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MECHANISM OF THE ACTION OF THE PENETRATION 
ENHANCER

C -

stratum 
corneum
whose function is to maintain cohesion between cor-

provide increased hydration of the stratum corneum, 

Many of these substances are also characterized by 

t -

 

 

 fast action with a predictable duration 

 temporary reduction of the skin barrier function 

 -

 cosmetically acceptable properties (color, odor)

 

DEVELOPMENT STRATEGY OF DERMAL AND TRANSDERMAL 
FORMULATION: SYNERGISTIC EFFECT OF CHEMICAL 

PENETRATION ENHANCERS

Abstract. The skin is an attractive site for direct administration of drugs due to its easy ac-
cess and patient compliance. The strategy in the development of a dermal pharmaceutical 
and a cosmetic product lies in a selection of suitable excipients capable of delivering the 
drug or active pharmaceutical ingredient at the site of its action. The key moment is over-
coming the least permeable skin layer stratum corneum. Chemical penetration enhancers 

in combination with hydration of the skin or increasing temperature. The paper summarises 
basic information about the most common chemical enhancers and the studies investigat-
ing the synergistic action of suitable combinations of chemical enhancers, which may also 
include microemulsions.
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GENERAL CLASSIFICATION OF CHEMICAL  
PENETRATION ENHANCERS

-
amples of common enhancers in dermal and trans-
dermal applications are listed in Table 1.

Table 1.  
Enhancers

Chemical Group Examples

Glycols

Terpenes

Essential oils

-
ers can be expressed as the so-called Enhancement 

E (1)

 

E -
-

SYNERGISTIC ACTION OF CHEMICAL PENETRATION 
ENHANCERS

-
provement by application of chemical penetration en-

and the possible irritative action of the penetration 

-
-

than when used alone, due to various action mecha-
-

-
-

by Equation 1: 

Y
B

Y

 is the penetration enhancement ratio 

Y and EB
Y are the enhancement ratio 

-

aspects such as ratio, concentration, and physico-
chemical properties of the enhancer mixture 

the most frequently used enhancers in topical appli-
cation, we have focused in the paper preferentially 

other SCOPEs.

Dimethylsulfoxid (DMSO) is one of the oldest and 
best-studied chemical penetration enhancers. It is a 

-
ture of intercellular keratin and interacts with lipids of 
the stratum corneum. DMSO acts as a cosolvent or 

applied for this purpose only in veterinary medicine 
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-
centration required to achieve optimal enhancer ac-

-
-

tion of DMSO application in dermal and transdermal 

-

-

skin, causes denaturation of intercellular protein, and 
interaction with the intercellular matrix of the stratum 

-

-

-
-

-

-
est enhancer activity was found in low concentration, 

-
-

-

-

stratum corneum

was combined with borneol and menthol to promote in 

The same combination of the enhancers in the simulta-
neous application of iontophoresis increased skin per-

-

non-toxic and biocompatible to the skin. It has found 
its application not only in the pharmaceutical indus-
try but also in the cosmetics and food industries. In 
dermal preparations, it solubilizes active substanc-
es, which are insoluble in common solvents, such as 

-
-

into the skin, especially when used in combination 

the synthetic -
-

Fig. 1. 
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Chemical penetration enhancers are also popular in 
the improvement of the physical properties and pen-

-

of liposomes as minoxidil carriers compared to leci-

liposomes was approximately the same. Vesicles 

more deformable. However, all Transcutol vesicles 

of polydispersity, and zeta potential. The results of 

deliver minoxidil deeper into the skin. 

Table 2. 

Drug Penetration enhancers Enhancer ratio Dosage form Enhancement ratio (ER) Reference
Diclofenac

Tetracaine Gel

Gel
Lidocaine

Lidocaine

rolidone
Gel

Nicardipine 814/182/339

Nifedipine

Estradiol 2/ 24/ 122

Gel 14

Acyclovir

Gel

Gel
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-
-

retardation of in vitro donepezil release from trans-

-
able or unworkable in practice. Few studies have 

lack of documentation to help clarify the mecha-
nism of action of a combination of enhancers and 

MICRO- AND NANOEMULSIONS AS PENETRATION 
ENHANCERS IN DERMAL AND TRANSDERMAL  

ADMINISTRATION 

Due to the composition, microemulsion, and nano-
emulsion systems can be considered as composed 
penetration enhancer systems. Micro- and nano-

in the case of microemulsions, is relatively simple. 
Microemulsions are formed spontaneously, by ho-

co-surfactant. However, the ratio of the components 
is crucial to ensure a very small droplet size of the 

-

it is necessary to reduce the droplet size of the initial 

dispersion systems, which does not correspond to 
the size of the internal phase, stems from the fact 
that microemulsions were named before their droplet 
size characterization.

-
-

-

-

-

ization of the phase behavior of a microemulsion is 
an important point. 

-

delivery is minimal. This may be due to possible skin 

for the formation of the microemulsion structure. The 
replacement of ionic tensides with non-ionic tensides 
presents one of the solutions. The other is the substi-

by the action of a suitably selected co-surfactant and 
the oil phase. 

CONCLUSION

The efficiency of chemical penetration enhancers 
depends on their concentration and physicochem-

it can be noted that the application of tradition-
al penetration enhancers (such as DMSO, DMF, 

-

may ensure effective penetration enhancement 

irritate the skin. The combination of several pen-

effect, and finally to the reduction of individual 
enhancer concentration needed for adequate 

-

-
ous solutions with multiple solvents (cosolvents), 
surfactant vehicles, eutectic mixtures, inclusion 
complexes, and last but not least, microemulsions 
and transport vesicles.

Author contributions: The authors have made equal con-
tributions. 

The authors declare no potential con-
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