseases. However, it has adverse 
side effects including gastrointestinal irritation when 
administered per oral. One promising method to reduce 
its adverse effect is to deliver the drug through the skin. 
KP has log partition coefficient = 3.11, and aqueous solu-
bility = 0.185 mg/ml, therefore, its properties are appro-
priate for transdermal delivery. Various methods have 
been attempted to enhance the delivery of KP through 
the skin such as liposomes, incorporation of penetra-
tion enhancer, microneedles, transdermal patches, and 
microemulsions.[1-4]

Microemulsion is a promising tool for transdermal 
drug delivery as it has favourable properties such as 
easy formation, optical isotropy and thermodynami-
cally stable transparent systems. Its composition is oil, 

surfactant and water. It is frequently in combination with 
a co-surfactant with a droplet size usually in the range of 
20–200 nm. They can be classified as oil-in-water (o/w), 
water-in-oil (w/o) or bicontinuous systems depending on 
their structure. Researchers have been studied about the 
skin permeation enhancement of drugs by microemul-
sions. Sakeena et al[5] reported that the skin permeation 
of KP by microemulsion was higher than that of conven-
tional commercial gels of KP. Although various systems 
to prepare microemulsions for transdermal drug delivery 
were reported in the literature,[6–8] the novel system for 
preparation of microemulsions is still important to inves-
tigate for an effective drug delivery carrier.

The aim of this study was to prepare microemulsion 
for transdermal drug delivery of KP. The formulations 
composed of KP, isopropyl myristate (IPM), polyoxyl 40 
hydrogenated castor oil (Cremophor RH40), polyethylene 
glycol 400 (PEG400), terpenes and water were prepared. 
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The aim of this study was to prepare novel microemulsion for transdermal drug delivery of ketoprofen (KP). The 
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Their viscosity, droplet size, pH, conductivity, and skin 
permeation of KP were evaluated. The effect of content 
of oil (IPM), surfactant mixture (Cremophor RH40 and 
PEG400), and three terpenes (limonene, α-pinene and 
menthone) incorporated in microemulsions on the 
physical properties of microemulsions and skin perme-
ation of KP was also investigated.

Materials and methods

Materials
Cremophor RH40 was purchased from NOF corporation 
(Osaka, Japan). IPM and PEG400 were purchased from 
Fluka chemie AG (Seelze, Germany). KP, indomethacin, 
limonene, α-pinene and menthone were obtained from 
Sigma chemical company (St. Louis, MO, USA). All other 
chemical and solvent were commercially available and 
analytical reagent grade. The chemical structure of KP is 
illustrated in Figure 1.

Construction of pseudo-ternary phase diagram
IPM was used as the oil phase. Surfactant mixture com-
posed of Cremophor RH40 as the surfactant, and PEG400 
as the co-surfactant (C). The ratio of surfactant and 
co-surfactant used was 0.5:1, 1:1, 1:2 and 1:3. Pseudo-
ternary phase diagrams were constructed using water 
titration method at ambient temperature. The mixture of 
IPM and surfactant mixture was prepared at weight ratios 
of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1, respectively. 
These mixtures were titrated dropwise with water under 
magnetic stirring. After being equilibrated, the systems 
were visually characterized. Transparent fluid systems 
were characterized as microemulsion. Based on these 
pseudo-ternary phase diagram, the KP-loaded micro-
emulsion formulations were selected from surfactant 
mixture at the ratio of 1:1. The compositions of KP micro-
emulsion are shown in Table 1. In order to improve the 
skin permeation of KP, the microemulsion formulation 
resulted in the highest skin permeation was selected to 

be incorporated with three selected terpenes (limonene, 
α-pinene, and menthone) at the concentration of 5%w/w, 
and their skin permeation of KP were evaluated.

Evaluation of microemulsions
Centrifugation
Thermodynamic stability of the microemulsions was 
evaluated by ultracentrifugation (Optima L-80, Beckman 
Instruments, USA) at 40,000 rpm for 30 min at 4°C.

Conductivity measurements
The electrical conductivity of the microemulsions was 
determined using conductivity meter (EC Testr 11+, USA) 
at 25°C. The measurements were performed in triplicate.

Viscosity measurements
The viscosity of microemulsions was measured using 
a Brookfield DV-III ULTRA rheometer (Brookfield 
Engineering Laboratories, USA) fitted with a CP-52 spin-
dle. Brookfield Rheocalc operating software was used to 
control the rheometer. The sample cup temperature was 
controlled to 25°C by circulating water bath. The mea-
surements were performed in triplicate.

Particle size measurements
The droplet size of the microemulsion formulations 
was measured using photon correlation spectroscopy 
(Zetasizer Nano series, Malvern, USA). The measurement 
was performed using a He-Ne laser at 633 nm with clear 
disposable zeta cell. The measurements were performed 
in triplicate.

Skin permeation studies
Shed snake skin of Naja kaouthia was used as a model 
membrane because it was reported to be similar in 
permeability with human skin.[9] It was donated by the 
Queen Saovabha Memorial Institute, Thai Red Cross 
Society, Bangkok, Thailand. The post-shed whole skin of 
these snakes was kept immediately. The shed snake was 
obtained from 5–7 different snakes. Each snake skin can 
be divided into 10–12 pieces. The thickness of shed snake 
skins was about 0.02–0.03 mm. It was stored at −10°C 
prior to use. After thawing, the skin was cut to a round 
section of 1 inch2 and was then immediately placed on 
the diffusion cell. The skin sample was mounted between 
two half-cells of Franz diffusion cell (6.0 mL volume and Figure 1. The structure of ketoprofen.

Table 1. Composition of the microemulsion formulations.
 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
IPM 20 20 20 30 30 30 40 40 40 30 30 30
Cremophor 
RH 40

22.5 25 27.5 22.5 25 27.5 22.5 25 27.5 22.5 22.5 22.5

PEG 400 22.5 25 27.5 22.5 25 27.5 22.5 25 27.5 22.5 22.5 22.5
Water 32.5 27.5 22.5 22.5 17.5 12.5 12.5 7.5 2.5 22.5 22.5 22.5
Ketoprofen 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Limonene – – – – – – – – – 5 – –

α-pinene – – – – – – – – – – 5 –

Menthone – – – – – – – – – – – 5
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2.31 cm2 effective diffusion area, MatTek Corporation, 
USA) with a water jacket connected to a water bath at 
32°C. The dorsal surface of skin was placed in contact 
with the KP loading microemulsion formulations. The 
receiver was filled with phosphate buffer pH 7.4 (PBS) 
and stirred at 1,200 rpm with magnetic bar. A part of 
the receiver solution (1 mL) was collected at 1, 2, 4, 6, 8, 
10, 12 h, respectively, and the same volume of PBS was 
replaced to keep the volume constant. 2.5% KP dissolved 
in polyethylene glycol 400(PEG400): water at the ratio 7: 3 
was used as the control vehicle. The samples were stored 
at 4°C until analysis. The cumulative amount of KP was 
plotted against time, and the pseudo-steady state flux 
(J

s
,between 4–12 h) was determined from the slope of lin-

ear regression analysis. The intercept on the X-axis was 
determined as the lag time (T

L
, h). In order to evaluate 

effect of permeation enhancer, the enhancement ratio 
(ER) was determined by equation 1

ER =    Flux from formulation with enhancer
Flux from formulation without enhancer 

(1)

HPLC analysis
A Perkin Elmer Series 2000 HPLC (Perkin Elmer, USA) 
was used to quantify the amount of KP. Chromatographic 
separation of KP was achieved using a symmetry C18 
column (Water, USA, particle size = 5 μm; column 
dimension = 4.6 × 150 mm) operating at 1 ml min−1. The 
mobile phase composed of 0.1% (v/v) phosphoric acid: 
methanol (25:75, v/v) was used. Indomethacin was as an 
internal standard. The injection volume was 20 μl, and 
UV detector was set at 254 nm, respectively. All of the 
sample solutions were filtered through a polytetra fluoro-
ethylene (PTFE) filter (average pore size = 0.45 μm) prior 
to injection. The calibration curve for KP was in the range 
of 1–50 μg ml−1 with the correlation coefficient of 0.999. 
The intra-day and inter-day percent relative standard 
deviation (%RSD) were in the range of 0.05–0.18%.

Statistical analysis
All experimental measurements were triplicately per-
formed. Result values were expressed as mean value ± 
standard deviation (SD). Statistical significance of differ-
ences in steady state flux was examined using analysis of 
variance (ANOVA) with post hoc test.

Results and discussion

Determination of pseudo-ternary phase diagram
It has been reported IPM gave a good solubility and 
relatively high skin permeation enhancement of KP.[7] 
Cremophor RH40 and PEG 400 were used as surfactant 
and co-surfactant, respectively as their high solubilizing 
properties for KP.[10] The increment of drug solubility by 
lipid-based formulations can enhance the skin penetra-
tion. Therefore, IPM, surfactant mixture of Cremophor 
RH40 and PEG400, and water were combined to develop 
microemulsion formulation. Figure 2 shows the pseudo-

ternary phase diagrams with various weight ratios of sur-
factant mixture. The shaded area refers to the translucent 
microemulsion region, whereas the outside of the region 
indicates turbid regions. From Figure 2, The largest micro-
emulsion region was observed in the system composed 
of surfactant mixture at the ratio of 1:1 (Figure 2b), and 
these area decreased in size when the ratio of surfactant 
mixture was decreased to 0.5:1 (Figure 2a) or increased 
to1:2 (Figure 2c) and to 1:3 (Figure 2d). Huang et al also 
reported that the isotropic region tended to narrow down 
with increasing S:C ratios in the oil-poor part of pseudo-
ternary phase diagram.[11] All microemulsion formulations 
were clear liquids. No phase separation was observed after 
ultracentrifugation at 4°C. The pseudo-ternary phase dia-
gram of microemulsion at surfactant mixture at the ratio 
of 1:1 were selected to be loaded with KP.

Physicochemical properties of KP-loaded 
microemulsions
The physicochemical parameters of the KP-loaded 
microemulsions are shown in Table 1. The droplet size of 
microemulsion was in the nano-size range (114–210 nm). 
The pH of microemulsion was between 6.3 and 6.8. 
Incorporation of KP slightly decreased the pH of the 
microemulsion due to weak acid property of KP. The 
viscosity of microemulsion was in the range of 124–733 
cPs, and tended to increase as the amount of surfactant 
mixture increased. It might be that the hydrophilic chain 
of nonionic surfactant are strongly hydrated and con-
nected together with hydrogen bonds allowing strong 
interaction.[12] The electrical conductivity of microemul-
sion formulations was in the range of 1–45 μS/cm. The 
electrical conductivity of microemulsions increased by 
the increasing the amount of water. The increase in elec-
trical conductivity might be caused from the increase in 
dissociation of surfactant as a function of water content. 
It has been previously reported that the conductivity of 
w/o microemulsions was at lower than 10 μS/cm, and the 
o/w microemulsion have relatively high conductivity as 
compared with w/o microemulsions (about 10–100 μS/
cm).[13-14] Therefore, F3, F6, F8 and F9 could be classified 
as w/o microemulsion, whereas the others were o/w 
microemulsion.

Skin permeation studies
In vitro skin permeation of KP microemulsions through 
shed snake skin were performed. Figure 3 represents skin 
permeation profiles of KP in selected microemulsion for-
mulation (F4, F10, F11, F12). The cumulative amount of KP 
in the receiver chamber increased linearly with time, and 
lag time was about 3 h. This linear accumulation was also 
observed in other profiles for microemulsions (data not 
shown). The flux of KP in the steady state calculated from 
permeation profiles of KP are shown in Table 2. The flux of 
the control solution was significantly lower than all micro-
emulsion formulations. Various mechanisms for skin per-
meation enhancement of permeants by microemulsions 
have been proposed. Firstly, microemulsions act as drug 
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reservoirs where loaded drug is released from the inner 
pseudophase to the outer pseudophase and finally further 
into the outer. Secondly, microemulsion droplets might 
breakdown on the surface of stratum corneum and then 
release their content into skin. Thirdly, skin permeation 
of loaded drug occurs directly from the microemulsion 
droplets to the stratum corneum without microemulsion 
fusion at the stratum corneum. The last mechanism has 
been frequently supported by findings of other groups and 
indicates that the enhancement effect of microemulsion is 
caused by the nano-sized droplets dispersed in continuous 
phase which can move easily into the stratum corneum 
and carry the drug through the skin barrier.[6,15]

As the amount of IPM was fixed into 20–40% and the 
amount of surfactant mixture (Cremophor RH40 and 
PEG400) increased from 45% to 55% (Figure 4), the skin 
permeation flux had a trend to decrease, except in F1. KP 
is a practically water insoluble drug but very soluble in 
the surfactant mixture.[10] The thermodynamic activity of 
the drug in the microemulsion at the lower concentration 
of surfactant mixture was a significant driving force for 
the skin permeation of the drug. Therefore, the increase 
in content of surfactant mixture in microemulsion might 
decrease the skin permeation of drug.[7,16]

IPM significantly affected the skin permeation flux of 
microemulsion formulations. As the content of surfactant 

mixture was fixed to 40–55% and the content of IPM 
increased from 20% to 40%, the skin permeation flux 
significantly decreased, except in F1. IPM enhances skin 
permeation by acting as a fluidizer of intercellular lipids, 
and affects the lipid-rich phase in the stratum corneum, 
thereby reducing its barrier function.[17] However, the 

Figure 3. The permeation profile of ketoprofen from ketoprofen 
microemulsions ( )F4, (▪) F12, (▴
snake skin. Each point represents the mean ± SD of three to five 
experiments.

Figure 2. Pseudo-ternary phase diagram of microemulsion composed of isopropyl myristate, surfactant (Cremophor RH40), co-surfactant 
(PEG400) and water at various surfactant: co-surfactant ration; 1:0.5 (a), 1:1 (b), 1:2 (c), 1:3 (d). The shade area is the microemulsion region.
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higher content of IPM resulted in the higher solubility of 
KP. The thermodynamic activity of KP in microemulsion 
at the higher content of IPM was lower than that at the 
lower content. Therefore, the driving force for the skin 
permeation of KP of microemulsion at the higher concen-
tration of IPM was lower than the lower content of IPM. 
The highest skin permeation of KP was observed in the 
formulation F4 (30% IPM, 45% surfactant mixture and 25% 
water). These results suggested a suitable composition for 
formulation of microemulsion with high skin permeation 
enhancement. F4 was also selected to study the effect of 
drug loading and effect of terpenes in microemulsion.

Compared between conductivity and the flux of KP 
at the same content of IPM and/or surfactant mixture, it 

is observed that the flux of w/o microemulsion was sig-
nificantly lower than o/w microemulsion. Podlogar et al[1] 
reported that the o/w microemulsions provided higher 
membrane fluxes of diclofenac diethylamine and KP than 
the w/o microemulsions. According to the permeation 
of drug-loaded microemulsion droplets attributed to the 
permeation enhancement effect, the oil droplets of the 
o/w type might permeate into the epidermis easier than 
the water droplets of the w/o type at the same surfactant 
concentration owing to the lipophilic nature of the stra-
tum corneum. The oil can enter the hydrophobic tail of the 
stratum corneum bilayer, perturb it by creating separate 
domains, and induce highly permeable pathways in the 
stratum corneum. In addition, a hydrophobic drug is pref-
erentially encapsulated in the oil droplet and the highly 
drug-loaded droplets favor partitioning into the epidermis, 
resulting in the higher flux.[6] Moreover, it might be that the 
stronger interaction between microemulsion components 
in w/o microemulsion led to slower KP released from the 
formulation and permeated through the skin.[1]

The percutaneous penetration flux of KP increased 
with the addition of terpene (α-pinene, limonene, men-
thone) in the microemulsion (Figure 3, Table 2). The 
presence of terpene enhancers (F10-F12) produced a 
1.3- to 2.0-fold flux increase over the formulation without 
any terpene (F4). The possible mechanism of terpenes in 
skin disruption may be due to the lipid fluidizing activity 
of terpenes.[18] It has been reported that terpenes extract 
lipids from stratum corneum resulting in disorder of lipid 
domains.[18–19] The flux was increased with terpenes incor-
porated in the formulation. The ER could be ranged in the 
following order: F11,α-pinene (ER = 2.1)> F10, limonene 
(ER = 1.6)> F12, menthone (ER = 1.3). Our results were 
consistent with Bilek et al[20] that the ER of α-pinene for 
KP in ethanolic solution was higher than limonene. The 
differences in permeation enhancement ratio of various 
terpenes may be attributed to the presence of different ter-
penes with variable molecular weight and boiling points. 
The higher enhancement of α-pinene and limonene may 

Table 2. Characteristics and permeation parameter of KP microemulsion formulations.

Formulations Particle size (nm) pH Conductivity (μS/cm) Viscosity (cPs) Flux (μg/cm2/h) Lag time (h)
2.5% KP in 70% 
PEG400:30% water

– – – – 0.062 ± 0.005 1.51 ± 0.22

F1 114.73 ± 3.79 6.76 ± 0.01 45.12 ± 0.02 799.31 ± 0.95 1.28 ± 0.02* 2.85 ± 0.11

F2 206.13 ± 9.62 6.71 ± 0.02 33.10 ± 0.01 592.25 ± 1.66 1.02 ± 0.08* 2.95 ± 0.12

F3 207.47 ± 17.46 6.55 ± 0.02 9.83 ± 0.01 261.05 ± 2.53 0.57 ± 0.06* 3.24 ± 0.14

F4 186.40 ± 5.62 6.35 ± 0.02 35.50 ± 0.02 722.02 ± 8.16 1.73 ± 0.10* 3.09 ± 0.17

F5 152.27 ± 11.50 6.47 ± 0.01 23.30 ± 0.01 511.48 ± 3.31 0.98 ± 0.05* 2.95 ± 0.12

F6 143.68 ± 3.41 6.29 ± 0.01 7.50 ± 0.02 201.11 ± 1.66 0.44 ± 0.03* 3.21 ± 0.12

F7 123.40 ± 3.75 6.77 ± 0.02 13.20 ± 0.01 460.74 ± 0.95 1.01 ± 0.02* 3.05 ± 0.15

F8 193.33 ± 12.76 6.70 ± 0.01 3.25 + 0.01 223.72 ± 1.66 0.78 ± 0.06* 3.32 ± 0.17

F9 176.40 ± 5.62 6.55 ± 0.02 1.02 + 0.01 124.02 ± 8.16 0.31 ± 0.02* 3.33 ± 0.21

F10 210.03 ± 16.56 6.58 ± 0.01 24.11 ± 0.06 663.33 ± 2.52 2.78 ± 0.06*,** 2.88 ± 0.21

F11 198.30 ± 26.97 6.53 ± 0.00 25.12 ± 0.06 666.24 ± 7.21 3.48 ± 0.06*,** 2.66 ± 0.27

F12 186.80 ± 16.61 6.44 ± 0.01 25.65 ± 0.06 628.30 ± 5.96 2.28 ± 0.06*,** 2.89 ± 0.13

*P < 0.05 compared with 2.5% KP in 2.5% KP in 70% PEG400:30% water.
**P < 0.05 compared with F4.

Figure 4. The effect of amount of surfactant mixture and isopropyl 
myristate on the flux of ketoprofen through shed snake skin from 
ketoprofen microemulsions. Each point represents the mean ± SD 
of three to five experiments.
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be attributed to their low boiling point and molecular 
weight. The low boiling points of terpenes indicate the 
weak cohesiveness or self-association of the molecules[21], 
and therefore they may more easily associate or interact 
with lipid components of stratum corneum and alter the 
barrier property. Moreover, our results were consistent 
with previous reports of Narishetty and Panchagnula[22] 
that for hydrophobic drugs such as indomethacin the lipo-
philic terpenes such as limonene, terpinene were found 
to be most effective, whereas for hydrophilic compounds 
such as 5-fluorouracil and propanolol hydrochloride, the 
hydrophilic terpenes containing functional moieties with 
hydrogen bonding ability such as menthone are effective 
in enhancing skin transport.

The ratio of surfactant mixture and IPM had no effect 
on lag time of the microemulsion formulations, however, 
addition of terpenes in the microemulsion formulation 
slightly decrease the lag time (Table 2). The results were 
in agreement with previous report of Maghraby[23] that the 
lag time of hydrocortisone was not significantly different in 
microemulsion formulations. The lag time is a permeation 
parameter depending mainly on the diffusivity of drug 
through the skin. However, it does not depend directly on 
the drug release. Considering this with no significant differ-
ence between the lag time values obtained after application 
of different formulations will further indicate that the skin 
permeation of drug did not depend on drug release.

Conclusion

The KP transdermal patched using acrylic matrix terpenes 
and water has been successfully prepared. The ratio of 
surfactant mixture played an important role on loading 
capacity, physicochemical properties and skin permeation 
of KP. The incorporation of terpene in the microemulsion 
significantly increased the skin permeation of KP. The high-
est skin permeation flux was found in the microemulsion 
consisting of 30% IPM, 45% surfactant, 25% water, and 5% 
α-pinene. The results suggested that the novel microemul-
sion system composed of IPM, Cremophor RH40:PEG400, 
terpenes and water can be applied for using as an effective 
transdermal drug delivery carrier.
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