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Transfollicular Drug Delivery Systems
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The hair follicle is an organ in the human skin. This
organ consists of about 20 cell types. Hair follicles regulate hair growth with hormones, neuroproteins, and immune cells. This complex interaction leads to the production of different hair by hair follicles seen on different parts
of the body. The stages of hair growth are: Anagen (active growth stage), Catagen (rest stage), Telogen (regression phase of the hair follicle), Exogen (active phase of hair
erosion), and finally Kenogen (the time between hair follicle being empty and new hair growth) (1).
The hair follicle includes hair roots and sebaceous
glands. This structure inside the skin has a certain biochemistry, metabolism, and immunology. Recent studies have focused on hair follicles as a potential route for
delivery of topical and systemic drugs (2). Drug delivery
through hair follicles is very important because it has optimal effects on the delivery of topical medications. These
follicles are enclosed by capillaries, antigen-containing
cells, sebaceous glands, and stem cells in the extremity of
the hair follicles (3). Hair follicles and sebaceous glands can
be specific pathways for the passage of certain molecules
or formulations that enter the site of effect or blood faster
than the stratum corneum (4).
The immunological environment of the hair follicles
has recently been addressed by researchers in the field of
transfollicular delivery, in particular for the development
of active immune function without needle insertion. Hair
follicles may facilitate the absorption of large molecules
or hydrophilic molecules, such as vaccine antigens. Nanotechnology may facilitate transfollicular in various ways,
as nanoparticles penetrate more in hair follicles. Also, nanoencapsulation can stabilize the antigens and increase
their antigenicities. It seems that only a limited portion of
the antigen should be available locally through the hair follicles (5).
The use of formulations, such as foam, can also in-

crease the absorption of drugs by transfollicular treatment. A study on the absorption of minoxidil showed that
minoxidil foam brings the drug through the hair follicle
better than the stratum corneum pathway. This study suggests that higher absorption from the follicular route is
due to the presence of a dense network of hair follicles by
a dense network of blood capillaries, dendritic cells and
stem cells, which is very suitable for drug delivery (6).
Many studies have shown that drug permeation with
a microemulsion formulation may be increased by transfollicular administration (7). Microemulsions are transparent semi-solid drug delivery systems with high hermodynamic stability, which include isotropic liquid, oil, water and surfactant mixtures, usually combined with a carbohydrate compound (8, 9). The particle size of the dispersed phase in a microemulsion is less than 100 nm. Microemulsions primarily increase drug local absorption (1012). Trans-follicular transfusion adapalene examination
shows that microemulsions penetrates through hair follicles and is suitable for delivery of a transfollicular drug (7).
Liposomes have been used extensively for drug delivery in several studies. Studies have shown that liposomes
have a greater penetration in the hair follicle than simple
pharmaceutical forms. Liposomes exhibited greater penetration depth than standard formulas. The relative penetration depth used in the standard formula was 30% on average, while liposomal formulations mainly penetrated to
a greater depth of hair follicles. Amphoteric and cationic
liposomes reach a depth of relative penetration of about
70% of the length of the full hair follicle (13).
Transfollicular drug delivery can greatly affect the absorption of steroid drugs. A research showed that this
drug delivery method can greatly affect the permeation of
drugs, such as hormonal drugs and corticosteroids (14).
In a study that compared the absorption of drugs from
the scalp and abdomen, the results showed that the scalp
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could be significantly more suitable for the delivery of hydrophilic and lipophilic drugs than abdominal skin. Histological examination of the skin after using the formulation
shows that the probe penetrates the site of the skin and follicles (15).
The rate of absorption of caffeine can be greatly increased by crossing the trans-follicular pathway (16). Various absorption enhancers can also greatly enhance the
permeability of the drug through the hair follicle. Therefore, the use of oleic acid and eucalyptus increased the absorption of caffeine up to four times, while maintaining
caffeine in stratum corneum was the same in all cases. The
researchers found that the optimal formulation of drug
delivery through the transfollicular route can also be used
as absorption enhancers (17).
The findings of the review of transfollicular drug delivery suggest that this drug delivery pathway can be a
good route to replace other methods. Formulations used
in studies, such as liposome, micro-emulsion, foam and
etc. somewhat respond to this pathway more appropriately.
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