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ABSTRACT: The percutaneous delivery of salicylates to muscle and joints via the 

application of trolamine salicylate including transfersomes is the goal of this study and is 

beneficial for the treatment of inflammatory muscle, tendon and joint diseases. In this study, 

Trolamine salicylate permeability parameters through rat skin were evaluated with different 

trasfersome formulations in comparison with controls with Franz diffusion cells. 

Transfersomes were prepared with Solvent evaporation technique. Full factorial design was 

applied for the experimental design and data analysis. Ethanol / lipid ratio, percentage of 

sodium cholate, and homogenizer rate were considered as independent variables. On the other 

hand, transfersome size, drug loading, stability, drug release and skin permeability parameters 

were regarded as responses. The results showed that the main barrier for Trolamine salicylate 

permeability was the horny layer and partitioning from aqueous donor phase into the skin was 

rate limiting step for drug flux. Maximum flux and diffusion coefficient enhancement 

obtained by transfersomes no. 8 and 7 were 5.5 and 2.2 - folds, respectively. Regression 

analysis suggested significantly and indirect correlation between percentage of ethanol and 

sodium cholate with drug flux. Ethanol increased drug solubility in vehicle and so decreased 

drug partitioning into the skin. Sodium cholate decreased drug release and skin penetration by 

stabilization of lamellar membrane. Therefore, partitioning from vehicle into skin is a rate 

limiting step for Trolamine salicylate permeability through rat skin which was improved by 

transfersomes. 

INTRODUCTION: Permeation of drugs through 

the skin barrier has been the basis of transdermal 

delivery 
1
. The utilization of the transdermal drug 

delivery is associated with various advantages such 

as controlled release of the drug, drug delivery in a 

continuous input which is important for drugs with 

short biological half - life and low therapeutic 

indices, bypassing the first-pass intestinal and 

hepatic metabolism, and avoiding the gastro-

intestinal disorder for oral administration of 

medications such as salicylates and transdermal 

drug delivery that allows for drug localization at 

the target site.  
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The percutaneous delivery of salicylates to muscle 

and joints is the ultimate goal for the treatment of 

inflammatory muscles, tendons, and joint diseases 
2
. Two main steps for skin penetration are 

partitioning and diffusion through the stratum 

corneum. It involves partitioning and diffusion to 

the viable epidermis and then passing into dermis 

and systemic absorption or penetrating into deeper 

tissues. The greatest barrier for drug penetration is 

the stratum corneum, the outermost layer of the 

skin 
3
. The stratum corneum poses a formidable 

challenge to drug delivery systems.  

Several approaches have been used to improve 

entry of drugs into lower skin layer and deeper 

tissues. Chemical and physical permeation 

enhancers and the use of colloidal carriers such as 

lipid vesicles like liposomes 
4, 5

 and transfersomes 
6
 

and nonionic surfactant vesicles such as niosomes 
7
 

and proniosomes were designed to deliver high 
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drug concentration across the skin into the systemic 

circulation or deeper tissue 
8
. Various classes of 

enhancers have been used and the mode of action 

of these agents have been published by several 

authors 
9
. Increasing the diffusity of the drug in the 

skin, stratum corneum lipid fluidization, increasing 

the thermodynamic activity of drug in skin and 

vehicle, and the effect on partition coefficient of 

the drug, are the most common modes of action of 

chemical enhancers 
10, 11, 12

. Transfersomes were 

developed in order to take the advantage of 

phospholipids vesicles as transdermal drug carriers. 

These self - optimized aggregates, with the ultra-

flexible membrane, are able to deliver the drug into 

or through the skin, depending on the choice of 

administration or application, with high efficiency 
6, 13

. 

Trolamine salicylate is a compounded mixture of 

Trolamine and salicylic acid that is applied to 

relieve pain in muscles, joint, tendons and in non-

articular musculoskeletal conditions 
14

. Compared 

to methyl salicylate, Trolamine salicylate is an 

odorless compound and less permeable through 

skin. For approaching effective treatment, 

Trolamine salicylate has to make deep 

percutaneous penetration into muscles and joints. 

In the past, it was believed that drug passing 

through epidermis and dermis would be effectively 

removed by the cutaneous microcirculation but 

latter studies showed that local subcutaneous drug 

delivery is possible and can be effective 
15

. The aim 

of this study is to evaluate Trolamine salicylate 

permeation through rat skin and the effect of 

transfersomes on its permeability. 

MATERIALS AND METHODS: 

Materials: Trolamine salicylate was purchased 

from ACROS Company, lecithin from Fluka 

Company, sodium cholate sodium lauryl sulfate 

and propylene glycol from Merck, Transcutol CG 

was kindly donated from Gattefosse, potassium 

phosphate monobasic from Sigma Chemical Co. 

Ethanol (E), methanol and chloroform were 

purchased from Merck. Water was deionized and 

filtered in house. All other chemicals used in this 

study were of analytical reagent grade.  

Methods: 

Animal Experiments: Male wistar rats weighing 

260 - 340 g were used for in vitro permeation 

study. After sacrificing with ether, the abdominal 

skin was removed with an electric clipper and a 

razor without breaking the skin and then it was 

excised. Any extraneous subcutaneous fat was 

removed from the dermal surface 
16

. The full skin 

thickness was measured using digital micrometer. 

The animals were treated according to the 

principles for the care and use of laboratory 

animals, and approval for the studies was given by 

the Ethical Committee of the Ahvaz Jundishapur 

University of Medical Sciences with Ref no. 5171. 

The guidelines used were prepared by the National 

Academy of sciences and published by the National 

Institutes of Health.   

Solubility Determinations: To determine the 

solubility of Trolamine salicylate on water, buffer 

was studied by equilibrating the suspension of 

excess amount of drug in 5 ml of medium and was 

shaken gently for 24 h at 32 ºC and then 

centrifuged for 10 min at 3000 rpm, filtered, diluted 

and analyzed by UV 
17

. 

In vitro Permeation Study: Home-made diffusion 

cells with an effective area of approximately 2.49 

cm
2
 were used for permeation studies. Full skin and 

epidermis samples were placed between donor and 

receptor chambers of the cells while the epidermal 

side faced the donor compartment. The donor phase 

was filled with 5 ml transfersome solution of the 

drug and receptor compartment was filled with 

buffer phosphate (pH 7). Trolamine salicylate has 

suitable solubility in this medium and this receptor 

phase provided a perfect sink condition. 

Temperature was maintained at 37 ºC ± 0.5 and the 

receptor was stirred at 300 rpm. At predetermined 

time intervals, suitable amount of receptor 

solutions was withdrawn and immediately replaced 

with an equal volume of fresh buffer. The 

permeated amount of Trolamine salicylate was 

determined by UV at 276 nm. Skin samples were 

hydrated before using in permeation study. In this 

study, aqueous saturated solution of salicylic acid 

and 10% Trolamine salicylate cream were used as 

controls 
18, 19

. 

Vesicle Preparation: Ttransfersomes were 

prepared according to the full-factorial design 

based on 3 independent variables in 2 levels with 

solvent evaporation method (SEM) transfersomes 

consisting of phosphatidylcholine: cholesterol 
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(60:40, w/v %) and ethanol (E) with different ratios 

were dissolved in organic solvent resulting in film 

formation as it includes 10 mg lipid in each ml of 

solvent. Organic solvent consisted of chloroform: 

methanol (3:1, mole ratio). Thereafter, lipid 

solution was kept in a rotary evaporator (Buchi, 

Switzerland) during 3 h at 55 ºC and 50 rpm. 

Evaporation continued for 1 extra hour until a thin 

lipid layer was observed. The dried thin film was 

hydrated with Trolamine salicylate 10% aqueous 

solution consisting of sodium cholate at 65 ºC 

above the gel-liquid crystal transition temperature 
20

. The mixture was kept in the rotary evaporator 

for 2 h at 65 ºC and 50 rpm. Finally, the latter 

suspension was kept in a sonicator bath (ELMA, 

Germany) for 5 minutes at 60 ºC, in order to reduce 

particle size 
6
. Independent variables are presented 

in Table 1. 

TABLE 1: INDEPENDENT VARIABLES AND THEIR 

LEVELS IN TRANSFERSOMES 

Low level High level Variable 

0.25 0.5 Ethanol / lipid (E/L) 

0.5 1.5 % Sodium cholate (%C) 

10000 15000 Homogenizer rate (rpm) (H) 

Determination of Trolamine salicylate 

entrapment efficiency (EE%): Transfersomes 

containing Trolamine salicylate were significantly 

separated from unentrapped drug by centrifuging 

10 ml for 30 min at 20000 rpm. The supernatant 

was removed and the drug content was estimated in 

diluted underlying phase. By subtraction of 

unloaded drug content from total drug amount, the 

major amount of loaded drug was achieved. The 

supernatant was dissolved in methanol and the drug 

loaded content was compared with blank sample-

transfersome formulation in the absence of drug for 

more validation. The drug entrapment efficiency is 

illustrated as a percent of initial content of the dug 

that was entrapped within transfersome by the 

following equation: 

EE% = (trapped drug amount) / (total drug amount 

initially used) × 100                              (Equation-1) 

Particle Size Analysis: For average particle size 

calculation and polydispersity index (PI) estimation 

of newly formed transfersomes, Dynamic Light 

Scattering System with laser beam of He-Ne 

(Malvern, England) was used. Transfersomes were 

diluted with deionized water before the experiment 

was carried out. In order to estimate transfersomes 

stability, samples were stored at both the room 

temperature and in a refrigerator for about 2 

months. A dramatic decrease in loading capacity or 

formation of cake in the suspension is considered 

as a sign of instability.  

Drug Release from Transfersomes: Trans-

fersomes were separated by centrifuging 10 ml of 

formulation for 30 min at 20000 rpm. A volume of 

2 ml from supernatant was removed as donor phase 

in a static diffusion cell (MalekTeb, Iran). In the 

following step, the amounts of drug moving from 

cellulose acetate membrane to receiver phase were 

estimated through 10 h. Cumulative permeated 

Trolamine salicylate versus time curve, 

demonstrates the release pattern of the drug from 

transfersomes 
21

.  

Data Analysis: The cumulative amount of 

Trolamine salicylate penetrating the unit diffusion 

surface and into the receptor was calculated and 

plotted as a function of time. Flux (J) was 

calculated by the slope of the linear portion of the 

penetration curves and expressed as the mass of 

drug passing across 1 cm
2
 of skin over time. Steady 

state drug diffusion from a saturated solution 

through a skin membrane is represented as 

(equation 2):  

                    J = P. S = (K.D/h).S          (Equation-2) 

In this equation J is flux of drug and P is the 

permeability coefficient that is made up of the 

membrane / vehicle partition coefficient K, the 

diffusion coefficient D and skin thickness h. P was 

calculated by dividing J by the drug solubility S in 

the donor phase 
22

. Enhancement ratios were 

calculated from permeation parameters after 

transfersome treatment was divided by the same 

parameters for controls 
23

. 

Statistical Analysis: Statistical significance of the 

difference between the various treatments was 

performed using one-way ANOVA. Differences 

were considered to be statistically significant at p< 

0.0524. Correlation analyses were performed by the 

least square linear regression method. Also, 

correlation coefficients were examined for 

significance by students’t-test. All statistical 

analyses were conducted using the SSPS software 

(SPSS 13.0 for Windows, SPSS Inc., Chicago, IL, 

USA). 
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RESULTS: 
Loading Capacity of Transfersomes: Determination 
of loading capacity is inevitable for evaluating 

therapeutic efficiency. Table 2 illustrates the 

loading capacity.      

The results indicate that the loading capacity is 

significant and in direct relation with the 

homogenizer rate (p = 0.01); however, no other 

variables mentioned in the above equation 

illustrates a significant correlation.  

Particle Size Distribution: Particle size would 

critically influence the transfersomes properties 

except for the permeation and cumulative 

properties. Table 2 presents the results of mean 

particle size and polydispersity index. Through this 

experiment, the influence of the independent 

variables was also studied on mean particle size. 

The following equation demonstrates the regression 

between independent variables and particle size: 

Particle size = -1.89- 0.75(E/L) + 0.95(% C) - 

0.09(H)                                                  (Equation-3) 

The above equation indicates that increase in 

homogenizer rate (H) variable leads to the lower 

mean particle size. Therefore, transfersome particle 

size can be controlled by the homogenizer rate. 

Transfersomes mean particle size and 

polydispersity index are shown in Table 2. 

Transfersome Release Studies: The recent 

experiment was carried out in phosphate buffer 

pH=7 and drug release was followed during 10 h. 

In order to determine the effect of independent 

variables on drug release and recognize the 

difference between formulations regarding release 

profile, the percentage of the released drug after 3 h 

(D3) and 10 hours (D10) were measured. D3 

concerns the rapid release of the component 

whereas R10 indicates slow release rate. The results 

are shown in Table 2.  

TABLE 2: DIFFERENT TRANSFERSOMES FORMULATION CHARACTERISTICS (MEAN ± SD, N = 3) 

R
2
 Kinetic 

model 

Released drug percent PI
 

Mean particle 

size (µ) 

Drug Loading % 

(Mean ± SD) 

Factorial 

design 

S. 

no.  After 10h After 3h 

0.990 Zero 54 ± 6.2 15.6 ± 1.2 0.02 ± 0.55 4.7 ± 55.3 44.53 ± 2.16 +++ 1 

0.989 Zero 64 ± 4.5 11 ± 0.4 0.018 ± 0.33 9.4 3 ± 77.4 42.93 ± 4.11 ++- 2 

0.993 Higuchi 61 ± 5.3 16.7 ± 1.2 0.006 ± 0.31 11.1 ± 84.7 51.36 ± 3.72 +- 3 

0.994 Higuchi 68 ± 5.9 17.2 ± 0.9 0.018 ± 0.22 5.38 ± 48.5 36.83 ± 2.59 +-+ 4 

0.997 Higuchi 62 ± 3.8 14.6 ± 1.1 0.027 ± 0.45 7.11 ± 65.3 49.61 ± 3.9 -++ 5 

0.980 Zero 55 ± 3.7 10.7 ± 0.8 0.035 ± 0.19 4.2 ± 33.5 44.91 ± 3.48 -+ 6 

0.991 Zero 57 ± 6.1 15.3 ± 1.1 0.045 ± 0.46 7.1 ± 101.4 47.29 ± 2.48 -+- 7 

0.993 Zero 73 ± 7.1 14.7 ± 1.1 0.016 ± 0.25 6.44 ± 95.6 40.32 ± 3.54 --- 8 
 

As it can be observed, the percentage of sodium 

cholate had a significant and indirect impact on 

drug release after 3 h. The results illustrate that an 

increase in the mentioned variables leads to a 

decrease in the drug release rate. Minimum 

amounts of D3 among all formulations belong to 

formulation 6 with higher amount of sodium 

cholate while other variables were at the lowest 

level. It seems that stability of lamellar membrane 

by higher amount of sodium cholate decreased the 

released drug. 

Release profile from lipid transfersomes follows a 

two-step process. First, a rapid release rate; 

secondly, a slow release profile. However, it seems 

that D10 follows different behavior and no 

significant relationship between D10 and the 

independent variable was found. These results 

demonstrate zero order and higuchi kinetic model 

for drug release from aqueous core and lamellar 

membrane, respectively. Zero-order drug release 

from aqueous core is a good property that provides 

constant drug concentration in the site of action. 

First order kinetic for drug release from lamellar 

membrane determines the onset of action that is 

controlled by diffusion. Two-phase drug release 

from transfersomes confirmed the drug loading 

pattern. Low amounts of drug loaded in the 

membrane can be corrected by using more amounts 

of phospholipid and water miscible co-solvent. 

Higher drug loaded in aqueous core and lamellar 

membrane can improve the effectiveness of 

formulations. This can be achieved by using lower 

amounts of sodium cholate, higher amounts of 

polar lipids, and higher percentage of co-surfactant. 

Trolamine Salicylate Permeability through Full 

Skin: The permeability of Trolamine salicylate 
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through full-skin as flux (Jss), apparent diffusion 

coefficient (D), lag time (tlag) and also the 

enhancement ratio for flux (ER flux) and diffusion 

coefficient (ERD) that obtained by different 

transfersomes are shown in Table 3.  

TABLE 3: PRESENTATIONS OF VARIOUS PERMEABILITY PARAMETERS OFTROLAMINESALICYLATE 

THROUGH RAT SKIN COMPARING TRANSFERSOMES WITH CONTROL GROUPS (MEAN ± SD, N = 3) 

Formulation 

state 

Jss (mg/h.cm
2
) D (appearance) 

(cm
2
/h) 

t lag(h) ERflux ERD 

Saturated  3.51 ± 0.38 0.0044 ± 0.0003 3.95 ± 0.4 -  

Cream 3.12 ± 0.42 0.0037 ± 0.0003 4.21 ± 0.52 -  

1 3.19 ± 0.37 0.004 ± 0.0003 4.45 ± 0.62 0.95 ± 0.06 0.89 ± 0.06 

2 2.97 ± 0.02 0.0032 ± 0.0003 4.77 ± 0.55 0.84 ± 0.09 0.7 ± 0.05 

3 3.36 ± 0.42 0.0037 ± 0.0004 4.22 ± 0.38 0.96 ± 0.07 0.84 ± 0.05 

4 4.72 ± 066 0.0043 ± 0.0005 3.77 ± 0.45 1.3 ± 0.11 0.97 ± 0.1 

5 16.20 ± 1.3 0.0059 ± 0.0005 3.13 ± 0.51 4.6 ± 0.23 1.34 ± 0.09 

6 17.19 ± 1.8 0.0064 ± 0.0007 3.85 ± 0.34 4.9 ± 0.33 1.45 ± 0.12 

7 17.79 ± 1.5 0.0075 ± 0.0004 3.55 ± 0.42 5.1 ± 0.39 1.7 ± 0.13 

8 19.38 ± 1.8 0.007 ± 0.0009 3.21 ± 0.25 5.5 ± 0.35 1.6 ± 0.10 
 

The results suggest that the flux of Trolamine 

salicylate through rat skin was significantly 

increased (p<0.05) compared to transfersomes 

number 8, 7, 6, 5, and 4 that maximum ER flux 

(5.5) was obtained by formulation 
8
. On the other 

hand, formulation N.7 provided the best 

enhancement activity for diffusion coefficient and 

increased it approximately 1.7 - fold compared to 

control. Another aspect of permeation studies is 

concerned with independent variable influences. 

Regression analysis between independent variables 

and Jss indicates significant and indirect relation 

which is confirmed with E / lipid ratio and 

percentage of sodium cholate. Significant and 

indirect correlation was found between D and E / 

Lipid ratio.   

DISCUSSION: It seems that the main barrier for 

Trolamine salicylate penetration through rat skin is 

the partitioning into the skin. This finding was in 

line with physicochemical properties of Trolamine 

salicylate as a hydrophilic compound. Similarly, 

Cross et al., found similar results for human skin 
25

. 

They reported that the permeability of active 

ingredient from methyl ester and Trolamine salt of 

salicylate through human epidermis were three 

times faster through full-thickness skin. They 

suggested 99.9% of the salicylate present in full-

thickness skin samples treated with Trolamine 

salicylate formulation could be accounted for in the 

epidermis and the epidermis to be the major site for 

deposition of salicylate from the salt.  

In another research, the flux of salicylate from 

methyl salicylate and Trolamine salicylate 

formulation applied to full-thickness rat skin was 

determined using in-vitro diffusion cells and it was 

reported that flux of salicylate from the methyl 

salicylate formulation was 40% higher than 

Trolamine salicylate 
26

. In addition, in a study 

conducted by Abdallah MH et al., it was shown 

that transferosomes as elastic liposomes are able to 

increase the transdermal bioavailability of 

antifungal agents 
27

. In this research, transfersomes 

as elastic liposomes were used in order to improve 

trolamine salicylate permeability through rat skin 

as well.  

Our previous study indicated that Transcutol and 

eucalyptus oil were the most effective enhancers 

followed by sodium lauryl sulfate. Oleic acid was 

the least effective enhancer that only improved 

diffusion coefficient. The comparison between the 

effect of the chemical enhancers on diffusion 

coefficient and flux suggested that partitioning 

from aqueous solution into skin was a rate limiting 

step in skin penetration and Transcutol and 

eucalyptus oil with improved drug solubility in skin 

increased flux 11 - fold approximately 
28

. In this 

study it seems that Transfersomes increased the 

solubility properties of skin for Trolamine 

salicylate and therefore increased the partitioning 

phenomena. Drug permeability through rat skin is 

enhanced by transfersomes with low level of 

sodium cholate and ethanol.  

These formulations increased Jss more that 

diffusion coefficient. This finding indicated that 

transfersomes decreased the resistance of skin and 

improved partitioning into the skin. It seems that 
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drug permeability is controlled mainly by 

formulation parameters and formulation N.8 

indicated best drug release pattern and skin 

permeability.  

In this study it is shown that, transfersomes as 

elastic liposomes are able to increase the trolamine 

salicylate permeation through rat skin by increasing 

the solubility properties of skin and therefore, 

increasing the partitioning phenomena. This study 

demonstrated that using lower amount of sodium 

cholate, higher amount of polar lipids, and higher 

percentage of co-surfactant increases drug loading. 

Consequently, transfersomes can be used as potent 

carriers in transdermal drug delivery. 

CONCLUSION: In this study it is shown that, 

transfersomes as elastic liposomes are able to 

increase the trolamine salicylate permeation 

through rat skin by increasing the solubility 

properties of skin and therefore, increasing the 

partitioning phenomena. This study demonstrated 

that using lower amount of sodium cholate, higher 

amount of polar lipids, and higher percentage of 

co-surfactant increases drug loading. Consequently, 

transfersomes can be used as potent carriers in 

transdermal drug delivery. 
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