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In order to enhance transdermal absorption different 
methodologies and strategies have been investigated and 
developed [1-4]. One of the ways for circumventing the 
Stratum Corneum barrier is the use of chemical penetra-
tion enhancers. Their precise enhancer activity depends on 
the physicochemical properties of penetrant as well as the 
accelerant. However, there is no full understanding of their 
mode of action. The objective of this study was to inves-
tigate the influence of three absorption enhancers: pro-
pylene glycol (PG), isopropyl myristate (IPM) and sucrose 
stearate (SS) on the in vitro percutaneous permeation of 
the three model drugs with varing lipophilicity: caffeine 
(Log P=-0.08), hydrocortisone (Log P=1.56) and testos-
terone (Log P=3.39). 
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Experimental Methods

· Formulations
We investigated the influence of the enhancers at three dif-
ferent concentrations in the vehicle based on a carbomer 
hydrogel containing additionally hydroxypropylmethyl cellu-
lose (HPMC). In order to evaluate a potential synergistic 
effect of PG and IPM, experiments with various concentra-
tions of both were carried out. We investigated in total the 
effects of 13 formulations on the permeation rate of each 
modell compound. 
The composition of the investigated formulations is shown 
in Table 1. Each formulation contains 0.5% carbomer, 3% 
NaOH (5%, w/v; %) and 2% HPMC.

Conclusion
The enhancer effect on formulation viscosity did not have 
any unfavorable consequences on the drug permeation 
across the human skin.
The results demonstrated that the enhancers studied do 
not change drug transport to the same extent. IPM pro-
duced in all cases an increase in the permeation rate of 
the model drugs. PG has shown a moderate enhancing 
activity on transdermal delivery of the drugs. In the pres-
ent study SS had no enhancing effect on permeation of the 
model drugs and actually it decreased the skin permeation 
of testosterone and hydrocortisone. The SS concentrations 
chosen in formulations were above CMC. The decrease in 
drug transport could be due to the formation of micelles [5, 
6]. The used combinations of enhancers resulted not in a 
synergistic enhancing effect for drugs transport. 
Overall the results demonstrate that the enhancing effect 
depends on the characteristics of the active molecule, of 
the type and concentration of enhancer and their combina-
tions. 

Figure 2: Transport of testosterone across human heat seperated epidermis (n=4)
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Figure 5: Mass transport of caffeine after 24 h (n=3, mean ± SD). Control has been included as 

  reference. * significant different (p<0.05)

Figure 2: Propranolol permeability across Caco-2 monolayers in the presence of various 

  excipients, at the concentrations specified above. Mean +/- SD, n=3.

Figure 6: Mass transport of hydrocortisone after 24 h (n=3, mean ± SD). Control has been included 

  as reference. * significant different (p<0.05)

Figure 1: Solubility of caffeine in aqueous solutions with various amount of penetration enhancers 

  (n=3, mean ± SD). Control has been included as reference. * significant different 

  (p<0.05) 

The results of the solubility investigations demonstrate that 
the addition of the three potential enhancers to the vehi-
cles affects the solubility of the model drugs in semisolids.
· Viscosity
Figure 4 shows the influence of incorporated penetration 
enhancers on the viscosity of the preparations. 

Figure 4: The Herschel-Bulkley plastic viscosity of the preparations (n=3, mean ± SD). Control has 

  been included as  reference. * significant different (p<0.05)

IPM contents above 5% caused a significant increase in 
the viscosity. The viscosity of the preparations with 20% 
IPM was the highest. Variations in SS concentrations and 
lower than 20% PG concentrations produced very little 
change in the viscosity of the semisolids.
· CMC
The CMC value for SS in aqueous solutions, as determined 
by surface tension measurements, was 0.008%.

Table 1: Composition of the investigated preparations

The drug solubility and the viscosity of the preparations are 
important factors to consider in the evaluation of drug per-
meation studies. 
· Solubility
Figures 1-3 present the solubility of the model substances 
in aqueous solutions with penetration enhancers.

The active agent concentration was 1%. The first formula-
tion without enhancers served as reference.
· Solubility determination in the semisolids
An approximation of the solubility of model drugs in semi-
solids was done by solubility determination in the aqueous 
solutions in presence of various amounts of penetration 
enhancers (shake flask method, 32 °C, 24 h).
· Rheological properties
Formulation viscosity measurements were evaluated using 
Rheotec viscosimeter RC20-CPS. All viscosity measure-
ments were performed in triplicate at 25 °C.
· Permeation experiments
Diffusion experiments were performed under infinite-dose 
conditions at 32 °C using Franz diffusion cells. The recep-
tor medium consisted of Krebs-Ringer buffer (pH 7.4). 
Samples at two different time points, at 6 and 24 hours, 
were drawn from the receptor compartment for quantita-
tive liquid scintillation counting analysis. 
The experiments were performed et least in fourfold using 
heat-separated human epidermis (HSE). Human epidermal 
membranes were obtained by separation from full thick-
ness skin using heated water at 60 °C for 90 seconds.
· Critical Micelle Concentration (CMC)
The surface tension of solutions was determined by the 
ring method using a Krüss processor tensiometer K12. Dis-
tilled water was used as a reference standard.

Figure 2: Solubility of hydrocortisone in aqueous solutions with various amount of penetration 

  enhancers (n=3, mean ± SD). Control has been included as reference. * significant 

  different (p<0.05)

Figure 3: Solubility of testosterone in aqueous solutions with various amount of penetration 

  enhancers (n=3, mean ± SD). Control has been included as reference. * significant 

  different (p<0.05)

· Skin absorption studies
The data obtained from the in vitro permeation experi-
ments were summarized in Figures 5-7.

Figure 7: Mass transport of testosterone after 24 h (n=3, mean ± SD). Control has been 

  included as reference. * significant different (p<0.05)


